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Pharmacogenetic Markers for

Drug-induced Severe Cutaneous Adverse Drug Reactions 

Prof. Wichittra Tassaneeyakul, Ph.D.
 

Severe cutaneous adverse drugreactions (SCAR) including Stevens–Johnson syndrome 
(SJS), toxic epidermal necrolysis (TEN) and hypersensitivity syndrome (HSS) are life threatening. 
More than 100 drugs have been reported as culprit drugs for SCAR. Several hypotheses have been 
proposed to explain the immunopathogenesis of SCAR, however it is still unclear as to what extent 
host factors such as age, gender, genetic, comorbidities or environmental factors, might be involved.  
Over the last decade, several studies have reported strong associations between drug-induced SCAR 
and genetic polymorphism of human leukocyte antigens (HLA).  

Previous studies from the post-marketing phase of abacavir (ABC), an antiretroviral drug 
revealed that frequencies of ABC-induced HSS in black and Asian populations were lower 
compared with Caucasians. Subsequent studies demonstrated a strong association between HLA-
B*57:01 and ABC-induced HSS. Data for association of ABC-induced HSS in Asian populations 
is, however,limited.    
 Carbamazepine (CBZ) and phenytoin (PHT), aromatic antiepileptic drugs,are common 
culprit drug for SJS/TEN. The incidences of CBZ-related SJS and TEN in Thailand and Malaysia 
are among the highest in the World. In 2004-2005, studies in Han Chinese showed that the 
HLA-B*15:02 is strongly associated with CBZ-induced SJS/TEN but not other CBZ-induced 
cutaneous reactions. This strong association has also been observed in Thai, Malaysian and Indian 
populations. These results, however, have not been reproduced in Japanese and European 
populations. More recently, the HLA-A*31:01 allele has also been linked to CBZ-induced SCAR 
including SJS/TEN and HSS in Japanese and Caucasian populations. For PHT, a significant 
association between HLA-B*15:02 and SJS/TEN induced by phenytoin has been observed in Han 
Chinese, however this association could not be repeated in Thai population.   
 The strong association between HLA-B*58:01 with SCAR induced by allopurinol, a uric 
acid lowering drug was first identified in a Han Chinese population. This strong association was 
subsequently confirmed in the Thai population, however, only a modest association was observed in 
Korean, Japanese and European populations. 
 Co-trimoxazole, an antibiotic consisting of sulfamethoxazole and the trimethoprim, is the 
most common culprit drug for SJS and TEN in Thailand. Our recent study showed that 4 HLA 
alleles particularly HLA-B*15:02, HLA-C*06:02 or HLA-C*08:01 were significantly associated 
with SJS/TEN induced by this drug. 

Ethnic differences in HLA genetic polymorphism are well recognized. The allele frequency 
of HLA-B*57:01 is high in Europeans (5–8%), when compared with East Asians ( 0-2%) and 
Southeast Asians (Thais, Cambodians, Vietnamese; 3-4%). In contrast to HLA-B*57:01, the HLA-
B*15:02 allele is most prevalent in Chinese and Southeast Asian populations (8-12%) but low        
in Japanese, Korean and European populations (<1%).For HLA-B*58:01, the allele frequencies 
observed in Chinese, Korean and Southeast Asian populations are quite high (5-10%) compared 
with Japanese and European populations (0.4-1%). The allele frequency of HLA-A*31:01
in Japanese (7–12%) is high compared with Chinese and Thais (1-3%), Koreans (5%) and European 
populations (2–5%).  It should be noted that the degree of relationship between these HLA alleles 
and drug-induced SCAR varies among ethnic subpopulations in which the associations were found 
in ethnic groups that had high allelic frequency of those alleles.

Proceedings of the 37th Congress on Pharmacology of Thailand
9

9 
 

 
 

Pharmacogenetic Markers for

Drug-induced Severe Cutaneous Adverse Drug Reactions 

Prof. Wichittra Tassaneeyakul, Ph.D.
 

Severe cutaneous adverse drugreactions (SCAR) including Stevens–Johnson syndrome 
(SJS), toxic epidermal necrolysis (TEN) and hypersensitivity syndrome (HSS) are life threatening. 
More than 100 drugs have been reported as culprit drugs for SCAR. Several hypotheses have been 
proposed to explain the immunopathogenesis of SCAR, however it is still unclear as to what extent 
host factors such as age, gender, genetic, comorbidities or environmental factors, might be involved.  
Over the last decade, several studies have reported strong associations between drug-induced SCAR 
and genetic polymorphism of human leukocyte antigens (HLA).  

Previous studies from the post-marketing phase of abacavir (ABC), an antiretroviral drug 
revealed that frequencies of ABC-induced HSS in black and Asian populations were lower 
compared with Caucasians. Subsequent studies demonstrated a strong association between HLA-
B*57:01 and ABC-induced HSS. Data for association of ABC-induced HSS in Asian populations 
is, however,limited.    
 Carbamazepine (CBZ) and phenytoin (PHT), aromatic antiepileptic drugs,are common 
culprit drug for SJS/TEN. The incidences of CBZ-related SJS and TEN in Thailand and Malaysia 
are among the highest in the World. In 2004-2005, studies in Han Chinese showed that the 
HLA-B*15:02 is strongly associated with CBZ-induced SJS/TEN but not other CBZ-induced 
cutaneous reactions. This strong association has also been observed in Thai, Malaysian and Indian 
populations. These results, however, have not been reproduced in Japanese and European 
populations. More recently, the HLA-A*31:01 allele has also been linked to CBZ-induced SCAR 
including SJS/TEN and HSS in Japanese and Caucasian populations. For PHT, a significant 
association between HLA-B*15:02 and SJS/TEN induced by phenytoin has been observed in Han 
Chinese, however this association could not be repeated in Thai population.   
 The strong association between HLA-B*58:01 with SCAR induced by allopurinol, a uric 
acid lowering drug was first identified in a Han Chinese population. This strong association was 
subsequently confirmed in the Thai population, however, only a modest association was observed in 
Korean, Japanese and European populations. 
 Co-trimoxazole, an antibiotic consisting of sulfamethoxazole and the trimethoprim, is the 
most common culprit drug for SJS and TEN in Thailand. Our recent study showed that 4 HLA 
alleles particularly HLA-B*15:02, HLA-C*06:02 or HLA-C*08:01 were significantly associated 
with SJS/TEN induced by this drug. 

Ethnic differences in HLA genetic polymorphism are well recognized. The allele frequency 
of HLA-B*57:01 is high in Europeans (5–8%), when compared with East Asians ( 0-2%) and 
Southeast Asians (Thais, Cambodians, Vietnamese; 3-4%). In contrast to HLA-B*57:01, the HLA-
B*15:02 allele is most prevalent in Chinese and Southeast Asian populations (8-12%) but low        
in Japanese, Korean and European populations (<1%).For HLA-B*58:01, the allele frequencies 
observed in Chinese, Korean and Southeast Asian populations are quite high (5-10%) compared 
with Japanese and European populations (0.4-1%). The allele frequency of HLA-A*31:01
in Japanese (7–12%) is high compared with Chinese and Thais (1-3%), Koreans (5%) and European 
populations (2–5%).  It should be noted that the degree of relationship between these HLA alleles 
and drug-induced SCAR varies among ethnic subpopulations in which the associations were found 
in ethnic groups that had high allelic frequency of those alleles.

Proceedings of the 37th Congress on Pharmacology of Thailand
9



10 
 

Routine Pharmacogenetic Testing in Clinical Practice:  
Dream or Reality? 

PGx markers for Drug-Induced SCARs  
PGx Markers and TDM for Drug-Induced ADR-A

. . .
 

 
 (adverse drug reaction; ADR)  

 
 

  (genetic variations)  
 (human leukocyte antigen gene; HLA gene) 

 (drug metabolizing enzymes) 
 (genetic polymorphisms) 

 (individualized therapy)  
  

   
 

    
  

  
 

 (pharmacogenomics and personalized medicine) 
  (individual) 

 (  : efficacy)  (  : toxicity) 
 

  
  

1.  
 (severe cutaneous adverse drug reactions; SCARs) 

2.  
 

3.  (responders)  (non-responders)  
 (personalized medicine  

individualized medicine)  
  

3  
(1)   

   
   

(2)   
 (pharmacokinetics)  (pharmacodynamics)  

Proceedings of the 37th Congress on Pharmacology of Thailand
10

10 
 

Routine Pharmacogenetic Testing in Clinical Practice:  
Dream or Reality? 

PGx markers for Drug-Induced SCARs  
PGx Markers and TDM for Drug-Induced ADR-A

. . .
 

 
 (adverse drug reaction; ADR)  

 
 

  (genetic variations)  
 (human leukocyte antigen gene; HLA gene) 

 (drug metabolizing enzymes) 
 (genetic polymorphisms) 

 (individualized therapy)  
  

   
 

    
  

  
 

 (pharmacogenomics and personalized medicine) 
  (individual) 

 (  : efficacy)  (  : toxicity) 
 

  
  

1.  
 (severe cutaneous adverse drug reactions; SCARs) 

2.  
 

3.  (responders)  (non-responders)  
 (personalized medicine  

individualized medicine)  
  

3  
(1)   

   
   

(2)   
 (pharmacokinetics)  (pharmacodynamics)  

Proceedings of the 37th Congress on Pharmacology of Thailand
10



11 
 

(3)   2  
 (drug efficacy)  (drug toxicity)  

    CYP2B6 
 (efavirenz)  

 (central nervous system toxicity)  
(therapeutic window)  (treatment failure)  
 

 :  
 

    
     

   
 

  
 

 2    
   

1.  (Type A ADR  augmented reaction) 
 (pharmacologic effect)  

(predictable)  
 (  80)   

   
   

  
     

450 (CYP450)  
 (metabolite)  

 
2.  (Type B ADR  bizarre reaction) 

  
  

  (  20)  
 

  
 (HLA gene)  (drug hypersensitivity) 

 
  

   (Stevens-Johnson 
syndrome; SJS  toxic epidermal necrolysis; TEN)  (allopurinol) 

   
    

(pharmacogenetics marker)  
  

 

Proceedings of the 37th Congress on Pharmacology of Thailand
11

11 
 

(3)   2  
 (drug efficacy)  (drug toxicity)  

    CYP2B6 
 (efavirenz)  

 (central nervous system toxicity)  
(therapeutic window)  (treatment failure)  
 

 :  
 

    
     

   
 

  
 

 2    
   

1.  (Type A ADR  augmented reaction) 
 (pharmacologic effect)  

(predictable)  
 (  80)   

   
   

  
     

450 (CYP450)  
 (metabolite)  

 
2.  (Type B ADR  bizarre reaction) 

  
  

  (  20)  
 

  
 (HLA gene)  (drug hypersensitivity) 

 
  

   (Stevens-Johnson 
syndrome; SJS  toxic epidermal necrolysis; TEN)  (allopurinol) 

   
    

(pharmacogenetics marker)  
  

 

Proceedings of the 37th Congress on Pharmacology of Thailand
11



12 
 

  
  

 
 

 
 

1.   
 (SCARs) 
  

  activated T-lymphocyte  
  

  
  TEN  SJS     

  
   

 
  

 (carbamazepine)  (nevirapine)  (abacavir)  (allopurinol)  
2.  

 
 (dosage adjustment)    

 (dose)       
   
  (absorption)  (distribution)  (metabolism) 

 (excretion)  
 (drug metabolizing enzymes)   

  450 (CYP450)   

     450 (CYP450) 
 (quantity) /  (quality)   

 /   
 4   

(1)  (poor metabolizers; PM)  
(2)  (intermediate metabolizers; IM)  
(3)  (extensive metabolizers; EM) 
(4)  (ultra-rapid metabolizers; UM)  

 (therapeutic drug monitoring; TDM) 
  

 (therapeutic level)  (toxic level) 
 

      
  

  
 

Proceedings of the 37th Congress on Pharmacology of Thailand
12

12 
 

  
  

 
 

 
 

1.   
 (SCARs) 
  

  activated T-lymphocyte  
  

  
  TEN  SJS     

  
   

 
  

 (carbamazepine)  (nevirapine)  (abacavir)  (allopurinol)  
2.  

 
 (dosage adjustment)    

 (dose)       
   
  (absorption)  (distribution)  (metabolism) 

 (excretion)  
 (drug metabolizing enzymes)   

  450 (CYP450)   

     450 (CYP450) 
 (quantity) /  (quality)   

 /   
 4   

(1)  (poor metabolizers; PM)  
(2)  (intermediate metabolizers; IM)  
(3)  (extensive metabolizers; EM) 
(4)  (ultra-rapid metabolizers; UM)  

 (therapeutic drug monitoring; TDM) 
  

 (therapeutic level)  (toxic level) 
 

      
  

  
 

Proceedings of the 37th Congress on Pharmacology of Thailand
12



13 
 

  
  (Type A ADR) 

  
  

  
 (pharmacogenetics drug monitoring; PDM) 

 
  

  
   

   
 

 
  

   . . 2547  
  

 
  

   
  

  
 (Laboratory for Pharmacogenomics)   Good 

Laboratory Practices (GLP)  ISO15189  
  

    
 . .2554     

 (Laboratory for Pharmacogenomics) 
 (Division of Pharmacogenomics and Personalized Medicine) 

  
 

     
     

     
   

  
 (nucleic acid extraction)  (genotyping)  (SNPs identification) 

 (DNA sequencing)  (microarray)  (gene expression 
analysis)  (toxicogenomics)  
(biostorage services)  (bioinformatics and data analysis) 

 (consulting and custom assay design and validation)  (project management) 
        

  3  
1.  (Genetics and Genomics Laboratory) 

        
  (molecular techniques)  

Proceedings of the 37th Congress on Pharmacology of Thailand
13

13 
 

  
  (Type A ADR) 

  
  

  
 (pharmacogenetics drug monitoring; PDM) 

 
  

  
   

   
 

 
  

   . . 2547  
  

 
  

   
  

  
 (Laboratory for Pharmacogenomics)   Good 

Laboratory Practices (GLP)  ISO15189  
  

    
 . .2554     

 (Laboratory for Pharmacogenomics) 
 (Division of Pharmacogenomics and Personalized Medicine) 

  
 

     
     

     
   

  
 (nucleic acid extraction)  (genotyping)  (SNPs identification) 

 (DNA sequencing)  (microarray)  (gene expression 
analysis)  (toxicogenomics)  
(biostorage services)  (bioinformatics and data analysis) 

 (consulting and custom assay design and validation)  (project management) 
        

  3  
1.  (Genetics and Genomics Laboratory) 

        
  (molecular techniques)  

Proceedings of the 37th Congress on Pharmacology of Thailand
13



14 
 

 AmpliChip CYP450        
   (whole 

genome sequencer; Solid 5500XL)  
  1-3  

 
 

2.   (Functional genomics, 
Enzyme activity and Therapeutic drug monitoring Laboratory) 

  
 (High performance liquid chromatography/Mass spectro/Mass 

spectro; HPLC/MS/MS)  “
”  

     
  

3.  (Pharmacogenomics Clinic) 
   

     
   

  
 

  
  4   

   . .2555 
   GLP  ISO15189  ISO15190 

 
  

 
 

 
   02-200-4331-2  02-201-1380, 02-201-1390 

 

Proceedings of the 37th Congress on Pharmacology of Thailand
14

14 
 

 AmpliChip CYP450        
   (whole 

genome sequencer; Solid 5500XL)  
  1-3  

 
 

2.   (Functional genomics, 
Enzyme activity and Therapeutic drug monitoring Laboratory) 

  
 (High performance liquid chromatography/Mass spectro/Mass 

spectro; HPLC/MS/MS)  “
”  

     
  

3.  (Pharmacogenomics Clinic) 
   

     
   

  
 

  
  4   

   . .2555 
   GLP  ISO15189  ISO15190 

 
  

 
 

 
   02-200-4331-2  02-201-1380, 02-201-1390 

 

Proceedings of the 37th Congress on Pharmacology of Thailand
14



15 
 

Systematic 3D Screening of Amino Acid Mutations in
Pharmacogenetics Study 

Thanawadee Preeprem, Ph.D. 

Pharmacogenomic studies examine the effects of genomic variations on diverse 
pharmacokinetic and/or pharmacodynamic parameters. Because variants of pharmacogenes tend to 
have smaller effects than disease-causing variants, the sequence conservation-based tools do not 
consistently classify mutations of pharmacogenes as functional. In this study, we selected 48 genes 
identified as “Very Important Pharmacogenes (VIPs)” by the PharmGKB database, and developed a 
novel tool for investigating the roles of amino acid mutations in drug responses, using 3-
dimensional (3D) analysis. The 3D screening of amino acid mutations focuses on the changes in 
inter-residue bonding, protein stability, protein flexibility, drug binding capability, protein-protein 
interactions, and amino acid dissimilarity, in addition to the localization of the variants and the 
amino acid secondary structure preference. Distinguishable characteristic profiles for VIP variants, 
from functional and neutral mutations, are incorporated into the construction of a five-feature score 
“SDS Pharmacogenes”. The score can be used to predict the impacts of unknown variants of 
pharmacogenes towards pharmacokinetic and/or pharmacodynamic changes.The database for SDS 
Pharmacogenes provides a quick access to pre-computed scores of all variants in the current 
structural dataset (45/48 VIPs). While expertise in 3D-protein analysis is beneficial, our 
implementation does not require that an individual with experience in protein structures be engaged 
in personalized genome evaluations. In addition, the analysis pipeline is systematic and scalable, 
thus expected to keep pace with the rapid accumulation of pharmacogenomic data. 
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Cancer Targeted Therapy 

Siwanon Jirawatnotai, Ph.D. 
 

Cancer targeted therapy is a novel paradigm, and a promising hope for cancer treatment. 
Accumulated research on the steps that contribute to the tumorigenesis, e.g. immortalization, 
cellular transformation, angiogenesis, and invasion and metastasis, has resulted in specific sets of 
gene that apparently can be proposed as suitable targets for cancer treatment. Currently, more than 
100 cancer genes are labeled as “actionable” for treatment. With advance in cancer research, a lot 
more genes will be identified and used as a drug target, in a near future. However, drug resistance 
and short-term effectiveness are seriously undermining this new paradigm. The shortcomings are 
supposedly a result of the lack of the “larger picture” of how cancer is operating. We will discuss 
the usefulness, and the problem of the targeted therapy, hoping to better understand the so-called 
“magic bullet”.  
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HEXIM1 is a Novel Therapeutic Target in Tamoxifen Resistant  
and Metastatic Breast cancer 

 
Wannarasmi Ketchart , Ph.D. 

 
Breast cancer is the major leading cause of death in women worldwide. Even though the 

development of breast cancer treatment has been a major research focus for decades, drug resistance 
and cancer metastasis—the main cause of patient mortality—are still difficult to overcome.  
Tamoxifen is the standard treatment for Estrogen receptor alpha (ER )-positive breast cancer which 
is the most common type of breast cancer. After 5 years of tamoxifen therapy, 45% of patients with 
advanced and metastatic breast cancer develop resistance. In previous reports, Hexamethylene 
bisacetamide-inducible protein 1 (HEXIM1) was identified as an ER -coregulator that can also 
inhibit ER  transcriptional activity and breast cancer growth. Since the major mechanism of 
tamoxifen is the inhibition of ER  activity, we hypothesized that HEXIM1 played a role in assisting 
tamoxifen in the inhibition of ER activity. Our studies demonstrated that tamoxifen increased 
recruitment of HEXIM1 to the promoter regions of ER target genes and the inhibitory effect of 
tamoxifen is attenuated when HEXIM1 is downregulated. In addition, we found that low HEXIM1 
expression was associated with tumor recurrence in patients who received tamoxifen. These 
findings support the critical role of HEXIM1 in the response to tamoxifen. 

A role for HEXIM1 in the inhibition of angiogenesis was also previously reported. 
Angiogenesis plays a pivotal role for tumor growth and metastasis. Our study observed that 
HEXIM1 expression is decreased in patients’ metastatic lymph nodes when compared to their 
primary breast tumor tissues and re-expression of HEXIM1 in a mammary tumor of a breast cancer 
mouse model resulted in the reduction of tumor volume, angiogenesis, and metastasis to the lung. 
Moreover, we also used polymer-mediated delivery of hexamethylene bisacetamide (HMBA) to 
induce HEXIM1 expression in tumors and this method was able to inhibit lung metastasis in mice 
without inducing thrombocytopenia, the dose limiting toxicity associated with systemic HMBA 
treatment. 67 kDa laminin receptor (67 LR) promotes the degradation of the extracellular matrix by 
interacting with laminin that facilitates cell migration and invasion, both important processes during 
metastasis. HEXIM1 re-expression in the mammary gland modified the membrane localization of 
67 LR which resulted in decreased cell migration and invasion and eventual metastasis. 
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Cholangiocarcinoma: One of the Thailand Grand Challenges

Prof. Sopit Wongkham, Ph D. 
 
Cholangiocarcinoma (CCA) is rare in western countries but is considered to be one of the 

major public health problems in the northeast of Thailand because of its high incidence, severity 
and high mortality rate. The late detection and poor survival after diagnosis has led a need of more 
powerful markers for early diagnosis and prognostic marker of CCA. Although complete resection 
provides the best hope for long-term survival, it can be offered only a limited cases with early stage. 
At present, there is no effective therapy and specific tumor marker for CCA.  In this presentation, 
the epidemiology, natural history, risk factors and tumor markers of CCA will be updated. The 
prevention, early detection and reduction of patient loss are the issues of Thailand grand challenges 
at present. 
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Liver Fluke-Associated Cholangiocarcinoma: KKU’s Research Initiative 
“Potential Targets for Liver Fluke-Associated  

Cholangiocarcinoma Therapy” 

Asst. Prof. Laddawan Senggunprai, Ph.D. 

Cholangiocarcinoma (CCA) is one of the aggressive cancers with very poor prognosis. The 
high incidence of CCA in Northeastern Thailand is associated with background conditions 
particularly liver fluke Opisthorchis viverrini infection that causes long-standing inflammation. The 
poor prognosis of CCA is mainly caused by delayed diagnosis and resistance to cytotoxic drugs. 
The identification of novel potential targets for CCA therapy should be strongly encouraged in 
order to improve the clinical management of CCA. Several distinct findings have been highlighted 
the over-expression and constitutive activation of JAK/STAT3 and NF- B signaling pathways in 
CCA as compared to adjacent normal tissues. This perhaps arise as the consequence of an in vivo 
tumor microenvironment which is enriched with cytokines and other growth factors. The 
JAK/STAT3 and NF- B cascades have been demonstrated to play crucial roles in 
cholangiocarcinogenesis. Several phytochemicals including quercetin, EGCG, luteolin, curcumin 
and cepharanthine that target STAT3 and/or NF- B pathways might therefore have great 
therapeutic potential in CCA treatment. In addition, molecular profiling studies have identified the 
activation of tyrosine kinase receptors and protein kinases in liver fluke-associated CCA patient 
tissues and cell lines. Predominately, the kinases activated downstream are those in the Ras/MAPK, 
PI3K/Akt, JAK/STAT and Wnt/ -catenin signaling pathways. The inhibition of multi-targeted 
kinase activation using kinase inhibitors, sorafenib and sunitinib, leads to CCA cell growth 
inhibition and apoptosis induction. This indicates that certain protein kinases are promising drug 
targets for CCA treatment. Moreover, abnormal increases of the antioxidant enzymes, heme 
oxygenase-1 (HO-1) and NADPH-quinone oxidoreductase-1 (NQO1), are also observed in 
opisthorchiasis-associated CCA patient tissues. The high expression of these two enzymes is 
significantly associated with poor prognosis. Inhibition of HO-1 and NQO1 can enhance the 
susceptibility of CCA to an array of chemotherapeutic agents. Hence, these two enzymes appear to 
be the potential targets for exploitation in CCA therapy. The potential of these candidate targets for 
CCA treatment need to be investigated in the prospective setting in future clinical trials. 
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EGFR Inhibitor–Induced Dermatologic Toxicities: MASCC Guideline Application in 
Prevention and Treatment 
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Medication for Supportive Care in Cancer : Focused on Chemotherapy Induced 
Nausea and Vomiting (CINV) 

. .   
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Aeroallergens Survey in Bangsaothong District, Samutprakarn 
Province, Thailand 

Rungnapa Mesripong1, Siraprapa Tubtim1, Boonchua Dhorranintra1

1Division of Biopharmaceutics, Faculty of  Pharmacy, Huachiew Chalermprakiat University, Samutprakan, Thailand 
 
Abstract

Preparation of allergenic extracts and allergy vaccines for proper management of allergic patients in 
each particular residential area is the key of “direct-to-target” specific treatment. The first step of the 
immunopharmacology research for this purpose must be initiated by allergens survey. Aeroallergens in 
Bangsaothong District, Samutprakarn Province, Thailand, Latitute 13 º 36 14.95   North,  Longitude 100 º 49
5.16   East were therefore continuously surveyed using Aerosampler instrument for 12 months, during June 2008 to 
May 2009. More than 12 kinds of plants pollens and mold spores could be identified in this study. The 
average overall amount of pollens and mold spores were 1046 and 3990 per cubic meter of air flow respectively. 
The five most common pollens and mold spores found in this study were wild grass, cultivated grass, sedge, fern 
and Leguminosae; Nigrospora, Cladosporium, Yeast, 1-celled spore (mainly Aspergillus and Penicillium), 
Fusarium. The detail findings of the incidence and the amount of plant pollens as well as mold spores were 
quite differ from such findings in Cholburi, the nearby province, and other provinces including those in 
Bangkok Metropolitan which were previously reported. The close and direct influences of the climate especially 
the quantity of rainfall on the occurance of aeroallergens both plant pollens and mold spores were clearly 
observed. The results obtained from this aeroallergens survey in Bangsaothong District should be the useful 
and reliable data for further preparation of allergenic test solutions and allergy vaccines to manage allergic 
patients  in the nearby communities as well as those travellers using  Suvarnabhumi International Airport. 

Keywords : immunopharmacology, aeroallergen, Aerosampler, pollen, mold spore 
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Pattern of Aeroallergens around Naresuan University Hospital, 
Phitsanulok Province, Thailand 

Suwannee Uthaisangsook1, Sirirat Bunarsa2, Boonchua Dhorranintra3

  1Department of Pediatrics, Faculty of Medicine, Naresuan University, Phitsanulok, Thailand   
2Research unit, Faculty of Medicine, Naresuan University, Phitsanulok, Thailand  
3Division of Biopharmaceutics, Faculty of Pharmacy, Huachiew Chalermprakiat University, Samutprakan, Thailand 

Abstract 

 Establishment of allergenic extracts and allergic vaccines for appropriate management of allergic 
patients in each particular residential area is the key of “direct-to-target” specific treatment. There was no 
official report of allergen survey in Phitsanulok. Therefore, the purpose of this study is to survey outdoor 
aeroallergens around Naresuan University Hospital, Phitsanulok, Thailand, latitude 16°44'55.1" north 
longitude 100°11'20.5" east area. The outdoor aeroallergens were continuous daily surveyed using Burkard 
seven-day recording volumetric spore trap instrument for 12 months, during August 2013 to July 2014. The 
results showed that more than 12 plant pollens and mold spores were identified. The average amounts of 
pollens and mold spores were 1,892.15 and 14,439.43 counts/m3 of air flow per month, respectively. Among 
plant pollens, the percentages of the five most common pollens including wild grass, cultivated grass, 
Careless weed, Acaciae and Mimosaceae family found accumulatedly in one year were 77.32% (n=17555), 
9.23% (n=2095), 8.66% (n=1967), 1.55% (n=351) and 1.10% (n=250), respectively. Among mold spores, 
the percentages of the five most common mold spores including 1-celled spore, Cladosporium, yeast, Rust 
and Nigrospora family found accumulatedly in one year were 39.86% (n=69074), 31.83% (n=55152), 
10.94% (n=18948), 9.00% (n=15592) and 4.37% (n=7573), respectively. The peak levels of wild grass and 
cultivated grass pollens were seen in December with the total counts of 2,337.21 and 487.22 grains/m3 per 
month, respectively. While one-celled spore, Cladosporium, yeast and Nigrospora spores peaked in July with 
total counts of 10,066.11, 7,107.60 and 2,559.20 spores/m3, respectively. Both total rain water and relative 
humidity peaked in September were 359.6 millimeters per month and 85%, respectively. The continuous 
monitoring aeroallergens will help in establishment a pattern of aeroallergens in Phitsanulok. This pattern of 
aeroallergens would be beneficial for allergic patients who are allergic to pollens or molds in exposure 
prevention and immunotherapy. 

Keywords: aeroallergen, volumetric Burkard spore trap, plant pollens, mold spores
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Case Report : Adverse Event of Using Fentanyl 
Transdermal Patch in a 2-Month-Old Baby 

Prawpimorn Phuhuangkaew1,  Preeyaporn Pannaroaj1

 1Adverse Drug Reaction Monitoring Department in SiSaKet Hospital, SiSaKet, Thailand 

Abstract

 This is the case report of an unaware use of fentanyl transdermal patch in a 2-month and 9 day-old 
baby. The serious event occurred when the baby’s grandmother got the fentanyl patch from another cancer 
patient who had passed away. The patch was previously applied to her husband’s skin for 24 hours. As she 
concerned that her grandchild might have a fever and local pain symptoms after a recent DTwP vaccination, 
a fentanyl patch was then reused and applied to the baby with an adult dosage (25 g/hr). Thirty minutes 
later, the baby developed a sign of seizure, depression of CNS and respiratory system. The baby presented to 
the emergency room with rigidity and syncope. He was firstly diagnosed as having seizure from DTwP 
vaccination. The symptom was worsening and turned to cyanosis, low BP, and pinpoint pupils. 
Cardiopulmonary resuscitation had been performed for about 3 times with 2 doses of adrenaline. This 
adverse effect was maintained for 96 consecutive hours without using naloxone or any antidotes. Liver 
enzymes including AST, ALT and alkaline phosphatase were increased to 92, 57, and 365 U/L, respectively. 
He was treated with respiratory support with intravenous antibiotics as empirical therapy. On the 3rd day of 
admission, the baby’s symptom was recovered. He could open his eyes with slightly move and response to 
the stimulations. ET-tube was removed on the 5th day of admission. His mother could normally breast feed 
him. The baby was discharged with paracetamol syrup after he had completed the course of antibiotics. 
According to the manufacturer, fentanyl transdermal patch does not recommend to use in children younger 
than 2 years because of inadequacy of safety information. Moreover, this fentanyl patch should be used only 
with a severe pain and dosage should be adjusted based on level of pain, health record, and physical 
condition for individual patient. The unawareness was the main cause of this adverse event. Pharmacist, who 
is the acknowledged medication experts, must provide necessary information to the patients especially when 
the addictive substances are used among a population who are at risk of adverse drug reaction such as young 
children.

Keywords: fentanyl transdermal patch, adverse event, baby, CNS depressions, respiratory depressions 
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Abstract

 This is the case report of an unaware use of fentanyl transdermal patch in a 2-month and 9 day-old 
baby. The serious event occurred when the baby’s grandmother got the fentanyl patch from another cancer 
patient who had passed away. The patch was previously applied to her husband’s skin for 24 hours. As she 
concerned that her grandchild might have a fever and local pain symptoms after a recent DTwP vaccination, 
a fentanyl patch was then reused and applied to the baby with an adult dosage (25 g/hr). Thirty minutes 
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admission, the baby’s symptom was recovered. He could open his eyes with slightly move and response to 
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According to the manufacturer, fentanyl transdermal patch does not recommend to use in children younger 
than 2 years because of inadequacy of safety information. Moreover, this fentanyl patch should be used only 
with a severe pain and dosage should be adjusted based on level of pain, health record, and physical 
condition for individual patient. The unawareness was the main cause of this adverse event. Pharmacist, who 
is the acknowledged medication experts, must provide necessary information to the patients especially when 
the addictive substances are used among a population who are at risk of adverse drug reaction such as young 
children.
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Pseudoallergic Reactions from Rapid Administration of Antibiotics
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Abstract

 A 52-year-old Thai male patient had developed pseudoallergic reaction after intravenous injection 
(IV) of 2 grams ceftazidime rapidly in 1 minute for the first time. His unusual symptoms included nausea, 
coughing, sweating, palpitation and swollen lips. He also had minor skin lesion like urticarial rash on his 
back but no tight chest. His symptoms were slightly improved within 10 minutes after chlorpheniramine 10 
mg and dexamethasone 4 mg injection. The incidence of similar anaphylactiod reaction from beta-lactam 
antibiotics at Sisaket hospital after rapidly IV injection was about 5 %  in 2014 (25 cases out of 441 of active 
consultations). Ceftriaxone was the most common cause of these reactions (19 cases), followed by 
cefoperazone, ciprofloxacin, penicillin G sodium and clindamycin. We had reviewed the patient drug history 
and inquired the rate of IV injection of the drug given. Therefore, next dose of ceftazidime was given by 
infusing slowly for 30 minutes. He showed no signs of false allergy. This is an example of how clinical 
pharmacist can take an important role in minimizing patient adverse drug reaction. In this case changing only 
the rate of administration of beta-lactam antibiotics allowed him to use the drug without pseudoallergic 
reaction.
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Abstract 
 
 Carbamazepine is an anti-epileptic drug and used for treatment of several diseases such as epilepsy, 
neuropathic pain (neuralgia) and bipolar affective disorders. Several reports have shown vascular adverse 
drug effects of anti-epileptic drugs, including carbamazepine. Very few reports have been involved with 
micro-vascular (capillary) structural changes, which may be related to potential adverse drug reactions in 
patients with long-term therapy. The aim of this observational study was to evaluate nail-fold capillary 
structural changes in carbamazepine-treated patients in relation to serum carbamazepine concentrations and 
its apparent adverse drugs reactions. Patients from Chiang Mai Neurological Hospital (N=60) were recruited 
and enrolled according to specific inclusion and exclusion criteria. All patients were treated with 
monotherapy of carbamazepine. Calibrated nail-microscope Dino-Lite® was employed to measure nail-fold 
capillary structural changes (i.e. arterial and venous diameters and tortuous index) at the proximal nail-fold. 
The measurement was performed in 1st and 2nd month after starting the treatment. Serum carbamazepine 
concentrations were also measured by fluorescene polarization immunoassay (Abbot Axsym System ). 
Results showed that after one and two months of treatment the arterial loop diameters of the capillary were 
significantly decreased (9.05±1.07 [baseline] vs 8.88±1.10 and 8.78±1.15 m, p<0.001, respectively. 
Tortuous index was also found to be increased from baseline after treatment for one and two months; 
1.64±0.32 m vs 1.86±0.38 m vs 1.94±0.36 m, p<0.001, respectively. Correlation between % arterial loop 
diameter changes of the capillary and serum carbamazepine concentrations existed (r = -0.406, p<0.05), but 
not the turtuos index. Although frequency of adverse drug reactions was greater in patients whose serum 
carbamazepine concentrations  8 g/mL, there was no established association of both % arterial loop 
diameter changes of capillary and tortuous index with apparent short-term adverse drug reactions.  
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Abstract

Allopurinol is an xanthine oxidase inhibitor that commonly used for management of gout, urate 
stones and recurrent calcium oxalate stones associated with urinary uric acid excretion as well as for 
prevention of tumorlysis syndrome in cancer therapy. This drug has been reported as one of the most 
common culprit drug for severe cutaneous adverse drug reactions (SCARs) including Stevens-Johnson 
Syndrome (SJS), Toxic Epidermal Necrolysis (TEN) and Drug reaction with Eosinophilia and Systemic 
Symptoms (DRESS). Although, the HLA-B*58:01 allele has been reported as the genetic risk factor of 
allopurinol-induced SCARs in a Thai population,other risk factors involved in allopurinol-induced SCARs in 
Thai populationis still unclear. In the present study, we aimed to explore the non-genetic risk factor in 
allopurinol-induced SCARs in a Thai population. Medical records of 85 allopurinol-induced SCARs and 165 
allopurinol-tolerant control patients were reviewed. The two-tailed Student’s t-test and Fisher’s exact test 
analysed found that the number of female was higher in the SCARs group with an odds ratio of  4.18 (95% 
CI, 2.28-7.66, p value 3.49 x 10-7). The initial dose of allopurinol per body weight in the SCARs group was 
significantly higher than that of the tolerant control group. Moreover, the number of patients who had 
allopurinol for treatment of hyperuricemia in the SCARs group was higher than the tolerant control group. 
The base line of blood urine nitrogen and eosinophil of the SCARs group before receiving allopurinol was 
significantly higher than that of the tolerant control group and serum creatinine was higher in SCARs group. 
In conclusion, we found that female, high initial dose, poor kidney function and off labeled use of allopurinol 
were potentially non-genetic risk factors of allopurinol-induced SCARs in a Thai population. (This research 
was financial supported by the Thailand Research Fund through the Royal Golden Jubilee Ph.D. Program) 
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Abstract

 Primaquine is the only antimalarial drug available for the eradication of the hypnozoite stage of 
Plasmodium vivax in order to prevent the disease from recurring.  However, one limitation of its clinical use 
is the long treatment course of 14 days, which may result in poor patients’ adherence and low treatment 
efficacy. The aim of the study was to assess the clinical efficacy and adherence to primaquine therapy 
following the standard 14-day primaquine regimen (daily dose of 15 mg base/kg body weight) when given 
together with a 3-day choroquine (2,000 mg over 3 days) in 85 patients with P. vivax malaria in a malaria 
endemic area along the Thai-Myanmar border.  Patients’ adherence to primaquine therapy was assessed 
based on primaquine concentrations in finger-prick dried blood spot (DBS) samples and interview 
questionnaires. Results suggest that the 14-day primaquine when given as an anti-relapse, together with a 3-
day blood schizontocidal chloroquine, remains an effective treatment for P. vivax infection in this area with a 
cure rate of virtually 100% during the 42-day follow-up. Based on the analysis of primaquine concentrations 
in DBS collected from patients on days 3, 7, and 14 of treatment, adherence rates of as high as 95-98% was 
observed.
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Abstract 

 
This study was an open, three-way, sequential cross-over design in 19 healthy Thai subjects (8 males 

and 11 females), to investigate the potential of pharmacokinetic/pharmacodynamic interactions between 
quinine and ritonavir-boosted lopinavir (LPV/r) in healthy Thai subjects. The pharmacokinetic investigation 
was performed sequentially on three separated occasions. During period I, subjects received a single oral 
dose of 600 mg quinine sulfate. During period II (2 weeks washout), oral doses of LPV/r was given (400 
mg/100 mg every 12 h for 14 days). During period III, 600 mg quinine sulfate in combination with LPV/r 
(400 mg/100 mg every 12 h for 3 days). Plasma concentrations of quinine, its active plasma metabolite 3-
hydroxyquinine, lopinavir, and ritonavir were measured by HPLC. Results showed that all treatment 
regimens were generally well tolerated. In the presence of steady-state LPV/r, significant differences in six 
pharmacokinetic parameters of quinine were observed. Cmax, AUC0 48h, and AUC0  were significantly 
decreased, while Vz/F and CL/F were significantly increased. Free quinine concentration at 2 hours after 
dosing was significantly increased. Cmax, AUC0-48h, and AUC0  of 3-hydroxyquinine were also significantly 
decreased and the metabolic ratio was significantly reduced. In addition, t1/2z was significantly shortened. 
Quinine caused modest but statistically significant increase in the Cmax of both lopinavir and ritanovir. The 
marked changes in the pharmacokinetics of quinine and 3-hydroxyquinine particularly systemic exposure 
suggest the complex pharmacokinetic interaction between LPV/r and quinine at different levels including 
hepatic drug metabolizing enzymes (CYP3A4 and UDP-glucuronosyl transferase), drug transporters (P-
glycoprotein), and plasma protein binding ( 1-acid glycoprotein). The high magnitude of reduction in 
systemic exposure of quinine and 3-hydroxyquinine, raises concern regarding the risk of increase in 
treatment failure rate when quinine is prescribed in patients with malaria and HIV co-infection. Further 
investigation in patients with malaria before decision on dose optimization can be made. 
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Abstract

 The objective of the study was to investigate the pharmacokinetics of chloroquine and its active 
metabolite desethylchloroquine following treatment with a three-day standard course in patients with 
Plasmodium vivax infection along the Thai-Myanmar border. All patients showed satisfactory response to 
standard treatment with a three-day course of chloroquine with 100% cure rate within the follow-up period 
of 42 days. Neither recurrence of P. vivax parasitaemia nor appearance of P. falciparum occurred.  Blood 
samples were collected from 130 (17 Thais and 113 Burmeses; 64 males and 66 females; aged 15-55 years) 
patients with mono-infection with P. vivax malaria [median (95% CI) admission parasitaemia 4,898 (1,206-
29,480)/ L] following treatment with a three-day course of chloroquine (2,000 mg chloroquine phosphate 
over three days).  Whole blood concentrations of chloroquine and its active metabolite desethylchloroquine 
were measured using high performance liquid chromatography. Concentration-time profiles of chloroquine 
and desethylchloroquine were analyzed using a population-based pharmacokinetic approach. A total of 1,045 
observations from 75 participants were included in the analysis. Chloroquine disposition was most 
adequately described by the two-compartment model with one transit compartment absorption model into the 
central compartment and a first-order transformation of chloroquine into desethylchloroquine with an 
additional peripheral compartment added to desethylchloroquine. First order elimination from the central 
compartment of chloroquine and desethylchloroquine was assumed. The model exhibited a strong predictive 
ability and the pharmacokinetic parameters were estimated with adequate precision. Fever clearance time 
had a significant impact on the pharmacokinetics of chloroquine, indicating a disease effect. The developed 
population-based pharmacokinetic model could be applied for future prediction of optimal dosage regimen of 
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Abstract

 Concomitant use of antimalarial and antiretroviral drugs is becoming increasingly frequent in areas 
where malaria and HIV coexist.  The magnitude and clinical significance of these potential interactions need 
elucidation particularly the interaction between artesunate-mefloquine combination and ritonavir-boosted 
lopinavir (LPV/r) which share the same substrate specificity on cytochrome P450 3A4. To investigate the 
potential of pharmacokinetic interactions between artesunate-mefloquine and LPV/r in healthy Thai adults. 
This study was an open, three-way, sequential cross-over design in 16 healthy Thai subjects (8 males and 8 
females). The pharmacokinetic investigation was performed sequentially on three separate occasions. During 
Period-1, subjects received a three-day artesunate-mefloquine combination. During Period-2 (2 weeks 
washout), oral doses of lopinavir boosted ritonavir (LPV/r) was given (400 mg/100 mg every 12 h for 14 
days). During Period-3, a three-day artesunate-mefloquine was given in combination with LPV/r (400 
mg/100 mg every 12 h for 3 days). Concentrations of artesunate, dihydroartemisinin (active plasma 
metabolite of artesunate), lopinavir, ritonavir and mefloquine in plasma or whole blood were measured by 
HPLC. All treatment regimens were generally well tolerated. Artesunate AUC0-24h was significantly 
increased.  Dihydroartemisinin Cmax and AUC0 24h, and AUC0  were significantly decreased, while t1/2z was 
significantly prolonged. The metabolic ratio (AUC0-24h ratio) of dihydroartemisinin to artesunate was 
significantly reduced. For mefloquine, Cmax, AUC0 48h, AUC0 168h, and AUC0  were significantly decreased, 
while Vz/F and CL/F were significantly increased.  Finally,  Cmax of lopinavir  was significantly decreased 
and CL/F was significantly increased. Cmax, AUC0-12h, and AUC0  of ritonavir were significantly decreased, 
while CL/F and Vz/F were significantly increased. The marked changes in the pharmacokinetics particularly 
systemic exposure of all investigated drugs suggest the complex pharmacokinetic interaction between 
artesunate-mefloquine and LPV/r and at different levels including hepatic drug metabolizing enzymes, drug 
transporters, and plasma protein binding. The high magnitude of reduction in systemic exposure of all drugs 
raises concern regarding the risk of increase in treatment failure rate when artesunate-mefloquine is to be 
prescribed in patients with malaria and HIV co-infection. Further investigation in patients with malaria 
before decision on dose optimization can be made. 
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Abstract 

Plumbagin is a derivative of napthoquinone which is isolated from the roots of plants in several 
families. These compound exhibits a wide range of biological and pharmacological activities including 
antimalarial, antibacterial, antifungal, and anticancer activities. The aim of the study was to investigate blood 
kinetics and tissue distribution of plumbagin in healthy and P. berghei-infected mice using Single-Photon 
Emission Computed Tomography/Computed Tomography (SPECT/CT) and radiochemical analysis by 
gamma counter. Plumbagin was labelled with 99mtechnetium (99mTc) and the reducing agent stannous chloride 
dihydrate (50 g/ml) at pH 6.5. Blood kinetics and tissue distribution of the radiolabeled plumbagin were 
investigated in healthy and P. berghei-infected mice (2 males and 2 females for each experimental group).  
In vitro and in vivo stability of plumbagin complex suggested satisfactory stability profiles of 99mTc-
plumbagin complex in plasma and normal saline (92.21 to 95.47%) within 24 h. Significant difference in 
blood kinetics parameters (Cmax, AUC, t1/2, MRT, Vd, and CL) were observed between P. berghei-infected 
and healthy mice. The labelled complex distributed to all organs of both healthy and infected mice but with 
high intensity in liver, followed by lung, stomach, large intestine and kidney. Accumulation in spleen was 
markedly noticeable in the infected mice. Plumbagin-labelled complex was rapidly cleared from blood and 
major routes of excretion were hepatobiliary and pulmonary routes. In P. berghei-infected mice, t1/2 was 
significantly decreased, while Vd and CL were increased compared with healthy mice.  Result suggests that 
malaria disease state influenced the pharmacokinetics and disposition of plumbagin. SPECT/CT imaging 
with radiolabeled 99mTc is a viable non-invasive technique that can be applied for investigation of kinetics 
and biodistribution of plumbagin in animal models.  
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Abstract  

Melatonin is a hormone secreted by the pineal gland regulated by dark-light conditions. It controls 
the circadian rhythm in human. This substance is commonly used to treated insomnia. Moreover, several 
pharmacological effects of melatonin such as antioxidant, immunomodulator and chemotherapy adjuvant have 
been reported. However, the information about the pharmacokinetic parameters in various populations 
including Thai population is very limited. This study aimed to determine the pharmacokinetic parameters of 
melatonin in healthy Thai male volunteers. Twenty-five Thai male volunteers were enrolled in the study and 
20 mg melatonin was given orally after an overnight fasting. Blood samples were collected from indwelling 
cannula insert in the forearm before (0) and at 0.25, 0.50, 1.0 1.25, 1.5, 2, 3, 4, 5 and 6 hours after drug 
administration. Plasma melatonin concentrations were determined by the validated high performance liquid 
chromatography coupled with fluorescence detector method. The pharmacokinetic parameters were calculated 
using Kinetic 2.0. The mean of the maximal concentration (Cmax) was 55.49 ± 48.83 ng/mL (range from 10.33 
– 188.19 ng/mL) and the area under the plasma concentration-time curve (AUC0-t) was 66.36 ± 52.55 
ng·hr/mL (range from 12.98 – 203.67 ng·hr/mL) while the mean of the time at maximal concentration (Tmax)
was 0.62 ± 0.23 hrs. The elimination rate constant (Ke) was 0.89 ± 0.16 hr-1 and the half-life (T1/2) was 0.80 ± 
0.14 hr. The mean clearance and Vz were 7.58 ± 5.25 L/hr·kg and 550.82 ± 399.82 L, respectively. Our results 
reveals the high variations in the Cmax and AUC0-t of melatonin in the study population and high variations of 
these pharmacokinetic parameters may affect the dose of melatonin require to archive therapeutic range for 
individuals. 
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Abstract 

Intestinal P-glycoprotein is the major efflux protein that may play a crucial role in transporter-based 
drug interactions with orally administered drugs. Recently, a number of herbs have been reported as a 
factor that can cause the interactions by alteration of drug-metabolizing enzymes and/or uptake/efflux 
transporters. Some herbal teas that are usually consumed as beverages have pharmacological effects, and 
may be used as the alternative medicine. However, consuming herbal tea with some medicines may lead to 
drug interactions. This study aimed to investigate the effects of Thai herbal teas on the P-glycoprotein 
function. To determine the influences of Thai herbal teas including safflower (Carthamus tinctorius),
baelfruit (Aegle marmelos), jewel vine (Derris scandens), candelabra bush (Senna alata), and blue trumpet 
vine (Thunbergia laurifolia) on P-glycoprotein transport function, the Caco-2 cells were incubated with 0.5 

M calcein-AM, a P-glycoprotein substrate, in the absence and presence of the aqueous extract of the teas 
(1 mg/ml).The results showed that coincubation of safflower, candelabra bush, and blue trumpet vine with 
calcein-AM significantly increased calcein-AM accumulation (mean ± S.E.M) to 175.87 ±18.62%, 194.44 
± 26.36%, and 190.25 ± 22.27%, respectively, compared to that of calcein-AM alone (p<0.01). These 
results indicate that safflower, candelabra bush, and blue trumpet vine potentially inhibit the P-glycoprotein 
function. However, the clinical study must be performed to confirm these effects in vivo.
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Abstract 

Atractylodes lancea (Thunb) DC. has been reported to exhibit promising cytotoxic activity against 
cholangiocarcinoma. The metabolic profiles of its active compounds remain to be elucidated. The aim of the 
present study was to apply in silico modeling for prediction of cytochrome P450 (CYP)-mediated metabolism 
of the three active constituents of Atractylodes lancea (Thunb) DC., i.e., beta-eudesmaol, atractylodin and 
atractylenolide III using ADMET predictor software (Simulations Plus, Inc.). CYP2C9, CYP2C19, and 
CYP3A4-mediated hydroxylation were possibly involved in metabolism of beta-eudesmaol and atractylenolide 
III.  All of these CYPs, and in addition, CYP1A2, were possibly involved in atractylodin oxidation.  In vitro
and in vivo studies should be performed to identify the CYP isoforms including other drug metabolizing 
enzymes involved in the biotransformation of these three compounds.   
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Abstract 

Atractylodes lancea (Thunb) DC. has been reported to exhibit promising cytotoxic activity against 
cholangiocarcinoma. The metabolic profiles of its active compounds remain to be elucidated. The aim of the 
present study was to apply in silico modeling for prediction of cytochrome P450 (CYP)-mediated metabolism 
of the three active constituents of Atractylodes lancea (Thunb) DC., i.e., beta-eudesmaol, atractylodin and 
atractylenolide III using ADMET predictor software (Simulations Plus, Inc.). CYP2C9, CYP2C19, and 
CYP3A4-mediated hydroxylation were possibly involved in metabolism of beta-eudesmaol and atractylenolide 
III.  All of these CYPs, and in addition, CYP1A2, were possibly involved in atractylodin oxidation.  In vitro
and in vivo studies should be performed to identify the CYP isoforms including other drug metabolizing 
enzymes involved in the biotransformation of these three compounds.   
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Abstract 

Cadmium (Cd) is an environmental pollutant which is associated with significant kidney dysfunction in 
exposed populations. This is due to the preferential accumulation of this metal in the kidney proximal tubules 
where, over-time, it causes toxicity. Animal studies have clearly shown a link between Cd exposure and 
hypertension where it is proposed that Cd induces renal eicosanoid-producing cytochrome P450 (CYP) 
expression which results in higher levels of vaso-constrictive molecules. To determine Cd toxicity and its effect 
on expression of CYP (4A11, 4F2, 3A4, 2B6, and 2E1), metallothionein (MT), and heme oxygenase-1 (HO-1) 
in kidney, we monitored CYP, MT and HO-1 protein levels in primary cultures of human proximal tubular 
cells (PTCs) exposed to varying concentrations of Cd (0.1 50 M) over 48 h, compared with protein levels in 
the hepatoblastoma cell line HepG2 and the proximal tubular cell line HK-2. Cell toxicity was determined 
using the WST-1 cytotoxicity assay, lactate dehydrogenase release, and [3H]-thymidine incorporation. 
Expression of the five CYP and HO-1, as well as MT was determined by immunoblotting. Expression of the 
CYPs was also assessed in human kidney tissue (n=6) using immunohistochemistry. In cultured cells only 
CYP4F2, CYP3A4 and CYP2B6 were detected. Cd concentrations above 10 M caused significant cell death 
in the three cell types. Exposure of the cells to Cd (5 M) for 48 h had no effect on the levels of CYP4F2, 
CYP3A4 and CYP2B6. Expression of MT and HO-1 was, however, induced by Cd in a concentration-
dependent manner. All tissue sections expressed CYP4A11, CYP4F2, CYP3A4, CYP2B6, and CYP2E1 with 
strong staining in proximal tubule cells. The in vitro study does not support a role for these CYPs in Cd-
induced hypertension. 
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Abstract 

 Development of new promising antimalarial drugs is urgently needed due to the emergence of 
resistance of malaria parasite to almost all of the available drugs. Garcinia mangostana Linn. (pericarp) is 
one of the most promising candidates for further development as antimalarial drugs. It has been assumed that 
activity of this plant associated with the anti-inflammatory response, especially the prostaglandin production. 
Therefore, the aim of the present study was to investigate the effect of Garcinia mangostana Linn. (pericarp) 
crude extract on the production of prostaglandin in 3D7 clone P. falciparum. The parasite clone was exposed 
to Garcinia mangostana Linn. (pericarp) crude extract for 12 hours and levels of the three prostaglandins, 
i.e., PGE2, PGD2, and PGF2  produced were determined using HPLC. The levels of all prostaglandins were 
significantly decreased in parasite exposed to the extract compared with control. The crude extract of the 
Garcinia mangostana Linn. possesses several pharmacological activities including anti-inflammatory 
activity. The current study demonstrated its inhibitory activity on prostaglandin production in malaria 
parasite.   
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Abstract 

Malaria remains a serious public health problem in several tropical areas and emerging artemisinin 
resistant of Plasmodium falciparum in Southeast Asia is a great concern for disease control.  Development of 
new potential antimalarial drugs is urgently required. In the previous study, the fruits of Piper chaba Hunt. 
was demonstrated to exhibit promising antimalarial activity against asexual stage of both 3D7 and K1          
P. falciparum clones. The aim of the present study was to investigate antimalarial activity of piperine; the 
major bioactive compound from Piper chaba Hunt. against 3D7 and K1 P. falciparum clones. The 
antimalarial activity was determined by using SYBR green-I-based assay and morphological change was 
observed under light microscope with giemsa staining. The median IC50 (concentration that inhibited parasite 
growth by 50%) values of piperine against 3D7 and K1 were 31.8 g/ml and 16.8 g/ml, respectively. The 
marked change in parasite morphology was observed within 48 hours post exposure to piperine. These result 
indicated that piperine is the promising antimalarial drug. The study is ongoing to elucidate mechanism of 
action of piperine at molecular and cellular levels.
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Abstract 

Artesunate (AS)-Mefloquine (MQ) combination is the first-line treatment for acute uncomplicated 
Plasmodium falciparum in Thailand. The increase in recrudescence cases after treatment and a decline in 
efficacy suggest the possibility of P. falciparum resistance to this combination. The study aimed to 
investigate the phenotypes and genotypes of P. falciparum collected from malaria patients who received      
AS-MQ combination. Twenty P. falciparum isolates were collected from patients prior to treatment and the 
treatment responses were evaluated after completed 42 days follow up. Phenotypic assessment of the parasite 
isolates was performed by in vitro sensitivity test to AS and MQ using SYBR green I assay.  Genotypic 
character was investigated by determination of P. falciparum multidrug resistance 1 (pfmdr1) copy number 
using SYBR green real-time PCR method. The IC50 (concentrations that inhibit parasite growth by 50%) 
values of AS and MQ in isolates collected from patients who presented adequate clinical response (n=10) 
were significantly lower than those from treatment failure [median: 1.0 vs 2.8 nM, and 18.0 vs 54.4 nM, for 
AS and MQ, respectively; p = 0.02 and 0.03]. Pfmdr1 copy number was significantly higher in isolates 
obtained from patients with treatment failure (median: 1.0 vs 4.0 copy; p = 0.01). This preliminary study 
suggests that in vitro sensitivity and pfmdr1 copy number may be used as markers to predict resistance of     
P. falciparum to AS-MQ combination.    
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Abstract

Since chloroquine is the mainstay for treatment of Plasmodium vivax infection, monitoring of 
chloroquine drug resistance marker provide useful information for effective malaria control program.  The 
aim of the study was to investigate the genetic polymorphisms of Pvmdr1 in Plasmodium vivax isolates 
collected from Southern Thailand. A total of 70 P. vivax isolates were collected by finger-prick from 
patients, DNA from dried blood spot samples were extracted and analyzed for Pvmdr1 polymorphisms. 
Seven non-synonymous mutations and two synonymous were identified in Pvmdr1 gene. Five haplotypes of 
Pvmdr1 were observed with different frequency. However, the majority of the isolates (21/70) carried 4 
mutations of 515R+698S+908L+958M. Amino acid Y976F and F1076L mutations were detected in 17 
(24.3%) and 38 (54.3%) isolates, respectively. The prevalence and pattern of mutations of Pvmdr1 obtained 
from this study suggest the spreading of chloroquine resistance alleles in P. vivax isolates from Southern part 
of Thailand and the monitoring of chloroquine drug resistance marker in P. vivax is essential for earlier 
warning system and expedites the appropriate drug policy.  
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Abstract

Glucose-6-phosphate dehydrogenase (G6PD) deficiency is relatively common in populations 
exposed to malaria. The prevalence of G6PD deficiency variants differs widely among each country and 
ethnic groups. G6PD Viangchan are the most common variant in Laotians, Malaysian Malays, Cambodians 
and Vietnamese, G6PD Viangchan and Mahidol are most prevalent in Thailand and G6PD-Mahidol are the 
dominant mutation in Burmese population. This deficiency can cause hemolysis and impact on malarial 
treatment  by primaquine, anti-malarial drug that used to prevents relapse in vivax and ovale malaria, and 
gametocytocide in falciparum malaria. The objective of this study was to detect the prevalence of G6PD 
variants in malaria patients who living in malaria endemic regions. Total of 109 dried blood spot samples (24 
Thais and 85 Burmeses) were collected from malaria clinic in Mae Hong Son, Tak and Ranong provinces 
during 2011 to 2013. Three variants of G6PD mutation that most found in Thai-Myanmar borders including 
Mahidol, Viangchan and Chinese 4 variant were investigated by polymerase chain reaction (PCR). Only 
Mahidol variant was found with prevalence of 9.17% (10/109). Among these, one sample were found in Thai 
malaria patients (4.17%) and 9 samples were found in Burmese malaria patients (10.58%). The results might 
be indicated the ethnic effect of patients that have different common variant of G6PD or the protective effect 
of other G6PD variants (Viangchan and Chinese 4) against malaria infection in this population. Therefore the 
prevalence of G6PD variants in other malaria endemic regions should be performed to investigate the 
prevalence and correlation between G6PD variants and malaria disease. The information should be useful for 
malaria treatment by optimizing dosage regimen in endemic areas with reporting data on G6PD variants.
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Abstract 

 Cytochrome P450 3A5 (CYP3A5) is a microsomal enzyme that responsible to metabolic pathway of 
many drugs such as tacrolimus, vincristine etc. CYP3A5 activity is encoding by CYP3A5 gene. Patients who 
carried CYP3A5*3/*3 and CYP*1/*3 had lower CYP3A5 enzyme activity than CYP3A5*1/*1. Tacrolimus is 
the most common immunosuppressive used for post kidney transplantation. Recent data showed 
CYP3A5*1/*1 patients need lower tacrolimus dosage regimen than mutant alleles. Moreover, prevalence of 
CYP3A5 genotypes is different between Asia and Caucasian population. Therefore, CYP3A5 genotype 
investigated before kidney transplantation may need to improve efficacy of tacrolimus treatment. The aim of 
this study was to determine prevalence of CYP3A5 genetic polymorphisms in Thai chronic kidney disease 
patients who are waiting list for kidney transplantation. This study was approved by ethic committee of Khon 
Kaen University. The patients were informed consent. Eight hundred and four patients were enrolled in this 
study.  Blood was collected from each patient to analyze CYP3A5 genotypes by real time polymerase chain 
reaction (PCR) with Taqman® probe. The results of CYP3A5 genotype analysis revealed that genotype 
frequencies of CYP3A5*1/*1, CYP3A5*1/*3 and CYP3A5*3/*3 were 125 (15.55%), 402 (50.00%) and 277 
(34.45%), respectively. Allele frequencies of *1 and *3 were 652 (40.55%) and 956 (59.45%), respectively. 
Conclusion, the allele frequencies of CYP3A5 from this study were similar to Asian populations, but were 
significantly different from Middle Eastern, Europe, American, and African populations. 
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Abstract

Allopurinol is a uric acid lowering drug, primarily used for chronic gout, kidney stones and 
hyperuricemia treatment. However, the most serious adverse reaction of allopurinol is Stevens–Johnson 
syndrome and toxic epidermal necrolysis (SJS/TEN). The correlation between HLA-B*58:01 and SJS/TEN 
was found in Hun Chinese and Thai populations. Therefore, HLA-B*58:01 testing has important role in 
allopurinol treatment. HLA-B*58:01 analysis has been service at Pharmacogenetics Analysis Unit, 
Department of Pharmacology, Faculty of Medicine, Khon Kaen University since 2010. HLA-B*58:01 was 
determined based on specific primers polymerase chain reaction. This study aimed to investigate 1) the 
demographic data of the patients who requested for HLA-B*58:01 test 2) to determine the association 
between HLA-B*58:01 negative test and allopurinol adverse drug reactions. The study was performed 
retrospectively in 69 patients with mean age 65.88 years, 52 males and 17 female. Medical records were 
reviewed. Indications of allopurinol treatment were gouty arthritis (79.71%), hyperuricemia (4.35%), and 
others. Pre-allopurinol treatment was 55 cases (79.71%). Forty five cases of pre-allopurinol treatment were 
HLA-B*58:01 genotyping negative. Seven teen of them were no adverse drug reaction after started 
allopurinol treatment (37.78%). Twenty eight of them were no allopurinol treatment. Therefore,             
HLA-B*58:01 test is useful information for avoidance of serious cutaneous adverse reaction. 
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Abstract 

NAD(P)H:quinone oxidoreductase 1 (NQO1, DT-diaphorase, E.C. 1.6.99.2) is a cytosolic 
flavoprotein which regarded as a chemo-protective enzyme. Latterly, NQO1 has been recognized as a crucial 
source to contribute chemoresistance in many human cancers. Numerous studies have been shown that 
inhibition of NQO1 by pharmacological inhibitor, dicoumarol, suppressed a number of human malignant cell 
growths and also potentiated cytotoxicity of chemotherapeutic drug; however, dicoumarol has diverse side 
effects as well. The goal of this work was to determine inhibitory effects of coumarin and three of its 
derivatives, 7-hydroxycoumarin, esculetin, and scopoletin, on human NQO1 enzyme activity in cell lysates. 
Using NQO1 activity assay, the result shows that coumarin and the three derivatives, 7-hydroxycoumarin, 
esculetin, and scopoletin, at the concentration of 4.55 M inhibited the NQO1 enzyme activity in liver 
hepatocellular carcinoma HepG2 cell lysates up to 41.81±3.79, 63.45±0.25, 34.88±5.68, and 77.38±0.70 % 
(mean±SE), respectively. Moreover, we also demonstrated that 7-hydroxycoumarin and scopoletin exhibited 
the potent inhibitory effects on human NQO1 enzyme activity with Ki values in the low micromolar range, 
1.51±0.53 M and 0.55±0.15 M (mean±SE), in cholangiocarcinoma KKU-100 cell lysates. This indicates 
that 7-hydroxycoumarin and scopoletin could be a great alternative NQO1 inhibitors and these prompt us for 
the further investigation of their synergistic efficacy in combination with the chemotherapeutic drug. 
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Abstract 

The purpose of this study was to isolate new compound from the seeds of Combretum quadrangulare 
Kurz, that showed anti-cancer activities. The seeds were macerated with 95% ethanol. Purified by column 
chromatography using Avicel as the adsorbent and using 50% methanol in water as the eluting solvent and 
further purified by Avicel  preparative layer chromatogram 2 times by using 80% methanol in water as 
developing solvent. Crude extracts showed cytotoxicity to NCI-H187 small lung cancer, human 
hepatocarcinoma ATCC HB-8065 and human colon adenocarcinoma and ATCC HTB-37 at 300 g/ml. The 
isolated pure compound named combretin, showed significant cytotoxic at the concentration greater than  
300 g/ml. In addition the crude extract showed significant toxicity at IC50 120 g/ml in normal cells but 
IC50 in liver cancer cells was 260 g/ml. In the normal cell test Vero cells crude extract showed cytotoxic 
effect at the concentration lower than in cancer cells tested. Crude extract was very toxic to the normal cell 
so it was not suitable to develop this pure compound to be anti-cancer drug. 
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Abstract 

Expressions of matrix metalloproteinases (MMPs) including MMP-2 have been found to be up-
regulated and correlated with metastasis and angiogenesis of various cancers including malignant gliomas. 
Antileukotriene drugs are effective treatment for asthma with limited side effects. Recent studies showed that 
leukotriene D4 could enhance angiogenesis and leukotriene receptor antagonists (LTRAs) and 5-
lipoxygenease inhibitors inhibited tumor metastasis of liver, pancreatic and colon cancers. This study aimed 
to investigate the effect of two LTRAs, montelukast and zafirlukast, and a 5-lipoxygenase inhibitor, zileuton, 
on cell viability and MMP-2 expression in human astrocytes U373 cells. MTT assays were used to examine 
the effects of antileukotriene drugs on cell viability. The expression and activity of MMP-2 were measured 
using the gelatin zymography and quantitated using the densitometric analysis. At 24-hour post-exposure, the 
median toxic concentrations of montelukast, zafirlukast, and zileuton were 9.03, 18.58, and 237.3 M, 
respectively. Montelukast (5 M) and zafirlukast (5 M), not zileuton (25 M), were significantly decreased 
MMP-2 expressions at 24-hour post-exposure. These results indicated that LTRAs could inhibit tumor 
growth and metastasis and these drugs could be a novel therapeutic option in glioma treatment. 
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Abstract 

 
 Hormonal therapy is the standard adjuvant treatment of ER-positive breast cancer. However, 
resistance to hormonal therapy leads to more invasive cancer phenotype, tumor recurrence, and distant 
metastasis. Thus, the development of novel agents against anti-estrogen resistance is urgently required due to 
limitation of drug choices. Salinomycin is a monocarboxylic polyether ionophore which isolated from the 
culture supernatant of the Streptomyces albus. Recently, salinomycin was shown to inhibit multidrug 
resistant cancer cells and also functioned as P-glycoprotein inhibitor in cancer stem cells. However, the 
effect of salinomycin on anti-estrogen resistant breast cancer cells has not been elucidated. The objective of 
this study is to investigate anti-cancer activity of salinomycin on cell viability, migration, and increasing 
tamoxifen sensitivity in the anti-estrogen resistant breast cancer cell : MCF-7/LCC2 and MCF-7/LCC9 cells. 
Anti-cancer activity of salinomycin was assessed by MTT cell viability assay. The result showed 
salinomycin inhibited cell viability in concentration dependent manner with IC50 value of salinomycin in 
MCF-7/LCC2 and MCF-7/LCC9 cells are 24.17 and 19.74 M at 24 hours,respectively. The anti-migration 
effect was evaluated by scratch assay. Salinomycin is able to inhibit cell migration in MCF-7/LCC2           
(p<0.05) and MCF-7/LCC9 (p<0.05) cells after 30 hours of wound scratch. We also evaluated synergistic 
effect on the cell growth inhibition with tamoxifen using tamoxifen response assay. The result showed 
combination treatment of salinomycin and tamoxifen resulted in significantly greater inhibition on cell 
viability in MCF-7/LCC2 and MCF-7/LCC9 cells than tamoxifen treatment alone. Salinomycin may be a 
novel therapeutic agent for increasing the efficacy of treatment in patients. This study will serve as the 
preliminary data for further study both in animal tumor model and clinical study in anti-estrogen resistant 
breast cancer patients in the future. 
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Abstract

Opisthorchis viverrini (OV)-induced cholangiocarcinoma (CCA) is an important cancer in 
the Great Mekong region, particularly in Thailand. Limitation of treatment option and the lack of 
effective diagnostic tool for early detection of CCA are of major concerns for the control of this 
type of cancer. The aim of the study was to investigate anti-CCA activity of the ethanolic extract of 
Atractylodes lancea (Thunb.) DC. (AL), and to investigate the applicability of Positron Emission 
Tomography-Computed Tomography (PET-CT) imaging system as a tool for detection and 
monitoring the progression of CCA in Opisthorchis viverrini (OV)/dimethylnitrosamine (DMN)-
induced CCA hamsters. Male Syrian hamsters were used for toxicity tests and anti-CCA activity 
evaluation. Development of CCA in hamsters was induced by initial feeding of 50 metacercariae of 
OV, followed by drinking water containing 12.5 ppm of DMN. AL was administered orally for 30 
days. PET-CT was performed every 4 weeks after initiation of CCA using 18F-fluorodeoxyglucose
(18F-FDG). Results from the present study demonstrated promising anti-CCA activity of AL to 
prolong survival time and safety profile compared to the control group in hamster model. In 
conclusion, AL exhibited anti-CCA activity in hamster model and modification approach of 
radiolabeling to successfully apply PET-CT as a tool for early detection of tumor development and 
progression is required to improve its specificity to CCA cells. 
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Abstract 

Cholangiocarcinoma (CCA) is a cancer that arises from the epithelial cell of the bile duct both 
inside and outside the liver. Plumbagin (5-hydroxy-2-methyl-1,4-naphthoquinone), the major constituent 
isolated from the root of  Plumbago indica Linn., has been shown to exhibit a wide spectrum of 
pharmacological activities. The aim of this study was to investigate cytotoxic and cellular invasion activities 
of plumbagin in a CCA cell line (CL-6). Cytotoxic activity was assessed using 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) assay and cellular invasion activity was investigated using QCM 
96-well cell invasion chambers kit. Plumbagin showed significantly potent cytotoxic activity against CL-6 
compared with the standard drug 5-FU (mean ± SD IC50 = 24.18 ± 3.33 M vs1036 ± 137.77 M, 
respectively, p = 0.05). In addition, plumbagin exhibited 49% inhibitory activity on CL-6 cell invasion at 25 

M compared with control.  Results suggest that plumbagin could be a promising candidate for further 
development as chemotherapeutic drug against CCA.  

Keywords: cholangiocarcinoma, plumbagin, cytotoxicity
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Abstract 

Atractylodes lancea (Thunb.) DC. has been ethno-traditionally used as crude extracts/decoctions or 
as a major component in several herbal formulations for treatment of several diseases or conditions.   The 
aim of the study was to investigate cytotoxic activity against cholangiocarcinoma (CCA) cell line of the 
ethanolic extract of A. lancea (ALE) obtained from two traditional herbal shops in Nakhon-Pathom (NP) 
and Bangkok (CP). Three different extraction procedures, namely, maceration, sonication, and heat-reflux 
were used to prepare ALE. Cytotoxic activity of the extracts and 5-fluorouracil (standard control) on CCA 
cell line --CL-6 and normal human embryonic fibroblast cells --OUMS-36T was evaluated using standard 
MTT assay at the concentration range of 0-250 g/mL. ALE from both sources exhibited selective 
cytotoxic activity towards CL-6 with selectivity index (SI) of 2.5-3.0.  Specifically, the ALE obtained from 
both NP and CP prepared by sonication exhibited the highest cytotoxic activity against CL-6 cells with IC50
(concentration that inhibits cell growth by 50 percent) values (mean + SD) of 26.15 ± 0.48 and 28.29 ± 
0.13 g/mL, respectively. The ALE obtained by maceration and heat-reflux from both sources showed 
relatively lower activity (IC50 33.03 - 39.23 g/mL). The potency of activity of all ALE preparation was 
about 2-fold of 5-flurouracil (IC50 72.86 g/mL).   
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Abstract 

Stems and roots of turmeric tree (Coscinium fenestratum) have been used in traditional medicine as bitter 
tonic and to treat a variety of diseases e.g. jaundice, liver diseases and cancers including liver and colon. Our 
previous study demonstrated that its chloroform and methanolic extracts exhibited potent antiproliferative activity 
on a panel cancer cells; LLC, A549, MCF-7 and MDA-MB-231 cells. Moreover, berberine, a main isoquinoline 
alkaloid isolated from the active extracts, inhibited the proliferation of lung cancer cells (LLC) by inducing 
apoptosis and blocking the NF- B signaling pathway. In the present work, we evaluated the antiproliferative 
activity of its extracts and three bioactive alkaloids; berberine, palmatine and jatrorrhizine on human hepatocellular 
(HepG2), colorectal (HT-29 and HCT-116) carcinoma cells using MTT assay. Additionally, HPLC profiling of 
stem extracts were determined. Cellular mechanisms of apoptosis induction on treated cancer cells were then 
detected as follows; morphological changes by Hoechst 33342 staining, cell cycle arrest and Annexin-V/PI 
apoptosis induction by flow cytometry as well as caspase-3 activation by caspase-3 enzyme assay, respectively. 
Treatment of HepG2, HT-29 and HCT-116 cells with various concentrations of n-hexane, chloroform and 
methanolic extracts at 24, 48 and 72 hr resulted in a dose-and time-dependent manner. Chloroform extract 
exhibited strongest antiproliferative effect on cancer cells with IC50 values of 12.25, 22.66 and 17.79 g/mL after 
72 hr incubation, respectively. HPLC profiling indicated the presence of berberine, palmatine and jatrorrhizine in 
the active extracts. Berberine displayed the most potent antiproliferative efficacy than that of palmatine and 
jatrorrhizine. Interestingly, berberine and palmatine induced apoptosis in treated cells as shown by loss of viability, 
chromatin condensation, sub-G1 accumulation as well as caspase-3 activation, whereas jatrorrhizine had lowest 
effect. Our findings suggest that C. fenestratum extracts and its bioactive alkaloids have antiproliferative effects on 
hepatocellular and colorectal cancers and these effects are mediated through apoptosis. 

Keywords: antiproliferative activity, apoptosis induction, Coscinium fenestratum,  isoquinoline alkaloids, hepatocellular 
                   and colorectal carcinoma cells
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Abstract 
 

Capsaicinoids, as the spicy pungent taste, are found in red peppers of the Capsicum genus, used as 
spice, food additive and drug. Capsaicin and dihydrocapsaicin which are the two most abundant 
capsaicinoids in peppers have been known to induce selectively apoptosis in malignant cells but not in the 
normal cells. This study investigated the effect of dihydrocapsaicin on the cell cycle and apoptosis in tumor 
necrosis factor-  (TNF- )-treated human cervical cancer HeLa cells. Dihydrocapsaicin showed cytostatic 
activity on HeLa cells at 12 hr, especially in the presence of TNF-  by inducing cell cycle arrest in the G1 
phase correlated with the downregulation of cyclin D1 expression and RB protein phosphorylation. At 24 
and 48 hr after the treatment, dihydrocapsaicin significantly enhanced TNF- -induced cancer cells death in a 
concentration-dependent manner. Regarding mode of cell death, we found that dihydrocapsaicin enhanced 
TNF- -induced cell death via apoptosis pathway indicated by the presence of poly-(ADP-ribose) polymerase 
(PARP-1) cleavage. Furthermore, the results obtained from immunoblotting assay showed that 
dihydrocapsaicin in combination with TNF-  significantly reduced the activated forms of survival proteins 
including NF- B, TAK-1, IKK- , P65, p38, Akt, JNK, and Erk. Taken together, this study indicated that 
dihydrocapsaicin sensitized TNF- -induced G1 cell cycle arrest and apoptosis in HeLa cervical cancer cells 
by suppressing survival signaling pathways. 
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Abstract

This study investigated the effects of bufotalin, a bufodienolide compound isolated from toad venom, in 
combination with gefitinib on apoptosis of three non-small lung cancer cell lines, including A549, RPC-9 and PC-
9 cells. The cells were treated with bufotalin in the presence or absence of gefitinib. The cells viability was 
observed using WST-1(4-[3-(4-iodophenyl)-2-(4-nitrphenyl)-2H-5-tetrazolio]-1, 3-benzene disulfonate) assay at 
24 hr. The results showed that bufotalin alone caused cytotoxic to A549, RPC-9 and PC-9 lung cancer cells with 
IC50 values of 11.03, 6.27 and 4.31 M, respectively, while 10 g/mL gefitinib showed weak cytotoxicity on all of 
cells.  In combination experiment, bufotalin enhanced gefitinib-induced apoptosis of A549, RPC-9 and PC-9 cells 
from the lowest to highest respectively. After 1 hr pretreatment with 0.1 M bufotalin, the cells were treated with 
or without 10 g/mL gefitinib for 4 hrs, the apoptotic proteins were then examined by immunoblotting assays. 
The results showed that bufotalin and gefitinib alone induced the activation of caspase-3 and PARP-1, markers of 
physiological apoptosis in PC-9 and RPC-9. The combination of bufotalin and gefitinib markedly promoted          
a cleavage of PARP-1 and caspase-3 in PC-9 and RPC-9. The results indicated that bufotalin enhanced gefitinib-
induced apoptosis of PC-9 and RPC-9 non-small lung cancer cells. 
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Abstract 

 In searching for a promising candidate for treatment of neurodegenerative diseases such as 
Alzheimer/dementia, the ethanol extract of Polygonum odoratum Lour was investigated for neuroprotective 
effects by both in vitro and in vivo models.  The results showed that the ethanol extract of Polygonum odoratum
Lour at the concentration of 100 g/mL exhibited ABTS radical scavenging activity and inhibitory activity on 
acetylcholinesterase with % inhibition of 99.18 and 48.41, respectively. The neuroprotection study in cell culture 
revealed that the Polygonum odoratum Lour extract can reduce neuronal death induced by oxidative stress and -
amyloid toxicity. For the Morris water maze test which reflects in long-term memory, pretreatment mice with the 
ethanol extract of Polygonum odoratum Lour at the concentration of 250 mg/kg/day for 7 days significantly 
decreased escape latency time when compared with the only scopolamine treated mice. In addition it significantly 
increased % alternation and discrimination ratio measured by the Y-maze and object recognition test which were 
used as a measure of short-term memory. All results indicated that the extracts of Polygonum odoratum Lour 
could improve both short term and long term memory. Thus, the Polygonum odoratum Lour extract might be a 
potential candidate for further developing as the drug for Alzheimer’s disease. 
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Abstract 

 Parkinson’s disease (PD) is one of the common neurodegenerative disorders caused by degeneration 
of dopaminergic neurons in the substantia nigra leading to disruption of neuronal structures and/or 
functions. Among all the etiologies suggested to be the causes of PD, the important common mechanisms of 
causing neurodegeneration are oxidative damage and inflammation. Streblus asper Lour. is a medicinal 
plant that widely used in Thailand which has an anti-oxidative and anti-inflammatory properties. This study 
aimed to investigate effects of Streblus asper Lour. (SA) leaf extract on motor functions of C57BL/6 mice 
treated with MPTP (1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine). Animals were divided into 3 
experimental groups including control, MPTP, and MPTP+SA200 groups. C57BL/6 mice were injected 
with 80 mg/kg MPTP (i.p.) in a 7-day period, after that the animals were tested with catalepsy (on day 3, 5, 
7, and 9), beam balance (on day 5, 7, and 9) and spontaneous locomotor activity (on day 18) tests. The 
results showed that MPTP-treated mice had significant positive score in the catalepsy test, increase number 
of foot faults in beam balance, and decrease locomotor activities in activity chamber when compared to the 
control group. Interestingly, SA leaf extract at dose of 200 mg/kg/day (MPTP+SA200 group) could reverse 
MPTP-induced motor dysfunctions in all tests. Conclusion, SA leaf extract can ameliorate MPTP-induced 
motor dysfunctions in C57BL/6 mice. SA leaf might be useful as an additional or alternative treatment in 
PD.
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Abstract 
 
 Nicergoline, a selective 1 adrenergic receptor antagonist, is currently used for treatment of cognitive 
impairment. Previous studies showed neuroprotective activity of nicergoline in murine models. Herein, we 
studied the effects of nicergoline and its protective effect against amyloid-  peptides. High concentration of 
nicergoline decreased viability of human cortical neuronal (HCN-2) cells with a half maximal toxic 
concentration(TC50) at 92.2 M at 24 hours post-exposure. Nicergoline at 30 M increased cell survival and 
reduced the loss of mitochondrial membrane potential ( m) in HCN-2 exposed to amyloid-  fragment 25-
35 (A 25-35). Nicergoline was also toxic to human astrocytoma U-87 MG cells with TC50 at 112.40 M at 24 
hours post-exposure. Nicergoline and A 25-35 did not enhance reactive oxygen species levels orelevate lipid 
peroxidation production in human neurons and astrocytes as detected by dichlorofluorescein (DCF) and 
thiobarbituric acid reactive substances (TBARs) assays. Additionally, U-87 MG cells treated with 
nicergoline at 10 M showed increase in mRNA levels of glial cell-derived neurotrophic factor (GDNF), 
brain-derived neurotrophic factor (BDNF) and catalase at 24 hours post-exposure. This study indicated that 
the non-toxic concentration of nicergoline showed limited direct neuroprotection against amyloid-  peptides 
and could elevated neuronal survival by increasing the expression of neurotrophic factors and antioxidant 
enzymes. 
 
Keywords: nicergoline, neuron, astrocyte, beta-amyloid, neurotrophic factors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
Address correspondence: Pornpun Vivithanaporn, Department of Pharmacology, Faculty of Science,  
Mahidol University, Bangkok, Thailand. E-mail address: pornpun.viv@mahidol.ac.th 

A35

Proceedings of the 37th Congress on Pharmacology of Thailand
57

57 
 

Neuroprotective Effects of Nicergoline and Its Toxicity on Human 
Neuronal and Astrocyte Cells 

 
Dusadee Ospondpant1, Pornpun Vivithanaporn1

1Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok, Thailand 
 
Abstract 
 
 Nicergoline, a selective 1 adrenergic receptor antagonist, is currently used for treatment of cognitive 
impairment. Previous studies showed neuroprotective activity of nicergoline in murine models. Herein, we 
studied the effects of nicergoline and its protective effect against amyloid-  peptides. High concentration of 
nicergoline decreased viability of human cortical neuronal (HCN-2) cells with a half maximal toxic 
concentration(TC50) at 92.2 M at 24 hours post-exposure. Nicergoline at 30 M increased cell survival and 
reduced the loss of mitochondrial membrane potential ( m) in HCN-2 exposed to amyloid-  fragment 25-
35 (A 25-35). Nicergoline was also toxic to human astrocytoma U-87 MG cells with TC50 at 112.40 M at 24 
hours post-exposure. Nicergoline and A 25-35 did not enhance reactive oxygen species levels orelevate lipid 
peroxidation production in human neurons and astrocytes as detected by dichlorofluorescein (DCF) and 
thiobarbituric acid reactive substances (TBARs) assays. Additionally, U-87 MG cells treated with 
nicergoline at 10 M showed increase in mRNA levels of glial cell-derived neurotrophic factor (GDNF), 
brain-derived neurotrophic factor (BDNF) and catalase at 24 hours post-exposure. This study indicated that 
the non-toxic concentration of nicergoline showed limited direct neuroprotection against amyloid-  peptides 
and could elevated neuronal survival by increasing the expression of neurotrophic factors and antioxidant 
enzymes. 
 
Keywords: nicergoline, neuron, astrocyte, beta-amyloid, neurotrophic factors 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
    
Address correspondence: Pornpun Vivithanaporn, Department of Pharmacology, Faculty of Science,  
Mahidol University, Bangkok, Thailand. E-mail address: pornpun.viv@mahidol.ac.th 

A35

Proceedings of the 37th Congress on Pharmacology of Thailand
57



 

58 
 

Comparing the Platelet Inhibitory Effect of Ticagrelor 180 mg and 
Clopidogrel 600 mg Loading Dose in Thai Patients Who Planned 
Undergoing Coronary Angiography 

Weeraya Phaisal1, Sira Vachatimanont1, Pajaree Chariyavilaskul1, Suphot Srimahachota2,
Supeecha Wittayalertpanya1

1Department of Pharmacology, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand
2Department of Internal Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Abstract 

 Pretreatment with clopidogrel, an antiplatelet is beneficial for patient undergoing coronary 
angiography (CAG) as it reduces rate of morbidity and mortality due to cardiovascular events after the 
procedure. Ticagrelor, a newer antiplatelet, has been shown to be superior than clopidogrel in terms of 
effects on platelet activity and improvement of clinical outcomes. However, there is no evidence comparing 
these two antiplatelets in Thai patients. This encourages us to do this study, since variation of 
pharmacokinetics, pharmacodynamics properties, and efficacy of clopidogrel among populations has been 
reported. This is a randomization-controlled study, 26 patients undergoing CAG from King Chulalongkorn 
Memorial Hospital. Patients were randomized (1:1) to receive either clopidogrel 600 mg loading dose or 
ticagrelor 180 mg loading dose prior to the procedure. Blood specimens were obtained before and at 6 hours 
after antiplatelet administration. Platelet function was evaluated using light transmission aggregometry 
(LTA) technique after an induction with adenosine diphosphate (ADP). Both clopidogrel and ticagrelor 
significantly decreased platelet activity. Patients receiving ticagrelor had significantly higher inhition of 20 
mM ADP-induced platelet aggregation. But with lower concentration of ADP (5 mM), non-significant 
difference of platelet activity was obtained. However, a tendency towards higher efficacy in ticagrelor group 
is observed. Therefore, antiplatelet activity of ticagrelor is likely to be more potent than clopidogrel in Thai 
population.
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Abstract 
 

Momordica cochinchinensis (M. cochinchinensis) is a plant of Cucurbitaceae family commonly 
known as Gac fruit or Fak-Khaoin Thai. M. cochinchinensis possesses strong antioxidant and 
pharmacological activities. N -nitro-L-arginine methyl ester (L-NAME) is a nitric oxide synthase (NOS) 
inhibitor causes reducing nitric oxide (NO) bioavailability, and enhances oxidative stress that induces 
hypertension. L-NAME-induced hypertension is a well established experimental model of hypertension. This 
study aimed to investigate the effect of M. cochinchinensis aril extract (MCE) on prevention of high blood 
pressure progression and preservation of antioxidant status in L-NAME-induced hypertensive rats. Male 
Sprague-Dawley rats received L-NAME (50 mg/kg/day) via drinking water for 3 weeks, together with 
intragastric administration of deionized water (DI) or MCE at dose of 100 or 500 mg/kg/day. Rats received 
tap water and intragastrically administered with DI were served as normotensive controls. It is found that 
blood pressure, vascular superoxide production and plasma malondialdehyde levels were markedly increased 
in L-NAME treated-rats. Moreover, blood glutathione level was also decreased after L-NAME 
administration. MEC significantly alleviated these deleterious effects by reducing blood pressure 
(approximately 20% from L-NAME-treated group), decreasing oxidative stress and enhancing antioxidant 
glutathione (p<0.05).  The results of this study suggest the beneficial effect of M. cochinchinensis or Fak-
Khao for prevention of hypertension.  
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Abstract 

Sung-Yod rice (Oryza sativa L.), a red-violet pigmented rice, is grown generally in the southern part of 
Thailand.Hydrolysates-derived from Sung-Yod rice bran (RBH) contains contains amounts of nutrients and 
biological active compounds, such as tocopherols, tocotrienols, oryzonols, andphenolic substances. The 
objective of this study was to evaluate the sub-chronic toxicity of RBH from the Southern part of Thailand in 
Sprague-Dawley rats. According to the Organization of Economic Cooperation and Development guideline 
(OECD-408) for sub-chronic toxicity testing, male and female rats (8 weeks old) were randomly divided into 
2 groups (N=10/group). Rats in the control group received a normal rat chow diet whereas rats in the RBH-
treated group received a normal rat chow diet mixed with 1.5% of RBH (or equivalent to 1 g/kg/day) for 90 
consecutive days. After 90 days, all animals were sacrificed with overdose of pentobarbital sodium (120 
mg/kg, i.p.). Blood samples and organs were collected for evaluation of hematological and biochemical 
parameters, gross anatomy and histopathology. There was no death of animals in both groups. The body 
weights of all rats are normally increased.  There were no obvious changes in general appearance and 
histopathology of the organs of rats treated with RBH compared to the control. The hematological and 
biochemical levels were within normal ranges. Interestingly, it is found that the serum level of triglyceride 
was decreased (90.1±4.5 vs 62.1±3.9, p<0.05), whereas the level of HDL-cholesterol was increased in RBH 
treated rats compared to the control (64.7±1.4 vs 71.2 ± 1.7, p<0.05). Results of this study indicate that RBH 
(1 g/kg/day) is generally safe with no adverse effects in rats.  These findings suggest that RBH is non-toxic 
and can be used as a food supplement for prevention of the dyslipidemia. 
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Abstract 

Spilanthes acmella is a species of flowering herb in the family Asteraceae and natural source of 
bioactivities such as antioxidant, anti-inflammatory and treatment for toothache. The most important taste-
active molecules in Spilanthes acmella present are fatty acid amides such as spilanthol [(2E,6Z,8E)-deca-
2,6,8-trienoic acid isobutyl amide], (2E,7Z,9E)-Undeca-2,7,9-trienoic acid isobutyl amide and (2E)-Undeca-
2-en-8,10-diynoic acid isobutyl amide. This study reported the toxicity of Spilanthes acmella methanol crude 
extract at various concentrations of crude extract from 0.1 – 1000 ppm by adding in fly food (the recipe of 
the genetic experiment fly food in Maejo-Phrae University), and studied life cycle of fruit fly for 15 days. It 
was found that methanol crude extract of Spilanthes acmella was non-toxic for life cycle of fruit fly. 
Furthermore, the concentrations of crude extract best growth supported to more adult drosophila than other 
concentrations when compared with control (dimethyl sulfoxide, DMSO) were 1 and 10 ppm. 
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Abstract 

 Lotus (Nelumbo nucifera, Nelumbonaceae) seeds have long been conducted to use as an anti-fertility 
agent in human. However, few scientific data are available to explain these effects and the underlying 
mechanisms of action are unclear. Therefore, the aim of this research was to evaluate the effects of NNSE on 
testicular histology of normal male rats. To determine the effects of N. nucifera, dried seeds were extracted 
using 70% ethanol. Animals were divided into 4 groups (5 animals per group). Group 1 received the distilled 
water orally and served as the control group. Group 2-4, animals received the suspension the extract at the 
dose of 100, 500 and 1000 mg/kg body weight, respectively for a period of 21 days. Testes were collected 
and processed for histological preparation. A number of spermatogonia, spermatocytes, spermatids and 
Leydig cells were counted. Furthermore, the seminiferous tubule diameter, seminiferous tubule lumen and 
germinal thick cell in the testis were measured. The results revealed that NNSE significantly decreased in 
testicular weight and a number of spermatogonia, spermatocytes, spermatids and Leydig cells in a dose-
dependent manner (p<0.05). In addition, NNSE at the dose of 500 and 1000 mg/kg body weight significantly 
reduced the seminiferous tubule diameter, seminiferous tubule lumen and germinal thick cell in the testis of 
the tested groups when compared to the control group (p<0.05). There is evidence that N. nucifera seeds 
contain alkaloids, flavonoids and triterpenoids. It was found that alkaloids produced anti-androgenic and 
anti-spermatic properties in male rats. We hypothesized that alkaloids contents might be responsible for anti-
fertility in this present study. The action of NNSE could be due to the interruptions of spermatogenesis 
which may partially be associated with the inhibition of testosterone production by Leydig cells. We 
conclude that NNSE may be useful as a novel anti-fertility agent in males.   
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Abstract 

 Watermelon (Citrullus lanatus, Cucurbitaceae) Rind is rich in citrulline and arginine; the contents 
that could be useful for the treatment of erectile dysfunction (ED). Thus, the aim of this study was to 
investigate aphrodisiac potential of watermelon cv. Kinnaree in male rats. Watermelon rind juice (WRJ) was 
prepared. The animals were divided into 5 groups (5 animals per group). Group 1 received distilled water at 
the dose of 1 mL/day and served as a control group. Groups 2 to 4 received WRJ at the doses of 0.5, 0.75 and 
1 mL/day, respectively, daily for 35 days. Group 5 received Sildenafil citrate at the dose of 60 mg/kg body 
weight, one hour prior to the experiment and served as a positive control group. We found that WRJ 
significantly increased mounting frequency and intromission frequency (p<0.05) and significantly decreased 
mounting latency and intromission latency (p<0.05) in a dose-dependent manner compared to the control 
group. The relative organ weights of penis, testes and prostate gland of treated animals were significantly 
higher than those in control group (p<0.05). No significant differences in epididymis and seminal vesicle 
were observed between the groups (p>0.05). WRJ produced a significant increase in the seminiferous tubule 
diameter, germinal thick cell, spermatogonia, spermatocytes and spermatids and caused a significant 
decrease in seminiferous tubule lumen in the testis of the experimental groups compared to the control group 
(p<0.05). Previous reports found citrulline and arginine to be the main constituents of watermelon. We 
hypothesized that the aphrodisiac potential of WRJ may be due tocitrulline and arginine.The actions of WRJ 
might be associated with the activation of nitric oxide-cGMP pathway in penile smooth muscle, leading to 
smooth muscle relaxation and penile erection. We suggest that WRJ could be used as a natural aphrodisiac 
agent for the treatment of ED in man. 
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Abstract 

 Dengue virus is one of the most important mosquito-borne human pathogen that causes a serious 
public health problem to the people who live in tropical and subtropical regions of the world including 
Thailand. A great deal of evidence suggests that an increased risk of severe disease is mediated by 
immunopathological mechanisms which create excessive immune activation. Currently, neither a vaccine to 
prevent nor an effective therapeutic agent to treat dengue infection is available. This study aimed to 
investigate antiviral and anti-inflammatory activities of atractylodin from Atractylodes lancea (A. lancea)
(Thunb.) DC. rhizome against dengue virus infection. Antiviral and anti-inflammatory activities against 
dengue virus infection of atractylodin were evaluated by determining its effect on cellular viral load, viral 
replication, viral production, and cytokine expression and secretion profile after the cells were infected with 
dengue virus. These results suggest that atractylodin from A. lancea rhizome significantly reduced dengue 
virus induced cytokine expression and secretion. Atractylodin is a promising candidate for using as an anti-
inflammatory agent against dengue virus infection. 
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Abstract 

Alstonia scholaris has been used as traditional medicine to treat some diseases such as malaria, 
diabetes and skin infection. The aim of this study was to determine the antibacterial activity of ethanolic 
extract from Alstonia scholaris leaves against Enterococcus faecalis (E. faecalis), the major oral bacteria 
associated with re-colonization in failure endodontic treated teeth. The cytotoxicity on human gingival 
fibroblast cells was also basically investigated. The in vitro antimicrobial activity was examined in 
comparison with 2.5% sodium hypochlorite (the most effective endodontic irrigant), and the minimal 
inhibitory concentration (MIC) and minimal bactericidal concentration (MBC) were determined by the 
microdilution method. The cytotoxicity of Alstonia scholaris was also investigated by exposure of primary 
human gingival fibroblasts to various concentrations of the ethanolic leaf extract from 0.01-1 mg/ml for 24 
hours, and the cell viability was measured by using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium 
bromide (MTT) assay.  Results showed the antimicrobial activity of Alstonia scholaris leaf extract against
Enterococcus faecalis with the MIC and MBC were 75and 125 g/ml, respectively. There was no significant 
cytotoxic effect of the extract on gingival fibroblasts as observed by MTT assay or inverted microscopy at 
the 24 hour-exposure time. This study suggests that Alstonia scholarisis potential to be a natural source in 
the development of anti-infective agent used in the tooth root canal treatment. However, further 
investigations and clinical trials are required to be considered prior clinical usage. 
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Abstract 
 

Deferasirox (DFX) is an oral iron chelator was approved for the treatment of transfusional iron 
overload. Iron chelation treatment aims to remove excess iron after blood transfusion to minimize 
complications such as cardiac and endocrine dysfunction. The objectives of this study were to determine 
clinical effectiveness, quality of life and treatment costs of DFX therapy in transfusion-dependent 
thalassemia patients, at Maharaj Nakorn Chiang Mai Hospital. Serum ferritin levels which represented 
clinical effectiveness and treatment costs were obtained from medical record and hospital database. The 
quality of life was determined by using self-report questionnaire. There were 32 patients enrolled in this 
study. Frequent blood transfusion of at least once a month and high baseline ferritin levels of > 1,000 g/L 
were observed in 27 and 29 patients, respectively. Iron chelation with DFX monotherapy and DFX 
combination with deferoxamine were prescribed in 26 and 6 patients, respectively. The mean serum ferritin 
levels ( g/L) after receiving DFX were slightly decreasing from baseline; 3,032±2,249 to 2,957±2,190 and 
7,471±5,349 to 5,556±4,335 for DFX monotherapy and DFX combination therapy, respectively. However, 
reduction in ferritin levels from baseline was not statistically significant due to a continued iron load from 
multiple blood transfusions. The average health utility score EQ-5D-3L was 0.83±0.15 correlated with EQ 
VAS was 0.71±0.16. The total annual treatment costs were estimated to be 374,898 THB and 84% of the 
expenditure was due to DFX costs. In conclusion, this study showed that DFX appears to stabilize ferritin 
levels after frequent blood transfusions in thalassemia patients. The health related quality of life was 
favorable as patients rated their health approximately more than 70% of perfect health. Nevertheless, the 
high costs of treatment with DFX should be concerned. 
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Introduction  

Thalassemia is an inherited autosomal 
recessive blood disorders resulting from a decrease 
in the production of globin chain, the protein 
component of hemoglobin. A decrease in the 
synthesis of globin chain results in an ineffective 
erythropoiesis and hemolysis of the red blood cell. 
The severe forms of thalassemia are -thalassemia 
major and -thalassemia with hemoglobin E disease. 
These patients have severe anemia that require 
multiple blood transfusion. The consequent of each 
transfusion is an excess in iron load which gradually 
accumulates in various organs causing tissue 
damage and organ failure.1-2  

The primary goal of iron chelating therapy is 
to remove excess iron from the body. The treatment 
is important and necessary for transfusion-dependent 
thalassemia patients to reduce morbidity and 
increase survival since long-term blood transfusions 
lead to various complications. Iron level in the body 
is indirectly represented by serum ferritin level. 
Serum ferritin level of >2,500 g/L are associated 
with a high risk of cardiac disease. Effective iron 
chelating therapy keeps iron balance between 
transfusion iron input and chelated iron output. In 
addition, the excretion of excess iron by iron 
chelating therapy lead to decrease serum ferritin to 
nontoxic levels of < 1,000 g/L.1,3  

Deferasirox (DFX) is an oral iron chelator 
was approved by the US Food and Drug 
Administration in November 2005. Currently, DFX 
is approved in many countries worldwide for the 
treatment of chronic iron overload due to blood 
transfusions in patients aged  2 years. DFX is given 
once daily with generally good safety and efficacy 
profiles. DFX possesses a high iron binding potency 
and selectivity. It is a tridentate iron chelators that 
can chelated iron from intracellular, extracellular 
and blood circulation.1,4 

 The objective of this study was to determine 
clinical effectiveness, quality of life and costs of 
treatment of deferasirox in transfusion-dependent 
thalassemia patients at MaharajNakon Chiang Mai 
Hospital.  
 
Materials and Methods

Study design 
 The cross-sectional study was conducted in all 
thalassemia patients who were treated with DFX at 
Maharaj Nakorn Chiang Mai Hospital. Inclusion 
criteria were transfusion-dependent thalassemia 
patients aged  10 years who could understand, read 
and write Thai language. The informed consents were 
performed prior to the study in patient  18 years as 
well as parental informed consent and child’s assent in 
patients <18 years. The study was approved by 
Research Ethics Committee, Faculty of Medicine, 
Chiang Mai University.

 Data collection 
The data of serum ferritin level, laboratory 

monitoring results and the treatment costs were obtained 
from medical records and hospital database. The quality 
of life were obtained from self-report questionnaire 
which included patients’ demographic, clinical data 
related to any adverse events over the previous 30 days 
and patients’ adherence to medication over the previous 
7 days.   

Clinical effectiveness  
 Serum ferritin level which indirectly indicated 
the total amount of iron stored in the body was used as 
clinical marker for DFX effectiveness.The baseline level 
was defined as the level obtained in the past 12 months 
or the level before initiation of DFX while the final level 
was the recent available serum ferritin level. 
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performed prior to the study in patient  18 years as 
well as parental informed consent and child’s assent in 
patients <18 years. The study was approved by 
Research Ethics Committee, Faculty of Medicine, 
Chiang Mai University.

 Data collection 
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monitoring results and the treatment costs were obtained 
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and patients’ adherence to medication over the previous 
7 days.   

Clinical effectiveness  
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was defined as the level obtained in the past 12 months 
or the level before initiation of DFX while the final level 
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Quality of life 
 The Health Related Quality of Life (HRQoL) 
was measured by using self-report questionnaire; 
EuroQoL. The first part, EQ-5D-3L descriptive system 
comprises of 5 dimensions: mobility, self-care, usual 
activities, pain or discomfort and anxiety or depression. 
Each dimension has 3 levels: no problems, some 
problems, and extreme problems. The second part, 
visual analogue scale (EQ VAS) records patients self-
rated health on a vertical line ranging from 0 to 100, 
with 100 score indicating ‘Best imaginable health state’ 
and 0 score indicating ‘Worst imaginable health state’.5 

The score of EQ-5D-3L and EQ VAS were calculated 
based on Thai value set.6. In addition, the laboratory 
result that monitored DFX adverse events including 
liver function test (aspartate aminotransferase: AST and 
alanine aminotransferase: ALT) and serum creatinine 
were obtained from medical record. Any adverse events 
that occurred during previous 30 days were recorded in 
self-assessment questionnaire.

Costs of treatment 
 The total costs of treatment paid to the hospital 
were estimated as annual cost per patient (costs/ patient 
/year). The total costs consisted of direct medical costs 
and direct non-medical costs. The direct medical cost 
comprised of DFX cost and other treatment-related 
costs (e.g. medical visit, concomitant medications, 
blood transfusion, laboratory and instrumental etc.) 
were estimated from hospital database. While the 
direct non-medical costs (i.e. transportation, meals, 
accommodation and other expense) were estimated 
from self-assessment questionnaire. All costs were 
reported as mean Thai Baht (THB) (year 2013 values).  
 
Statistical analysis 
 Demographic data, clinical data, laboratory 
results, total HRQoL (EQ-5D-3L, EQ VAS) score and 
treatment costs were reported as descriptive analysis; 
mean and/or median, standard deviations (SD), 
minimum (min) and maximum (max) values. 
Wilcoxon Signed Ranks Test was used to compare 
means different between baseline serum ferritin level 
and final serum ferritin level. Spearman’s correlation 
was used to examine relationship between HRQoL 
(EQ-5D-3L, EQ VAS) score with some patients’ 

demographic and clinical characteristics. The data were 
analyzed by program Microsoft Excel 2010 and SPSS 
(Statistical Package for the Social Sciences) version 
17.0. The p-values less than 0.05 were considered 
significant. 
 
Results  

Demographic and clinical data 
A total of 32 patients were enrolled in this 

study. Their demographic and clinical characteristics 
data were showed in Table 1. Their mean age was 24.7 
years (range: 12-62 years). There were 7 patients’ ages 
less than 18 years. Male and female were in equal 
number. Homozygous -thalassemia and -thalassemia 
with hemoglobin E disease were diagnosed in 23 and 9 
patients, respectively. Monotherapywith DFX and 
DFXcombination with DFO were given to 26 patients 
(81.3%) and 6 patients (18.7%), respectively. The 
duration of treatment  12 months was reported in 11 
patients (34.4%). Splenectomy was carried out in 21 
patients (65.6%). Fifty-six percentage of patient had 
good compliance assumed from no missing dose in 
previous 7 days. 

Clinical Effectiveness 
The values of baseline versus final serum 

ferritin level ( g/L) of the 3 groups; All patients with 
DFX, DFX monotherapy and DFX combination with 
DFO were 3,864±3,434 VS 3,444±2,821, 3,032±2,249 
VS 2,957±2,190 and 7,471±5,349 VS 5,556±4,335, 
respectively (Figure 1). There were no statistically 
significant differences between baseline and final 
serum ferritin level in all groups (p > 0.05). The mean 
serum ferritin changes from baseline ( g/L) of patients 
with DFX monotherapy and DFX combination with 
DFO were -74 (median:-51.5, range: (-3,984 to 4,549)) 
and -1,916 (median:-600, range: (-10,239 to 1,276)), 
respectively.Subgroup analysis in 7 pediatrics (<18 
years) and 25 adult ( 18 years), the mean serum 
ferritin changes from baseline ( g/L) were 216 
(median: 67, range: (-335 to 1,276)) and -598 
(median:-350, range: (-10,239 to 4,595)), respectively. 
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Figure 1. Mean baseline and final serum ferritin levels ( g/L) 
 *The p-value of this group was 0.22 (p > 0.05). 
 †The p-value of this group was 0.59 (p > 0.05). 
 ‡The p-value of this group was 0.25 (p > 0.05). 

Table 1. Demographic and clinical characteristics of patients (n=32) 
 
Characteristics   Values (n, %)   
     10-18        7   (21.9) 
     18      25   (78.1) 
     Mean (SD)   24.7   (11.0) 
     Median (range)      22    (12-62)   
Gender      
     Male      16   (50.0) 
     Female      16    (50.0) 
Diagnosis      
     Homozygous -thalassemia      23    (71.9) 
     -thalassemia/Hb E        9    (28.1) 
Iron chelation treatment      
Deferasirox      26    (81.3) 
Deferasirox+Deferoxamine        6    (18.7) 
Duration of treatment with DFX 
< 12 months      21    (65.6) 
       12 months      11    (34.4) 
Frequency of blood tranfusions (times/month)(n=27)     
     1       20    (74.1) 
     1-2         5    (18.5) 
     2         2    (7.4)  
Average of blood tranfusions (Units/year) (n=27)     
< 10              1   (3.7) 
     10-20       12   (44.4) 
> 20        14   (51.9) 
Mean serum ferritin change from baseline (mean change, %) 
DFX monotherapy  (n=26) 
            Median ( g/L) (range)  

 -74.3   (-2.5) 
     -51.5   (-3,984 to 4,549) 

DFX combination with DFO (n=6) 
            Median ( g/L) (range)  

-1,915.5   (-34.5) 
   -600.0   (-10,239 to 1,276) 

Splenectomy     
     Yes           21  (65.6) 
     No           11  (34.4) 
Compliance (previous 7 days)      
No missed dose           18  (56.3) 
Missed dose 1-2 times           12  (37.5) 
 Missed dose 3-4 times             2  (6.3) 
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Health Related Quality of life  
The results of health related quality of life 

(HRQoL) were summarized in Table 2. The EQ-5D-
3L self-assessment reported no extreme problems in all 
domains. Moreover, in self-care domain 100 % of 
patients had no problems. Only 2 (6.3%) and 1 (3.1%) 
patients reported some problems in mobility and 
usual activities domains, respectively. Some problems 
in pain/discomfort and anxiety/depression domain 
were reported as 47% and 28%, respectively. The 
values of EQ-5D-3L were 0.83±0.15 (median=0.75; 
range=0.605-1.000) while the values of EQ VAS 
were 0.71±0.16 (median=0.71; range=0.5-1.0).  

Relationship between ED-5D-3L score and 
EQ VAS score with patients’ demographic and 
clinical characteristics included age, gender, blood 
transfusion (Units/year), Hb and final serum ferritin 
level showed no significant correlation to predict 
HRQoL values (relationship between EQ-5D-3L; r= 
(-0.143), 0.025, 0.143, (-0.048), 0.053, respectively 
and relationship between EQ VAS; r= 0.326, 0.034, 
0.040, (-0.221), (-0.066), respectively) (p> 0.05).  
 The adverse events (AE) occurred in the 
previous 30 days obtained from self-assessment 

questionnaire in patients treated with DFX 
monotherapy were summarized in Table 3. The liver 
function test and serum creatinine levels were 
determined in 17 and 11 patients, respectively. The 
results were within the acceptable range (AST, ALT; 
not more than 5 times upper limit of normal and/or 
not more than 2 times from baseline.7, serum 
creatinine level; 0.6-1.3 mg/dL).

Costs of treatment 
 The total annual costs were showed in 
Figure 2. The treatment costs expense in patients 
who received DFX less than 1 year were adjusted to 
annual costs.  The mean total annual cost was 
estimated to be 374,898 THB per patient. The direct 
medical costs were 96% which 84% of this expense 
was the DFX costs (315,676 THB). The other 
medical costs were 45,443 THB (12%) spent to 
medical visit, concomitant medications, blood 
transfusion, laboratory and instrumental etc. The 
direct-non medical costs were 13,799 THB (4%) 
spent for transportation, meals, accommodation and 
other expense
 . 

 
Table 2. The health related quality of life results 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Domain and levels Values (n, %)
Mobility 
     No problem 30 (93.8)

2 (6.3)     Some problems 
     Extreme problems 0
Self-care 
     No problem 32 (100.0)
     Some problems 0
     Extreme problems 0
Usual activities 
     No problem 31 (96.9)

1 (3.1)     Some problems 
     Extreme problems 0
Pain/Discomfort 
     No problem 17 (53.1)

15 (46.9)     Some problems 
     Extreme problems 0
Anxiety/Depression 
     No problem 23 (71.9)
     Some problems 9 (28.1)
     Extreme problems 0
EQ-5D-3L scores 
Mean±SD 0.83±0.15
     Median (range) 0.75 (0.605-1.000) 
EQ VAS scores 
Mean±SD 0.71±0.16
     Median (range) 0.71 (0.50-1.00)
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Table 3. Adverse events (AE) in previous 30 days of DFX monotherapy (n=26) 
 

* Some patients had more than one AE. 

 

 
Figure 2. The annual costs of treatment in 3 groups (All patients with DFX, DFX monotherapy and DFX 

combination with DFO). 

Discussion 
This study was conducted in 32 transfusion-

dependent thalassemia patients who received iron 
chelating therapy with DFX in Maharaj Nakon Chiang 
Mai Hospital. The baseline serum ferritin level of > 
1,000 g/L was observed in 29 patients. The efficacy of 
DFX was represented as a decreasing in final serum 
ferritin level from baseline. However, if the patients 
required multiple transfusions, the iron load would 
exceed the drug chelating effect. Therefore, in these 
cases the baseline  and final serum ferritin level might 
not be statistically significant difference in DFX 
monotherapy and DFX combination with DFO             
(p > 0.05) due tocontinued iron load from multiple 
blood transfusions. The duration of treatment may be 
another factor since more than 60% of our patients 
received DFX < 1 year. However, the efficacy of DFX 
in adult ( 18 years) in reducing mean serum ferritin 
level was higher than in children (<18 years) and 
corresponded to previous study. 8 

The health related quality of life showed the 
mean health utility score EQ-5D-3L and EQ VAS of 
0.83 and 0.71, respectively.  The calculation was based 
on the Thai value set, supported that the patients 

assessed their health of approximately > 70% of perfect 
health. Moreover, in self-care domain 100 % of patients 
had no problems. The finding of health utility score in 
this study was in agreement with previous studies of 
Thai patients with chronic disease such as peritoneal 
dialysis and HIV/AIDS showing that EQ-5D-3L and 
EQ VAS scores are 0.65 and 0.65, 0.80 and 0.79, 
respectively.9,10 The adverse events reported in this 
study were minimal and consistent with previous 
study.4,8 

Base on the mean annual costs of treatment, 
this study found that more than 80% of the expense 
belonged to DFX costs. The drug is the most expensive 
iron chelator.11 and difficult to access. However, 
Thailand has the program called “EXPAP”12  that kept 
DFX at lower prices and 26 patients (81%) in this 
program were enrolled to this study. The annual 
expense of DFX combination therapy was slightly 
higher than DFX monotherapy since the cost of other 
iron chelator such as DFO was much less than DFX. 
Luangasanatip et al. 2009 used the costs of iron 
chelators as cost data inputs to evaluate cost-
effectiveness compared between DFX versus  DFO and 

                       Adverse events (AE) in previous 30 days n (%)
 Diarrhea 3 (11.54)

Headache 3 (11.54)
 Fever 3 (11.54)

Abdominal pain 2 (7.69)
Loss of appetite 2 (7.69)
Decrease hearing 1 (3.85)
Back pain 1 (3.85)
Nausea/Vomiting 1 (3.85)
Arthralgia 1 (3.85)
>1 AE* 4 (15.38)
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DFP in Thai transfusion-dependent thalassemia 
patients.13 

This study had small sample size,larger of 
sample size that should be considered. Moreover, the 
medical information was retrospectively collected. The 
data of EQ-5D-3L scores and EQ VAS scores in Thai’s 
healthy population have not been study yet, so the 
comparison between healthy and the results obtained in 
this study could not be done. Therefore, the results of 
this study are more beneficial for pharmacoeconomics 
study in the future of thalassemia patients with DFX. 
The total costs of treatment can be used for financial 
planning in these patients. 

 
Conclusion

This study showed deferasirox could maintain 
final serum ferritin level from baseline level despite 
frequent blood transfusions in thalassemia patients. The 

health related quality of life assessed by the patients was 
approximately > 70% of perfect health. However, the 
total annual costs of this treatment regimen were higher 
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Abstract
 

Severe anemia in thalassemia patient requiresblood transfusion therapy topromote normal growth 
and suppress ineffective erythropoiesis. However, the consequence of this treatmentis iron overload and 
accumulation of iron in the body. Since the body has no mechanism to excrete excess iron, iron chelating 
therapy is mandated to remove iron burden and minimize the iron overload complications. Deferoxamine 
(DFO) is an iron chelating agent indicated in transfusional patients. The drug has long been used in 
thalassemia patients at MaharajNakorn Chiang Mai Hospital. However, a high drug cost and parenteral 
routes of administration limit its accessibility. Therefore the clinical effectiveness, quality of life and 
treatment costs of DFO were determined. There were 48 thalassemia patients received DFO. DFO 
monotherapy and combination with deferiprone (DFO + DFP) were prescribed in 19 and 29 patients, 
respectively. Serum ferritin levels which represented clinical effectiveness and the direct cost of treatment 
were obtained from medical record. The quality of life was obtained from the self-reported questionnaire.The 
mean baseline versus final ferritin level ( g/L) were 2,909 ± 3,319 VS 2,786 ± 3,495 and 2,818 ± 1,733 VS 
2,482 ± 1,571 in DFO and DFO+DFP, respectively. Statistical analyses showed no different between the two 
ferritin levels ( p > 0.05). The mean EQ-5D-3L and VAS scores were 0.88 ± 0.16 and 0.75 ± 0.2, 
respectively. The total annual direct costs of DFO and DFO+DFP were 81,282.40 and 69,073.81 THB, 
respectively. Notably, DFO accounted for 80% of direct medical expenses. In conclusion, DFO was effective 
in maintaining serum ferritin levels in transfusion–dependent thalassemia patients with favorable quality of 
life. A high cost of treatment spent to DFO required further pharmacoeconomic evaluation. 
 
Keywords: deferoxamine, transfusion-dependent thalassemia, iron overload, iron-chelating therapy 
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Introduction 
 Thalassemia is the most prevalent genetic 

blood disorder in Thailand. Approximately 40% of 
Thai population carries thalassemia gene traits and 
about 1% manifests severe anemia which requires 
blood transfusion.1 These patients are beta 
thalassemia patients with hemoglobin < 7 mg/dL. 
Blood transfusion therapy is aimed toprevent growth 
retardation, bony change, hypersplenism and 
suppress endogenous erythropoiesis.2 A consequence 
of blood transfusion is iron overload since a single 
unit of transfused blood has 200-250 mg of iron and 
the body has no mechanism to excrete excess iron. 
Excess iron will accumulate in the organs such as 
myocardium and endocrine glands leads to 
cardiomyopathy or eventually heart failure, diabetes 
mellitus, growth failure and delayed onset of puberty 
in juvenile patients.3 

Iron overload can be prevented by 
deferoxamine (DFO), aniron chelating agent. DFO 
has been demonstrated to decrease hepatic iron 
accumulation, ameliorate cardiac, pancreatic and 
other organ dysfunctions, as well as improve growth, 
sexual maturation and a reduction in morbidity and 
mortality.4 DFO treatment is generally initiated 
between the ages of 3-5 years. Due to its relatively 
large molecular size, it is poorly absorbed by the gut. 
Moreover, it has a short half-life of 0.3 hour thus 
parenteral administration (subcutaneous or 
intravenous) was required, with a dosing regimen of 
8-12 hours, 5-7 times per week. These inconvenient 
factors lead to poor compliance.5 The adverse 
reactions of DFO include hypersensitivity reactions, 
sensory neural loss, growth retardation, acute renal 
failure and hepatic dysfunction.6 Because of 
parenteral administration, time-intensive dosing 
regimen and adverse effects, DFO may impair 
patients’ quality of life.7 In addition to the high cost 
of drug, parenteral administration that requires more 
equipment may increase the cost of treatment.8 
Because of these reasons, the objectives of this study 

were to evaluate clinical efficacy, quality of life and 
cost of treatment of DFO in transfusion-dependent 
thalassemia patients.

Materials and Methods

Study design 
A cross sectional study was conducted in 

thalassemia patients at  Maharaj Nakorn Chiang Mai 
hospital. Approval for the study was granted by 
Research Ethics Committee, Faculty of Medicine, 
Chiang Mai University and all patients signed 
informed consent forms before entered the study.  
 
Clinical efficacy and safety

Hospital medical records were retrospectively 
reviewed to obtain serum ferritin levels which 
represented iron storage in the body, serum 
creatinine level and liver function test. Baseline 
ferritin levels and final levels were defined as the 
level obtained in the past 12-month or the level 
before initiation of DFO and a recent available 
serum ferritin level, respectively. Adherence to DFO 
treatment in the past 7-day and adverse events which 
occurred within the prior 30-day were obtained from 
self-reported questionnaire.

 Health related quality of life (HRQoL) 
The quality of life using self-report 

questionnaire consisted of 2 parts; the EuroQoL EQ-
5D-3L descriptive system Thai version (EQ-5D-3L) 
and the EQ visual analogue scale (VAS). Each 
patient reported their health status in the preceding 
24 hours then assessedusing a Thai value set. The 
EQ 5D-3L consists of 5 dimensions: mobility, self-
care, usual activities, pain or discomfort and anxiety 
or depression; each dimension has 3 levels: no 
problem, some problems and extreme problems. The 
second part, EQ-VAS evaluated patients’ self-rated 
overall health status on a vertical line ranging from 0 
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to 100; 0 indicatesworst imaginable health stateand 
100 indicates best imaginable health state.9

 Costs 
The total annual cost consisted of direct 

medical costs and non-medical costs. The direct 
medical cost included the drug cost and equipment 
costswhich were obtained from the hospital 
database. While the direct non-medical cost included 
transportation, meal and facility costs. All costs were 
approximated per annum, in Thai currency (THB), 
for the financial year 2013.

Statistical Analyses 
All descriptive data were presented asmean 

± SD and frequency.Wilcoxon signed-rank test was 
used for comparison between baseline and post 
serum ferritin levels. Spearman correlation test was 
used to assess correlation between the EQ-5D score 
and the VAS score with laboratory values and 
demographic data. P values of less than 0.05 were 
considered significant. All analyses were performed 
using SPSS version 17.0 software and Microsoft 
excel version 2013. 

Results  
A total of 48 thalassemia patients were 

enrolled in this study (Table 1). Beta thalassemia  
and beta thalassemia/Hb E disease were diagnosed 
in 26 and 22 patients, respectively. Their average 
age was 23.8 + 11.9 years and 22 (45.8%) patients 
were less than 18 years. Twenty eight patients were 
splenectomized patients. DFO and DFO + DFP were 
prescribed in 19 (39.6%) and 29 (60.4%) patients, 
respectively. Thirty-nine patients had no underlying 
disease while heart, liver, kidney and endocrine 
disease that might associated with iron overload 
were observed in 5, 3, 2 and 2 patients, respectively. 
Blood transfusion of 11- 35 unit/year was recorded in 
30 patients, and 3 patients had < 11 transfusion/year, 
while 15 patients had no record of blood transfusion in 
our hospital 
 
 Clinical efficacy  

DFO therapy resulted in a decline in final 
serum ferritin level (2602 ± 2484 g/L) from 
baseline level (2854 ± 2451 g/L), albeit the change 
was not reached statistically significant difference 
(p>0.05). A decline in a mean final ferritin 
levelsfrom baseline ( g/L)in DFO+DFPwas higher 
(2818 ± 1733 versus 2482 ± 1571) than a mean final 
ferritin levels in DFO monotherapy (2909 ± 3319 
versus 2786 ±3495), as shown in Figure 1. However 
statistical analysis showed no significant differences 
between the baselines

Safety data  
No adverse effects were founded in 19 

patients (31.6% and 44.8% in DFO and DFO+DFP, 
respectively). Eighteen patients reported gastrointestinal 
symptoms including stomachache, nausea, vomiting 
and diarrhea (47.4% and 31% of DFO and 
DFO+DFP,  respectively). Fourteen patients had 
joint and backache (21.1% and 34.5% of DFO and 
DFO+DFP,respectively). Redness and irritation 
around the injection sitewere found in 8 patients. 
Nine patients had respiratory symptoms, blurred 
vision and temporary hearing loss which occurred 
more often in DFO+DFP.Thirty-onepatients had 
normal serum creatinine level (0.58±0.15mg/dl). 
Liver function test was determined in 40 patients. 
Abnormal elevated alanine aminotransferate (ALT) 
level of >105 U/L (3-foldof the upper limit)was 
reported in 6 patients, 13.75% and 12.5% in DFO 
and DFO+ DFP, respectively, Six patients (31.6%) 
and 20 patients(69%) in DFO and DFO+DFP, 
respectively, reported missing at least 1 dose in the 
prior 7-day.

 Health related quality of life (HRQoL)  
Twenty nine patients; 13 patients (68.4%) 

and 16 patients (55.1%) in the DFO and DFO+DFP 
groups, respectively, graded their own health as full 
health (maximum QOL score) (Table 2). Moderate 
pain or discomfort was reported in 15patients 
(31.3%) declared that they had some problems in 
drug administration. All patients reported no 
problem in washing or dressing themselves as well 
as no report of extreme disability across all five EQ-
5D-3L dimensions. Correlation coefficient (r2) 
between EQ-5D-3L assessment VS age was -0.45. 
The older patients assessed their HRQoL less than 
younger patients which reached statistical significant 
different (p = 0.014). Majority of the patients 
(60.4%) graded their high EQ-VAS score of 80 from 
100.A maximum score of 100 or "the best 
imaginable state as possible" was reported in 6 
patients (12.5%) in both groups. There were no 
correlation between EQ-VAS with demographic 
data, DFO, DFO+DFP and laboratory data (Hb and 
final serum ferritin level).

Cost  
The total annual cost of  DFO treatment could 

be retrospectively estimated only in 34 patients as 
shown in Table 3. The total annual direct costs 
(THB/patient)were estimated to be 81,282.40 and 
69,073.81in patients treated with DFO and DFO+DFP, 
respectively. The corresponded expenses for DFO cost 
were 89% and 72%, respectively. Conversely the mean 
annual direct non-medical cost of DFO (5,900.77 
THB/patient) was less than those of DFO+DFP 
(11,134.33 THB/patient). 
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and DFO+ DFP, respectively, Six patients (31.6%) 
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Cost  
The total annual cost of  DFO treatment could 

be retrospectively estimated only in 34 patients as 
shown in Table 3. The total annual direct costs 
(THB/patient)were estimated to be 81,282.40 and 
69,073.81in patients treated with DFO and DFO+DFP, 
respectively. The corresponded expenses for DFO cost 
were 89% and 72%, respectively. Conversely the mean 
annual direct non-medical cost of DFO (5,900.77 
THB/patient) was less than those of DFO+DFP 
(11,134.33 THB/patient). 
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Table 1. Socio-demographic and clinical characteristics of enrolled patients (n=48). 

Description of variables DFO: n (%) DFO+DFP: n (%) 
No. of patients 19 (100.0) 29 (100.0) 
Gender         
  Female 9 (47.4) 17 (58.6) 
  Male 10 (52.6) 12 (41.4) 
Age in years         
  10-18 6 (31.6) 16 (55.2) 
  18-30 6 (31.6) 7 (24.1) 
    >30 7 (36.8) 6 (20.7) 
Occupation         
  Student 7 (36.8) 17 (58.6) 
  Business owner 4 (21.1) 2 (6.9) 
  Freelance 1 (5.3) 2 (6.9) 
  Unemployed 3 (15.8) 3 (10.3) 
  Government officer 1 (5.3) 2 (6.9) 
  Others* 3 (15.8) 3 (10.3) 
Educational level         
  Primary school 0 0.0  11 (37.9) 
  Secondary school 8 (42.1) 10 (34.5) 
   Diploma 1 (5.3) 4 (13.8) 
  Bachelor's degree 7 (36.8) 4 (13.8) 
  Others† 3 (15.8) - 
Missed dose in 7 days         
 No 13 (68.4) 9 (31.0) 
 Yes 6 (31.6) 20 (69.0) 
Type of Thalassemia         
  -thalassemia  12 (63.2) 14 (48.3) 
  -thalassemia/Hb E 7 (36.8) 15 (51.7) 
Splenectomy         
  Yes 15 (78.9) 13 (44.8) 
  No 4 (21.1) 16 (55.2) 
Underlying disease         
  None 13 (68.4) 26 (89.7) 
  Heart disease 4 (21.1) 1 (3.4) 
  Kidney disease 1 (5.3) 1 (3.4) 
  Liver disease 1 (5.3) 2 (6.9) 
Endocrinopathy 2 (10.5) - 
  Others‡ 5 (26.3) - 
Transfusion (unit/year)         
  unknown 9 (47.4) 6 (20.7) 
  1-10 3 (15.8) - 
  11-35 7 (36.8) 23 (79.3) 
*Others occupation were consisted of state enterprise employee, monk, agriculture and trader. 
†Others educational level were consisted of unknown and master's degree. 
‡Others were consisted of Systemic Lupus Erythematosus, Hearing loss, Osteoporosis, Rheumatoid and Cataract. 
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Figure 1. Mean serum ferritin level between baseline and Final in Total, DFO and DFO+DFP groups and 
the final values in both groups. 

Table 2.  Descriptive statistics of EQ-5D domains, the EQ-5D score and the EQ-VAS scorein DFO and 
DFO+DFP groups (n=48)

 
Description Total n=48 DFO (n=19) DFO+DFP (n=29) 
EQ-5D Domain n (%) n (%) n (%) 
Mobility 
  No problem  44 (91.7) 16 (84.2) 28 (96.6) 
  Some problem  4 (8.3) 3 (15.8) 1 (3.4) 
  confined to bed - - - 
Self-care 
  No problem  48 (100.0) 19 (100.0) 29 (100.0) 
  Some problems  - - - 
  Unable to wash of dress self - - - 
Usual activities 
  No problem 42 (87.5) 16 (84.2) 26 (89.7) 
  Some  problem 6 (12.5) 3 (15.8) 3 (10.3) 
  Unable to perform - - - 
Pain/discomfort 
  No pain or discomfort 33 (68.8) 15 (78.9) 18 (62.1) 
  Moderate 15 (31.3) 4 (21.1) 11 (37.9) 
  Extreme - - - 
Anxiety/depression 
  Not anxious or depressed 41 (85.4) 15 (78.9) 26 (89.7) 
  Moderate 7 (14.6) 4 (21.1) 3 (10.3) 
  Extreme - - - 
EQ-5D scores 
  Mean ± SD 00.88 ± 0.16 0.89 ± 0.18 0.87 ± 0.15 
  Median (range) 1 (0.513-1) 1 (0.51-1) 1  (0.57-1) 
VAS scores 
  Mean ± SD 0.75 ± 0.20 0.73 ± 0.24 0.75 ± 0.17 
  Median (range) 0.80 (0-1) 0.80 (0-1) 0.80 (0.40 -1) 
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Table 3. The total annualized direct costs (THB) based on the treatment groups 
      
Description of costs                                 Mean  % with in regimen 
Treatment with deferoxamine monotherapy (n=13) 
 Total  81,282.40 100.00  
  DFO  72,756.55 89.51  
  Equipment  2,625.07 3.23  
  Direct non-medical  5,900.77 7.26  
Treatment with combination DFO+DFP (n=21)  
 Total  69,073.81 100.00  
  DFO  50,169.00 72.63  
  DFP 5,623.88 8.14  
  Equipment  2,146.60 3.11  
  Direct non-medical  11,134.33 16.12  

Discussion

Despite receiving multiple blood transfusions, 
DFO as monotherapy or in combination with DFP was 
able to decrease final serum ferritin levels from 
baseline in transfusional dependent thalassemia 
patients. The combination regimen appeared declined 
ferritin levels more than monotherapy however the 
reversal effect was not statistically significant (p> 
0.05) in addition a larger sample size can enhance a 
statistical power.10, 11 

Mental health was also an integral aspect of 
healthcare and holistic medical treatment. 
Accordingly, this study evaluated the health related 
quality of life (HRQoL) in patients using the EQ-
VAS and EQ-5D-3L psychometric instruments.The 
result showed a significant percentage (60.4%) of 
patients which reported high score of 80 (with a 
maximum score of 100) consistent to previous 
studies that found the mean HRQoL scores of > 70 
in Thai thalassemia patients.12 An association of 
younger age with better EQ-5D score was also found 
in this study which correlates with previous 
studies.13,14  Our findings reinforce the premise that 
older patients tended to be adverse events when they 
have used DFO therapy more than younger patients. 
This suggests that DFO may not be a suitable drug 
of choice for older patients but an alternative iron 
chelating agents should be considered in this subset 
of patients. 

Known adverse events of DFO included 
gastrointestinal symptoms, joint pain, backache, 
redness and irritation around the injection site were 
reported in this study. Blurred vision and temporary 
hearing loss were still reported in receiving patients as 
average dose 15 mg/kg/day. The risk factors for DFO 

adverse effects  correlate to a high dose administration 
(more than 100 mg/kg/day).6  Although laboratory 
monitoring found normal serum creatinine level and 
the liver function test found abnormal elevated ALT 
level in 6 out of 40 patients. Therefore, when DFO was 
prescribed, the renal and liver function should be 
monitored. Adherence of compliance in DFO was 
better than DFO+DFP since found only 31.6% in  
DFO who reported missing at least 1 dose in the prior 
7-day compared with 69% in DFO+DFP. 
 The total annual cost of DFO monotherapy 
was higher than those of DFO+DFP.  Nevertheless, 
the effectiveness of combination regimen in 
chelating ironwas higher which indicated for the 
treatment in patients with high serum ferritin levels. 
The selection of DFO monotherapy or combination 
therapy may be more economical if ferritin level is 
monitored. 
 
Conclusion

DFO was an effective iron chelating agent 
with respected to reduce iron load however the 
annual costof DFO might affect patients’ access.The 
health-related quality of life in youngerwas better 
thanolder patients therefore the drug of choice in 
older patients should be reassessment. The larger 
prospective clinical studies could provide further 
clarification in this respect. 
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Abstract

Clopidogrel is an antiplatelet drug and widely used to prevent ischemic vascular events. However, 
the data on the pharmacokinetics of clopidogrel active metabolite is still limited. The study aimed to develop 
and validate the method for determining theclopidogrel active metabolite in human plasma by liquid 
chromatography tandem mass spectrometry (LC-MS/MS). Plasma clopidogrelactive metabolite was extracted 
by organic solvent withtert-Butyl ethyl ether. LC-MS/MS analysis was performed using a reverse phase BDS 
Hypersil C18 column and the mobile phase used for gradient elution consisted of 0.1% (v/v) formic acid in 
water (A) and acetonitrile(B). The calibration at the range of 0.5-40 ng/ml concentration was obtained with 
the correlation coefficient of 0.99. The intra-day and inter-day as well as precision were within the range of 
acceptance criteria. The lower limit of quantitation (LLOQ) was 0.5 ng/ml. The intra-day and inter-day 
accuracy of LLOQ were 96.16±0.028 and 95.87±0.037, respectively and the intra-day and inter-day 
precision (%CV) were 3.56% and 7.62%, respectively. The developed method was suitably applied to a 
pharmacokinetic study of clopidogrel active metabolite in human receiving a tablet of clopidogrel. 
 
Keywords: clopidogrel active metabolite, method development, pharmacokinetics 
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Hypersil C18 column and the mobile phase used for gradient elution consisted of 0.1% (v/v) formic acid in 
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Introduction  
 

Clopidogrel was a thienopyridine groups. The 
drug inhibits platelet aggregation and it is used in the 
treatment of ischemic cardiovascular disease.1 
Clopidogrel was a prodrug that rapidly absorption after 
administration and undergoes biotransformation via 
hepatic pathway by cytochrome P450, including 
CYP2C19, CYP3A4, CYP1A2, CYP2C9 and CYP2B6 
to form its active metabolite.2The drug was firstly 
oxidized to 2-oxo-clopidogrel and subsequently 
hydrolysed to active metabolite.1 The clopidogrel active 
metabolite has a thiol group. The main inactive 
metabolize found in human plasma was a carboxylic 
acid derivative taken part about 85% and a thiol active 
metabolite about 15% of total metabolite. Clopidogrel 
active thiol metabolite has presented in biological body 
as four diastereoisomers: H1 and H2 which are E 
compounds, while H3 and H4 are Z compound.3 After 
clopidogrel was absorbed, about 15% of clopidogrel 
dosage was transformed to be clopidogrel active thiol 
metabolite, which H3 and H4 isomer were presented in 
plasma and only H4 isomer can inhibit platelet 
aggregation.4 The metabolite selectively and irreversibly 
inhibits platelet function by the binding of adenosine 
diphosphate (ADP) at platelet P2Y12 receptor.5 Direct 
determination of the active metabolite should be the 
essential tool to specifically study the efficacy of 
clopidogrel. However, the data on the pharmacokinetics 
of clopidogrel active metabolite is still limited. 
Therefore, the aimof this study was to develop and 
validate method for determining the clopidogrel active 
metabolite determination in human plasma by liquid 
chromatography tandem mass spectrometry (LC-MS/MS). 
 
Materials and Methods
 
Chemical and reagent 

(E)-2-bromo-3-methoxyacetophenone (MPB) 
derivatized clopidogrel active metabolite hydrochloride 
(CAMD) was purchased from Alsachim (Illkirch, 
France). Ticlopidine hydrochloride (Internal standard), 
tert-butyl ethyl ether, formic acid and ammonium 
acetate were purchased from Sigma Aldrich (St. Louis, 
MO). Acetonitrile HPLC grade was purchased from 
Merck (Darmstadt, Germany). 

Standard stock solutions of (E)-2-bromo-3-
methoxyacetophenone (MPB)-derivatized clopidogrel 
active metabolite (CAMD) 1mg/mland the ticlopidine 

hydrochloride (internal standard; IS) stock solutions 1 
mg/ml were prepared in acetonitrile. 

LC- MS/MS equipment and condition 
LC-MS/MS analysis was performed on the 

Shimadzu LC-MS-8040, which a triple quadrupole 
tandem mass spectrometry. The mobile phase 
containing of 0.1% (v/v) formic acid in water (A) and 
acetonitrile (B) and a reverse phase BDS Hypersil C18 
column were used via gradient elution. 

 
Sample preparation 

Spike 10 L of standard solution into 250 L 
plasma and add 10 L of 60 ng/ml of ticlopidine 
hydrochloride(internal standard; IS) and then mix. 50 
mM of 50 L ammonium acetate was added and 
mixed.The sample was extracted by 4 ml of tert-Butyl 
ethyl ether and mix 3 minutes at room temperature. The 
upper organic layer was collected into a new glass tube, 
and evaporated under vacuum at 25 °C. The yield 
residue was reconstituted by 250 L of the mobile 
phase, vortexed and mixed, then centrifuged at 13,000 g 
for 5 minutes at 15 °C. The samples were filtered using 
nylon filters and transferred into vial. A 10 L was 
injected into the LC-MS/MS system for analysis.  

Bioanalytical method validation 
The bioanalytical method was validated to 

verifythe determination of clopidogrel active metabolite 
in human plasma following by US FDA Guidance for 
Industry on Bioanalytical Method Validation.6 Blank 
plasma sample has been donated from the blood bank 
atThe Thai Red Cross Society. 

 
Specificity and selectivity 

 For assessment of peak interference, six 
different plasmadonors were tested according to the 
method of sample preparation and analysis as described 
above. 
 
 Lower limit of quantification 
 The lower limit of quantification (LLOQ) was 
defined as the lowest concentration of clopidogrel active 
metabolite as the method is able to detect. That was 
determined by an assay precision with %CV 20% and 
accuracy within of 80-120% of measured value. 
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 Linearity
A calibration curve was constructed from a 

plasma sample with 0.5, 1, 2, 5, 10, 20, and 40 ng/ml 
ofclopidogrel active metabolite. 

 Accuracy and precision 
Five set of quality control (QC) sample at low 

(1.5 ng/ml), medium (12 ng/ml) and high (30 ng/ml) 
concentrations of clopidogrel active metabolite were 
set to be QC samples. The QC sample was evaluated 
using five replicates the intra-day and inter-day assay 
for precision and accuracy of each QC set for three 
day. The intra-day and inter-day should be within 
100±15% whiles the intra-day and inter-day precision 
(%CV) were less than 15%. 
 

Recovery of extraction 
Low (1.5ng/ml), medium (12 ng/ml), high (30 

ng/ml) concentration of clopidogrel active metabolite 
and ISticlopidine (60 ng/ml) were tested for percent 
recovery of extraction. Five replication of each standard 
solution were spiked into mobile phase and plasma. 
Plasma sample was extracted by the sample preparation 
as described above. The percentage recovery of 
clopidogrel active metabolite and IS was determined by 
mean of peak area of active metabolite clopidogrel and 
IS of plasma sample compared with those of solution. 

Stability
The stability of clopidogrel active metabolite 

was measured in the autosampler. Samples were 
analyzed in 24 h after the initial analysis at low 
concentration (1.5 ng/ml) and high concentration (30 
ng/ml). 

Results  
 

LC MS/MS analysis 
The transition m/z 504.10 155.10, m/z 

504.1 534.10 for clopidogrel active metabolite and 
m/z 264.00 125.05, m/z 264.00 154.00 for 
ticlopidine (IS), respectively. 

Chromatogram of clopidogrel active metabolite 
and IS in human plasma. The result was shown in 
Figure 1. 

 
Specificity and selectivity 
Blank human plasma was no found any 

endogenous compound in six different plasma 
donors as the condition shown no peak interference 
of clopidogrel active metabolite and ticlopidine 
hydrochloride (internal standard; IS) chromatogram. 
The result was shown in Figure 2. 

 
Linearity 
The calibration curve was linear at the range 

0.5-40 ng/ml of clopidogrel active metabolite 
concentration. The linear was obtained by using 1/C 
weighting factor with the correlation coefficient of 
0.99.  

 
LLOQ, Accuracy and Precision 
The lower limit of quantitation (LLOQ) was 

measured at 0.5 ng/ml for clopidogrel active 
metabolite.The intra-day and inter-day accuracy of 
LLOQ were 96.16±0.028 and 95.87±0.037, 
respectively and intra-day and inter-day precision 
(%CV) were 3.56% and 7.62%, respectively.The 
intra-day and inter-day precision were less than 
20%. 

Five replication of 3 set QC sample (1.5, 12, 
and 30 ng/ml) were determined during 3 days of 
validation. The measured concentration of 
clopidogrel active metabolite at low, medium and 
high concentration was 100.01±0.07, 109.46±0.29 
and 102.61±1.26, respectively for intra-day accuracy 
and 98.11±0.12, 102.38±1.43 and 101.28±2.04 for 
inter-day accuracy, respectively. The precision was 
4.78%, 2.20%, 4.09%, respectively,for intra-day and 
8.29%, 11.60 and 6.72%, respectively, for inter-day. 
The result presented that intra and inter-day accuracy 
and precision were less than 15%. (Table 1.)

 

 
 
 
 
 
 
 
 
 
 

Figue 1. Chromatograms of extracted medium (12 ng/ml) concentration clopidogrel active metabolite and IS 
in human plasma were separated and retention time were 1.929 and 5.789 min, respectively. 
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Figure 2. Chromatogram of an extracted blank plasma sample. 

 
Table1. Intra-day and inter-dayaccuracy and precision at three concentrations of quality control samples. 
 

Nominal 
concentration 

(ng/ml) 

Intra-day (n=5) Inter-day(n=3) 
Mean assay value 

(ng/ml) SD CV 
(%) 

Accuracy* 
(%) 

Mean assay value 
(ng/ml) SD CV 

(%) 
Accuracy* 

(%) 
1.5 1.50 0.07 4.78 100.01±0.07 1.47 0.12 8.29 98.11±0.12 
12 12.89 0.29 2.20 109.46±0.29 12.29 1.43 11.60 102.39±1.43 
30 30.76 1.26 4.09 102.61±1.26 30.38 2.04 6.72 101.28±2.04 

*Mean±SD 
 

Recovery of extraction 
The percentage recovery of clopidogrel 

active metabolite and IS were determined by 
comparing peak area of extracted plasma samples of 
clopidogrel active metabolite at low (1.5 ng/ml), 
medium (12 ng/ml), high (30 ng/ml) and IS (60 
ng/ml) to those of them in mobile phase. Mean 
percentage recovery of clopidogrel active metabolite 
was 90.08% of low (1.5 ng/ml), 86.16% of medium 
(12 ng/ml), 88.27% of high (30 ng/ml) and 88.04% 
of IS (60 ng/ml).

Stability
Clopidogrel active metabolite had high 

stability in the autosampler at 15°C for 24 h of both 
low and high concentrations. After the initial 
analysis at low concentration (1.5 ng/ml) was 
104.7±0.03 and high concentration (30 ng/ml) was 
95.97±1.49, respectively 

Discussion 
The LC-MS/MS method with triple 

quadrupole tandem mass spectrometer was 
developed and validated to determine the 
concentration of clopidogrel active metabolite in 
plasma.The method was modified from the method 
mentioned in Cody J et al. 2012.2  

The instrument conditions were optimized 
for obtaining a signal and sensitivity for clopidogrel 
active metabolite and ticlopidine hydrochloride (IS) 
in plasma sample. The transition m/z 

504.10 155.10, m/z 504.1 534.10 for clopidogrel 
active metabolite and m/z 264.00 125.05, m/z 
264.00 154.00 for ticlopidine (IS), respectively. 
The setting condition can measure clopidogrel active 
metabolite with no endogenous interference in each 
six different plasma donors. The assay method 
showed the lower limit of quantitation was 0.5 ng/ml 
for clopidogrel active metabolite. The intra-day and 
inter-day accuracy of LLOQ were 96.16±0.028 and 
95.87±0.037, respectively and the intra-day and 
inter-day precision (%CV) were 3.56% and 7.62%, 
respectively. The accuracy and precision of the 
LLOQ sample, which were less than 20%. The 
measured concentration of clopidogrel active 
metabolite at low, medium and high concentration 
was 100.01±0.07, 109.46±0.29 and 102.61±1.26, 
respectively for intra-day accuracy and 98.11±0.12, 
102.38±1.43 and 101.28±2.04 for inter-day 
accuracy, respectively. The precision was 4.78%, 
2.20%, 4.09%, respectively, for intra-day and 
8.29%, 11.60 and 6.72%, respectively, for inter-day. 
The intra-day and inter-day should be within 
100±15% whiles the intra-day and inter-day 
precision (%CV) were less than 15%.The percentage 
recovery at low, medium and high concentration of 
clopidogrel active metabolite was 90.08%, 86.16% 
and 88.27%, respectively. Whereas the percentage 
recovery of ticlopidine (IS) was 88.04%. 
Clopidogrel active metabolite had high stability in 
the autosampler at 15°C for 24 h of both low and 
high concentrations.The procedure of clopidogrel 
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active metabolite and IS extraction had high 
efficiency with almost 90 percent of recovery and it 
had longtimest able in the assay condition that was 
suitable for determination.  

Karazniewicz-Ladaet,al. 2012 studied 
pharmacokinetic parameters of clopidogrel active 
metabolite in Polish subjects receiving 75 mg 
clopidogrel tablet that presented Cmax= 13.3±9.8ng/ml, 
tmax= 1.33±0.58 h and h1/2= 0.57±0.25 h.4  According to 
the reference Cmax, this present method was adequately 
sensitive to detect clopidogrel active metabolite in 
human receiving clopidogrel 75 mg tablet.

Conclusion  
The method for quantitation assay of 

clopidogrel active metabolite in human plasma was 
high valid and sensitive to determine the level in 
human plasma. The procedure was suitably applied 
to pharmacokinetic study of clopidogrel active 
metabolite in human receiving clopidogrel tablet.
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active metabolite and IS extraction had high 
efficiency with almost 90 percent of recovery and it 
had longtimest able in the assay condition that was 
suitable for determination.  

Karazniewicz-Ladaet,al. 2012 studied 
pharmacokinetic parameters of clopidogrel active 
metabolite in Polish subjects receiving 75 mg 
clopidogrel tablet that presented Cmax= 13.3±9.8ng/ml, 
tmax= 1.33±0.58 h and h1/2= 0.57±0.25 h.4  According to 
the reference Cmax, this present method was adequately 
sensitive to detect clopidogrel active metabolite in 
human receiving clopidogrel 75 mg tablet.

Conclusion  
The method for quantitation assay of 

clopidogrel active metabolite in human plasma was 
high valid and sensitive to determine the level in 
human plasma. The procedure was suitably applied 
to pharmacokinetic study of clopidogrel active 
metabolite in human receiving clopidogrel tablet.
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Abstract

Enzymes of the cytochrome P450 2A6 (CYP2A6) are responsible for the metabolism of >90% of 
nicotine. Genetic polymorphism of CYP2A6 plays a major role in the large inter-individual and inter-ethnic 
difference in nicotine metabolism. We assessed genetic variations of CYP2A6 alleles in 125 Thai smokers 
attending the medical check-up clinic at King Chulalongkorn Memorial Hospital. The allele frequency of the 
CYP2A6*9 was determined using real-time PCR with Step one software V2.2 program. The allele frequency 
of the CYP2A6*1A, CYP2A6*1B and CYP2A6*4 were determined using restriction fragment length 
polymorphism method (PCR-RFLP). The frequencies of the variant alleles CYP2A6*9, CYP2A6*1A, 
CYP2A6*1B and CYP2A6*4 in the study population were 17.2, 69.6, 17.4 and 13.0%, respectively. These 
results showed that the distributions of CYP2A6 alleles in Thai smokers attending the medical check-up 
clinic at King Chulalongkorn Memorial Hospital were different from previously reported in other ethnic 
groups. This warrants further studies investigating the effects of genetic variations of CYP2A6 on 
pharmacokinetics and pharmacodynamics of nicotine in Thai smokers. 

Keywords: CYP2A6, genetic polymorphism, nicotine, smoking
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Introduction 

Cigarette smoking is a major problem in 
many countries around the world including 
Thailand. Cigarette smoking is a risk factor of 
respiratory diseases such as emphysema including 
chronic obstructive pulmonary disease (COPD) and 
chronic cough. Diseases are caused by nicotine 
compounds in tobacco which is also the substance 
that causes cigarette addiction.1 Cytochrome P450 
(CYP) is the main enzyme responsible for the 
metabolism of clinically used pharmaceuticals such 
as hormones or drugs. CYP2A6 is an important 
metabolic pathway of nicotine. Nicotine is mainly 
metabolized by CYP2A6 to cotinine which is further 
metabolized to trans-3’-hydroxycotinine.2 The rate 
of nicotine metabolism by CYP2A6 affects cigarette 
smoking behavior and highly influences on nicotine 
dependence.3

Genetic polymorphisms of CYP2A6 (over 
30 alleles) have been reported; yet many of the 
polymorphisms are at low frequency or have not 
been characterized for functional impact.3,4 In 
humans, large inter-individual differences in 
nicotine metabolism were resulted from the genetic 
polymorphism of CYP2A6 gene.5 The wild type of 
CYP2A6 gene was known as CYP2A6*1 which is 
relatively prevalent among Caucasians and Black 
Americans (up to 90%) but is at lower frequency in 
Mongolians.3 CYP2A6*2 is a rare frequency genetic 
variants (approximate frequency of 2%) among 
Caucasians and not has been found in Asian 
populations. CYP2A6*4 allele where the mutation is 
the deletion of the entire CYP2A6 gene resulting in 
complete loss or lack of the enzyme activity is the 
most common variant seen in Asian populations. 
Some variant alleles possess a single nucleotide 
polymorphism (SNP) for example CYP2A6*7 allele 
which is with a point mutation in exon 9 leading to a 
single amino acid substitution (I471T) and 
CYP2A6*9 allele which is with a point mutation in 
the TATA box (-48T>G) of the promoter region, 
which decreases the transcriptional activity and in 
vivo metabolic activity of CYP2A6, was detected in 
16–22% of Asians.1

As previously mentioned, genetic variations 
of CYP2A6 differ in different population. Genetic 
polymorphism of CYP2A6 gene or SNPs 
identification of disease candidate genes for each 
population is necessary. In the present study genetic 
variations of CYP2A6 alleles in Thai smokers 
attending the medical check-up clinic at King 
Chulalongkorn Memorial Hospital were investigated. 

Materials and Methods

Chemicals and reagents 
PureLink® Genomic DNA mini kit was from 

Invitrogen (Invitrogen, USA). Takara LA Taq DNA 
polymerases and restriction enzymes were from 
Takara (Kyoto, Japan). Agarose, 100 bp DNA ladder 
plus and 6X loading dye were from Vivantis 
(Vivantis, Malaysia). AmpliTaq DNA polymerase 
was from Applied Biosystem (Invitrogen, USA). All 
other chemicals and solvents were of molecular 
biology grade in quality.  

Subjects
Whole blood samples used in this study 

were obtained from the study entitled: Nicotine 
dependence, depression, anxiety and type of 
metabolizer alleles with CYP2A6 genotype among 
Thai smokers who visited the medical check-up 
clinic at King Chulalongkorn Memorial Hospital. 
The inclusion criteria of the subject of the above 
study were Thai male or female, aged 18 to 60 years 
old. All of them are smokers who consume at least 
100 cigarettes within the past 5 months. Subjects 
who had used any medication or consume food that 
may induce or inhibit activity of CYP2A6 enzyme 
within 14 days prior to the initiation of the study 
were excluded. The study did not include pregnant 
or breast feeding women and subjects with kidney or 
liver diseases. The study protocol was approved by 
the Institutional Review Board of the Faculty of 
Medicine, Chulalongkorn University. Each subject 
provided written informed consents prior to the start 
of the study. 
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DNA extraction
Genomic DNA was extracted from peripheral 

lymphocytes using a PureLink® Genomic DNA mini kit 
(Invitrogen, USA). The concentrations of DNA were 
determined by NanoDrop-2000c Spectrophotometer at 
260 nm. DNA samples were then dissolved in distilled 
pyrogenic free water. 

Genotyping of CYP2A6*9 
The genotyping of CYP2A6*9 alleles was 

assessed using real-time PCR with Stepone software 
V2.2 program and Applied Biosystems 7500 Real-
Time PCR System. The assay was designed for the 
detection of SNP genotypes of specific gene 
sequence of CYP2A6*9. The PCR was performed 
with TaqMan MGB probe in this protocol as follow: 
Reporter 1 (VIC-TGG TTT GCC TTT ATA CTG 
CCT-NFQ) and Reporter 2 (FAM- TGG TTT GCC 
TTT CTA CTG CCT-NFQ). Final reactions were 
assembled so that they contained 1X TaqMan 
genotyping master mix, 1X TaqMan assay 
(rs28399433) and 3 L of genomic DNA (stock 10 
ng/ l), the volume was increased to a final volume 
of 20 L of pyrogenic free water. Reactions were 
carried out in an Applied Biosystems 7500 Real-
Time PCR System. The cycling parameters for the 
detection of CYP2A6*9 included an initial step at 95 
ºC for 10 minutes, the amplification was performed 
by denaturation at 95 ºC for 15 second, annealing 
and extension at 60 ºC for 1 minute for 40 cycles. 
The data were analyzed using Stepone software 
V2.2 program. 

Genotyping of the CYP2A6*1A, CYP2A6*1B and 
CYP2A6*4 

The genotyping of CYP2A6*1A, CYP2A6*1B 
and CYP2A6*4 alleles were determined using the 

restriction fragment length polymorphism method 
(PCR-RFLP).6  The PCR was performed with 
primers of 2A6-B4 (5’-CAC CGA AGT GTT CCC 
TAT GCT G-3’) and 2A6-UTRAS (5’-TGT AAA 
ATG GGC ATG AAC GCC C-3’). The 2A6-B4 
primer anneals with the corresponding region of 
CYP2A6 as well as CYP2A7 whereas the 2A6-
UTRAS anneals only with CYP2A6. Genomic DNA 
samples (approximately 50 ng) were added to the 
polymerase chain reaction mixtures 25 L that 
consisted of 2.5 mM MgCl2, 1X PCR buffer, 0.2 M 
of each primer, 0.4 mM dNTPs and 1U LA Taq 
polymerase. After an initial denaturation at 94 ºC for 
3 minutes, the amplification was performed by 
denaturation at 94 ºC for 1 minute, annealing at 56 
ºC for 1 minute and extension at 72 ºC for 2 minutes 
for 30 cycles. The PCR product was digested using 
two restriction enzymes, AccII and Eco81I. After an 
overnight digestion at 37 ºC, samples were analyzed 
by electrophoresis with a 1.5% agarose gel. 

Results
125 whole blood samples of Thai smokers 

attending the medical check-up clinic at King 
Chulalongkorn Memorial Hospital was entered into 
study. Male subjects (n=120) had an average age of 
36.9 years and female subjects (n=5) had an average 
age of 46.4 years. The average of the number of 
cigarettes consumption per day of each participants 
was 11.7. Genotypes (wild type, heterozygous or 
homozygous for the variant alleles) and allele 
frequencies is depicted in Table 1. The CYP2A6*9 
allele was found in 31 individuals. 94 persons had 
wild type for the CYP2A6*9 allele. 

Table 1. CYP2A6 genotypes and allele frequencies in 125 Thai smokers attending the medical check-up 
clinic at King Chulalongkorn Memorial Hospital 

Genotype Number of subjects (n = 125) Frequency (%) 

CYP2A6*1/CYP2A6*1 94 75.2 

CYP2A6*1/CYP2A6*9 19 15.2 

CYP2A6*9/CYP2A6*9 12 9.6 

     Allele Number of alleles (n = 250) Frequency (%) 

CYP2A6*1 207 82.8 

CYP2A6*9 43 17.2 
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CYP2A6*1A, CYP2A6*1B and CYP2A6*4 alleles 
in human genomic DNA were assessed in 23 
subjects. At the beginning of the test, the original 
forward primer 2A6-B4 and reverse primer 2A6-
UTRAS were applied. After amplification of a PCR 
product (approximate 1.3 Kb products), a restriction 
digestion with two enzymes, AccII and Eco81I were 
conducted. The CYP2A6*1A yielded 1322, 789, 429 

and 280 base pair fragments (Figure 1). The 
CYP2A6*1B yielded 1322, 1041, 789, 429 and 280 
base pair fragments. The CYP2A6*4 yielded 1040, 
728, 428 and 280 base pair fragments. In our study, 
the allele frequencies of CYP2A6*1A, CYP2A6*1B 
and CYP2A6*4 were 69.6%, 17.4% and 13.0%, 
respectively (Table 2).     

Table 2. Prevalence of CYP2A6*1A, CYP2A6*1B and CYP2A6*4 alleles in 23 Thai smokers attending the 
medical check-up clinic at King Chulalongkorn Memorial Hospital 

       Allele Number of alleles (n = 46) Frequency (%) 

CYP2A6*1A 32 69.6 

CYP2A6*1B 8 17.4 

CYP2A6*4 6 13.0 

Figure 1. Typical RFLP pattern of CYP2A6*1A, CYP2A6*1B and CYP2A6*4 alleles 

Discussion 
CYP2A6 enzymes are the predominant 

cytochrome P450 proteins in the human liver and 
play an important role in the metabolism of nicotine. 
This study determined the allele frequencies of 
CYP2A6 in Thai smokers attending the medical 
check-up clinic at King Chulalongkorn Memorial 
Hospital. The alleles frequencies of CYP2A6*9 was 
higher than that previously reported in 120 healthy 
Thai (17.2% vs. 12.1%),6 and Caucasians (7.9%).3
and lower than those of the Japanese (21.3%) and 
Korean (22.3%).2 Here, the finding suggests that the 
frequency of the CYP2A6*9 alleles is higher in 
Asian populations compared to White populations. 

Additionally, CYP2A6*1A, CYP2A6*1B 
and CYP2A6*4 alleles seen here were 69.6%, 
17.4% and 13.0%, respectively where the previous 
report in 209 Korean subjects were 54.7%, 42.8% 
and 11.0%, respectively.7 Ariyoshi, et al showed that 
in French populations (n =242) the data were 65.7%, 
30.3% and 4.0%, respectively and for Japanese 

(n=444) the frequencies were 40.4%, 41.2% and 
18.4%, respectively.8

Conclusion
Genetic polymorphism of CYP2A6 was

seen in Thai smokers attending the medical check-up 
clinic at King Chulalongkorn Memorial Hospital 
which may affect their response to nicotine and 
other related substances. Studies on the relationships 
of pharmacokinetics and pharmacodynamics of 
nicotine and CYP2A6 gene will provide more detail 
on this and warrant further research. 
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Discussion 
CYP2A6 enzymes are the predominant 

cytochrome P450 proteins in the human liver and 
play an important role in the metabolism of nicotine. 
This study determined the allele frequencies of 
CYP2A6 in Thai smokers attending the medical 
check-up clinic at King Chulalongkorn Memorial 
Hospital. The alleles frequencies of CYP2A6*9 was 
higher than that previously reported in 120 healthy 
Thai (17.2% vs. 12.1%),6 and Caucasians (7.9%).3
and lower than those of the Japanese (21.3%) and 
Korean (22.3%).2 Here, the finding suggests that the 
frequency of the CYP2A6*9 alleles is higher in 
Asian populations compared to White populations. 

Additionally, CYP2A6*1A, CYP2A6*1B 
and CYP2A6*4 alleles seen here were 69.6%, 
17.4% and 13.0%, respectively where the previous 
report in 209 Korean subjects were 54.7%, 42.8% 
and 11.0%, respectively.7 Ariyoshi, et al showed that 
in French populations (n =242) the data were 65.7%, 
30.3% and 4.0%, respectively and for Japanese 

(n=444) the frequencies were 40.4%, 41.2% and 
18.4%, respectively.8

Conclusion
Genetic polymorphism of CYP2A6 was

seen in Thai smokers attending the medical check-up 
clinic at King Chulalongkorn Memorial Hospital 
which may affect their response to nicotine and 
other related substances. Studies on the relationships 
of pharmacokinetics and pharmacodynamics of 
nicotine and CYP2A6 gene will provide more detail 
on this and warrant further research. 
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The Effects of Ayurved Siriraj Ha-Rak Recipe and Its Herbal 
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CYP2C9, CYP2D6, CYP2E1 and CYP3A4) in HepaRG Cell Culture 
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Abstract

 AyurvedSiriraj Ha-Rak Recipe (AVS022), a Thai traditional polyherbal formula has been widely 
used as an antipyretic drug in Thailand. Previous scientific studies have suggested that AVS022 had an 
antioxidant and anti-inflammatory effects. However, we still lack scientific data that investigate the risk of 
herb-drug interaction. The objective of this study was to assess the effects of AVS022 and its herbal 
components on CYP (CYP1A2, CYP2C9, CYP2D6, CYP2E1 and CYP3A4) mRNA expression. TheCYP 
expression has been assessed using Human hepatoma (HepaRG) cell culture. To study the induction and 
inhibition effects of AVS022 and its components on CYP mRNA expression, cells were treated with positive 
control inducer (omeprazole and rifampicin), positive control inhibitor (furafylline, sulfaphenazole, 
disulfiram, quinidine and ketoconazole), AVS022 and its five components. The overall CYP mRNA 
expression were systematically analyzed using the principal component analysis. The results suggested that 
AVS022 and its five components did not strongly affect CYP mRNA expression when we compared with 
positive control inducer and positive control inhibitor. Moreover, we also observed biphasic dose-dependent 
effects of AVS022 and its five components on CYP mRNA expression. Thus, our in vitro results support that 
AVS022 does not significantly affect the expression of the CYP  isoenzymes. 

Keywords: Ayurved Siriraj Ha-Rak, CYP, herb-drug interaction 
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Introduction

Ayurved Siriraj Ha-Rak Recipe (AVS022),      
a Thai traditional polyherbal formula has been widely 
used in Thailand as an antipyretic drug. The formula 
has been included in the list of herbal medicinal 
products since 2006 by National Drug Committee of 
Thailand.1 AVS022 is prepared by the combination of 
five dried roots powder in the equal parts by weight; 
dried root of Capparis micracantha DC. (C.
micracantha or Ching-Chi), Clerodendrum petasites
(Lour.) S. Moore. (C. petasites or Thao-Yai-Mom), 
Harrisonia perforata (Blanco) Merr. (H. perforata or 
Khontha), Ficus racemosa Linn. (F. racemosa or 
Madur-Chumporn) and Tiliacora triandra (Colebr) 
Diels. (T. triandra or Yanang). Pharmacological 
activities of AVS022 have been previously studied 
such as antioxidant, anti-inflammatory, antipyretic, and 
antimycobacterial.2-5 Many scientific studies6-18

showed that the main chemical constituents of each 
AVS022’s herbal components, excluding C.
micracantha, were phenolic acid and flavonoids which 
are known as pharmacological substances of 
antioxidant, anti-inflammatory and anticancer actions. 
The use of Ha-Rak Recipe as an alternative or 
complementary therapy with modern therapeutic drugs 
has increased. Although their exact mechanisms of 
action are generally unknown, there are enough clinical 
evidences to support their efficacy. The AVS022’s 
components consisted of many chemical 
compositions19, so it is possible that herb-drug 
interactions will occur. Currently, there has been no 
report about the metabolism of Ha-Rak Recipe and its 
herbal components via CYP isoenzymes. In this study, 
we thus investigated how the mRNA expressionof 
major CYP isoenzymes (CYP1A2, CYP2C9, 
CYP2D6, CYP2E1 and CYP3A4) might be affected 
by Ha-Rak Recipe or more specifically by each ofits 
herbal components. 

Materials and Methods  

Chemicals 
Ethanol (analytical grade) were purchased 

from Scharlau (Spain). Omeprazole, rifampicin, 
furafylline, sulfaphenazole, disulfiram, quinidine 
and ketoconazole were purchased from Sigma 
(USA). Dulbecco’s Modified Eagle Medium: 
Nutrient Mixture F-12 (1:1) or D-MEM/F-12 
medium were purchased from Gibco (USA). Fetal 
bovine serum or FBS were purchased from 
Biochrom AG (Germany). Penicillin G sodium and 
streptomycin were purchased from general drug 
house of Thailand. 

Herbal materialsand Preparation of AVS022 and its 
components 

AVS022 and its five herbal components (root 
of Capparis micracantha DC., Clerodendrum petasites
(Lour.) S. Moore, Harrisonia perforata (Blanco) 
Merr., Ficus racemosa Linn. and Tiliacora triandra
(Colebr.) Diels) were prepared by the GMP certified 
Manufacturing Unit of Herbal Medicines and Products, 
Center of Applied Thai Traditional Medicine 
(CATTM), Faculty of Medicine, Siriraj Hospital, 
Mahidol University, Thailand. All of them were 
authenticated by experienced Thai traditional 
practitioners. Then, the powders were stored and 
preserved at room temperature in dry condition.The 
AVS022 and its herbal components powders were 
dissolved in 80% ethanol at final concentration 100 
mg/mL, mixed for 24 hr. The extract solution was 
filtered through Whatman® glass microfiber filter, 
Grade GF/A(Whatman International Ltd, England) 
with a Buchner funnel. The residual was evaporated 
ethanol using rotary evaporator (Rotavapor R110, 
Buchi, Switzerland) and dried by lyophilizer 
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(Freezone, Labconco, USA). The herbal extracts were 
store at 4 ºC until testing. 

Human hepatoma (HepaRG) cell treatment and 
culture conditions 

HepaRG cells (Lot Number: 933777) were 
obtained from Invitrogen Corporation. Cells were 
cultured in cell culture flask 75 cm3 with D-MEM/F-12 
medium in the present of 10% (V/V) FBS 100 
units/mL penicillin G and 100 g/mL streptomycin. 
They were maintained in a humidified atmosphere of 
5% (V/V) CO2 at 37 ºC. The culture medium was 
changed every 3-4 days and grown to confluence until 
used. Upon 100% confluence, HepaRG cells were 
trypsinized and passaged for the next expansion. 
HepaRG cells were differentiated by 2% DMSO. The 
CYP mRNA expression assay was started after 3 days 
of cells differentiation, representing day 0 of the study. 
The medium was changed into the medium in the 
absence of 2% DMSO plus treatments and took into 
the incubator at 37 °C in 5% (V/V) CO2  atmosphere 
for 3 days. For CYP induction and inhibition 
experiments, the treatments were 10 M of positive 
control inducers (omeprazole and rifampicin), 10 M 
positive control inhibitors (furafylline, sulfaphenazole, 
disulfiram, quinidine and ketoconazole) and the 
extractions of AVS022 and its herbal components at 0, 
10, and 100 g/mL.The incubation mediums were 
changed every 24 hours for 72 hours. The CYP mRNA 
expression studies were performed at 72 hours of 
triplicate experiments. 

RNA extraction and quantitative RT-PCR 
After 72 hours cell treating in 24 well plate, 

the medium was removed and washed with PBS 2 
times. Total RNA was isolated using 
illustraRNAspin Mini Isolation Kit following the 
manufacturer’s instructions. The quality and 

quantity of the total mRNA were determined by 
using a NanoVue Spectrophotometer.   cDNA were 
synthesized from the total isolated mRNA by using 
Improm-II reverse transcription system according to 
the manufacturer’s protocol.The CYP mRNA 
expression included CYP1A2, CYP2C9, CYP2D6, 
CYP2E1 and CYP3A4. All primers were designed 
by Vector NTI software version 10 and ordered from 
1st BASE20 (Table 1). The expressions were 
amplified using KAPA SYBR® FAST qPCR kit 
Master Mix (2X) ABI Prism™ and quantified by 
StepOnePlus™ Real-time PCR System. qPCR assay 
was performed following amplification conditions: 
Enzyme activation at 95°C for 3 min, followed by 
40 cycles of denaturation at 95°C for 3 sec, 
annealing/extending at 60°C for 20 sec and followed 
by data acquisition at 72°C for 40 sec. The 
fluorescent-PCR products were measured at the last 
step of each cycle.The relative fold changewere 
subtracted with house-keeping gene (GAPDH) of 
the same cells. 

Results
The effects of AVS022 on CYP mRNA 

expression in HepaRG cells were shown in figure 1. 
AVS022 100 g/mL significantly upregulated the 
CYP1A2 mRNA expression (Figure 1A) when 
compared with the control (non-treated). However, 
AVS022 had no effects on CYP2C9, CYP2D6 and 
CYP3A4 mRNA expression in comparison with the 
control (Figure 1B, 1C and 1E). Figure 1D showed 
the mRNA expression levels of CYP2E1 induced or 
inhibited by AVS022. AVS022 (100 g/mL) had 
inhibition effects when compared with disulfiram 10 

M. They significantly decreased CYP2E1 mRNA 
expression in HepaRG cells as compared with the 
control treatment. 

Table 1. Primer sets and conditions used in quantitative real-time PCR

Gene 
Genbank 

Accession 

Sense primer 

5’----> 3’(Tm C) 

Antisense primer 

3’----> 5’(Tm C) 

Size 

amplicon (bp) 

Annealing 

Temp. ( C) 
Putative function 

CYP1A2 AF182274 
ACCCCAGCTGCCCTACTTG 

(64.5) 

GCGTTGTGTCCCTTGTTGT

(62.4) 
101 60 

Cytochrome P450 

1A2

CYP2C9 NM_000771  
CCTCTGGGGCATTATCCATC 

(62.4) 

ATATTTGCACAGTGAAACATAGGA 

(57.7) 
137 60 

Cytochrome P450 

2C9

CYP2D6 NM_000106  
CTAAGGGAACGACACTCATCAC 

(62.7) 

GTCACCAGGAAAGCAAAGACAC 

(62.7) 
289 60 

Cytochrome P450 

2D6

CYP2E1 NM_000773  
ACCTGCCCCATGAAGCAACC

(64.5) 

GAAACAACTCCATGCGAGCC 

(62.4) 
246 60 

Cytochrome P450 

2E1

CYP3A4 AK298451  
GCCTGGTGCTCCTCTATCTA 

(62.4) 

GGCTGTTGACCATCATAAAAGC 

(60.8) 
187 60 

Cytochrome P450 

3A4
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1A2

CYP2C9 NM_000771  
CCTCTGGGGCATTATCCATC 

(62.4) 

ATATTTGCACAGTGAAACATAGGA 

(57.7) 
137 60 

Cytochrome P450 

2C9

CYP2D6 NM_000106  
CTAAGGGAACGACACTCATCAC 

(62.7) 

GTCACCAGGAAAGCAAAGACAC 

(62.7) 
289 60 

Cytochrome P450 

2D6

CYP2E1 NM_000773  
ACCTGCCCCATGAAGCAACC

(64.5) 

GAAACAACTCCATGCGAGCC 

(62.4) 
246 60 

Cytochrome P450 

2E1

CYP3A4 AK298451  
GCCTGGTGCTCCTCTATCTA 

(62.4) 

GGCTGTTGACCATCATAAAAGC 

(60.8) 
187 60 

Cytochrome P450 

3A4
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Figure 1. CYP1A2 (A), CYP2C9 (B), CYP2D6 (C), CYP2E1 (D) and CYP3A4 (E) mRNA expression 
induced or inhibited by 10 M positive control inducer, 10 M positive control inhibitor, 1, 10 or 
100 g/mL AVS022 in HepaRG cells treatment. The results are expressed as means  SD of 
triplicate experiments. One-way ANOVA followed by Dunnett’s post hoc test was applied for 
statistical study compared with control: * p  0.05, ** p  0.01 and *** p  0.001. 
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Table 2. The induction or inhibition effects of AVS022’s components on CYP mRNA expressionin HepaRG 
cells treatment at 72 hr 

 
Note:  = induction,  = inhibition, - = no effect 

One-way ANOVA was applied for statistical study compared with control: * p  0.05,  
** p  0.01 and *** p  0.001.

Table 2 summarized the induction or 
inhibition effects of AVS022’s components on CYP 
mRNA expression in HepaRG cells treatment at 72 hr. 
F. racemosa (1 and 100 g/mL), C. micracantha (100 

g/mL), H. perforata (10 and 100 g/mL), T. triandra
(1 g/mL) and C. petasites (1, 10 and 100 g/mL) 
significantly increased CYP1A2 mRNA expression in 
HepaRG cells compared with the control (non-
treated). All treatments excluding F. racemosa (100

g/mL) gave no effect on the CYP2C9 mRNA 
expression. Interestingly, the CYP2C9 mRNA 
expression was significantly decreased by F. 
racemosa (100 g/mL). All treatments except C.
petasites (10 and 100 g/mL) showed no effect on 
CYP2D6 mRNA expression. H. perforate (100

g/mL) showed induction effect by significantly 
increasing the CYP2E1 mRNA expression in HepaRG 
cells whereas F. racemosa (1 g/mL), T. triandra
(100 g/mL) and C. petasites (10 and 100 g/mL) 
exerted the inhibitory effects by significantly 
decreasing the CYP2E1 mRNA expression. C. 
micracantha (1 g/mL), H. perforate (100 g/mL) 
and C. petasites(10 and 100 g/mL) showed induction 
effect by significantly increased CYP3A4 mRNA 
expression in HepaRG cells compared with control 
whereas F. racemosa (100 g/mL) gavean inhibitory 

effect on the CYP3A4 mRNA expression in HepaRG 
cells.

The systematic analysis of the tested 
compounds on CYP mRNA expression were 
generated using principal component analysis.  The 
score plot (shown in Figure 2) illustrates the overall 
difference in the CYP mRNA expression change for 
the positive control inducer (omeprazole and 
rifampicin), the positive control inhibitor (furafylline, 
sulfaphenazole, disulfiram, quinidine and 
ketoconazole), AVS022 and its components (F.
racemosa. (FR), C. petasites (CM), H. perforata (HP),
T. triandra (TT) and C. micracantha (CP)). The 
results suggested that AVS022 and its five 
components did not strongly affect the CYP mRNA 
expression ascompared with the positive control 
inducer and the positive control inhibitor. The heat 
map shown in Figure 3, gradient color 0.00-1.00 and 
3.00-0.00 represent the induction and inhibition of 
CYP mRNA expression. The Figure 3, exhibited a 
biphasic dose-dependent effects of AVS022 and its 
five components on CYP mRNA expression. The 
result indicates non-monotonic effects with dose 
variation, showing the highest effect at the middle 
dose, and the least effect at either the low and high 
concentrations. 

Treatment Concentration CYP1A2 CYP2C9 CYP2D6 CYP2E1 CYP3A4 
F. racemosa 1 g/mL * - - * - 

10 g/mL - - - - - 
100 g/mL *** ** - - **

C. micracantha 1 g/mL - - - - *

10 g/mL - - - - - 
100 g/mL * - - - - 

H. perforata 1 g/mL - - - - - 
10 g/mL *** - - - - 

100 g/mL *** - - *** - 
T. triandra 1 g/mL * - - - - 

10 g/mL - - - - - 
100 g/mL - - - *** - 

C. petasites 1 g/mL ** - - - - 
10 g/mL *** - *** *** **

100 g/mL *** - *** *** ***
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Figure 2. Example of principal component analysis, showing the score plot from the effects of 1) positive 
control inducer (omeprazole and rifampicin), 2) positive control inhibitor (furafylline, 
sulfaphenazole, disulfiram, quinidine and ketoconazole), 3) AVS022 and 4) each of its 
individualcomponents (F. racemosa. (FR), C. petasites (CM), H. perforata (HP), T. triandra
(TT) and C. micracantha (CP)) on the CYP mRNA expression in HepaRG cells. 

Figure 3. Example of systematic analysis, Heat map of positive control inducer (omeprazole and 
rifampicin), positive control inhibitor (furafylline, sulfaphenazole, disulfiram, quinidine and 
ketoconazole), AVS022 and its components (F. racemosa. (FR), C. petasites (CM), H.
perforata (HP), T. triandra (TT) and C. micracantha (CP)) effects on CYP mRNA expression 
in HepaRG cells. 
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Discussion and Conclusion 
The AVS022 and its components consisted of 

many chemical compositions, so it is possible that 
herb-drug interactions via CYP enzymes will occur. 
The interactions are discovered in order to avoid 
clinical implications, as shown for example between 
St. John’s wort and oral contraceptives21, St. John’s 
wort and cyclosporine22, or Ginkgo and warfarin23

Cytochrome P450 plays a key role in the metabolism 
of numerous important drugs in clinical use. Drug 
interactions involving the CYP isoforms generally are 
of two types, enzyme induction or enzyme inhibition. 
Enzyme inhibition reduces metabolism, whereas 
induction can increase it. Then, understanding these 
mechanisms of enzyme inhibition or induction is 
extremely important in order to give appropriate 
multiple-drug therapies. This study, demonstrated the 
effect of AVS022 and its herbal components on CYP 
isoenzymes (CYP1A2, CYP2C9, CYP2D6, CYP2E1 
and CYP3A4) mRNA expression. HepaRG cells were 
used as an in vitro model for study drug metabolism. It 
is a human hepatoma cell line derived from a 
hepatocellular carcinoma established by Griponand the 
other.24  HepaRG cells were shown to maintain hepatic 
functions and to express genes for various liver-
specific proteins, including CYP and transporters of the 
Phase II metabolism.25, 26 Gene expression stability 
over up to 30 days was reported.27 Furthermore, They 
can express high functional levels of most of the major 
xenobiotic metabolizing CYP such as CYP1A1/2, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6 
and CYP3A4 excluded CYP2A6 and CYP2E1.28 The
addition of 2% DMSO to the culture medium induced 
HepaRG cells into more granular cells with one or two 
nuclei and abundant vacuole which closely to adult 
primary hepatocytes. Yu ZW and Quinn PJ, 199429

reported that DMSO may exert an inducer of cell 
differentiation via changes in the physical properties of 
the membrane lipid bilayer. The optimal concentration 
of all treatments were chose from cell viability assay 
and studied for dose-response relationship. All 
treatments at 1, 10 and 100 g/mL gave the percent 
cell viability more than 80% so they were chose for 
this experiment. The results exhibited an appropriate 
incubation time for all CYP mRNA expression were 
72 hr. Omeprazole and rifampicin were used as positive 
control inducers for CYP1A2 and CYP2C9, CYP2D6, 
CYP2E1 and CYP3A4 respectively. For positive 
control inhibitors of CYP1A2, CYP2C9, CYP2D6, 
CYP2E1 and CYP3A4 were furafylline, sulfaphenazole, 
disulfiram, quinidine and ketoconazole respectively. 

As shown in the results, AVS022 1 and 10 
g/mL had no effects on CYP isoenzymes. However, 

at the highest concentration 100 g/mL, AVS022 had 

the induction effect on CYP1A2 mRNA expression. 
Moreover, it had the inhibition effect on CYP2E1 
mRNA expression. Thus, low concentration AVS022 
had no effects on CYPisoenzymes but co-administration 
of high concentration AVS022 with the drug, that was 
the substrate of CYP1A2, CYP2E1 and CYP3A4 such 
as caffeine, phenacetin, chlorzoxazone, midazolam and 
lovastatin, should be avoided due to the risk of herb-
drug interaction. F. Racemosa showed the induction 
effect on CYP1A2 and also showed the inhibition 
effect on CYP2C9, CYP2E1 and CYP3A4 mRNA 
expression. The induction effects of CYP1A2 and 
CYP3A4 mRNA expression were observed after C.
Micracantha treatment. H. Perforatahad the induction 
effects on CYP1A2 and CYP2E1. T. Triandra
exhibited the induction effects on CYP1A2, while it 
exhibited the inhibition effect on CYP2E1 mRNA 
expression. The induction effects of CYP1A2 and 
CYP3A4 were investigated by C. Petasitestreatment. 
Moreover, C. Petasites had the inhibition effects on 
CYP2D6 and CYP2E1. Therefore, the use of these 
herbs should be concerned herb-drug interaction with 
western drug that was substrate of CYP1A2, CYP2C9, 
CYP2D6, CYP2E1 and CYP3A4 such as phenacetin, 
warfarin, dextromethorphan, acetaminophen and 
cyclosporine, respectively. In addition, the effects of 
AVS022 on CYP1A2 and CYP2E1 mRNA expression 
as same as shown in the effects from AVS022’s 
component.   

According to the example of overall CYP 
mRNA expression systematic analysis, AVS022 and 
its five components effects on CYP mRNA expression 
are not strong as the effect of positive control inducer 
and inhibitors. Moreover, Heat map exhibited a 
biphasic dose-dependent effects of AVS022 and its 
five components on CYP mRNA expression. It 
showed different effects at different concentrations of 
AVS022 with the highest effects at the middle 
concentration. The biphasic dose-dependent effects of 
AVS022 and its five components were possible from 
the complexity of chemical components. In addition, 
the 100 g/mL highest concentration may trigger 
cellular stress response in HepaRG cells.30 When the 
cellular stress response occurred, cells lost their 
functions. For the further study, the highest 
concentration should be adjust to lower than 100 

g/mL. The clinical study will be established to 
enhance the reliability of scientific data for the effect of 
AVS022 on CYP isoenzymes.  
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Abstract

 Chronic kidney disease (CKD) is a common and an important problem of public health in Thailand. 
Patients with CKD have been reported to be at risk of adverse drug reactions and drug-drug interaction since 
CKD is associated with alteration of cytochrome P450 (CYP) enzyme in the liver. The aim of this study was 
to investigate the effect of an induction of CKD in mice on the function of hepatic CYP3A, the most 
abundant CYP enzyme involved in phase I metabolism of numerous drugs using a new mouse model. ICR 
mice were randomized to the control group (n=4) or to the CKD group (n=4). CKD was induced by a new 
ischemic reperfusion (I/R) of left kidney by ligating renal artery for 50 minutes then right nephrectomy was 
performed after 7 days afterwards. Fourteen days later, mice were sacrificed. Serum and liver tissue were 
harvested to measure serum creatinine levels and CYP3A activity using QuantichromTM Creatinine assay 
kit and high-performance liquid chromatography (HPLC), respectively. Serum creatinine levels were 
significantly higher in the CKD group compared with control group (0.816 ± 0.21 compared to 0.359 ± 0.10 
mg/dL, respectively, p < 0.01). Hepatic CYP3A activity of the CKD group was less than the control group 
(0.21 ± 0.05 compared to 0.43 ± 0.04 pmol/mg of microsome protein/min, respectively, p < 0.01). This data 
demonstrated that the activity of CYP3A enzyme in CKD-induced miceby new procedure is decreased 
compared to the controls. This result suggests that further studies on the pharmacokinetics properties of 
drugs that are substrates of CYP3A are of interest in CKD-induced mice. 
 
Keywords: chronic kidney disease, mouse, CYP3A, liver, metabolism 

 
 CYP3A  

 

 1,  2,  2,  3,  2 
 

1      

 2        

 3      
 

 
 

  

 450 

 CYP3A 

 CYP3A       

 2    4    14  

 
 
     
Address correspondence: Patcharin Jittisak, Inter-department of Pharmacology, Graduate School, Chulalongkorn 
University, Bangkok, Thailand. E-mail address: patcharinjzz@gmail.com 

F06

Proceedings of the 37th Congress on Pharmacology of Thailand
99

 

99 
 

Effect of Chronic Kidney Disease on Hepatic CYP3A in a Mouse 
Model

 
Patcharin Jittisak1, Pajaree Chariyavilaskul2, Piyanuch Wonganan2, Asada Leelahavanichkul3,
Supeecha Wittayalertpanya2

1Inter-department of pharmacology, Graduate School, Chulalongkorn University, Bangkok 10330, Thailand 
2Department of Pharmacology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand 
3Department of Microbiology, Faculty of Medicine, Chulalongkorn University, Bangkok 10330, Thailand 
 
Abstract

 Chronic kidney disease (CKD) is a common and an important problem of public health in Thailand. 
Patients with CKD have been reported to be at risk of adverse drug reactions and drug-drug interaction since 
CKD is associated with alteration of cytochrome P450 (CYP) enzyme in the liver. The aim of this study was 
to investigate the effect of an induction of CKD in mice on the function of hepatic CYP3A, the most 
abundant CYP enzyme involved in phase I metabolism of numerous drugs using a new mouse model. ICR 
mice were randomized to the control group (n=4) or to the CKD group (n=4). CKD was induced by a new 
ischemic reperfusion (I/R) of left kidney by ligating renal artery for 50 minutes then right nephrectomy was 
performed after 7 days afterwards. Fourteen days later, mice were sacrificed. Serum and liver tissue were 
harvested to measure serum creatinine levels and CYP3A activity using QuantichromTM Creatinine assay 
kit and high-performance liquid chromatography (HPLC), respectively. Serum creatinine levels were 
significantly higher in the CKD group compared with control group (0.816 ± 0.21 compared to 0.359 ± 0.10 
mg/dL, respectively, p < 0.01). Hepatic CYP3A activity of the CKD group was less than the control group 
(0.21 ± 0.05 compared to 0.43 ± 0.04 pmol/mg of microsome protein/min, respectively, p < 0.01). This data 
demonstrated that the activity of CYP3A enzyme in CKD-induced miceby new procedure is decreased 
compared to the controls. This result suggests that further studies on the pharmacokinetics properties of 
drugs that are substrates of CYP3A are of interest in CKD-induced mice. 
 
Keywords: chronic kidney disease, mouse, CYP3A, liver, metabolism 

 
 CYP3A  

 

 1,  2,  2,  3,  2 
 

1      

 2        

 3      
 

 
 

  

 450 

 CYP3A 

 CYP3A       

 2    4    14  

 
 
     
Address correspondence: Patcharin Jittisak, Inter-department of Pharmacology, Graduate School, Chulalongkorn 
University, Bangkok, Thailand. E-mail address: patcharinjzz@gmail.com 

F06

Proceedings of the 37th Congress on Pharmacology of Thailand
99



 

100 
 

 50  7  serum 

creatinine  CYP3A  HPLC  serum creatinine 

 (0.816 ± 0.10 mg/dL  0.359 ± 0.05 mg/dL   p < 0.01) 

 CYP3A  (0.43 ± 

0.02 pmol/mg of microsome protein/min  0.21 ± 0.03 pmol/mg of microsome protein/min  p< 0.01) 

  CYP3A      

 CYP3A       

 
 

: , ,  450 3A, ,  

 
Introduction

Chronic kidney disease (CKD is the presence 
of structural or functional abnormalities of the 
kidneywith or without a decreased glomerular filtration 
rate (GFR) for three months or longer or GFR less than 
60 ml/min/1.73m2 with/without kidney damage for at 
least three months.1 CKD emerges as a worldwide 
public health problem. The incidence of CKD in 
Thailand has increased steadily over the past decade.2 
CKD has abundant comorbidity such as diabetes and 
hypertension, etc. Patients with CKD therefore require 
numerous medicines to manage both their kidney 
diseases and associate complications. The disease itself 
is an important risk factor for systemic accumulation of 
drug and may cause adverse effects or ineffective 
therapy. CKD affects pharmacokinetics process 
particularly, drug metabolism and elimination.3 
Furthermore, studies have demonstrated that CKD also 
affects drug metabolism via a decrease in hepatic 
cytochrome P450 (CYP) in the liver. The CYP3A 
subfamily, is an important CYP family involved in 
drug metabolism. It plays an important role in the 
oxidative metabolism of up to 50% of all drugs used in 
the clinic. As a result, drug-drug interactions associated 
with modulation of CYP3A-mediated metabolism can 
be of substantial clinical importance.4 The CYP3A 
subfamily has very broad substrate specificity. Large 
interindividual differences were reported in CYP3A-
mediated metabolism.In mouse liver, CYP3A11 is the 
isoform most similar to human CYP3A4, the most 
abundant CYP isoform of the CYP3A family, with 
76% amino acid homology.5 Several studies using 
erythromycin, testosterone and midazolam as CYP3A 
probes reported that CYP3A activity is decreased in 
CKD rats. To our best knowledge, very few CKD 
studies using a mouse model have been published. One 
study revealed that, CYP3A is also down-regulated in 
CKD mouse using erythromycin as a CYP3A probe.11 
In addition, there is no CKD mouse model induced by 
ischemic reperfusion (I/R) of one kidney followed by 
nephrectomy of the other side of the kidneys. This 
study aimed to use this new mouse model to induce 

CKD in mice and see whether CKD causes any 
changes in the hepatic CYP3A-mediated pathway 
using testosterone as a CYP3A probe.  
 
Materialsand Methods

Chemicals and reagents
6 -hydroxytestosterone was purchased from 

Cayman chemical (Ann Arbor, MI, USA). 
Testosterone and 11 -hydroxyprogesterone were 
purchased from Tokyo chemical industry Co., Ltd. 
(Chuo-ku, Tokyo, Japan). Phosphate buffered saline 
(PBS), ethylenediaminetetraacetic acid (EDTA), 
glucose-6-phosphte, glucose-6-phosphate dehydrogenase 
and -nicotinamide adenine dinucleotide phosphate 
sodium salt hydrate (NADP) were purchased form 
Sigma-Aldrich (St. Louis, MO, USA). Methanol 
HPLC grade was purchased from Merch KGaA 
(Darmstadt, Germany). A Milli-Q Synthesis (Millipore, 
SA, Molsheim, France) water purification system 
was used for purify deionized water.
 
Experimental Model 

All experiments were performed in male ICR 
mice, aged 6 to 8 weeks, weighing 20 to 30 g. All were 
obtained from the National Laboratory Animal Center, 
Mahidol University, Salaya, Nakorn Pathom, Thailand. 
All animals were housed as 5 animals / cage in the 
room 12:12 light-dark cycle at 25 ± 2 ºC at the Faculty 
of Medicine, Chulalongkorn University’s animal 
laboratory facilities. Food and water were provided ad
libitum. The animals were allowed acclimatization for 
3-5 days before the experiments were conducted. The 
experimental protocol was approved by the Ethics 
Committee for animal study of the Faculty of 
medicine, Chulalongkorn University. 

 
Experimental Protocol 

Studies were performed in two groups of 
mice: mice with normal kidney function (n=4), and 
mice with CKD group (n=4). CKD was induced by 
ischemic reperfusion (I/R) of left kidney. The left 
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renal artery was ligated for 50 minutes then right 
nephrectomy was performed 7 days afterwards. In 
brief, mice were anesthetized by inhaled isoflurane 
in anesthetic chamber. The clinical signs, including 
movement and respiration were observed for the 
deep sleep. Then, the left kidney was exposed via 
left costal margin approach. The left renal artery was 
then identified with temporary clamping with a 
surgical clip for 50 minutes. After removal of the 
clamp, clinical signs were observed at 2, 4 and 12 
hours after operation. Seven days later, the right 
nephrectomy was done via right costal margin 
approach. The skin was then sutured layer by layer 
and then the clinical signs were observed at 2, 4 and 
12 hours post-nephrectomy. All mice were weighed 
daily. Fourteen days after right nephrectomy 
operation, CKD mice were sacrificed. Blood and 
liver tissue samples were harvested. The liver tissue 
samples were flash frozen in liquid nitrogen, and 
stored at -80 ºC until further analysis. Serum 
creatinine was determined by QuantichromTM 
Creatinine assay kit (Hayward, CA, USA). 

Preparation of mice hepatic microsomes 
Mice liver samples were immediately 

excised after death and hepatic microsomes were 
prepared by differential centrifugation as described 
previously.12 The pellets containing microsomes 
were resuspended in 0.1 M of Tris base (pH 7.4) 
containing 20% glycerol and stored at -80 ºc until 
further analysis. Total protein concentrations of the 
liver microsomes were determined using the Bio-
Rad DC assay kit (Bio-Rad, CA, USA), with bovine 
serum albumin as a standard.
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Table 1. Effect of CKD on body weight and serum creatinine. 
 

Control group CKD group p-value 
Number of mice 4 4 - 
Body weight, g 30.1 ± 0.04 27.8 ± 0.63* < 0.035 
Serum creatinine, mg/dL 0.359 ± 0.05 0.816 ± 0.10** < 0.007 
CKD, chronic kidney disease 
*p < 0.05 compared with the controls 
**p < 0.01 compared with the controls 

Figure 1. Effect of CKD on hepatic CYP3A activity. In vivo catalytic activity of CYP3A microsomal 
protein was measured by the production of testosterone metabolite, 6 -hydroxytestosterone.  
**, p< 0.01 compared with control. 

Hepatic CYP3A-mediated drug metabolism 
A primary CYP3A-specific metabolite of 

testosterone, 6 -hydroxytestosterone was assessed in 
mouse liver microsomes to determine the effects of 
CKD on hepatic CYP3A-activity. As shown in Figure 1, 
the amount of 6 -hydroxytestosterone generated in 
samples from CKD mice (0.21 ± 0.05 pmol/mg of 
microsome protein/min) was significantly lower than 
that of the control group (0.43 ± 0.04 pmol/mg of 
microsome protein/min), indicating that hepatic CYP3A 
activity was dramatically decreased in our CKD mouse 
model. 

Discussion 
In the present study, we developed a new 

CKD mouse model to be used in assessing the effect of 
CKD on hepatic CYP function using testosterone 
hydroxylation assay, a well-established substrate as a 
probe. Our results demonstrated that, there was a rapid 
increased in serum creatinine in CKD mice (0.359 ± 
0.10 mg/dL in control group compared to 0.816 ± 0.21 
mg/dL in CKD group, p < 0.01), indicating that CKD 
has been established in mice. Compared to a previous 
reported of CKD model, 11 our model takes a shorter 

time for CKD induction, and shows a higher survival 
rate of mouse, suggesting that ischemic reperfusion of 
one kidney followed by nephrectomy of the other can 
be a new technique to develop CKD in vivo. 

Using our CKD mouse model, the current 
result showed that hepatic CYP3A in the CKD group 
(0.21 ± 0.05 pmol/mg of microsome protein/min) was 
reduced compared to the control group (0.43 ± 0.04 
pmol/mg of microsome protein/min), p < 0.01). 
Several studies have reported that the activity of 
hepatic CYP3A enzyme is reduced in CKD, however, 
most studies were performed in rats.7, 8, 9, 10 Although 
one study was done in mice, they used erythromycin as 
a CYP probe. Interestingly, Velenosi et al have found 
that midazolam and testosterone can be used as a probe 
for evaluating hepatic CYP3A function as both 
compounds are more selective to CYP3A than 
erythromycin. Additional studies to determine hepatic 
CYP3A activity in CKD using other CYP3A substrates 
are currently under active investigation in our 
laboratories.
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Conclusion
In the present study, we developed a new 

technique to establish a CKD mouse model. Using 
testosterone as a probe, we found that hepatic CYP3A-
mediated metabolism is decreased in mice with CKD. 
This result suggests that further research on the 
pharmacokinetics properties of drugs that are substrates 
of CYP3A is essential in CKD-induced mice.
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Effects of a Single Dose Administration of Fresh- and Cooked 
Betong Watercress on Caffeine Metabolism via N-demethylation and 
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Abstract

 Fresh Betong watercress contains phenethyl isothiocyanate (PEITC) which has an influence on 
hepatic enzymes. This compound derived from a hydrolytic reaction of glucosinolates via myrosinase in 
plant cell. Since cooking cause enzyme inactivation, the present study was aimed to investigate effects of 
fresh- and cooked Betong watercress juice in form of dry powder on caffeine metabolism via N-
demethylation and C-8 hydroxylation reactions in rats. Three groups of male Wistar rats (n=6) were 
included. They were pretreated with a single oral dose of PEITC (2 mg/kg), dry powder of fresh Betong 
watercress (1.3676 g/kg), and cooked Betong watercress (0.3594 g/kg) followed by caffeine (25 mg/kg). 
Plasma concentrations of caffeine (CF), theobromine (TB), paraxanthine (PX), theophylline (TP), and 1,3,7-
trimethyluric acid (137-U) after 3h of caffeine dosing were measured. The caffeine metabolic ratios (TB/CF, 
TP/CF, PX/CF, and 137-U/CF) were determined and compared with those after receiving caffeine alone. 
PEITC slightly decreased all caffeine metabolic ratios. Fresh Betong watercress significantly decreased all 
caffeine metabolic ratios by 19-37%, while cooked Betong watercress decrease only TB/CF and TP/CF by 3-
13%. Inversely, it significantly increased PX/CF and 137-U/CF, compared with fresh Betong watercress. The 
results indicated that fresh Betong watercress inhibited caffeine metabolism via N-demethylation and C-8 
hydroxylation in rats while cooked Betong watercress slightly inhibited 1-N and 7-N demethylation and 
enhanced 3-N demethylation and C-8 hydroxylation. 
 
Keywords: Betong watercress, phenethyl isothiocyanate, caffeine, metabolism 
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Introduction
 Betong watercress (Phak Num Betong; 
Nasturtium officinale R.Br.) is a variety of 
watercress cultivated in Southern Thailand. It is a 
member of the Cruciferae (Brassicaceae) which 
contains glucosinolates that can be hydrolyzed to 
isothiocyanates (ITCs) by the action of myrosinase, 
an enzyme naturally existing in plant cells. The 
hydrolysis of glucosinolates can occur when plant 
cells are damaged such as from cutting or chewing. 
Glucosinolates can also be hydrolyzed by intestinal 
microflora.1 Among cruciferae members, watercress 
contains the largest amounts of ITCs, mostly 
phenethyl isothiocyanate (PEITC) which has 
preventive effect against chemical carcinogenesis 
possibly by influencing on hepatic enzymes used in 
activation or inactivation of chemical procarcinogens.2-4  

Many studies showed that watercress and 
PEITC interfered with cytochrome P450 isoforms 
such as CYP2E1 and CYP1A2. A previous study 
investigated effect of Betong watercress and PEITC 
on caffeine metabolism via N-demethylation in rats 
by determining primary metabolites (theobromine, 
paraxanthine, theophylline) and caffeine metabolic 
ratios.4 The decrease in caffeine metabolic ratios 
indicated that fresh Betong watercress and PEITC 
inhibited N-demethylation of caffeine and they have 
inhibitory activity on CYP1A2 and CYP2C.   

Since myrosinase in plant cells can be 
inactivated by cooking, it is hypothesized that 
cooking may alter effect of Betong watercress on 
caffeine metabolism. In addition, in rats, C-8-
hydroxylation is a major route and mainly regulated 
by CYP1A2 while N-demethylation, is a minor route 
and regulated by CYP1A2 and CYP2C. The present 
study is therefore aimed to investigate effects of 
fresh- and cooked Betong watercress juice on 
caffeine metabolism via N-demethylation and C-8 
hydroxylation reactions in rats. 

Materials and Methods

Chemicals and reagents 
PEITC, caffeine, theobromine, theophylline, 

paraxanthine, 1,3,7-trimethyluric acid, and 7-( -
hydroxyethyl)theophylline (an internal standard) 
were purchased form Sigma-Aldrich (St. Louis, MO, 
USA.). Sodium acetate was purchased from Thermo 
Fisher Scientific Inc. (Waltham, MA USA). 
Acetonitrile and methanol (HPLC grade) were 
purchased from Avantor Performance Materials, Inc. 
(Center Valley, PA, USA.). Acetic acid, sodium 
hydroxide, and isopropanol (AR grade) were 
obtained from Merck (Darmstadt, Frankfurter, 
Germany). 

Animals
The study included seven-week-old male 

Wistar rats (190-220 g) provided by Southern 
Laboratory Animal Facility, Prince of Songkla 
University. The  experiment was approved by the 
Animal Ethic Committee, Prince of Songkla 
University (ref.17/51). The animals were housed 
under the controlled environment (temperature 
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Blood samples were collected by tail 
clipping at 0 and 3 h after caffeine administration in 
phase I and phase II. Plasma was obtained by 
centrifugation at 1600 x g for 10 min and 
immediately stored at -80º C until analysis. 
 
Preparation of dry powder of fresh and cooked 
Betong watercress juice 

Betong watercress (3 kg) was purchased 
from a local farm at Betong district, Yala province, 
Thailand. The vegetable was cleaned thoroughly and 
divided into portions for preparing fresh and cooked 
preparations.  Each portion (100 g) was chopped and 
added with deionized water (80 mL). For cooked 
preparation, the vegetable was heated using a 
microwave (800 W, 3 min). The mixture was 
blended into a fine paste using homogenizer before 
filtration. The filtrate was centrifuged 12,000 rpm at 
4°C for 10 min). The supernatant was then 
lyophilized. The dry powder was immediately stored 
at -80°C until analysis. 

Determination of PEITC in dry powder of Betong 
watercress juice 

The amount of PEITC in dry powder of 
fresh Betong watercress and cooked Betong 
watercress was determined based on the previous 
method.5 Briefly, the dry powder samples (25 mg) 
were hydrolyzed by myrosinase before 
derivatization with 1,2-benzenedithiol prior to 
HPLC injection. 
 The HPLC system consisted of a Waters 
2695 Separations Module and a Waters 5487 dual  
absorbance detector (Milford, MA, USA). Data were 
processed using the Empower TM Software System 
(Milford, MA, USA). Samples were separated using 
a Novapak® C18 column (3.9 150mm, 4 m) at 
25ºC. The mobile phase was a methanol-water 
mixture (90:10, v/v) flowed at 1.1 mL/min. The 
aloquot (20 L) was detected at 365 nm.5  

Quantification of caffeine and its metabolites in 
plasma

The HPLC system as stated above was used. 
Separation was modified based on the previous 
method.6 A Symmetry® C18 column (250×4.6 mm 
i.d., 5 m) connected to a Symmetry TM guard 
column (20×3.9 mm i.d., 5 m) was used and 
controlled at 40ºC. The mobile phase was a mixture 
of 20 mM sodium acetate buffer (pH 4.8): 
acetonitrile: methanol (900:20:80 v/v/v). The flow 
rate was 1.1 mL/min, and the detection wavelength 
was 275 nm 

 

. 

Sample preparation
Plasma (80 L) was combined with 20 L 

of the internal standard. Then acetonitrile was added 
and vortex mixed before centrifugation at 14,000 
rpm for 10 min. An aliquot of 200 L of the 
supernatant was transferred to a new tube and 
evaporated under a stream of nitrogen at room 
temperature. The residue was reconstituted in 100 

L of mobile phase and a 10 L was injected into 
the HPLC system. 

 
Data analysis

All data were expressed as mean ± SE. 
Metabolic ratios (MRs) were calculated as the ratios 
of the plasma concentration of each metabolite to 
that of CF (TB/CF, PX/CF, TP/CF and 137-U/CF).  
MRs in phases I (without pretreatment) and II (after 
pretreatment) experiments were compared using 
nonparametric test. The percentage of changes in 
MRs among different groups was analyzed by using 
Kolmogorov-Smirnov test. A statistically significant 
difference was accepted at p<0.05. 

Results  
 
Quantification of PEITC in dry powder of fresh 
and cooked Betong watercress juice 

To analyze PEITC, the derivative product of 
PEITC was identified. The derivative product was 
eluted at 1.986 min with no interference (data not 
shown). The calculated amounts of PEITC in dry 
powder of fresh Betong watercress juice and cooked 
Betong watercress juice were 36.56 g/25 mg of dry 
powder and 139.12 g/25 mg of dry powder, 
respectively. 
 
Quantification of caffeine and its metabolites 

Caffeine, paraxanthine, theobromine, 
theophylline, 1,3,7 trimethyluric acid,   and internal 
standard were clearly separated within 32 min with 
no interference (Figure 1).

Caffeine metabolic ratios in rats after a 
single pretreatment with PEITC (2 mg/kg, p.o.), 
fresh Betong watercress (1.3676 g of dry powder/kg, 
p.o.) and cooked Betong watercress (0.3594 g of dry 
powder/kg, p.o.) are shown in Figure 2. The results 
showed that pretreatment with PEITC decreased all 
of metabolic ratios but this reduction was not 
significant when compared with without 
pretreatment. Significant reduction of metabolic 
ratios (TB/CF, PX/CF, TP/CF, and 137-U/CF) were 
observed after pretreatment with fresh Betong 
watercress when compared with phase I (p<0.05), 
whereas metabolic ratios after pretreatment with 
cooked Betong watercress were not significantly 
different 
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The percent changes in metabolic ratios are 
shown in Figure 3. After single pretreatment, PEITC 
changed metabolic ratios by -10 to -24%. Dry 
powder of fresh Betong watercress changed 
metabolic ratios by -19 to -37 %.  

The changes in metabolic ratios caused by 
cooked Betong watercress were -2 to +24%. This 
effect was significantly different when compared 
with fresh Betong watercress pre-treatment (p<0.05). 

Figure 1. Representative chromatograms of caffeine (CF), paraxanthine (PX), theobromine (TB), 
theophylline (TP), and 1,3,7 trimethyluric acid (137-U); (A) blank rat plasma spiked with 
internal standard (IS; 10 g/mL); (B) Blank rat plasma spiked with internal standard (IS; 10 

g/mL) and standard TB, PX, TP, 137-U and CF (5 g/mL); (C) rat plasma at 3 h after an oral 
administration of CF (25 mg/kg). 
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Figure 2. Metabolic ratios of caffeine (mean ± SE) (A-D) in rats (n=6) receiving caffeine (CF) alone 
(phase I;  ) and caffeine after pretreatment with PEITC (2 mg/kg), dry powder of fresh Betong 
watercress (FBW) (1.3676 g of dry powder/kg), and dry powder of cooked Betong watercress 
(CBW) (0.3594 g of dry powder/kg) (phase II; ). * p < 0.05, compared with phase I. 
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0.3594 g of dry powder/kg, respectively. Those were 
calculated from the amounts determined from the 
dry powder of fresh and cooked Betong watercress 
juice. This study was designed to compare the effect 
of fresh and cooked Betong watercress containing 

the same amounts of PEITC. The result showed that 
dry powder of cooked Betong watercress juice, after 
hydrolysis with myrosinase in vitro, contained a 
higher amount of PEITC compared with that of fresh 
Betong watercress juice, i.e. 139.12 g/25 mg of dry 
powder vs. 36.56 g/25 mg of dry powder. The 
amount of dry powder of cooked Betong watercress 
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administered to the rats was therefore lower than 
that of dry powder of fresh Betong watercress. 

The doses of Betong watercress used in this 
study were equivalent to 2 mg PEITC/kg. That was 
based on the previous study.7 that showed a 
significant reduction of caffeine metabolic ratios 
(TB/CF, PX/CF, and TP/CF) in rats pretreated with 
2-20 mg/kg PEITC. This study also used PEITC at 
the dose of 2 mg/kg as a reference. However, the 
reduction of all caffeine metabolic ratios (TB/CF, 
PX/CF, TP/CF, and 137-U/CF) was not statistically 
significant.  
 Fresh Betong watercress caused a significant 
reduction of all caffeine metabolic ratios, both those 
represent N-demethylation (TB/CF, PX/CF, and 
TP/CF) and C-8 hydroxylation (137-U/CF). The 
percent changes of caffeine metabolic ratios via N-
demethylation ranged from -23% to -37%, while that 
via C-8 hydroxylation was -19%. This effect 
indicated an inhibition of caffeine metabolism via N-
demethylation and C-8 hydroxylation by fresh 
Betong watercress. In rats, C-8 hydroxylation is a 
major route and mainly regulated by CYP 1A2, 
while N-demethylation is regulated by CYP 1A2, 
CYP 2C6, and CYP 2C11.8 Therefore it is likely that 
dry powder of fresh Betong watercress juice 
inhibited CYP 1A2 and CYP 2C. 
 In contrast to fresh Betong watercress, dry 
powder of cooked Betong watercress juice caused a 
small reduction in caffeine metabolic ratios, i.e. 13% 
and 3% for TB/CF and TP/CF, respectively. It also 
caused an increase in metabolic ratios, i.e. 15% and 
25% for PX/CF and 137-U/CF, respectively. 
Different result observed from fresh and cooked 
Betong watercress may be a result from different 

bioactive constituents in both preparations. Fresh 
Betong watercress juice contains mostly PEITC 
derived from hydrolysis of glucosinolates by 
myrosinase in plant cell during blending of fresh 
plant. In contrast, during cooking process, 
myrosinase in plant cells was inactivated.9,10 
Homogenate and juice of cooked Betong watercress 
therefore contained mostly glucosinolates. After an 
oral administration, these precursors were naturally 
converted to PEITC and other metabolites by 
colonic microflora.10, 11 
 
Conclusion  

In conclusion, heat from cooking Betong 
watercress altered its activity on caffeine 
metabolism via N-demethylation and C-8 
hydroxylation. Fresh Betong watercress inhibited 
both N-demethylation and C-8 hydroxylation, while 
cooked plant slightly inhibited 1-N and 7-N 
demethylation, and accelerated 3-N demethylation 
and C-8 hydroxylation. 

Both metabolic pathways are regulated 
mainly by CYP 1A2 and CYP 2C. It was suggested 
that cooked and fresh Betong watercress affected the 
activity of CYP 1A2 and CYP 2C in an opposite 
direction. In humans, ingestion of cooked Betong 
watercress may exhibit different outcome from 
ingestion of fresh plant.  
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Conclusion  

In conclusion, heat from cooking Betong 
watercress altered its activity on caffeine 
metabolism via N-demethylation and C-8 
hydroxylation. Fresh Betong watercress inhibited 
both N-demethylation and C-8 hydroxylation, while 
cooked plant slightly inhibited 1-N and 7-N 
demethylation, and accelerated 3-N demethylation 
and C-8 hydroxylation. 

Both metabolic pathways are regulated 
mainly by CYP 1A2 and CYP 2C. It was suggested 
that cooked and fresh Betong watercress affected the 
activity of CYP 1A2 and CYP 2C in an opposite 
direction. In humans, ingestion of cooked Betong 
watercress may exhibit different outcome from 
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Prevalence and Enzyme Activity of Cytidinedeaminase Variations in 
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Duangkamon Muengsaen1, Suda Vannaprasaht1, Laddawan  Senggunprai1 , Wichittra Tassaneeyakul1
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Abstract

 Gemcitabine (dFdC) is a high efficacy chemotherapy drug for  patients with pancreatic cancer, non-
small cell lung cancer, bladder cancer, ovarian cancer and cholangiocarcinoma (bile duct cancer). However, 
its clinical outcome and adverse effects vary among patients, depending on the variations of gemcitabine 
pharmacokinetics among individuals. Gemcitabine is metabolized by cytidinedeaminase (CDA) to an 
inactive form. Recent study reports CDA*2 79A>C (K27Q, rs2072671) mutant allele is correlated with CDA 
enzyme activity. Patients who carry CDA*2 genotype have higher CDA activity and lower response rate than 
patients with wild type CDA. Patients who carry CDA*3 208G>A (A70T, rs60369023) genotype have lower 
CDA activity than patients with wild type CDA, and experience a higher incidence of neutropenia. The 
prevalence of CDA gene variations and their enzymatic activities have not been reported in Thai populations. 
This study aims to determine the frequency of the two major CDA variants in sixty one Northeast Thai 
healthy volunteers, and to examine the correlation between CDA genotype and the enzyme activity.The 
CDA*2 and *3 genotypes were determined using real-time PCR technique, and the plasma CDA activity was 
evaluated by spectrophotometric technique. The prevalence of CDA*1/*2 was observed at 22.95%. Neither 
the homozygous mutant allele of CDA*2, nor any forms of  CDA*3 were detected in this study.  This study 
concludes that the allele frequency of CDA*2 in Thai population significantly differs from American (p =
0.002) and European populations (p = 0.001),but it is not differentfrom Chinese (p = 0.828), Japanese (p =
0.114), Korean (p = 0.490)and African (p = 0.061) populations. In addition, the mean of CDA activity in 
CDA*1/*1 volunteers was not significantly different from CDA*1/*2 group (p = 0.08). The majority of 
insignificance statistics for CDA allele frequencies among populations could result from the small sample 
size effects. 
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Introduction
Gemcitabine (2',2'-difluorodeoxycytidine, 

dFdC) is a high efficacy chemotherapy dug for 
patients with pancreatic cancer, non-small cell lung 
cancer, bladder cancer, breast cancer, ovarian cancer 
and cholangiocarcinoma (bile duct cancer). 
However, the therapeutic response and adverse 
effectsof this drug differ among patients due tothe 
variations of gemcitabine pharmacokinetics. Human 
cytidinedeaminase (CDA) is a cytoplasmic enzyme 
(EC 3.5.4.5) which involves in pyrimidine 
nucleotide synthesis; therefore, CDA enzyme plays a 
crucial role in the degradation of gemcitabine 
(dFdC) to 2',2'-difluorodeoxyuridine(dFdU), an 
inactive form. Recent data showed patients with low 
CDA activity have better clinical outcomes than 
those with high CDA activity. Low CDA activity 
patients have a significant higher response rate 
(37.7% vs.13.8%; p = 0.006), higher clinical benefit 
(91.8% vs.51.7%; p< 0.001), longer time to disease 
progression (8.0 vs.3.0 months; p < 0.001) and 
longer overall survival (19.0 vs.6.0 months; p = < 
0.001) than the high CDA activity group.1
 More than ten single nucleotide polymorphisms 
of CDA gene have been reported. Previous study 
showed CDA*2 (79A>C, K27Q) (rs2072671) mutant 
allelecorrelates with CDA enzyme activity. Patients who 
carry CDA*2 genotype have higher CDA activity than 
those with wild type enzyme.2 Non-small cell lung 
cancer patients who carry CDA*1/*1 genotype have 
lower mean of CDA activity than those with CDA*1/*2
and CDA*2/*2 (8963.9 ± 6614.9 vs.11686.5 ± 9339.9 
vs.15450.6 ± 10155.6 pmol/h/mg proteins, respectively).
CDA*2 patients have  lower response rate than wild type 
(37.7% vs. 13.8%; P = 0.006).1  Patients who carry
CDA*3 208G>A, A70T) (rs60369023) genotype have 

lower CDA activity than patients with wild type 
enzyme. CDA*3 patients have a higher incidence of 
neutropenia than wild type (60% and 40% respectively,
p = 0.205).3
 The prevalence of CDA genotype and the 
correlation between CDA activity and CDA
genotype has not been reported in Thai healthy 
volunteers. The aims of this study were to determine 
the frequency of the two major CDA variants in 
Northeast Thai healthy volunteers, and to examine 
the correlation between CDA genotype and the 
enzyme activity. 

Materials and Methods

Subjects
 Sixty one healthy volunteers (21 women and 
40 men) with a family history ofliving for three 
generations in Northeast Thailand were enrolled from 
the blood donation center of Srinagarind Hospital,  
Faculty of Medicine, Khon Kaen University.  The 
mean age among volunteers is 34±10.4 years. 

The research protocol was approved by the 
Khon Kaen University Ethic Committee for Human 
Research, Khon Kaen University, Thailand (HE571402). 
Written informed consents were obtained from all 
subjects before participating in this study. 

Sample collection 
 Three milliliters of blood from each subject 
were collected in potassium ethylene iaminetetra-acetic 
acid (EDTA)-containing vacutainer  tubes. Then, blood 
samples were centrifuged at 2,500 rpm for 10. Plasma 
and buffy coat were collected. Plasma samples were 
used for CDA activity analysis. Buffy coat was stored 
at -20°C until used. 
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CDA Polymorphism Screening  
 Genomic DNAs extraction was isolated 
from buffy coat, using the QIAamp® DNA blood 
extraction kit (Qiagen, Hilden, Germany). The 
CDA*2 and CDA*3 polymorphism were verified by 
real-time PCR technique with TaqMan® probes. 
Analyses were performed by using the Light-Cycler 
480 technology (Roche Diagnostics, Meylan, 
France). Primer sequences and PCR condition were 
used as previous reported.4

CDA enzyme activity assay 
 CDA enzyme activity was evaluated by 
measuring of residual enzyme activity in plasma. 
The principle of the assay is based on the conversion 
of cytidine to uridine which releases ammonium 
(NH3).5 Each plasma sample was mixed with 2 
mMcytidine as the substrate and incubated for 16 
hours at 37°C. NH3 released was then measured by 
spectrophotometry incubation (625 nm). CDA 
activity was expressed as mU/mg protein (1 U 
equals to 10-4 mol of ammonium released per 
minute per milliliter of plasma). Total proteins in 
plasma were assayed using the standard Bradford 
method.6

Statistical analysis 
 The distribution test of CDA activity was 
assessed by Kolmogorov-Smirnov test. The 
distribution was displayed as a histogram using SPSS 
statistic software version 17.0 (SPSS Inc., Chicago, 
USA). The mean of CDA activity in male and female 

volunteers were compared by Mann-Whitney Rank 
Sum Test. The allele frequency of CDA*2 was 
calculated following the Hardy-Weinberg equilibrium 
(Hardy-Weinberg equilibrium: p2 + 2pq + q2 = 1; when 
p is wild type allele or allele “A” and q is the variant 
allele frequency or allele “C”). The difference in allele 
frequencies of CDA*2 among ethnic populations was 
evaluated using the Pearson Chi-square test in STATA 
statistical software version 13.0 (Stata corporation, TX, 
USA). Association between CDA*2 genotype and 
CDA activity were assessed using Mann-Whitney 
Rank Sum Test. The association was displayed as a 
box plot using Sigmaplot software version 10.0 (Systat 
Software Inc. California, USA). 

Results

CDA polymorphism 
 The prevalence of CDA*1/*1 and CDA*1/*2 
genotype in the healthy volunteers were 77.05% and 
22.95%, respectively. No homozygous mutant allele of 
CDA*2 was found. CDA*3 mutant allele was not 
found in this study. The calculated allele frequencies of 
CDA*1 and CDA*2 were 88.52% and 11.48%, 
respectively. The allele frequency of CDA*2in our 
sample was significantly different from American and 
European populations, as shown in Table 1.  However,
CDA*2 allele frequency of the Northeast Thai 
population was not significantly different from other 
Asian populations (Table 1).

Table 1. Allele frequencies of CDA*2in Northeast Thai healthy volunteers compared with other populations 

N = Number of healthy subjects 
n = Number of alleles 

Ethnic groups N n Allele frequency (%) p-value 
*1 *2 

Asian 
Thai 61 122 88.5 11.5 
Chinese7 102 204 87.7 12.3 0.828
Japanese8 206 412 79.6 20.4 0.114 
Korean8 200 400 84.8 15.2 0.490
Malay9 20 40 82.5 17.5 0.380
Indian9 17 34 88.2 11.8 0.974
Caucasians 
American8 150 300 67.3 32.7 0.002 
Dutch10 100 200 65 35 0.001 
European11 95 190 64 36 0.001 
African11 85 170 96 4 0.061 
African-American8 150 300 91.3 8.7 0.518 
Chinese-American8 200 400 84.5 15.5 0.435 
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CDA activity 
The mean  plasma  CDA activity of the 

healthy  volunteers was 1356.9±509.2  mU/mg  protein 
(range 609.9-3471.1 mU/mgproteins), it follows a non-
normal distribution (Kolmogorov-Smirnov test, p = 
0.014; Figure 1). The averaged CDA activity among 
male volunteers was 1402.2±412.6 mU/mg protein,  
whereas the mean activity in females was 
1282.1±641.4 mU/mg protein. Males and females  

showed a non-significantlydifferent mean of CDA 
activity (Mann-Whitney Rank Sum Test,  p = 0.100).

Correlation between CDA polymorphism and activity 
 The means CDA activity of wild type and 
CDA*1/*2 genotype were 1422.4±545.9 and 
1127.4±285.1 mU/mg protein, respectively. CDA 
activity in CDA*1/*1 group was notsignificantly 
statistically different from CDA*1/*2  (Mann-Whitney 
Rank Sum Test, p= 0.08; Figure 2.). 

Figure 1. Distributionof CDA activity of healthy population in northeast Thailand. 

Figure 2. Correlation between CDA genotype and CDA activity of healthy populations in northeast 
Thailand
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Figure 2. Correlation between CDA genotype and CDA activity of healthy populations in northeast 
Thailand
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Discussion 
 The response rate and toxicity of gemcitabine 
are related to its metabolism.CDA is a cytoplasmic 
enzyme with an important role in gemcitabine 
metabolism. Variations of CDA activity affect 
gemcitabine response and toxicity.  
 Many studies reported CDA*2 and CDA*3
mutant allelesto be associated with CDA activity and 
clinical response of gemcitabine.1,3 However the 
study on the association betweenCDA polymorphism 
and CDA activity, and the prevalence of CDA
mutant alleleshad been limited in Thailand. 
 Our study is the first report on the 
prevalence of CDA*2 and CDA*3 mutant alleles in 
Thailand. We found the allele frequency of CDA*2
in Thai population is significantly different from 
American (p = 0.002) and European populations      
(p = 0.001), but it isnot different from Chinese (p = 
0.828), Japanese (p = 0.114), Korean (p = 0.490) and 
African (p = 0.061) populations. CDA*2/*2 was not 
found in this study, but it was observed in 3.4% of 
Japanese, and 16% of Caucasian populations. 
Moreover, this study did not find the CDA*3 mutant 
allele.

 Previous studies reported patients who 
carried CDA*2 have higher enzyme activity than 
patients with wild type CDA.1  However, this study 
did not show a statistically significant difference 
between CDA activity and CDA*2 genotype           
(p = 0.08). An increased sample size may be needed 
to further investigate the potential correlation.  

Conclusion
CDA*1/*2 genotype was observed in 

22.95% of the Northeast Thai healthy volunteers, but 
the CDA*2/*2 and CDA*3 mutant alleles were not 
found in this study. Allele frequency of CDA*2 in 
the Thai population is similar to the other Asian  
populations, but is different from Caucasian 
populations. Although a previous study showed 
patients who carried CDA*2 have higher activity 
than those with wild type1, our study showed no 
statistically significant correlation, possibly due to 
the small sample size effect. 
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A Novel ROS-Suppressive Role of a Cell Cycle Protein, Cyclin D1 in 
Breast Cancer Cells 
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Abstract 

Cyclin D1 is an important regulator of cell cycle progression that drives cell cycle from G1 to S phase. 
Overexpression of cyclin D1 have been linked to the development and progression of various cancers, 
including breast, lung, melanoma, mantle cell lymphoma, and oral squamous cell carcinoma. However, the 
precise role of cyclin D1 in cancer formation is still unclear. Here, we demonstrated that cyclin D1 depletion 
by short hairpin RNA (shRNA) resulted in cellular senescence in a breast cancer, which associated with 
decreased cell proliferation, changed cell morphology; their volume increased and they lose their original 
shape by acquiring a flattened cytoplasm. This was confirmed by the senescence-associated -galactosidase 
(SA -gal) assay and increasing in expression of senescence markers, such as p16, p21. We found 
accumulated level of endogenous reactive oxygen species (ROS), and attenuated response to exogenous ROS 
in the cyclin D1-depleted breast cancer cells. Pretreatment of cyclin D1-depleted cancer cells with an 
antioxidant N-acetylcysteine (NAC) reduced the number SA -gal positive cells significantly. Therefore, 
cyclin D1 maybe required to maintain low non-toxic level of ROS in the cancer cells, and to prevent the 
cancer senescence. In addition, we found that suppression of ROS by cyclin D1 is independent of the 
retinoblastoma protein (Rb) inactivating function of CDK4-cyclin D1. These findings suggested a potential 
function of cyclin D1 as a regulator of intracellular oxidative stress, which allows cancer cells to grow under 
the ROS stress, and that cyclin D1 may be a strong candidate for cancer therapy. 
 
Keywords: cyclin D1, oxidative stress, senescence, breast cancer 
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Introduction

Breast cancer is the most common cancer 
among women worldwide, as well as Thai women. 
About 1 in 8 (12%) women in the US will develop 
invasive breast cancer during their lifetime.1 Several 
targeted therapies have been proposed for treating 
breast cancer but mostly only acts at surface of the 
cells. One of the strategies for treating cancer was 
suggested by Weinstein and Joe, 2008.2 “Cancer cells 
contain multiple genetic and epigenetic abnormalities. 
Despite this complexity, their growth and survival can 
often be impaired by the inactivation of a single 
oncogene. This phenomenon, called oncogene 
addiction”. These oncogenes become the primary 
targets for drug development to block their effect on 
cancer cells, while not affecting to the normal cells. 

Cyclin D1 is a critical regulator of cell cycle 
progression that drives cell cycle from G1 to S phase. 
Overexpression of cyclin D1 protein due to 
amplification or chromosomal rearrangement have 
been linked to development and progression of various 
types of cancer including breast, lung, melanoma, 
mantle cell lymphoma, and oral squamous cell 
carcinomas.3 but, the precise role of cyclin D1 in 
cancer formation remains to be clarified. Although 
working as an essential cell cycle regulator protein, 
requirement of cyclin D1 for cell proliferation is 
cancer-specific, not for the survival of normal cells. 
Gene targeting cyclin D1 in mice resulted in normal 
development and life span.4 

Several lines of evidence suggest other CDK-
independent roles of cyclin D1 in DNA repair5,6, 
estrogen receptor activation7,8, inhibition of histone 
acetyltransferase activity9, etc. These evidences 
indicate that cyclin D1 may have other roles besides 
cell cycle control. Moreover, recent studies have 
shown that depletion of cyclin D1 caused cells to 
become larger in size, diminish cell growth, arrest cells 
in G1 and, most remarkable, loss of tumorigenicity.10,11 
   Cellular senescence was first described more 
than fifty years ago by Leonard Hayflick and Paul 
Moorhead as a state of “permanent cell cycle arrest” 
resulting from the limited replicative capacity of 

normal human diploid fibroblasts (HDFs) in culture.12 
now refer to “replicative senescence”. While entering 
to the senescence state, cells show dramatically change 
in their morphologies; the cells increase the volume 
and lose original shape, acquiring a flattened or 
elongated cytoplasm. This alteration follows by 
changes in nuclear structure, gene expression, protein 
processing, and metabolism.13 Although senescent cells 
are not dividing, they differ from cell cycle arresting 
cells in many ways. The most important different is 
that they are no longer capable of returning to cell 
cycle. They also contain several unique markers, 
including the presence of senescence-associated -
galactosidase (SA- -gal) activity, expression of tumor 
suppressors and cell cycle inhibitors, and often also of 
DNA damage markers, nuclear foci of constitutive 
heterochromatin and prominent secretion of signaling 
molecules.14  

Senescence has been shown to play role in 
tumor suppression that restricts the progression of 
benign tumors to become malignant. Expression of 
oncogenic RasG12V in normal cells induces senescent 
phenotypes, which are almost indistinguishable from 
replicative senescence. It was termed “oncogene-
induced senescence; OIS”.15 Besides the oncogene 
RAS, agents causing DNA damage, oxidative stress, 
chemotherapeutic drugs, or even the process of 
reprogramming to induced pluripotent stem cells can 
also trigger premature senescence or stress-induced 
senescence.16,17  Since senescence can forms a universal 
block to tumorigenesis which impacts on all hallmarks 
of cancer, making it an attractive target for drug 
discovery. In addition to apoptosis, nowadays therapy-
mediated premature senescence has also been 
identified as a desirable outcome of cancer therapy.15,18  

 
We found that cyclin D1 depletion uniquely 

resulted in breast cancer senescence. In this study we 
investigate the novel anti-ROS function of cyclin D1 
in the cancer that may prevent cancer senescence. 
Understanding this pathway may bring about the 
proper way to block cancer growth using cyclin D1 
as a therapeutic target.   
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Materials and Methods

Cell culture and chemical reagent 
The human breast carcinoma MCF7 cell line 

was purchased from the American Type Culture 
Collection (Manassas, VA, USA). Cell were 
cultured in Dulbecco’s modified Eagle’s medium 
supplemented with 10% fetal bovine serum, 2 mM 
glutamine, 100 U/ml penicillin/streptomycin and 
maintained at 37oC in a humidified incubator with 
10% CO2. All shRNA expressing cells were 
maintained in selection medium with one of these 
antibiotics, Puromycin (Calbiochem, Merck 
millipore, USA), Geneticin; G418 (Gibco, Life 
technologies, USA), Hygromycin (Invitrogen, CA, 
USA). An antioxidant N-acetyl cysteine; NAC was 
from Amresco, OH, USA. 

 
Gene silencing with shRNAs  

For gene silencing, cells were transfected 
with short hairpin RNA (shRNA). Lentiviral 
plasmids containing shRNA pLKO.1 (Mission 
shRNA, Sigma) of cyclin D1 and Rb (Rb139) and 
pBabe-hygro-E7 (Addgene) were transfected into 
HEK293 cells using Lipofectamine® LTX and Plus 
reagent (Invitrogen, CA, USA). Transfected cells 
were cultured in DMEM containing 10% fetal 
bovine serum, 100 U/mL penicillin and 100 g/mL 
streptomycin for 48 hours. To infect MCF7 cells, 
cells were plated in approximately 80% confluency  
in a 10 cm plate, transduceded with the lentivirus, 
supplimenteded with polybrene for overnight, and 
selected over 4 days with appropriate drug and 
changed into fresh complete medium plus selected 
drug every 3 days . 
 
Cell proliferation assay 

Cells were seeded in twenty four-well plates 
at a density of approximately 10,000 cells/well and 
counted wells  in triplicates. The fold increase was 
calculated with normalization by the first day cell 
number.   
 
SA- -gal assay 

Cells were seeded in six-well plates at a 
density of approximately 100,000 cells/well and 
performed a staining protocol as described by Dimri 

et al.19 For N-acetylcysteine (NAC) pretreatment, 
NAC was added as indicated concentration during 
drug selection period after shRNA transduction and 
changed every 3 days. Plates were incubated 
overnight at 37 oC in a dry incubator (no CO2). Cells 
were then detected for blue staining under a bright-
field microscope. The percentage of SA- -gal-
positive cells was calculated by counting the cells in 
five random fields.  

Quantitative real-time PCR (qRT–PCR) 
Total RNA was extracted with the RNA 

extraction Kit (Ambion, life technologies, USA). 
Complementary DNA generated by Superscript III 
reverse transcriptase and oligo-dT primers (Invitrogen, 
CA, USA) was analysed by qRT–PCR (Applied 
Biosystems StepOnePlus™ Real-Time PCR).  
Transcript levels were normalized using internal 
expression of GAPDH gene. For all primers used in 
this experiment were synthesized by bioDesign, 
Thailand. 

 
Reactive oxygen species (ROS) measurement 

Carboxy-H2DCFDA dye was used to study 
the intracellular ROS levels in MCF7 cells. The 
study was performed in 6-well plates, wherein the 
cells were seeded at a density of 5 × 105 cells/well. 
After 24 hours of cell attachment, the cells were 
washed twice with PBS, carboxy-DCFDA dye in 
serum free media was added at a concentration of 3 

M in 2ml/well, and the plates were incubated in a 
37 °C, 5% CO2 incubator for 30 minutes. Following 
incubation, the dye solution was removed; the cells 
were washed twice with PBS and were treated with 
or without hydrogen peroxide (H2O2) as indicated 
concentrations and incubated 37 °C, 5% CO2 
incubator for 30 minutes then removed and washed 
with PBS twice. Collecting cells by trypsinization 
following add flow buffer (pre-cold PBS with 1% 
fetal bovine serum). The fluorescence measurement 
of the oxidized DCFDA dye was measured at the 
respective excitation and emission wavelengths of 
488 nm and 530 nm by flow cytometer. The results 
were calculated and presented as a mean fluorescent 
intensity analyzed using FlowJo® 7.6 software. 
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SA- -gal assay 
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performed a staining protocol as described by Dimri 

et al.19 For N-acetylcysteine (NAC) pretreatment, 
NAC was added as indicated concentration during 
drug selection period after shRNA transduction and 
changed every 3 days. Plates were incubated 
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field microscope. The percentage of SA- -gal-
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Quantitative real-time PCR (qRT–PCR) 
Total RNA was extracted with the RNA 

extraction Kit (Ambion, life technologies, USA). 
Complementary DNA generated by Superscript III 
reverse transcriptase and oligo-dT primers (Invitrogen, 
CA, USA) was analysed by qRT–PCR (Applied 
Biosystems StepOnePlus™ Real-Time PCR).  
Transcript levels were normalized using internal 
expression of GAPDH gene. For all primers used in 
this experiment were synthesized by bioDesign, 
Thailand. 

 
Reactive oxygen species (ROS) measurement 

Carboxy-H2DCFDA dye was used to study 
the intracellular ROS levels in MCF7 cells. The 
study was performed in 6-well plates, wherein the 
cells were seeded at a density of 5 × 105 cells/well. 
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serum free media was added at a concentration of 3 

M in 2ml/well, and the plates were incubated in a 
37 °C, 5% CO2 incubator for 30 minutes. Following 
incubation, the dye solution was removed; the cells 
were washed twice with PBS and were treated with 
or without hydrogen peroxide (H2O2) as indicated 
concentrations and incubated 37 °C, 5% CO2 
incubator for 30 minutes then removed and washed 
with PBS twice. Collecting cells by trypsinization 
following add flow buffer (pre-cold PBS with 1% 
fetal bovine serum). The fluorescence measurement 
of the oxidized DCFDA dye was measured at the 
respective excitation and emission wavelengths of 
488 nm and 530 nm by flow cytometer. The results 
were calculated and presented as a mean fluorescent 
intensity analyzed using FlowJo® 7.6 software. 
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Figure 1. Knockdown of cyclin D1 decreased cell proliferation and introduced senescence-like 
phenotypes . 

  A. Western blot analysis of cyclin D1 knockdown, actin as a loading control 
B. Growth curves of MCF7 cells expressing either anti-cyclin D1 shRNA (shD1) , or anti-GFP   
     shRNA (shGFP). shGFP was used as a negative control.  

  C. Growth curves of MCF7 cells expressing either shD1 plus E7, or shGFP plus E7(left) 
D. Growth curves of MCF7 cells expressing either shD1 plus anti-pRb shRNA (Rb139) or  
     shGFP plus Rb139 (right) . 
E. Cell morphology shown by phase contrast microscopy of MCF7 cells expressing either shD1  
     or shcont with or without E7, Rb139.  
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Figure 2. Depletion of cyclin D1 from a breast cancer cell line MCF7 caused cellular senescence 
confirmed by senescence-associated -galactosidase (SA -gal) assay
A. SA- -gal staining of cyclin D1- depleted and control MCF7 cells with the expression of with  
     or without E7, Rb139 
B. The graphs show percentages of SA- -gal-positive cells by counting the cells in five random  
     fields at least 200 cells. Bars represent average ± S.D.  
C. The graphs show relative gene expression as indicated (p16, p21 and LMNB1) measured by  
      quantitative real-time PCR using GAPDH to normalize transcript level and compare fold  
      change to control group. Bars represent average ± S.D. (n=3). 
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Figure 3. Cyclin D1 is required for suppression of both endogenous and exogenous reactive oxygen 

species (ROS).  
  A. ROS levels were measured by flowtometry as mean fluorescence intensity of  
       Dichlorofluorescein diacetate (DCFDA) with or without adding hydrogen peroxide (H2O2) in   
                 the indicated concentrations (62.5, 125, 250 M).

  B. SA- -gal staining of cyclin D1- depleted by two different sequences of shRNA (A8, S2) and  
control MCF7 cells with or without pretreatment of N-acetylcysteine (NAC) as an 
antioxidant in the indicated concentrations (1, 5, 10 mM). 

  C. The graphs show percentages of SA- -gal-positive cells quantified by counting the cells in 
five random fields at least 200 cells. 

Results

Cyclin D1 depletion decreased cell proliferation 
and changed cellular morphology independent 
from the retinoblastoma protein (pRB) 

We use the stable short hairpin RNA 
expression to create a stable depletion of cyclin D1 in a 
breast cancer cell line MCF7 resulted over 80% of 
cyclin D1 were depleted (Figure 1A). As a critical cell 
cycle regulatory protein, knockdown of cyclin D1 
decreased cell proliferation ability (Figure 1B). 
Interestingly, the depletion caused increased cell size 
(Figure 1E). When analyzed, cyclin D1-depleted cells  

 

also lost their original shape by acquiring a flattened 
cytoplasm and changed in nuclear structure, which 
indicated the stage of cellular senescence (Figure 1E 
upper panel).  

We examined if the inhibition of cell division 
caused by cyclin D1 knockdown mediated by the  
retinoblastoma protein (pRB), a cell cycle repressor 
and a direct-target of cyclin D1/CDK4, by inactivating 
pRB using either the papilloma viral protein (E7) 
expression or a pRB-specific short hairpin RNA which 
can deplete over 80% of Rb protein (data not shown). 
Unexpectedly, E7 or pRB-specific shRNA slightly 
increased cyclin D1-depleted cell division, but did not 
abolish the cell cycle arresting phenotype of cyclin D1 
depletion (Figure 1C, 1D), and did not rescue the 
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cyclin D1-depleted cell morphologies (Figure 1E 
middle and lower panel).  
 
Cyclin D1 depletion caused cellular senescence in 
MCF7 cells  

We stained MCF7 cells using senescence-
associated -galactosidase (SA -gal) assay as 
described by Dimri, et al. 1995.19  The results showed 
that knockdown of cyclin D1 in MCF7, resulted 
approximately 60% of cells become senescent (Figure 
2A upper panel, B). Interestingly, the phenomenon was 
also clearly detected in Rb-inactivated cells (Figure 2A 
middle and lower panel, B). Another important marker 
used to identify cellular senescence is senescence-
related genes expressions. Various studies have shown 
upregulations of these genes in senescent cells, and 
generally accepted as markers for cellular senescence. 
These genes include p16, p21.14 In addition to these, 
some genes were reported to reduce the expression 
in senescent cells, such as LMNB1 (lamin B1). Two 
sequences of cyclin D1 shRNA (S2, A8) were used 
to knockdown cyclin D1 from MCF7 and 
expressions of the senescence-related genes were 
analyzed. We found upregulations of p16, p21 and 
downregulation of LMNB1 (Figure 2C), indicating 
that knockdown of cyclin D1 caused cellular 
senescence in MCF7 cells.  
 
 
Cyclin D1 depletion resulted in ROS-mediated 
senescence 

Elevated level of ROS can cause cellular 
senescence.20,21,22 We investigated whether ROS was the 
cause of  senescence observed in cyclin D1-depleted 
cells by measuring intracellular ROS levels. We found 
that in cyclin D1-knockdown cells higher levels of 
endogenous ROS was detected when compared to 
control cells. In addition, the difference became more 
pronounce, when exogenous ROS (hydrogen peroxide; 
H2O2) were added in the dose dependent manner (Figure 
3A). To investigate the connection between ROS 
upregulation and cellular senescence found in cyclin 
D1-depleted cancer cells, we treated cyclin D1-depleted 
MCF7 with an antioxidant (N-acetylcysteine; NAC) and 
measured senescence by SA- -gal assay. We found that 
the senescence marker was significantly downregulated 
in the dose dependent manner (Figure 3B, C).  

These results indicated that elevated level of 
ROS is causal for the cellular senescence observed in 

the cyclin D1-depleted MCF7, and that cyclin D1 
expression is required for the suppression of 
intracellular senescence.   

Discussion 
Here, we have gather some evidences that 

shed the light on cyclin D1 as an oncogene that the 
breast cancer cells addicted to. Cyclin D1 depletion by 
short hairpin RNA (shRNA) decreased cell 
proliferation ability, and triggered cellular senescence. 
There are many factors that lead to irreversible 
proliferative arrest. 16 All of these stimuli converge on 
the accumulation of reactive oxygen species.  We next 
found higher levels of endogenous ROS in cyclin D1-
depleted cells. Furthermore, the cells are defective in 
response to the exogenous ROS. Elevated levels of 
ROS found in cyclin D1-depleted cells are the 
mediator for senescence, since treatment of cyclin D1-
depleted cancer cells with an antioxidant (NAC) 
significantly prevent cellular senescence. Therefore, 
cyclin D1 may be required to maintain low ROS level, 
at which is not harmful for the cancer cells. The 
suppression of ROS by cyclin D1 did not require 
retinoblastoma protein (Rb), since pRB-specific 
shRNA did not recue the senescence caused by cyclin 
D1 depletion. The intracellular ROS level can be 
balanced by controlling both production and eliminate 
the excessive amount of ROS which disturbance by the 
absence of cyclin D1 might be involved in either ways. 
However, the underlying mechanism(s) of how cyclin 
D1 suppress ROS need to be further explored. These 
findings suggested a potential novel function of cyclin 
D1 as a regulator of intracellular oxidative stress, 
which allows cancer cells to grow under the ROS 
stress, and that cyclin D1 may be a strong candidate for 
cancer therapy. 

Conclusion
 Cyclin D1 may have a novel anti-senescence 
role in cancer cells by inhibiting endogenous level of 
ROS and this role is Rb-independent. 
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Abstract 

 Rhinacanthin-C (RN-C) is a major bioactive naphthoquinone ester found in Rhinacanthus nasutus 
Kurz (Acanthaceae). This compound has potential therapeutic value as an anticancer and antiviral agent. The 
purpose of this study was to determine the capability of RN-C to enhance cytotoxicity of doxorubicin (DOX) 
in a breast cancer cell line MCF-7. The cytotoxicity was assessed by an MTT assay. The growth inhibition 
IC50 values of DOX and RN-C were 1.36 ± 0.02 and 8.57 ± 0.15 M, respectively. RN-C at the non-
cytotoxic concentration (0.1 M) was able to enhance DOX-mediated cytotoxicity. The apparent IC50 of 
DOX in the presence of RN-C decreased by 1.4-fold. The interaction between RN-C and DOX was 
synergism with the combination index (CI) value of 0.71. Furthermore, the interference of RN-C on the ABC 
drug transporters (P-gp, MRP1 and MRP2) was evaluated by a substrate accumulation assay, using 
fluorescence spectroscopy technique. We found that RN-C at 0.1 M after 12-hr treatment could increase 
intracellular accumulation of transporter substrate [i.e., calcein by 1.45 fold (P-gp), DCDF by 1.37 fold 
(MRP1) and CDCF by 1.84 fold (MRP2)]. Our findings suggested that RN-C potentiated doxorubicin-
mediated cytotoxicity in breast cancer cells possibly through interference on drug efflux pumps. The 
interaction between these two compounds was synergism.

Keywords: breast cancer cell, cytotoxicity, doxorubicin, rhinacanthin-C, drug transporters 
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Abstract 

 Rhinacanthin-C (RN-C) is a major bioactive naphthoquinone ester found in Rhinacanthus nasutus 
Kurz (Acanthaceae). This compound has potential therapeutic value as an anticancer and antiviral agent. The 
purpose of this study was to determine the capability of RN-C to enhance cytotoxicity of doxorubicin (DOX) 
in a breast cancer cell line MCF-7. The cytotoxicity was assessed by an MTT assay. The growth inhibition 
IC50 values of DOX and RN-C were 1.36 ± 0.02 and 8.57 ± 0.15 M, respectively. RN-C at the non-
cytotoxic concentration (0.1 M) was able to enhance DOX-mediated cytotoxicity. The apparent IC50 of 
DOX in the presence of RN-C decreased by 1.4-fold. The interaction between RN-C and DOX was 
synergism with the combination index (CI) value of 0.71. Furthermore, the interference of RN-C on the ABC 
drug transporters (P-gp, MRP1 and MRP2) was evaluated by a substrate accumulation assay, using 
fluorescence spectroscopy technique. We found that RN-C at 0.1 M after 12-hr treatment could increase 
intracellular accumulation of transporter substrate [i.e., calcein by 1.45 fold (P-gp), DCDF by 1.37 fold 
(MRP1) and CDCF by 1.84 fold (MRP2)]. Our findings suggested that RN-C potentiated doxorubicin-
mediated cytotoxicity in breast cancer cells possibly through interference on drug efflux pumps. The 
interaction between these two compounds was synergism.

Keywords: breast cancer cell, cytotoxicity, doxorubicin, rhinacanthin-C, drug transporters 
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Introduction
Breast cancer is the leading cause of death in 

women worldwide. In 2014, more than 83% of new 
cancer cases were breast cancer.1 Doxorubicin (DOX) 
is one of the most effective cytotoxic drugs in breast 
cancer chemotherapy. Its adverse effects include 
myelosuppression and cardiotoxicity.2 Because the 
adverse effects are concentration-dependent, the less 
DOX concentrations produce the less severity of 
adverse events and accommodate the more patient’s 
tolerability.2 The combination between a cytotoxic 
anticancer drug and a non-cytotoxic agent is one 
approach to enhance drug efficacy without titrating up 
the concentration. In this regard, a non-cytotoxic agent 
may be able to potentiate the cytotoxic effect of 
anticancer drug through several mechanisms including  
inhibition of drug efflux pumps.9  Moreover, it was 
well established that multidrug resistant (MDR) 
cancer cells were often associated with high level of 
transporter proteins such as P-glycoprotein (P-gp) and 
multidrug resistance associated protein (MRP).10 
Recently, we found that rhinacanthin-C (RN-C), a 
major naphthoquinone ester from the root of 
Rhinacanthus nasutus Kurz. (Acanthacae), could 
inhibit the function of P-gp   transporter in the Caco-2 
cells4. This compound has various pharmacological 
activities including antiviral, antimicrobial,             
anti-proliferative and anti-cancer.5 It could be 
hypothesized that RN-C at the non-cytotoxic 
concentration was able to potentiate the cytotoxic 
effect of doxorubicin in MCF-7 breast cancer cell. The 
type of interaction between RN-C and doxorubicin 
was also determined. 
 
Materials and Methods

Plant materials 
Rhinacanthin-C (RN-C; Figure 1) was 

obtained from the roots of R. nasutus Kurz, using the  
purification and identification processes as previously 
described4. Doxorubicin (DOX) was purchased from 
Merck Calbiochem (KGaA, Darmstadt, Germany). 
RN-C and DOX were dissolved in 99.9% DMSO and 
stored at 20 °C until  use. The final concentration of 
DMSO in each experiment was less than 0.1% (v/v).  
 
 
 

 
At this concentration, DMSO had no cytotoxic effect 
on MCF-7 cells. 
 
Cell cultures

The human breast cancer MCF-7 (ATCC® 
HTB-22™) was obtained from the American Type 
Culture Collection (ATCC, Rockville, MD, USA).
The cells were maintained in RPMI-1640 
supplemented with 10% fetal bovine serum (FBS), 
1% penicillin–streptomycin mixture at 37 °C in a 
humidified atmosphere of 5% CO2.  
 
Cell viability assay
       The cytotoxic effects of RN-C and DOX on 
MCF-7 cells were determined by an MTT assay.4  
Briefly, the cells were seeded onto 96-well plates at the 
density of 5×103 cell per well and cultured overnight. 
Then, the cells were treated with either RN-C (0-10 

M) or DOX (0-2 M) for 24 hours. At the end of the 
treatment peroid, the cells were washed and further 
incubated in serum-free medium containing MTT 
reagent (0.83 mg/ml) for another 4 hours at  37 °C. The 
intracellular formazan crystals were dissolved with 
DMSO and measured spectrophotometrically  at  570 
nm with a microplate reader (Wallac 1420 VICTOR 3 
PerkinElmer Inc., USA)  
        The combinatorial effects of RN-C and DOX 
on cell viability were also assessed. The cells were 
treated with DOX (0-2 M) in the presence of RN-C 
at non-cytotoxic concentration for 24-hr. The cell 
viability was determined by an MTT assay, as 
described above. 

Combination index analysis 
Half maximal inhibitory concentration (IC50) 

values were estimated and used for combination index 
(CI) analysis according to the following equation: 
   

CI=  +  
 
Where C50 (DOX) and C50 (RN-C) were the 
concentrations in a combination regimen that generated 
50% cytotoxicity. IC50 (DOX) and IC50 (RN-C) were 
the concentrations that produce 50% cytotoxicity when 
the compound was used alone.  The CI values 
suggested as following; antagonism when CI > 1, 
additive interaction when CI = 1, and synergism when 
CI < 0.1.6  
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Figure 1. Chemical structure of rhinacanthin-C (RN-C). 
 

Uptake assays for transporter function 
The function of P-gp, MRP1 and MRP2 

transporters were determined by substrate 
accumulation assay as described previously.7 The 
MCF-7 cells were seeded onto 96-well plates at 
the density of 2.2×105 cell per well. On day 3 after 
seeding, the cells were washed and treated with 
inhibitor for 30 min at 37 ºC. Then, a specific 
substrate of each transporter was added and further 
incubated for another 30 min. In this study, 
cyclosporine A (CsA; 50 M) and indomethacin 
(Indo; 500 M) were used as positive inhibitors. 
The selected substrates for evaluation of 
transporter activity included P-gp substrate 
calcein-AM (0.4 M), MRP1 substrate DCDF (5.2 

M) and MRP2 substrate CDCFDA (5 M). 
Furthermore, the inhibitory effect of RN-C on 
substrate accumulation was also determined at the 
12 hr-incubation period in the presence of a 
specific substrate. At the end of incubation period, 
the cells were washed with ice-cold PBS and lysed 
with 0.1% Triton X-100. The fluorescence 
intensity of calcein, DCDF and CDCF was 
determined with  a microplate reader (Wallac 1420 
VICTOR 3, PerkinElmer Inc., USA) at 
excitation/emission wavelengths of 485/535 nm.
The amount of proteins in each sample were 
determined with Bradford reagent® at 595 nm.4 

Statistical analysis 
Data were expressed as mean ± S.E.M. 

Statistical analysis was performed by one-way 
ANOVA, followed by post-hoc Least Significant 

Different (LSD) test. P<0.05 was considered 
significance. 

Results 

Effect of RN-C and DOX on cell viability 
Both DOX and RN-C caused concentration-

dependent cytotoxicity on MCF-7 cell after 24-hr 
treatment (Figure 2). RN-C at the concentrations up 
to 1.5 M were not toxic to the cells after 24-hr 
exposure. RN-C at the non-cytotoxic concentration 
(0.1 M) was able to reduce cell survival rate from 
DOX exposure (Figure 3). Upon addition of RN-C 
0.1 M, the IC50 of DOX decreased by 1.4-fold 
with the CI value of 0.71. The IC50 values of each 
treatment were shown in Table 1. 

Effect of RN-C on P-gp, MRP1 and MRP2 function  
In this experiment, our MCF-7 cells 

expressed appreciable levels of P-gp, MRP1 and 
MRP2 activities. The presence of cyclosporine A (50 

M) and indomethacin (500 M) increased 
accumulation of calcein, DCDF, and CDCF by 
approximately 2.02, 2.16 and 4.01 folds, respectively 
(Figure 4).  

RN-C at the concentration of 0.1 M was 
able to increase intracellular accumulation of calcein 
(by 1.20 fold), DCDF (by 1.37 fold) and CDCF (by 
1.84 fold) in MCF-7 cells after 12-hr treatment (Figure 
5). Moreover, RN-C caused more CDCF retention 
within the cells than a known MRP2 inhibitor 
indomethacin at the equimolar concentration of 0.1 

M did. These data suggested that RN-C at the very 
low concentration was able to interfere P-gp, MRP1 
and MRP2 activities. In addition, RN-C could inhibit 
MRP2 activity more than P-gp and MRP1 activities. 
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Figure 2. Effect of RN-C on the MCF-7 viability after 24-hr treatment. Each value represented the mean ± 
S.E.M. (n=4) *P < 0.05 vs untreated group. 

 

 

Figure 3. Effect of RN-C on DOX-mediated cytotoxicity. The cytotoxicity at the 24 hours treatment period 
was determined in the presence and absence of RN-C 0.1 M. Each value represented the mean ± 
S.E.M. (n=4).   

 
 
Table 1. IC50 and combination index (CI) value of doxorubicin (DOX) and rhinacanthin-C (RN-C) in the 

MCF-7 cells after the treatment period of 24 hours. 
 

24-hr Treatments IC50 ( M) CI
RN-C 8.57 ± 0.15 - 
DOX 1.36 ± 0.02  - 
DOX + 0.1 M RN-C 0.95 ± 0.38 0.71 
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Figure 4.  P-gp, MRP1 and MRP2 activities in the MCF-7 cells. Intracellular accumulation of calcein, DCDF 
and CDCF were determined in the presence and absence of in Cyclosporine A (CsA; 50 M) and 
indomethacin (Indo; 500 M). Data were calculated and expressed as the percentage of the untreated 
group. 

Figure 5. Effect of RN-C on P-gp, MRP1 and MRP2 activities in MCF-7 cells after 12-hr treatment. The 
cells were treated with test compound [i.e., RN-C (0.1 M), cyclosporine A (CsA, 0.1 M), 
Indomethacin (Indo, 0.1 M) for 12 hr. At the end of 12-hr treatment period. Intracellular 
accumulation of calcein, DCDF and CDCF were determined for P-gp, MRP1 and MRP2 
respectively. Data were calculated and expressed as the percentage of the untreated group.

Discussion 
In this study, we demonstrated that 

rhinacanthin-C (RN-C), a natural naphthoquinone 
derivative, was cytotoxic to breast cancer cell after 1-
day treatment. Apparently, the potency of RN-C was 
about 6.3 fold less than doxorubicin. At the non-
cytotoxic concentration of 0.1 M, RN-C could 
enhance doxorubicin sensitivity in breast cancer cell 
line. The IC50 value of doxorubicin decreased 1.4 fold 
in the presence of RN-C 0.1 M. According to 
combination index (CI) analysis, the interaction 

between RN-C and doxorubicin was apparent 
synergism with the CI values of 0.71.  
  Inhibition of drug efflux pump is a known 
mechanism for improving cell sensitivity to cytotoxic 
drugs in multidrug resistant (MDR) cancer cells.9  It 
has been demonstrated that MDR cancer cells have 
high expression of the ABC transporters in particular 
P-gp, MRP1 and MRP2.7,8 The inhibition of these 
efflux transporters can increase intracellular 
accumulation of its cytotoxic drug substrate up to the 
level that can cause cell death. In this study, we 
demonstrated that RN-C at the low concentration (0.1 
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M) was able to increase intracellular levels of 
transporter substrates in the MCF-7 cells. These data 
suggested that RN-C at low concentration could 
disrupt the activities of drug efflux pumps including    
P-gp, MRP1 and MRP2. Moreover, the inhibitory 
action of RN-C was more pronounced toward MRP2 
function than toward MRP-1 and P-gp functions. As 
known, DOX is a substrate of drug efflux pumps in the 
ABC superfamily including P-gp, MRP1 and MRP2.9 
Hence, it was likely that RN-C enhanced doxorubicin-
mediated cytotoxicity in the MCF-7 cells through 
inhibition of these ABC drug efflux pumps. 
onsequently, intracellular doxorubicin increased up to 
the cytotoxic level and caused cell death.

Conclusion
Rhinacanthin-C could potentiate doxorubicin-

mediated cytotoxicity in breast cancer cells. The 
interaction between this compound and doxorubicin 
was synergism. The MDR reversal property of RN-C 
was possibly related to its inhibitory action against the 
ABC transporters in particular MRP2. 
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Abstract

 Cancer stem cells play an important role in tumor recurrence. Many studies demonstrated that 
hypoxic condition increased number of cancer stem cells in several tumors. This study aimed to investigate 
whether apigenin, a potent chemopreventive agent, could inhibit stem cell marker expression under hypoxic 
condition in head and neck squamous cell carcinoma.Using semi quantitative RT-PCR, we demonstrated that 
hypoxic incubation clearly increased mRNA expression of REX-1, NANOG, CD44, CD105 and 
VEGF.Interestingly, real time RT-PCR showed that apigenin at a concentration of 40 M significantly 
inhibited the mRNA expression of these stem cell markers. These data suggest that apigenin may reduce the 
number of cancer stem cells. Therefore our study supports the future use ofapigenin as the promising anti-
cancer agent. 
 
Keywords:head and neck squamous cell carcinoma, hypoxia, apigenin, cancer stem cells 
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Introduction 
  Head and neck squamous cell carcinoma is 
the sixth most common cancer in worldwide. The 
therapeuticoptions of this tumor involves 
radiotherapy, surgery, chemotherapy, or concurrent 
chemo-/radiotherapy.¹ Although the treatments of 
this disease have been advanced, survival rate of 
patients in last 30 years remains unchanged.² 
Discovering new therapeutic strategy to improve 
survival rate of patients is challenging. 
   Cancer stem cells are the small population 
of cells that are responsible for tumor recurrence 
and metastasis.³ Cancer stem cells have been 
identified in many solid tumors from various 
origins, including brain,4 head and neck,5 colon,6 
and breast.7 The characteristics of cancer stem cells 
contain four key elements-: self-renewal, differentiation 
capacities, tumorigenicity, and specific cell surface 
marker expression.8 The common markers that are 
used to identify cancer stem cells includeCD44, 
CD133, NANOG and OCT-4. However these 
markers can be found in other cell types, thus not 
specific to cancer stem cells.²Therefore, the 
researchers try to find the combination of markers 
in order to specifythe cancer stemcell population. 
   Hypoxia, a condition of low oxygen levels 
and poorly vascularized regions, is a common 
characteristic of solid tumors. It plays an important 
role in promoting many oncogenic events such as 
proliferation and angiogenesis.9 Recent evidence 
showed that hypoxia enhanced stemness of cancer 
stem cells. For example hypoxia(0.5%O ) increased 
the level of both OCT-4 and NANOG expression in 
prostate cancers.10 Correspondingly, Zhizhong’s 
study showed that hypoxia increased OCT-
4expression in hypoxic brain cancers.11 
   Apigenin (4’,5,7,-trihydroxyflavone), a 
phytopolyphenol, is widely studied for its anticancer 
activity in many types of cancer cells. For example, 
apigenin is shown to reduce cell proliferation and induce 
apoptosis in human gastric carcinoma.12 Moreover it can 
suppress tumorigenesis and angiogenesis in prostate and 
lung carcinomas.13,14 Apigenin inhibited cancer cell 
proliferation and angiogenesis through suppression of 
HIF-1 and vascular endothelial growth factor 
(VEGF).15,16In head and neck cancer cells, it has been 
shown that apigenin exhibited various pharmacological 
properties, including antioxidant, chemopreventive, and 
apoptosis.17 However, the effect of apigeninon cancer 
stem cell is not known yet. Therefore, in this study, we 
investigated whether apigenin could reduce cancer stem 

cell population in head and neck squamous cell 
carcinoma by determining stem cell marker expression.

Materials and methods 

Cell culture and hypoxic treatment: HN-30, head and 
neck cancer cell lines fromsquamous cell carcinomas 
of the esophagus were utilized. Cells were culturedin 
DMEM supplemented with 10% fetal bovine serum 
(FBS), L-glutamine (100 g/ml) and antibiotics (100 

g/ml), at 37ºC in humidified atmosphere with 5% 
CO2. Forhypoxic condition, cells were put into hypoxic 
chamber (0.5-1% O2).Oxygen levels wereconstantly 
monitored by oxygen detector(AsunGadget). 
 
Cytotoxic assay: Cells were seeded into 24well-plate at 
the density of 20×10  cells/well. After reaching 
80%confluent, cells were treated with various 
concentrations of apigenin(Sigma, USA)for 24 and 48 
hr. At the end ofthe experiment, the culture medium 
was replaced with MTT solution(USB, USA). The 
formazan productwas dissolved with DMSO. The 
absorbance of formazan dye was measured at 570 nm. 
Thepercentage of cell survival was calculated by a 
following formula: 
 

Percentage of cell survival 
= OD(sample)/OD(negative control)×100% 

 

Semi-quantitative reverse transcription polymerase 
chain reaction(RT-PCR) and Real-time PCR:Cells 
were seeded into 6well-plateat the density of 
20×104cells/well. After reaching 80% confluent,the 
cells were treated with various concentrations of 
apigeninand incubated in either normoxic or hypoxic 
conditions for 6 and 24 hr. At the end of the 
experiment,total RNA was extracted with TRIzol 
(Invitrogen).cDNAwas synthesized using 
Superscript II reverse transcriptase 
(Invitrogen).ThemRNA expression of cancer stem 
cell markers was detected by TaqPCR (Sigma). For 
real-timePCR, SYBR Green PCR Kit (Sigma) was 
used. 
 
Statistical analysis:Data are presented as means ± SD 
of three-independent experiments. One wayANOVA 
with least significant difference (LSD) post hoc test 
was used to determine the statistical significance. The 
p-value less than 0.05 wasconsidered as statistically 
significance. 
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Figure 1. Cytotoxic effect of apigenin.Toxic concentration of apigenin on HN30 cell at 24 hr and 48 hr 
was studied by MTT assay.*p< 0.05 compared with control (0 M apigenin). 

Figure 2 . Effect of  hypoxic condition (H) on the level of stem cell marker expression inHN-30 cell at 6 
and 24 hr by RT-PCR. 

Results 
 
Effect of apigenin on the viability of HN-30 cells 

Cells were treatedwith 0, 10, 20, 40, 80 and 
100 M of apigenin for 24 and 48 hr As shown in 
Figure 1, apigenin significantly decreased cell viability, 
in a dose- and time-dependent manner. Apigenin at the 
concentration of 10-40 M did not significantly affect 
cell viability. Significant decreased in cell viability was 
observed when cells were treated with 80-100 M 
apigenin. The IC50 values of apigenin at 24 hr and 48 
hr were 106.95 and 67.96 M respectively. 
  
Hypoxia induced stem cell marker expression
 Next, we determined whether hypoxic 
condition could induce the expression of cancer stem 
cell markers in HN-30 cell. After 6 and 24 hr  of 
hypoxic incubation, the mRNA expression of OCT-
4, NANOG, REX-1, CD44, CD105 and VEGF was 

studied by semi-quantitative-PCR. As shown in 
Figure 2, mRNA expression of OCT-4 and CD105 
was increased at 6 h of hypoxic condition. The 
mRNA expression of NANOG andREX-1 was 
enhanced after 24 hr The mRNA expression of
CD44 and VEGF was increasedat both 6 and 24 hr 
However, CD73 mRNA expression was not changed 
during the treatment.

Effect of apigenin on stem cell marker expression 
under hypoxic condition. 
 To test the effect of apigenin on the 
expression of stem cell markers, cells were treated 
with 20 and 40 M of apigenin, the concentrations 
that did not affect cell viability. As the induction of 
stem cell markers was observed at different time 
point, the inhibitory effect of apigenin was tested at 
6 hr for OCT-4, CD44 and CD105 (Figure 3A) and 
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at 24 h for REX-1, NANOG and CD44 (Figure 3B). 
Using real-time PCR, we found that, at 6 hr, the 
mRNA expression of CD44 and CD105 significantly 
reduced when cells were treated with 40 M 
apigenin (Figure 3A). At 24 hr, the mRNA 
expression of NANOG and VEGF significantly 
decreased when cells were treated with 20 and 40 

M of apigenin (Figure 3B). However, apigenin was 
not able to inhibit the expression of OCT-4 and 
REX-1. 

A           B 

A         B 

Figure 3. Effect of apigenin on the expression levels of stem cell markersunder hypoxic condition. Cell 
were treated with 20-40 M apigenin and incubated at hypoxic condition for 6 (A) and 24 (B) 
hour. H, Hypoxia ; A, Apigenin. 
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Discussion and Conclusion 
 The traditional cancer therapies aim to 
eliminate as many cancer cell as possible. However, 
regarding cancer stem cell hypothesis, only small 
subpopulations of cells, known as cancer stem cells, 
are critical to the growth and progression of many 
cancers.16 Therefore, to gain more effective cancer 
therapy, it is important to seek for the agent that can 
eliminate cancer stem cell as well. Apigeninis a 
phytochemical compound that possess various 
anticancer activities. However, its effect on cancer 
stem cellsis poorly understood. In the present study, we 
found thatapigeninreduced a variety of stem cell 
marker expression under hypoxic condition.Most 
importantly, apigenin could reduce the expression 
ofCD44, the main marker for head and neck cancer 
stem cellidentification.18 Moreover,it can reduce the 
expression of NANOG,the embryonic stem cell 
marker.19-21 andCD105, themarker for tumor 

angiogenesis.22These finding imply that apigenin could 
inhibit self-renewal capacity of cancer stem cell.In the 
future, the effect of apigenin on the number of cells 
expressing stem cell markers will be studied using 
Flow cytometry. 
 In summary, our present data demonstrated 
thatapigeninhad anticancer effect on cancer stem cell in 
HN-30cells. Therefore, apigenin could be a useful 
therapeutic agent for development of cancer stem cell 
based therapy. Though, the future experiment is 
certainly required to prove this hypothesis. 
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stem cellsis poorly understood. In the present study, we 
found thatapigeninreduced a variety of stem cell 
marker expression under hypoxic condition.Most 
importantly, apigenin could reduce the expression 
ofCD44, the main marker for head and neck cancer 
stem cellidentification.18 Moreover,it can reduce the 
expression of NANOG,the embryonic stem cell 
marker.19-21 andCD105, themarker for tumor 

angiogenesis.22These finding imply that apigenin could 
inhibit self-renewal capacity of cancer stem cell.In the 
future, the effect of apigenin on the number of cells 
expressing stem cell markers will be studied using 
Flow cytometry. 
 In summary, our present data demonstrated 
thatapigeninhad anticancer effect on cancer stem cell in 
HN-30cells. Therefore, apigenin could be a useful 
therapeutic agent for development of cancer stem cell 
based therapy. Though, the future experiment is 
certainly required to prove this hypothesis. 
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Abstract 

Colorectal cancer (CRC) is one of the most common diagnosed cancers with high mortality rate world 
wide due to its resistance to chemotherapeutic drugs. In addition, the carcinogenesis of CRC is complex and 
associated with multiple genetic alterations. CRC upregulates several nutrient transporters such as glucose 
transporter 1 (GLUT1) and cystine/glutamate exchanger (xCT) to provide sufficient nutrients for their metabolic 
requirement and protection against the oxidative stress. However, the expression pattern and the role of nutrient 
transporters in CRC cell lines with different genetic backgrounds have not been documented. Herein, we 
examined the expression of xCT and GLUT1 in HT29, HCT116, SW480 cell lines. HT29 expressed the highest 
level of xCT, whereas GLUT1 was detected in SW480 >> HT29 > HCT116 cell lines. Inhibition of xCT and 
GLUT1 by a specific inhibitor, had no dramatic effect on CRC cell viability. However, the sensitivity of SW480 
but not HT29 to 5-FU was enhanced by co-treatment with an xCT inhibitor, sulfasalazine. Interestingly, 
combination treatment between sulfasalazine and WZB117, a GLUT1 inhibitor, markedly reduced SW480 cell 
viability induced by 5-FU. These results indicate that the expression pattern of xCT and GLUT1 transporters 
might depended on the differences in genetic alteration in CRC cells.  Inhibition of these transporters may 
enhance the sensitivity of specific CRC cells to chemotherapeutic drugs. The results further support the concept of 
personalized medicine, in which the genetic background information should be taken into account for medical 
decision. 

Keywords: colorectal cancer, xCT, GLUT1, drug resistance, personalized medicine 
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Introduction

Colorectal cancer (CRC) is the fourth most 
commonly diagnosed cancer and mortality 
worldwide.1 The incidence rate of CRC in Thailand 
has rapidly been increased since 2001-2003 in both 
male and female with a male/female ratio of 1.4:1.2 
In 2012, National cancer institute (NCI) of Thailand 
reported that colorectal cancer ranked as the second 
most common cancer (11.59% of total) after breast 
cancer, and was the third leading cause of cancer-
related death (8.1% of total) after liver and lung 
cancer. The highest incidence rate of CRC for both 
sexes has been reported in Bangkok.2 The risk 
factors for colorectal cancer development appear to 
be associated with smoking, physical inactivity, 
obesity, and alcohol consumption.3 Primary tumors 
without metastasis are usually treated by surgical 
resection whereas the majority of patients with 
advanced colon cancer require cytotoxic 
chemotherapy as a primary treatment. The first-line 
chemotherapeutic drugs for treatment of metastatic 
colorectal cancer worldwide is 5-fluorouracil (5-
FU), which inhibits cancer cell growth and initiates 
apoptosis by targeting thymidylate synthase (TS).4 
Nevertheless, either intrinsic resistance to these 
drugs or acquired resistance during treatment 
remains one of the major problems.4 The treatment 
of outcome for Thai patients with advanced stages 
of disease is relatively poor. The 5-year survival 
rate after treatment of Thai colorectal cancer 
patients for stage I, II, III and IV were 100%, 68%, 
44%, and 2%, respectively.5 Therefore, in order to 
improve the response rates to chemotherapy, the use 
of 5-FU in combination with other drugs or agents 
have been reported.6 Due to the narrow therapeutic 
windows of the existing chemotherapeutic drugs, 

these synergistic or additive interactions may 
improve the therapeutic results and decrease the 
necessary doses of current chemotherapeutic agents. 
However, the optimal combination treatment has 
not yet been identified.  
 Many types of nutrient transporter have been 
proposed to be crucial to supply the nutrients to meet 
metabolic demands of tumor cells for their proliferation 
and survival. Of these, cysteine/glutamate exchanger 
(xCT) and glucose transporter 1 (GLUT1) are 
identified to be significantly linked to the tumor 
pathogenesis and carcinogenesis.7 xCT (SLC7A11), a 
plasma membrane cysteine/glutamate exchanger 
transporter enables the intracellular uptake of cystine, 
which is required for the synthesis of glutathione 
(GSH).7,8 It requires 4F2hc/CD98 for its functional 
expression at plasma membrane.8 GSH is a major 
antioxidant that is essential for maintaining 
intracellular redox balance and considered essential 
for protection of cells from oxidative stress. Moreover, 
the expression of xCT has been reported to play a 
crucial role in the tumor progression and drug 
resistance.9,10 For example, the elevation of xCT in 
human pancreatic cancer cells (PANC-1) was  
associated with cell growth, viability and resistance to 
gemcitabine.11 Furthermore, overexpression of xCT 
induced ovarian cancer cells resistance to cisplatin 
treatment.12  Besides xCT, most of cancer cells 
express glucose transporter 1 (GLUT1) at high level.7 
GLUT1 or SLC2A1 is a facilitative glucose transporter.13 
Prognostic significance of GLUT1 in colorectal cancer 
has been reported.14 Notably, several reports have 
shown that inhibition of xCT and GLUT1 suppressed 
tumor growth. Inhibition of the xCT transporters 
leading to cystine/cysteine starvation and subsequent 
glutathione depletion, has been proposed as a potential 
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therapeutic approach in a variety of cancers.11,15-17 
Down-regulation of xCT increased the sensitivity of 
lung adenocarcinoma (HOP62) cells to an HSP90 
inhibitor, geldanamycin.18 Likewise, inhibition of 
GLUT1 suppressed glycolysis pathway and inhibited 
cancer cell growth in vivo.19 Interestingly, 5-FU 
resistant colorectal cancer cells showed 
overexpression of GLUT1, and inhibition of GLUT1 
by a specific inhibitor increased sensitivity to 5-FU in 
resistant cells.20 Collectively, these findings suggest 
that reduction of drug resistance by specific inhibition 
of the xCT and GLUT1 transporters could provide a 
new approach for treatment colorectal cancer.  
 Carcinogenesis of colorectal cancer is known 
to be a multistage process that involves several genetic 
alterations. Currently, many established CRC cell lines 
are widely used as in vitro model system to study drug 
responsiveness and biological pathways related to 
cancer development or progression. Each cell line 
presents the same mutational status or genetic 
alteration as in primary tumors.21,22 and have the 
different in malignancy characteristics.23 However, the 
comparison between the expression and its role of 
these nutrient transporters among CRC cell lines 
isolated from patients with different genetic 
background has not been documented. Herein, we 
examined the expression of two nutrient transporters, 
xCT and GLUT1 in three different types of CRC cell 
lines, namely HT29, HCT116 and SW480 which are 
reported to have the different genetic background, as 
well as the effect of their inhibitors on  the sensitivity 
of the chemotherapeutic drug, 5-FU. 
 
Objectives of the study 

1. To compare the expression pattern of xCT 
and GLUT1 in three human colorectal cancer 
cell lines. 

2. To investigate the effect of xCT and GLUT1 
inhibitors on the sensitivity of human 
colorectal cancer cell lines to 5-FU. 

Materials and Methods

Cell culture, antibodies and reagents 
Human colorectal cancer cell lines (HT29,  

HCT116 and SW480) were obtained from American 
Type Culture Collection (ATCC). All three cell lines 
were cultured in complete DMEM high glucose 
medium (Invitrogen, Carlsbad, CA) supplemented 
with 10% fetal bovine serum (Sigma–Aldrich, St. 
Louis, MO) and containing 1% antibiotic-antimycotic 
(Gibco, Carlsbad, CA). Cells were incubated at 37 °C 
with 5% CO2 incubator. The following antibodies 
were used: anti-xCT from Abcam (Cambridge, ENG, 
UK); anti-GLUT1 from Thermo scientific (Rockford, 
MD); anti- -actin monoclonal antibodies from 

Sigma-Aldrich (St. Louis, MO); HRP goat anti-rabbit 
IgG (H+L) and HRP goat anti-mouse IgG (H+L) 
antibodies from Jackson Immuno Research 
Laboratories, Inc. (West Grove, PA). The following 
reagents were used: 5-fluorouracil, WZB117 and 
MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl 
tetrazolium bromide) were purchased from Sigma-
Aldrich (St. Louis, MO); TRIzol reagent from 
Invitrogen (Carlsbad, CA); cDNA kit from Bio-Rad 
(Hercules, CA); SYBR kit from Biosystem (Woburn, 
MA); complete Mini EDTA-free from Roche 
(Mannheim, Germany); Luminata Crescendo 
Western HRP Substrate (Millipore, Billerica, MA). 

Western blot analysis 
Cells were cultured in a 60 mm dish at 

density 5 x 105 cells/dish and incubated at 37 °C 
with 5% CO2 incubator for 24 h. Cell were lysed 
with modified RIPA lysis buffer (50 mM Tris-HCl 
pH 7.4, 150 mM NaCl, 1 mM EDTA, 1% TritonX-
100, 1 mM NaF, 1 mM Na3VO4, 1 mM PMSF, 
protease inhibitor cocktail). After 30 min incubation 
on ice, cells were centrifuged at 12,000 rpm for 20 
min at 4°C. The supernatant was collected and the 
protein concentrations were measured. Equal 
amount of protein samples were mixed with 
Laemmli’s sample buffer with or without DTT as 
indicated before resolved on SDS-PAGE, subsequently 
transferred onto polyvinylidene fluoride (PVDF) 
membrane by electro-blotting. Membranes were 
incubated with anti-CD98, anti-GLUT1, anti-xCT 
antibody or anti -actin overnight at 4°C before 
incubating with HRP-conjugated goat anti-rabbit or 
anti-mouse IgG for 1 h at room temperature. The 
signals were detected using the enhanced Luminata 
Crescendo Western HRP Substrate reagent.

Total RNA extraction and RT-PCR Quantification 
Colorectal cancer cells were cultured in a 

60 mm dish at density 5 x 105 cells/dish and 
incubated at 37 °C with 5% CO2 incubator for 24 h. 
Total RNAs were extracted from cells by using 
Trizol reagent according to the recommendation of 
the manufacturer. cDNA synthesis was conducted 
by using iScriptTM cDNA synthesis kit. Quantitative 
real time PCR of GLUT1 and xCT were analyzed 
using SYBR Green I dye with ABI PRISM 7500 
Sequence Detection System and analysis software 
(Applied Biosystem). Primers were designed using 
NCBI/Primer-Blast and 7 IDT Scitools Olioanalyzer 
3.1. The primers used are summarized in Table 1.  
The mRNA level of each gene was normalized to 
mRNA level of a housekeeping gene, GAPDH.  
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Table 1.  The primers for quantitative real time PCR 
 

xCT 5’-GGTCAGAAAGCCTGTTGT-3’ 5’-GATGAAGATTCCTGCTCC-3’
GLUT1 5’-TCACTGTGCTCCTGGTTCTG-3’ 5’-CCTGTGCTCCTGAGAGATCC-3’
GAPDH 5’-ACCACAGTCCATGCCATCAC-3’ 5’-TCCACCACCCTGTTGCTGTA-3’

Cell viability assay 
Cells were seeded into 96 well plate at 

density of 1x104 cells/well and incubated at 37 °C 
with 5% CO2 incubator for 24 h. Cells were treated 
with 5-Fluorouracil (0.1, 0.5, 1, 5, 10, 50 M) alone 
or in combination with WZB117 (10 M) and 
sulfasalazine (500 M) as indicated for 72 h. The 
percentage of viable cells were assessed using 3-
(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium 
Bromide (MTT) assay. Medium was removed and 
replaced with the complete D-MEM medium 
containing 0.5 mg/ml of MTT solution and 
incubation at 37 ºC for 4 h. Medium was removed and 
formazan product was solubilized by DMSO. Cell 
viability was determined by measurement the 
absorbance at 540 nm by Multiskan Go microplate 
spectrophotometer (Thermo Scientific, Rockford, MD). 
 
Statistical analysis 

All data were expressed as mean and standard 
error of mean (mean ± S.E.M). The statistical analysis 
was performed by using the statistical software 
package, GraphPad Prism version 5.0. The statistically 
significant differences among groups were compared 
using one-way analysis of variance (ANOVA) 
followed by Tukey-Kramer post hoc test. Statistical 
significance was considered when p < 0.05. 

Results

mRNA expression of xCT and GLUT1 in human 
colorectal cancer cell lines 

The systematic study on the expression of the 
therapeutic targets as well as their roles among these 
colorectal cancer cell lines are needed to be examined. 
In present study we compared the expression levels of 
xCT and GLUT1, two nutrient transporters which have 

been demonstrated to highly expressed in multiple 
cancers, was compared among the three different 
colorectal cancer cell lines (HT29, HCT116 and 
SW480) that differ in mutation status. The mRNA 
expression of xCT and GLUT1was examined by 
quantitative real time PCR. As shown in Fig. 1, HT29 
showed approximately 15 folds higher mRNA 
expression of xCT than HCT116 and SW480 cell lines 
(Fig. 1A). The expression level of GLUT1 was highly 
detected in SW480 and HT29 cell lines (Fig. 1B). 
However, the expression of GLUT1 was low in 
HCT116 cell line. 

The expression of these nutrient transporters 
was further confirmed by western blotting. For xCT, 
HCT116, HT29 and SW480 cell lysates were 
separated on SDS-PAGE in the presence [DTT(+)] 
and absence [DTT( )] of DTT followed by staining 
with anti-xCT antibody. As shown in Fig. 2A, the 

125 kDa bands corresponding to xCT-4F2hc 
heterodimer complexes were detected in all colorectal 
cancer cells lines in the absence of DTT [DTT(-)]. 
However, under the reducing condition [DTT(+)], 
xCT was detected at 35 kDa bands corresponding to 
the monomeric form of xCT as was previously 
reported.24 Consistent with the mRNA expression 
study, HT29 showed the highest xCT protein 
expression compared to HCT116 and SW480 cells. 
Together with previous reports, this result indicates 
that xCT forms heterodimeric complexes with other 
proteins, presumingly 4F2hc (CD98) in these 3 
colorectal cancer cell lines. In addition, the expression 
of GLUT1 protein was also examined and 
demonstrated the consistent result as in mRNA 
expression in which the highest expression was found 
in SW480 cells followed by HT29 and HCT116 cell 
lines, respectively (Fig. 2B). 

 
 
Figure 1. mRNA expression of xCT and GLUT1 in colorectal cancer cell lines. Total RNA was isolated 

from HCT116, HT29 and SW480 cells and used for quantitative real time PCR by specific 
primer of xCT(A) and GLUT1(B). The mRNA expression level of each gene was normalized to 
mRNA level of a housekeeping gene, GAPDH. The results are means ± S.E.M (n=3) and 
represented as fold change compared to the expression level in HCT116 cells. 
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Figure 2. Protein expression of xCT and GLUT1 in three colorectal cancer cell lines. (A) Expression of 

xCT protein in colorectal cancer cell lines. HCT116, HT29 and SW480 cells were lysed with 
modified RIPA lysis buffer and subjected for western blotting in the presence [DTT(+)] or 
absence [DTT(-)] of DTT with anti-xCT and anti- -actin antibodies. (B) Expression of GLUT1 
protein in colorectal cancer cell lines. Colorectal cells were lysed and subjected for Western 
blotting with anti-GLUT1 and anti- -actin antibodies. 

Figure 3.  5-FU treatment decreases cell viability in colorectal cancer cell lines. (A) HT29 cells and (B) 
SW480 cells were treated with indicated concentration of 5-FU for 72 h followed by the 
measurements of cell viability by using MTT assay. The results were expressed as % of control 
group (DMSO) and represented as mean ± S.E.M. (n=3). *** p<0.0001 vs control (DMSO). 

The effects of sulfasalazine, WZB117 and 5-FU 
treatments on colorectal cancer cell viability 

To determine the optimal dose of 5-FU on 
colorectal cancer cell viability, HT29 and SW480 
cells were treated with various doses of 5-FU for 72 
h following by MTT assay. As shown in Fig. 3, 5-
FU decreased cell viability in dose-dependent 
manner in HT29 and SW480 cell lines. (Fig. 3A and 
B). We next determined whether inhibition of xCT 
and GLUT1 by specific inhibitors increase 
sensitivity of HT29 and SW480 to 5-FU. Cells were 
treated with 5-FU or inhibitors alone or in 
combination between 5-FU and inhibitors for 72 h 
before assessment cell viability by MTT assay. As 
shown in Fig. 4A, single treatment of xCT and 
GLUT1 inhibitors had no effect on HT29 cell 
viability. 

In addition, the sensitivity of HT29 to 5-FU 
drug was not affected by these inhibitors. In 
contrast, SW480 cell viability significantly reduced 
after sulfasalazine but not WZB117 treatments. 
Consistent with this notion, the sensitivity of SW480 
cells to 5-FU was also increased in the presence of 
an xCT inhibitor (Fig. 4B). Co-treatment of 5-FU 
and sulfasalazine suppressed SW480 significantly 
compared to 5-FU treatment alone. Most interestingly, 
co-treatment with WZB117 and sulfasalazine further 
increased the sensitivity of SW480 cells to 5-FU. 
Taken together, these results indicate that inhibition 
of xCT and GLUT1 function could be used for 
cancer treatment particularly in combination with 
other chemotherapeutic drugs. 
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Figure 4. Inhibition of GLUT1 and xCT increase sensitivity of SW480 colorectal cancer cell line to 5-FU. 

(A) HT29 cells and (B) SW480 cells were treated with of 5-FU (10 M), WZB117 (10 M) and 
sulfasalazine (500 M) alone and combination treatment as indicated for 72 h followed by the 
measurements of cell viability by MTT assay. The results were expressed as % of control group 
(DMSO) and represented as means ± S.E.M. (n=3). *** p<0.0001 vs control (DMSO) 

Discussion and Conclusions 
We examined the expression of two nutrient 

transporters, xCT and GLUT1 in three different types 
of CRC cell lines, namely HT29, HCT116, SW480. We 
found that the tested CRC cell lines showed different 
levels of xCT and GLUT1 expression. HT29 expressed 
the highest level of xCT whereas GLUT1 was detected 
at high level in SW480 and HT29 cell lines. Inhibition 
of xCT and GLUT1 by a specific inhibitor had no effect 
on CRC cell viability. However, the sensitivity of 
SW480 but not HT29 to 5-FU was enhanced by         
co-treatment with an xCT inhibitor, sulfasalazine. 
Interestingly, combination treatment between sulfasalazine 
and WZB117, a GLUT1 inhibitor, markedly reduced 
SW480 cell viability induced by 5-FU. These results 
indicate that the expression pattern of xCT and GLUT1 
transporters may depend on the differences in genetic 

alteration in CRC cells.  Inhibition of these transporters 
may enhance the sensitivity of specific CRC cells to 
chemotherapeutic drugs.  

The genetic alteration of HT29, SW480 and 
HCT116 cell lines have been extensively 
characterized.21,22 and showed distinct mutation pattern. 
HCT116 contains KRAS (G13D), PIK3CA (H1047R) 
and -catenin mutations. SW480 contains KRAS 
(G12V) and TP53 (R273H; P309S) and APC 
(adenomatous polyposis coli) mutations. HT29 contains 
BRAF (V600E), PIK3CA (P449T), TP53 (R273H) and 
APC (adenomatous polyposis coli) mutations. The 
malignancy characteristic of these CRC cell lines have 
also been studied in an orthotopic nude mice model.25 
The growth indices of HCT116 and SW480 cell lines 
were higher than that of HT29 cells. In contrast, the 
highest of lymph node metastasis percentage was 
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observed in HT29 cell lin.25 Reactive oxygen species 
(ROS) play a role in inducing apoptosis. In order for 
cancer cells to survive against oxidative stress from 
ROS production, most of cancer cells upregulate 
cysteine transporter (xCT).  xCT is essential for the 
uptake of cysteine required for synthesis of intracellular 
glutathione (GSH), a substance that play a role in 
prevention of oxidative stress induced apoptosis.26 Our 
current study showed that the molecular weight of xCT 
protein in these three CRC cell lines were detected at 

125 kDa in the absence of reducing agent [DDT(-)]. 
However, under reducing condition [DDT(+)] the 
bands were shifted to 35 kDa corresponding to the 
original size for xCT. Together with previously 
reported, this result indicates that xCT forms the 
heterodimeric complex with chaperone protein 4F2hc 
or CD98 in these CRC cell lines.8 The multiple bands 
observed in HCT116 and HT29 cell lines could be an 
alternatively spliced or translationally modified of xCT. 
Indeed, the xCT modified 55 kDa band was detected in 
astrocyte culture.24 Among three CRC cell lines, we 
found that HT29 expressed the highest mRNA and 
protein levels of xCT. At present the regulation of xCT 
expression in HT29 cell line is not known. Unlike other 
CRC cell lines, HT29 cell line contains KRAS wild-
type. Previous studies in human endothelial cells have 
reported that KRAS has a potent anti-apoptotic activity 
induced by ROS.27 Therefore, the expression of xCT in 
this cell line might be regulated by KRAS and awaiting 
for further investigation.  

The biological significance of GLUT1 in 
carcinogenesis remains unclear. Some evidences 
suggest that GLUT1 expression in colorectal 
adenocarcinomas is associated with a high incidence of 
lymph node metastasis and distal recurrence after 
operation.14,28 Therefore, the expression of GLUT1 was 
suggested to use as a prognostic marker for CRC.14,29 
Recent study found that GLUT1 expression was 
observed in SW480 >> HT29 > HCT116 cell lines. 
The cross-talks between Wnt/ -catenin signaling 
pathway and GLUT1 expression have recently been 
reported. The study in head and neck squamous cell 
carcinoma have found that the hyperactivation of 
Wnt/ -catenin induced by WNT2B increased GLUT1 
expression.30  Therefore, the expression of GLUT1 in 
CRC might be regulated by Wnt/ -catenin signaling 
pathway. Indeed, hyperactivation of this Wnt/ -catenin 
signaling pathway is well documented in colorectal 
cancer.31 SW480 and HT29 contain the APC mutations 
that leads to aberrant activation of Wnt/ -catenin 
signaling pathway. However, the hyperactivation of 
Wnt/ -catenin signaling pathway in HCT116 is due to 
activated -catenin mutation.22  Thus, the upregulation 
of GLUT1 in SW480 and HT29 cell lines might be 
related with the signaling protein(s) upstream of -
catenin.   

Previous studies have reported that HT29 cells 
could be induced to apoptosis by 5-FU.32 and exposure 
of SW480 cells to 5-FU resulted in growth inhibition in 
a dose-dependent manner.33 Consistent with these, we 
showed that 5-FU reduced HT29 and SW480 cell 
viability. Most of colorectal cancer cell lines including 
HT29 and SW480 contain p53 tumor suppressor gene 
mutation, which often leads to resistant to anticancer 
drugs such as 5-fluorouracil (5-FU).22,34 5-FU triggers 
their cytotoxicity by increasing the intracellular ROS 
level in the p53-dependent pathway.35 Thus, we 
reasoned that, the suppression of GSH synthesis by 
inhibition xCT mediated cysteine uptake should 
increase the intracellular ROS and sensitize CRC to 5-
FU.  The growth inhibitory effects of sulfasalazine 
(SSZ), the specific inhibitor for xCT amino acid 
transporter have been seen in lymphoma and 
pancreatic cancer.16,36 SSZ-induced sensitization of 
pancreatic cancer cells to gemcitabine treatment was 
observed both in vitro and in vivo.36 Furthermore, the 
specific GLUT1 inhibitor WZB117, downregulates 
glycolysis pathway, induces endoplasmic reticulum 
(ER) stress leading to cell-cycle arrest, and inhibits 
lung cancer cell growth both in vitro and in vivo.19 The 
combination of WZB117 and cisplatin or paclitaxel 
showed synergistic anticancer effects.19 These 
information suggest the possible use of SSZ and 
WZB117 for the treatment of colorectal cancer. 
However, we found that treatment with SSZ or 
WZB117 alone, or in combination did not reduced 
HT29 cell viability. In addition, the sensitivity of HT29 
to 5-FU was not improved. This might be due to the 
presence of v-raf murine sarcoma viral oncogene 
homolog B1 or BRAF proto-oncogene gene mutation 
(V600E) in HT29 cell line. BRAF (V600E) activating 
mutation has been associated with the resistance of 
metastatic colorectal cancer patients to EGFR 
inhibitors, panitumumab or cetuximab.37 Consistent 
with this speculation, combination treatment of SSZ 
and WZB117 increased the sensitivity of BRAF wild 
type SW480 cell line to 5-FU. In contrast, WZB117 an 
increased the sensitivity of resistant colorectal cancer 
cell lines (HT29 cells) to 5-FU have been reported.20 
This discrepancy might be affected by the passage 
number and culture conditions that has been reported 
for the sensitivity of human prostatic cancer cell line 
LNCaP to androgen.38 

In conclusion, we demonstrated the expression 
pattern of two nutrient transporters, xCT and GLUT1 
in three CRC cell lines with difference in genetic 
alterations. The mutational status of oncogene in CRC 
may have an influence on the expression of these 
transporters and may determine the drug resistance 
phenotypes or drug resistance of cancer cells. These 
observations are consistent with the concept of 
personalized medicine. To increase the sensitivity of 
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WZB117 for the treatment of colorectal cancer. 
However, we found that treatment with SSZ or 
WZB117 alone, or in combination did not reduced 
HT29 cell viability. In addition, the sensitivity of HT29 
to 5-FU was not improved. This might be due to the 
presence of v-raf murine sarcoma viral oncogene 
homolog B1 or BRAF proto-oncogene gene mutation 
(V600E) in HT29 cell line. BRAF (V600E) activating 
mutation has been associated with the resistance of 
metastatic colorectal cancer patients to EGFR 
inhibitors, panitumumab or cetuximab.37 Consistent 
with this speculation, combination treatment of SSZ 
and WZB117 increased the sensitivity of BRAF wild 
type SW480 cell line to 5-FU. In contrast, WZB117 an 
increased the sensitivity of resistant colorectal cancer 
cell lines (HT29 cells) to 5-FU have been reported.20 
This discrepancy might be affected by the passage 
number and culture conditions that has been reported 
for the sensitivity of human prostatic cancer cell line 
LNCaP to androgen.38 

In conclusion, we demonstrated the expression 
pattern of two nutrient transporters, xCT and GLUT1 
in three CRC cell lines with difference in genetic 
alterations. The mutational status of oncogene in CRC 
may have an influence on the expression of these 
transporters and may determine the drug resistance 
phenotypes or drug resistance of cancer cells. These 
observations are consistent with the concept of 
personalized medicine. To increase the sensitivity of 
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CRC cells to anticancer drug treatments, the genetic 
background information should be taken into account 
for medical decision.  

 
 

Acknowledgements 
This project was supported by Faculty of 

Science, Mahidol University and Mahidol University, 
Thailand. Authors thank Dr.Witchuda Saengsawang 
for reading and comment son the manuscript.

 

References

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortality 
worldwide: Sources, methods and major patterns in GLOBOCAN 2012. International Journal of Cancer. 
2015;136(5):E359-E86. 

2. Sriamporn S, Wiangnon S, Suwanrungruang K, Rungsrikaji D, Sukprasert A, Thipsuntornsak N, et al. Risk factors 
for colorectal cancer in northeast Thailand: lifestyle related. Asian Pac J Cancer Prev. 2007;8(4):573-7. 

3. Ferrari P, Jenab M, Norat T, Moskal A, Slimani N, Olsen A, et al. Lifetime and baseline alcohol intake and risk of 
colon and rectal cancers in the European prospective investigation into cancer and nutrition (EPIC). Int J Cancer. 
2007;121(9):2065-72. 

4. Longley DB, Harkin DP, Johnston PG. 5-Fluorouracil: mechanisms of action and clinical strategies. Nat Rev 
Cancer. 2003;3(5):330-8. 

5. Laohavinij S, Maneechavakajorn J, Techatanol P. Prognostic factors for survival in colorectal cancer patients. J 
Med Assoc Thai. 2010;93(10):1156-66. 

6. Ajani JA. Evolving chemotherapy for advanced gastric cancer. Oncologist. 2005;10 Suppl 3:49-58. 
7. Ganapathy V, Thangaraju M, Prasad PD. Nutrient transporters in cancer: relevance to Warburg hypothesis and 

beyond. Pharmacol Ther. 2009;121(1):29-40. 
8. Sato H, Tamba M, Ishii T, Bannai S. Cloning and expression of a plasma membrane cystine/glutamate exchange 

transporter composed of two distinct proteins. J Biol Chem. 1999;274(17):11455-8. 
9. Estrela JM, Ortega A, Obrador E. Glutathione in cancer biology and therapy. Crit Rev Clin Lab Sci. 

2006;43(2):143-81. 
10. Griffith OW. Biologic and pharmacologic regulation of mammalian glutathione synthesis. Free Radical Biology 

and Medicine. 1999;27(9–10):922-35. 
11. Lo M, Ling V, Wang YZ, Gout PW. The x(c)( ) cystine/glutamate antiporter: a mediator of pancreatic cancer 

growth with a role in drug resistance. Br J Cancer. 2008;99(3):464-72. 
12. Okuno S, Sato H, Kuriyama-Matsumura K, Tamba M, Wang H, Sohda S, et al. Role of cystine transport in 

intracellular glutathione level and cisplatin resistance in human ovarian cancer cell lines. Br J Cancer. 
2003;88(6):951-6. 

13. Uldry M, Thorens B. The SLC2 family of facilitated hexose and polyol transporters. Pflugers Arch. 
2004;447(5):480-9. 

14. Saigusa S, Toiyama Y, Tanaka K, Okugawa Y, Fujikawa H, Matsushita K, et al. Prognostic significance of 
glucose transporter-1 (GLUT1) gene expression in rectal cancer after preoperative chemoradiotherapy. Surg 
Today. 2012;42(5):460-9. 

15. Chung WJ, Lyons SA, Nelson GM, Hamza H, Gladson CL, Gillespie GY, et al. Inhibition of cystine uptake 
disrupts the growth of primary brain tumors. J Neurosci. 2005;25(31):7101-10. 

16. Gout PW, Buckley AR, Simms CR, Bruchovsky N. Sulfasalazine, a potent suppressor of lymphoma growth by 
inhibition of the x(c)- cystine transporter: a new action for an old drug. Leukemia. 2001;15(10):1633-40. 

17. Narang VS, Pauletti GM, Gout PW, Buckley DJ, Buckley AR. Sulfasalazine-induced reduction of glutathione 
levels in breast cancer cells: enhancement of growth-inhibitory activity of Doxorubicin. Chemotherapy. 
2007;53(3):210-7. 

18. Huang Y, Dai Z, Barbacioru C, Sadee W. Cystine-glutamate transporter SLC7A11 in cancer chemosensitivity and 
chemoresistance. Cancer Res. 2005;65(16):7446-54. 

19. Liu Y, Cao Y, Zhang W, Bergmeier S, Qian Y, Akbar H, et al. A small-molecule inhibitor of glucose transporter 1 
downregulates glycolysis, induces cell-cycle arrest, and inhibits cancer cell growth in vitro and in vivo. Mol 
Cancer Ther. 2012;11(8):1672-82. 

20. Liu W, Fang Y, Wang XT, Liu J, Dan X, Sun LL. Overcoming 5-Fu resistance of colon cells through inhibition of 
Glut1 by the specific inhibitor WZB117. Asian Pac J Cancer Prev. 2014;15(17):7037-41. 

21. Ahmed D, Eide PW, Eilertsen IA, Danielsen SA, Eknaes M, Hektoen M, et al. Epigenetic and genetic features of 
24 colon cancer cell lines. Oncogenesis. 2013;2:e71. 

22. Gayet J, Zhou XP, Duval A, Rolland S, Hoang JM, Cottu P, et al. Extensive characterization of genetic alterations 
in a series of human colorectal cancer cell lines. Oncogene. 2001;20(36):5025-32. 

23. Flatmark K, Mælandsmo GM, Martinsen M, Rasmussen H, Fodstad Ø. Twelve colorectal cancer cell lines exhibit 
highly variable growth and metastatic capacities in an orthotopic model in nude mice. European Journal of Cancer. 
2004;40(10):1593-8. 

Proceedings of the 37th Congress on Pharmacology of Thailand
143

143 

CRC cells to anticancer drug treatments, the genetic 
background information should be taken into account 
for medical decision.  

 
 

Acknowledgements 
This project was supported by Faculty of 

Science, Mahidol University and Mahidol University, 
Thailand. Authors thank Dr.Witchuda Saengsawang 
for reading and comment son the manuscript.

 

References

1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al. Cancer incidence and mortality 
worldwide: Sources, methods and major patterns in GLOBOCAN 2012. International Journal of Cancer. 
2015;136(5):E359-E86. 

2. Sriamporn S, Wiangnon S, Suwanrungruang K, Rungsrikaji D, Sukprasert A, Thipsuntornsak N, et al. Risk factors 
for colorectal cancer in northeast Thailand: lifestyle related. Asian Pac J Cancer Prev. 2007;8(4):573-7. 

3. Ferrari P, Jenab M, Norat T, Moskal A, Slimani N, Olsen A, et al. Lifetime and baseline alcohol intake and risk of 
colon and rectal cancers in the European prospective investigation into cancer and nutrition (EPIC). Int J Cancer. 
2007;121(9):2065-72. 

4. Longley DB, Harkin DP, Johnston PG. 5-Fluorouracil: mechanisms of action and clinical strategies. Nat Rev 
Cancer. 2003;3(5):330-8. 

5. Laohavinij S, Maneechavakajorn J, Techatanol P. Prognostic factors for survival in colorectal cancer patients. J 
Med Assoc Thai. 2010;93(10):1156-66. 

6. Ajani JA. Evolving chemotherapy for advanced gastric cancer. Oncologist. 2005;10 Suppl 3:49-58. 
7. Ganapathy V, Thangaraju M, Prasad PD. Nutrient transporters in cancer: relevance to Warburg hypothesis and 

beyond. Pharmacol Ther. 2009;121(1):29-40. 
8. Sato H, Tamba M, Ishii T, Bannai S. Cloning and expression of a plasma membrane cystine/glutamate exchange 

transporter composed of two distinct proteins. J Biol Chem. 1999;274(17):11455-8. 
9. Estrela JM, Ortega A, Obrador E. Glutathione in cancer biology and therapy. Crit Rev Clin Lab Sci. 

2006;43(2):143-81. 
10. Griffith OW. Biologic and pharmacologic regulation of mammalian glutathione synthesis. Free Radical Biology 

and Medicine. 1999;27(9–10):922-35. 
11. Lo M, Ling V, Wang YZ, Gout PW. The x(c)( ) cystine/glutamate antiporter: a mediator of pancreatic cancer 

growth with a role in drug resistance. Br J Cancer. 2008;99(3):464-72. 
12. Okuno S, Sato H, Kuriyama-Matsumura K, Tamba M, Wang H, Sohda S, et al. Role of cystine transport in 

intracellular glutathione level and cisplatin resistance in human ovarian cancer cell lines. Br J Cancer. 
2003;88(6):951-6. 

13. Uldry M, Thorens B. The SLC2 family of facilitated hexose and polyol transporters. Pflugers Arch. 
2004;447(5):480-9. 

14. Saigusa S, Toiyama Y, Tanaka K, Okugawa Y, Fujikawa H, Matsushita K, et al. Prognostic significance of 
glucose transporter-1 (GLUT1) gene expression in rectal cancer after preoperative chemoradiotherapy. Surg 
Today. 2012;42(5):460-9. 

15. Chung WJ, Lyons SA, Nelson GM, Hamza H, Gladson CL, Gillespie GY, et al. Inhibition of cystine uptake 
disrupts the growth of primary brain tumors. J Neurosci. 2005;25(31):7101-10. 

16. Gout PW, Buckley AR, Simms CR, Bruchovsky N. Sulfasalazine, a potent suppressor of lymphoma growth by 
inhibition of the x(c)- cystine transporter: a new action for an old drug. Leukemia. 2001;15(10):1633-40. 

17. Narang VS, Pauletti GM, Gout PW, Buckley DJ, Buckley AR. Sulfasalazine-induced reduction of glutathione 
levels in breast cancer cells: enhancement of growth-inhibitory activity of Doxorubicin. Chemotherapy. 
2007;53(3):210-7. 

18. Huang Y, Dai Z, Barbacioru C, Sadee W. Cystine-glutamate transporter SLC7A11 in cancer chemosensitivity and 
chemoresistance. Cancer Res. 2005;65(16):7446-54. 

19. Liu Y, Cao Y, Zhang W, Bergmeier S, Qian Y, Akbar H, et al. A small-molecule inhibitor of glucose transporter 1 
downregulates glycolysis, induces cell-cycle arrest, and inhibits cancer cell growth in vitro and in vivo. Mol 
Cancer Ther. 2012;11(8):1672-82. 

20. Liu W, Fang Y, Wang XT, Liu J, Dan X, Sun LL. Overcoming 5-Fu resistance of colon cells through inhibition of 
Glut1 by the specific inhibitor WZB117. Asian Pac J Cancer Prev. 2014;15(17):7037-41. 

21. Ahmed D, Eide PW, Eilertsen IA, Danielsen SA, Eknaes M, Hektoen M, et al. Epigenetic and genetic features of 
24 colon cancer cell lines. Oncogenesis. 2013;2:e71. 

22. Gayet J, Zhou XP, Duval A, Rolland S, Hoang JM, Cottu P, et al. Extensive characterization of genetic alterations 
in a series of human colorectal cancer cell lines. Oncogene. 2001;20(36):5025-32. 

23. Flatmark K, Mælandsmo GM, Martinsen M, Rasmussen H, Fodstad Ø. Twelve colorectal cancer cell lines exhibit 
highly variable growth and metastatic capacities in an orthotopic model in nude mice. European Journal of Cancer. 
2004;40(10):1593-8. 

Proceedings of the 37th Congress on Pharmacology of Thailand
143



144 

24. Shih AY, Erb H, Sun X, Toda S, Kalivas PW, Murphy TH. Cystine/glutamate exchange modulates glutathione 
supply for neuroprotection from oxidative stress and cell proliferation. J Neurosci. 2006;26(41):10514-23. 

25. Flatmark K, Maelandsmo GM, Martinsen M, Rasmussen H, Fodstad O. Twelve colorectal cancer cell lines exhibit 
highly variable growth and metastatic capacities in an orthotopic model in nude mice. Eur J Cancer. 
2004;40(10):1593-8. 

26. Ishimoto T, Nagano O, Yae T, Tamada M, Motohara T, Oshima H, et al. CD44 variant regulates redox status in 
cancer cells by stabilizing the xCT subunit of system xc(-) and thereby promotes tumor growth. Cancer Cell. 
2011;19(3):387-400. 

27. Cuda G, Paterno R, Ceravolo R, Candigliota M, Perrotti N, Perticone F, et al. Protection of human endothelial 
cells from oxidative stress: role of Ras-ERK1/2 signaling. Circulation. 2002;105(8):968-74. 

28. Younes M, Lechago LV, Lechago J. Overexpression of the human erythrocyte glucose transporter occurs as a late 
event in human colorectal carcinogenesis and is associated with an increased incidence of lymph node metastases. 
Clin Cancer Res. 1996;2(7):1151-4. 

29. Jun YJ, Jang SM, Han HL, Lee KH, Jang KS, Paik SS. Clinicopathologic significance of GLUT1 expression and 
its correlation with Apaf-1 in colorectal adenocarcinomas. World J Gastroenterol. 2011;17(14):1866-73. 

30. Li SJ, Yang XN, Qian HY. Antitumor effects of WNT2B silencing in GLUT1 overexpressing cisplatin resistant 
head and neck squamous cell carcinoma. Am J Cancer Res. 2015;5(1):300-8. 

31. Anastas JN, Moon RT. WNT signalling pathways as therapeutic targets in cancer. Nat Rev Cancer. 2013;13(1):11-
26. 

32. Piazza GA, Rahm AK, Finn TS, Fryer BH, Li H, Stoumen AL, et al. Apoptosis primarily accounts for the growth-
inhibitory properties of sulindac metabolites and involves a mechanism that is independent of cyclooxygenase 
inhibition, cell cycle arrest, and p53 induction. Cancer Res. 1997;57(12):2452-9. 

33. Yoshikawa R, Kusunoki M, Yanagi H, Noda M, Furuyama JI, Yamamura T, et al. Dual antitumor effects of 5-
fluorouracil on the cell cycle in colorectal carcinoma cells: a novel target mechanism concept for pharmacokinetic 
modulating chemotherapy. Cancer Res. 2001;61(3):1029-37. 

34. O'Connor PM, Jackman J, Bae I, Myers TG, Fan S, Mutoh M, et al. Characterization of the p53 tumor suppressor 
pathway in cell lines of the National Cancer Institute anticancer drug screen and correlations with the growth-
inhibitory potency of 123 anticancer agents. Cancer Res. 1997;57(19):4285-300. 

35. Hwang PM, Bunz F, Yu J, Rago C, Chan TA, Murphy MP, et al. Ferredoxin reductase affects p53-dependent, 5-
fluorouracil-induced apoptosis in colorectal cancer cells. Nat Med. 2001;7(10):1111-7. 

36. Lo M, Ling V, Low C, Wang YZ, Gout PW. Potential use of the anti-inflammatory drug, sulfasalazine, for 
targeted therapy of pancreatic cancer. Curr Oncol. 2010;17(3):9-16. 

37. Di Nicolantonio F, Martini M, Molinari F, Sartore-Bianchi A, Arena S, Saletti P, et al. Wild-type BRAF is 
required for response to panitumumab or cetuximab in metastatic colorectal cancer. J Clin Oncol. 
2008;26(35):5705-12. 

38. Langeler EG, van Uffelen CJ, Blankenstein MA, van Steenbrugge GJ, Mulder E. Effect of culture conditions on 
androgen sensitivity of the human prostatic cancer cell line LNCaP. Prostate. 1993;23(3):213-23. 

Proceedings of the 37th Congress on Pharmacology of Thailand
144

144 

24. Shih AY, Erb H, Sun X, Toda S, Kalivas PW, Murphy TH. Cystine/glutamate exchange modulates glutathione 
supply for neuroprotection from oxidative stress and cell proliferation. J Neurosci. 2006;26(41):10514-23. 

25. Flatmark K, Maelandsmo GM, Martinsen M, Rasmussen H, Fodstad O. Twelve colorectal cancer cell lines exhibit 
highly variable growth and metastatic capacities in an orthotopic model in nude mice. Eur J Cancer. 
2004;40(10):1593-8. 

26. Ishimoto T, Nagano O, Yae T, Tamada M, Motohara T, Oshima H, et al. CD44 variant regulates redox status in 
cancer cells by stabilizing the xCT subunit of system xc(-) and thereby promotes tumor growth. Cancer Cell. 
2011;19(3):387-400. 

27. Cuda G, Paterno R, Ceravolo R, Candigliota M, Perrotti N, Perticone F, et al. Protection of human endothelial 
cells from oxidative stress: role of Ras-ERK1/2 signaling. Circulation. 2002;105(8):968-74. 

28. Younes M, Lechago LV, Lechago J. Overexpression of the human erythrocyte glucose transporter occurs as a late 
event in human colorectal carcinogenesis and is associated with an increased incidence of lymph node metastases. 
Clin Cancer Res. 1996;2(7):1151-4. 

29. Jun YJ, Jang SM, Han HL, Lee KH, Jang KS, Paik SS. Clinicopathologic significance of GLUT1 expression and 
its correlation with Apaf-1 in colorectal adenocarcinomas. World J Gastroenterol. 2011;17(14):1866-73. 

30. Li SJ, Yang XN, Qian HY. Antitumor effects of WNT2B silencing in GLUT1 overexpressing cisplatin resistant 
head and neck squamous cell carcinoma. Am J Cancer Res. 2015;5(1):300-8. 

31. Anastas JN, Moon RT. WNT signalling pathways as therapeutic targets in cancer. Nat Rev Cancer. 2013;13(1):11-
26. 

32. Piazza GA, Rahm AK, Finn TS, Fryer BH, Li H, Stoumen AL, et al. Apoptosis primarily accounts for the growth-
inhibitory properties of sulindac metabolites and involves a mechanism that is independent of cyclooxygenase 
inhibition, cell cycle arrest, and p53 induction. Cancer Res. 1997;57(12):2452-9. 

33. Yoshikawa R, Kusunoki M, Yanagi H, Noda M, Furuyama JI, Yamamura T, et al. Dual antitumor effects of 5-
fluorouracil on the cell cycle in colorectal carcinoma cells: a novel target mechanism concept for pharmacokinetic 
modulating chemotherapy. Cancer Res. 2001;61(3):1029-37. 

34. O'Connor PM, Jackman J, Bae I, Myers TG, Fan S, Mutoh M, et al. Characterization of the p53 tumor suppressor 
pathway in cell lines of the National Cancer Institute anticancer drug screen and correlations with the growth-
inhibitory potency of 123 anticancer agents. Cancer Res. 1997;57(19):4285-300. 

35. Hwang PM, Bunz F, Yu J, Rago C, Chan TA, Murphy MP, et al. Ferredoxin reductase affects p53-dependent, 5-
fluorouracil-induced apoptosis in colorectal cancer cells. Nat Med. 2001;7(10):1111-7. 

36. Lo M, Ling V, Low C, Wang YZ, Gout PW. Potential use of the anti-inflammatory drug, sulfasalazine, for 
targeted therapy of pancreatic cancer. Curr Oncol. 2010;17(3):9-16. 

37. Di Nicolantonio F, Martini M, Molinari F, Sartore-Bianchi A, Arena S, Saletti P, et al. Wild-type BRAF is 
required for response to panitumumab or cetuximab in metastatic colorectal cancer. J Clin Oncol. 
2008;26(35):5705-12. 

38. Langeler EG, van Uffelen CJ, Blankenstein MA, van Steenbrugge GJ, Mulder E. Effect of culture conditions on 
androgen sensitivity of the human prostatic cancer cell line LNCaP. Prostate. 1993;23(3):213-23. 

Proceedings of the 37th Congress on Pharmacology of Thailand
144



145 

Cytotoxicity of Aqueous and Methanolic Leaves Extract of 
Pseuderanthemum palatiferum (Nees) Radlk. on Human Non Small 
Cell Lung A549 Cells  

Udomlak Kongprasom1, Supita Tanasawet2, Somporn Sretrirutchai3 , Wanida Sukketsiri1

1Department of Pharmacology, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112,Thailand 
2Department of Anatomy, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112,Thailand 
3Department of Pathology, Faculty of Medicine, Prince of Songkla University, Hat Yai, Songkhla 90112,Thailand 

Abstract 

Pseuderanthemum palatiferum (Nees) Radlk. leaves have been traditionally consumed to cure 
various kind of diseases including cancer. This study therefore, aimed to investigate the cytotoxic effects of 
aqueous and methanolic leaves extract of P. palatiferum on human non small cell lung cancer A549 cells. 
The in vitro cytotoxic potential of P. palatiferum was carried out by 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide (MTT) assay. The results demonstrated that aqueous and methanolic extract of 
P. palatiferum exhibited potent cytotoxic effect against A549 cells with an IC50 of 0.22 and 0.36 mg/mL 
respectively after 72 hr treatment. The present study suggested that aqueous leaves extract of P. palatiferum 
might contain substances for further studies to develop new anticancer drug. 

Keywords:  Pseuderanthemum palatiferum (Nees) Radlk., non small cell lung cancer, A549, cytotoxic effect 
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Introduction
 Lung cancer is one of the most common 
cancers which is a leading cause of death. It has 
been classified into small cell lung cancer (SCLC) 
(representing 15%-20%) and non small cell lung 
cancer (NSCLC) (representing 80%-85%). 
Unfortunately, patients underlying NSCLC are 
asymptomatic therefore most cases are not 
diagnosed in early stage until the disease progress to 
advance stage in which the survival rate is low.1, 2

Thereby, the development of more effective cancer 
therapy remains an ongoing challenge.3

Pseuderanthemum palatiferum (Nees) Radlk. 
(P. palatiferum) belongs to Acanthaceae family. It is 
also known as Hoan-ngoc or Payawanorn.4-5 The leaves 
of this plant are traditionally consumed to treat various 
kind of diseases in folk medicine including 
hypertension, diarrhea, peptic ulcer, hepatitis, 
inflammatory disease and cancer.6 The phytochemical 
investigation of P. palatiferum found flavonoid, 
saponin, phenols, n-pentacosan-l-ol, -sitosterol, 
stigmasterol, -sitosterol 3-O- -glucoside, stigmasterol 
3-O- -glucoside, kaempferol 3-methyl ether 7-O- -
glucoside and apigenin 7-O- -glucoside.4, 7  Previous 
studies reported the potential effect of P. palatiferum on 
colon cancer and breast cancer cell lines.8, 9  However, 
to date, there is no scientific report on human non small 
cell lung cancer. Therefore, the purpose of this study 
was to investigate the cytotoxic effects of aqueous and 
methanolic leaves extract of P. palatiferum on human 
non small cell lung cancer A549 cells. 

Materials and Methods

Preparation of P.  palatiferum leaves extracts 
P. palatiferum were obtained from Hoan-

Ngoc Thailand herb garden, Bangkok, Thailand and 
identified by a botanist. Voucher specimens were 
deposited as BKF: 187517 at the Forest Herbarium, 
Bangkok, Thailand. Dried powder of P. palatiferum
(1 kg) was extracted with milli-Q water and 80% 
methanol at 1: 10 ratio for 24 hr, followed by 
filtration through Whatman filter paper No. 1. The 
residues were then re-extracted twice. The 
combined fractions were subjected to remove 
solvent under reduced pressure with a rotary 
evaporator and then lyophilized with the freeze 
drier. The yield of crude aqueous and methanol 
extract was 17.37% and 9.72%, respectively.
      

Cell culture 
Human lung adenocarcinoma epithelial cell 

line (A549) was purchased from the Cell Lines 
Service GmbH (CLS, Eppelheim, Germany). Cells 
were grown onto 75 cm2 tissue culture flasks in 
DMEM/F12 medium supplemented with 10% FBS, 
1% penicillin-streptomycin and 1% L-glutamine 
and maintained under 5% CO2 in a humidified 
incubator at 37 °C.

In vitro assay for cytotoxicity 
Cell viability was examined by the MTT 

assay. A549 cells were seeded in a 96-well plate 
(1x104 cells/well) for 24 hr. After exposure the cells 
with aqueous and methanolic extract of P. palatiferum
at various concentrations of 0.10, 0.25, 0.50, 0.75, 
1.00, 1.25, 1.50, 1.75 and 2.00 mg/mL for 24, 48 and 
72 hr. At the end of each exposure time, the treated 
cells were then incubated with MTT (5 mg/mL) for 4 
h at 37 °C. The blue formazan crystals of viable cells 
were solubilized in dimethylsulfoxide (DMSO) and 
then the absorbance was measured at a wavelength of 
570 nm using a microplate reader (BioTek, Highland 
Park, USA). The half inhibitory concentration (IC50)
was determined from the dose-response relationship 
between the P. palatiferum concentration (mg/mL) 
and the percentage of cell viability. The assays were 
performed three times in triplicate.

Statistical analysis 
The data were presented as mean ± standard 

error of mean (SEM). Statistical comparisons were 
performed by using one-way ANOVA, followed by 
Turkey post-hoc analysis. Probability values of 
p<0.05 was considered to be statistically significant. 

Results

Cytotoxic effect of P. palatiferum on A549 cells 
In order to evaluate the cytotoxic effect of 

aquoues and methanolic leaves extract of               
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Figure 1.  Cytotoxic effect of P. palatiferum leaves extracts on A549 cells. A549 cells were treated with 
various concentrations (0.1, 0.25, 0.50, 1.00, 1.25, 1.50 1.75 and 2.00 mg/mL) of aqueous (A) 
and methanolic extract (B) for 24, 48 and 72 hr. Data were presented as mean ± SEM of three 
independent experiments. *p<0.05 were considered to be statistically significant. 

Discussion and Conclusion 
Several attempts have been made on lung 

cancer treatment and prevention. Natural products, 
particularly from plants source are highlighted for 
effective drug discovery. In the present study, we 
demonstrated the cytotoxic potential of aqueous and 
methanolic leaves extract of P. palatiferum on 
human non small cell lung cancer A549 cells. Our 
results showed that aqueous extract exhibited more 

potent cytotoxicity against A549 cells than that of 
methanolic extract, with IC50 values of 0.58, 0.41, 
0.22 mg/mL for the treatment of aqueous extract at 
24, 48 and 72 hr, respectively. Previous studies 
found that aqueous leaves extract of P. palatiferum 
inhibited colon cancer cell proliferation including 
HCT15, SW48 and SW480 with the IC50 value of 
0.52, 0.50, 0.51 mg/mL at 72 hr, respectively.8
Besides, ethanolic leaves extract of P. palatiferum
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was also found to inhibit colon cancer (Caco-2) and 
breast cancer (MCF-7) with IC50 values of 0.45 and 
0.59 mg/mL at 48 hr.9 Polyphenols are a group of 
chemical substances found in plants and well-
known for their anti-oxidative properties. These 
compounds are considered as cancer 
chemopreventive agents because they can prevent 
the formation of reactive oxygen and nitrogen 
species, which play important roles in 
carcinogenesis.10 Thus, it is possible that 
polyphenols in the extract might provide potential 
effect on A549 cells. However, further investigation 
on purified compounds from aqueous leaves extract 

on lung cancer cell should be elucidated.  This 
might be a promising therapeutic agent targeting 
lung cancer and/or colon cancer. 
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Abstract 

 Cholangiocarcinoma (CCA), a malignant tumor of the bile duct, is one of the major health problems 
of the populations in Northeast of Thailand. The disease is particularly recognized to be very difficult for 
diagnosis with poor prognosis to current radiotherapy and chemotherapy. Searching for novel and effective 
natural products used for the cancer prevention or treatment of CCA is urgently needed.  The purpose of the 
study was to investigate the anticancer activity of kaempferol (KFR), a natural flavonoid widely distributed 
in fruits and vegetables, in KKU-100 human CCA cells. The effect of KFR on the long-term period of KKU-
100 cell growth and proliferation was performed using the clonogenic assay. The result observed at 10 days 
post-treatment showed that KFR(20-80 M) for 48 h significantly reduced the colony forming ability of 
KKU-100 cells. The effect of KFR on the cell migration of KKU-100 cells was investigated using the wound 
healing assay. The result observed at 24, 48 and 72 h post-treatment indicated that KFR at 20 M delayed 
KKU-100 cell migration in a time-dependent manner. Our findings suggest that KFR has significant 
anticancer activity on CCA in vitro via suppressing cell proliferation and migration. Further studies 
investigating potential use of KFR for the cancer prevention or treatment of CCA are warranted. 
 
Keywords: kaempferol, cholangiocarcinoma, cell proliferation, cell migration 
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Introduction
 Cholangiocarcinomas (CCA) or bile duct 
cancers is a type of cancer that arises from the 
neoplastic transformation of cholangiocytes within 
the bile ducts, both inside and outside the liver. 
Over the past few decades, several studies have 
shown that the incidence and mortality rate of CCA 
have been increasing worldwide. There is a high 
incidence of CCA in Southeast Asian countries due 
to chronic endemic parasitic infection with liver 
flukes. Obviously, the highest incidence of CCA 
has been reported in Northeastern Thailand.1 CCA 
is illustrated by poor prognosis, late diagnosis, and 
lack of response to both chemotherapy and 
radiation therapy.2 Additionally, surgical resection 
is the only intervention to offer a chance of 
treatment but the five-year survival rate is very 
low.2, 3 Therefore, improved treatments for this type 
of cancer are urgently needed.  
 Kaempferol (KFR), a member of the flavonols, 
is abundantly present in tea, grapes, broccoli, and 
berries.4, 5It has been reported to invoke cytotoxic 
activities in several human cancer cell lines such as 
breast cancer,6 ovarian cancer,7 lung cancer,8 leukemia,9 
prostate cancer,10 and colon cancer.11 However, the 
cytotoxic activities of kaempferol against CCA has not 
been validated. The purpose of this study was to 
determine the antiproliferative and antimigrative effects 
of KFR in KKU-100 human CCA cells.
 
Materialsand Methods

Materials
Kaempferol (KFR) was obtained from Sigma 

Chemical (St. Louis, MO, USA). Crystal violet was 
purchased from Fluka Chemika (Buchs, Switzerland). 
Reagents for cell culture were purchased from Gibco 
BRL Life Technologies (Grand Island, NY, USA). 
 
Cell line and cell culture 

The human CCA cell line used in this study 
was KKU-100, which was kindly obtained from Prof. 
Dr. Banchob Sripa. This cell line was routinely cultured 
in Ham’s F12 media, supplemented with sodium 
bicarbonate, 10 mM N-2-hydroxyethylpiperazine-N’-2-
ethanesulfonic acid (HEPES), at pH 7.3, 100 U/mL 
penicillin, 100 g/mL streptomycin and 10% fetal 
bovine serum (FBS), and maintained  under an 
humidified atmosphere containing 5% CO2 at 37°C. 
Cells were subcultured every 3 days using 0.25% 
trypsin-EDTA.  
 
Clonogenic assay  

The assay was carried out according to the previously 
described method.12 KKU-100 cells (2.5x105) were 

seeded into 6-well plates and allowed to grow for 24h. 
The cells were then treated with different 
concentrations of KFR (20-80 M) for 48 hr. After 
treatment, cells were trypsinized and counted.Only 600 
viable cells were seeded in 6-well plates and the cells 
were grown without KFR for another 10 days. Based 
on this technique,a single cell formed a colony 
consisting of 50 or more cells. The cell colonies were 
stained with crystal violet and the number of colonies 
were counted. 
 
Wound healing assay

The wound healing assay was used to assess 
the cell migration ability using the previously 
described method.12  KKU-100 cells (1.5x105) were 
seeded into 24-well plates and incubated overnight. A 
scratch wound was made with a sterile 200 L pipette 
tip. After washing with phosphate-buffered saline to 
remove any detached cell, cells were incubated with 20 

M KFR. A series of images of the scratched wound 
were taken during the 0-72 h. period. The closing of 
scratched wound, which represented the migration 
process, was determined by capturing of the denuded 
area along the scratch using Image-Pro Plus software 
(Media Cybernetics, LP, USA). The percentage of 
wound closure was calculated by dividing the width of 
denuded area by the width at time 0. 
 
Statistical analysis

All results are presented as the mean±SEM. 
Statistical comparison between control and treatment 
group was performed using Student’s t-test. Statistical 
significance was set at p<0.05. 

 
Results

Effects of KFR on colony formation ability of 
KKU-100 CCA cells

The clonogenic assay was performed 
determine the effects of KFR on long-term viability 
and replicative ability or clonogenicity of CCA cells. 
Treatment with KFR caused a decline in colony 
forming ability of KKU-100 cells (Figure 1A and 1B). 

Effects of KFR on CCA cell migration of KKU-100 
CCA cells 

Enhanced cell migration and invasion are 
important aspects of cancer phenotypes.In this study, 
the effects of KFR on cell migratory activity of 
KKU-100 cells were examined using wound healing 
assay. As illustrated in Figure 2A and 2B, KFR 
significantly suppressed cell migration of KKU-100 
CCA cells.
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Figure 1. Effects of KFR on colony formation ability of CCA cells. KKU-100 cells were treated with 
20 M KFR for 48 hr. After treatment, only viable cells were further grown in full media 
without KFR for 10 days. Then, cells were stained with 0.5% crystal violet and photographed. 
(A) Figures shown are representative of three independent experiments. (B) The bar shows the 
percentage of colony formation relative to the control. Each bar represents the mean SEM 
averaged from three independent experiments. * p<0.05 compared with control.

    
Figure 2. Effects of KFR on CCA cell migration. (A) Scratched wounds of monolayer KKU-100 cells were 

treated with 20 M KFR. Cell migration during a period 0-72 h was monitored under phase-contrast 
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should be further validated. As a result, KFR appear to 
be a promising drug candidate for control the growth 
of CCA cells. 
 Metastasis, which is initiated by the 
migration and invasion of cells into the surrounding 
vasculature, is the primary cause of morbidity and 
mortality in cancer patients.15 Indeed, a compound 
with the ability to block the metastasis-associated 
steps could be a potential candidate for cancer 
chemoprevention and chemotherapy. In this study, 
the results demonstrated that KFR could inhibit the 
migratory property of CCA cells. Result were 
consistent with a previously report for the inhibitory 
effect on the migration of glioblastoma cells16  and 
bladder cancer cells.17 These observations, taken 
together, suggest broad spectrum of activity of KFR 
against various types of cancers.

Conclusion
KFR exhibited effective antiproliferative 

activity against CCA cells in vitro. In addition, KFR 
also retarded cell migration ability of KKU-100 
human CCA cells. These data revealed KFR might 
have potential role for CCA chemoprevention and 
chemotherapy. Further in vivo investigations in vivo 
are needed before KFR can become a new drug 
candidate in the prevention and/or treatment of 
CCA.   
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Abstract 

 Cholangiocarcinoma (CCA) is one of devastating cancers with a very poor prognosis and is 
associated with a high mortality. At present, the development of new strategies for prevention and treatment 
of CCA is highly desired. Several dietary polyphenols from natural sources are known to possess anticancer 
activities. In this study, the cytotoxic effect of luteolin on human CCA cells (KKU-100) and the underlying 
mechanisms mediating its effect were investigated. Sulphorhodamine B assay showed that luteolin had a 
potent cytotoxicity on CCA cells with IC50 (concentration that inhibits cell growth by 50%) value of 6.8 ± 
1.2 M (mean ± SEM) at 48 h. CCA cell apoptosis was clearly detected with fluorescent dye staining and 
flow cytometry using FITC-annexin V/PI staining. To investigate whether luteolin-induced CCA cell 
apoptosis is mediated through mitochondrial pathway, the mitochondrial transmembrane potential and 
activity of caspase-9 were assessed. The results show that luteolin induced mitochondria depolarization of 
CCA cells as evident in the shift in JC-1 fluorescence from red to green. In addition, luteolin activated 
caspase-9 in KKU-100 cells. These results indicate that luteolin could induce apoptosis of CCA cells through 
the intrinsic mitochondrial pathway, demonstrating its potential as a chemotherapeutic agent for CCA 
therapy. 
 
Keywords: luteolin, cholangiocarcinoma, apoptosis, mitochondrial pathway, caspase 
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Introduction

Cholangiocarcinoma (CCA) or bile duct 
cancer is an epithelial cell malignancy arising from 
varying locations within the biliary tree. The most 
contemporary classification based on anatomical 
location includes intrahepatic, perihilar, and distal 
CCA.1 The incidence and mortality rates from this 
disease markedly increase worldwide. CCA is highly 
prevalent in Thailand, with the highest incidence in the 
northeast region.2 At the late stage of CCA, patients 
tend to be resistant to chemotherapy.3 Therefore, it is 
necessary to explore alternative treatment options for 
treatment of CCA patients. Programmed cell death, or 
apoptosis, plays a crucial role in the elimination of 
unwanted cells without eliciting an inflammatory 
response to maintain tissue homeostasis.4  The ability 
of cancer cells to resist toward apoptosis is a hallmark 
of most cancer types.5  Therefore, apoptotic induction 
is the important mechanism for cancer suppression. 
 Luteolin, 3 ,4 ,5,7-tetrahydroxyflavone, belongs 
to a group of flavonoids. It is naturally found in 
vegetables and fruits such as celery, parsley, broccoli, 
onion leaves, carrots, peppers, cabbages, apple skins, 
and chrysanthemum flowers.6 Luteolin has been 
shown to exhibit several biological activities such as 
antioxidant, anti-inflammatory, antimicrobial and 
anticancer.7 The anticancer activities of luteolin are 
mediated through various mechanisms including 
inhibition of cancer cell proliferation, induction of 
apoptosis, anti-angiogenesis, and anti-metastasis.6 
Although several studies have elucidated significant 
anticancer effect of luteolin against various types of 
cancer, its effect against CCA remains to be fulfilled. 
In this study, the apoptosis-inducing activity of 
luteolin on human CCA (KKU-100) cells and the 
underlying molecular mechanism responsible for its 
effects were investigated.   

Materials and methods  
 
Chemicals and reagents 

Luteolin, sulphorhodamine B (SRB), acridine 
orange, ethidium bromide, propidium iodide (PI) were 
obtained from Sigma Chemical (St. Louis, MO, USA). 
5,5 ,6, -Tetrachloro-1,1 , 3,3 - tetraethylbenzimidazolyl- 

carbocyanine iodide (JC-1) was obtained from 
Clayman Chemical (Ann Arbor, MI, USA). BD 
PharmingenTM FITC Annexin V Apoptosis Detection 
Kit II was purchased from BD Biosciences (San Jose, 
CA, USA). Caspase-9 substrate I (Ac-LEHD-AFC) 
was purchased from Calbiochem (EMD Millipore, 
Billerica, MA, USA). 
 
Cell culture 

A human CCA cell line derived from human 
tumor tissue with poorly differentiated adenocarcinoma, 
KKU-100, was kindly provided by Prof. Banchob 
Sripa, Department of Pathology, Faculty of Medicine, 
Khon Kaen University. Cells were grown in Ham’s F12 
medium supplemented with sodium bicarbonate, 10 
mM N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic 
acid (HEPES; pH 7.3), 100 U/mL penicillin, 100 

g/mL gentamycin sulphate, and 10% fetal calf serum 
and maintained under 5% CO2 in air at 37 °C. The cells 
were subcultured every 3 days using 0.25 % trypsin–
EDTA. 
 
Cytotoxicity assay 

The cytotoxicity of luteolin on CCA cells 
was examined by the SRB assay. Briefly, KKU-100 
cells were seeded onto 96-well culture plates at the 
density of 7,500 cells/well in 100 L of Ham’s F12 
media and left overnight. After exposure of cultured 
cells to luteolin at various concentrations for 48 h, 
the culture medium was removed. Cultured cells 
were fixed with ice-cold 10% trichloroacetic acid 
for 1 h at 4 °C, and subsequently stained with 0.4% 
SRB in 1% acetic acid for 30 min. Excess dye was 
removed by rinsing several times with 1% acetic 
acid, and protein-bound dye was dissolved with 10 
mM Tris base solution for determination of 
absorbance with microplate reader with a filter 
wavelength of 570 nm. Cell cytotoxicity was 
expressed in term of percentage of untreated control 
absorbance following subtraction of mean 
background absorbance. The 50% inhibitory 
concentration (IC50) concentration was calculated 
from the dose-response curves. 
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Acridine orange/ Ethidium bromide (AO/EB) 
staining

AO/EB staining was used to determine 
apoptotic and necrotic cells. Briefly, KKU-100 cells 
were seeded onto 96-well culture plates at the 
density of 7,500 cells/well and allowed to attach 
overnight. On the next day, the medium was 
removed and the cells were treated with various 
concentrations of luteolin for 48 h. At the end of the 
treatment, cultured cells were rinsed with PBS and 
stained with AO and EB (each 1 g/mL). The 
fluorescent images were captured using a Nikon 
Eclipse TS100 inverted microscope with excitation 
and long-pass emission filters of 480 and 535 nm, 
respectively. The numbers of viable, early 
apoptotic, late apoptotic and necrotic cells were 
enumerated and calculated as the percent cells over 
a total number of cells in the same area. 
 
Detection of apoptosis using flow cytometry

KKU-100 cells were seeded in six-well 
plate at the density of 2.5×105 cells and allowed to 
attach overnight. Cells were incubated with 5, 10, 
and 25 M luteolin for 48 h. Thereafter, the cells 
were washed twice with cold PBS and added with 
Annexin V–FITC and PI dye. Cells were incubated 
for 15 min at room temperature and then analyzed 
by flow cytometer (BD Biosciences, San Jose, CA). 
The percentage of cells in the different stages was 
evaluated using BD FACSDivaTM Software (BD 
Biosciences, San Jose, CA). 
 
Determination of mitochondrial transmembrane 
potential

The assay of mitochondrial transmembrane 
potential ( m) was performed by using the 
cationic, lipophilic dye, JC-1 staining. In Brief, 
KKU-100 cells were seeded at the density of 
7.5×103 cells and left overnight. After treatment 
with 25 M luteolin for 24 h, fluorescent signals 
were read using the Gemini XPS fluorescent plate 
reader with the excitation and emission wavelengths 
of 485 and 538 nm, respectively. Images were 
captured using a Nikon Eclipse TS100 inverted 
microscope. JC-1 forms J-aggregates in healthy 
mitochondrial matrix, which can be visualized as 
red fluorescence. In depolarized mitochondria, JC-1 
effluxes to the cytoplasm and exists as monomers 
with green fluorescence. The shift of red to green 
fluorescence is an indicative of depolarization of 
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Determination of caspase - 9 activity 
After treatment with luteolin for 12 h, the 

cultured cells were trypsinized, washed in PBS, and 

adjusted to 106 cells for each reaction. Cell pellet 
was lysed with cell lysis buffer on ice for 10 min 
and then centrifuged. The supernatant was 
transferred to individual black microplate wells. 
The sample in each well was mixed with reaction 
buffer (containing 10% glycerol, 0.5 mM EDTA, 20 
mM HEPES (pH 7.0), and DTT 10 mM) and 
fluorogenic Ac-LEHD-AFC, a caspase-9 substrate 
(50 M). Reaction mixtures were incubated for 4 h 
at 37°C in dark and fluorescent signals were read 
using the Gemini XPS fluorescent plate reader with 
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538 nm, respectively. 
 
Statistical analysis 

Statistical comparison between the control 
and treatment groups was performed using Student’s  
t-test. The level of significance was set at p < 0.05. 
 
Results  
 
Cytotoxic effect of luteolin on CCA cells 

The results showed that luteolin exerted 
potent cytotoxic effect on KKU-100 cells in a dose-
dependent manner with the IC50 value of 6.8 ± 1.2 

M (Figure 1).

Luteolin induced CCA cell apoptosis  
The results showed that the relatively large 

proportion of cells underwent apoptosis after 
luteolin treatment in a dose-dependent manner 
(Figure 2). 

To further confirm the apoptotic-inducing 
effect of luteolin on CCA cells, the cells were 
stained with annexin V-FITC and PI, followed by 
flow cytometry analysis. A representative result of 
flow cytometry is presented in Figure 3. The results 
showed that the numbers of apoptotic cells were 
dramatically increased after treatment with 25 M 
of luteolin for 48 h. 

Luteolin induced depolarization of mitochondrial 
transmembrane potential ( m)

A decrease in J-aggregated form/ monomer 
form ratio is indicative of depolarized cells. The 
results are shown in Figure 4. The number of cells 
with depolarized mitochondrial membranes was 
found to significantly increase in luteolin-treated 
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Luteolin increased caspase-9 activity in CCA cells  
The results demonstrated that caspase-9 

activity was significantly increased in KKU-100 cells 
after luteolin treatment (Figure 5). 
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Figure 5.   Luteolin induced activation of caspase-9. KKU-100 cells were treated with 25 M luteolin for 
12 h. The total cell lysates were assayed for caspase activity using specific fluorogenic 
substrate. Each bar represents the mean ± SEM of three experiments. *p<0.05 vs control 

Discussion 
In the present study, we have investigated the 

apoptotic-inducing effect of luteolin against human 
CCA cells. The effect of luteolin-induced apoptosis 
has been previously reported in several cancer cells 
such as oral squamous cancer cells8, neuroblastoma 
brain tumor cells9, non-small cell lung cancer cells.10 
Consistently, luteolin significantly induced apoptosis 
of CCA KKU-100 cells.  
 Mitochondrial transmembrane potential gives 
a valuable indicator of cells’ health and functional 
status.11 Once permeability transition pores in the 
mitochondrial inner membrane opened, it can cause 
mitochondrial depolarization, resulting in ATP 
depletion and cell death.12 In the present study, it has 
been found that luteolin could induce the loss of 
mitochondrial membrane integrity of CCA cells. In 
addition, the activity of caspase-9, which is an 
important enzyme involved in the intrinsic pathway of 
apoptosis induction, was significantly increased in 
CCA cells after luteolin exposure. These results reveal 

that luteolin-induced CCA cell apoptosis is partly 
mediated via caspase-dependent mitochondrial 
signaling pathway. Therefore, luteolin could be a 
potential chemotherapeutic agent for CCA treatment. 
Further research must be carried out to fully investigate 
its mechanism of actions. 
 
Conclusion

Luteolin exhibits apoptotic-inducing effect 
against human CCA (KKU-100) cells which is 
mediated partially by intrinsic mitochondrial pathway. 
This may provide a new therapeutic agent in the 
treatment of CCA. 
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Abstract 

Microcarrier cell culture is an effective technique of cell culturing that provides cell attach on a 
spherical surface and produces higher yield than conventional or monolayer cell culture. This study aims to 
optimize microcarrier conditions, including cell culture vessel, cell density and microcarrier beads 
concentration, for a microglia cell line, Highly Aggressive Proliferating Immortalized (HAPI) cells. 
Activation of microglia leads to production of various cytokines and free radicals that involves in 
pathogenesis of neuroinflammatory diseases such as Alzheimer’s disease. The results showed that cell 
viability on microcarrier beads was higher up to 2 fold in cell culturing condition with silicone-coated glass 
petri dish than 6-well plate. The optimum cell culture condition was 3.0x105 cells/mL seeding on 4 mg/ml 
microcarrier beads at 24 hr incubation period. Cell morphology as observed by SEM and inverted 
microscope demonstrated the monolayer with normal morphology on microcarrier surface. This microcarrier 
culture condition will be applied to study real-time detection of free radical production in the intact microglia 
cells. 
 
Keywords: microcarrier cell culture, microcarrier beads, HAPI cell 
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Introduction 
Microglia cells are mononuclear phagocytic 

cells that play a role in first line of defense in central 
nervous system (CNS). Activation of microglia cells 
relates to production of inflammatory cytokine 
including TNF- , IL-1  and reactive oxygen/nitrogen 
species (ROS/RNS). Since ROS/RNS plays a key role 
in pathogenesis of neurodegenerative disorders, the 
detection of ROS/RNS is crucial for studying in brain 
injury such as Alzheimer’s disease and Parkinson’s 
disease.1-2 
 Highly Aggressive Proliferating Immortalized 
cells (HAPI) are immortalized, high proliferation and 
non-genetically modified microglia cell line that was 
developed for in vitro study of neuroinflammatory 
disease. The characterizations of HAPI cells were 
described previously by Cheepsunthorn et al.3 and 
Horvath et al.4 
 Microcarrier cell culture is a technique of cell 
culturing on spherical shape called “microcarrier 
beads”. This technique promotes anchorage-dependent 
or intact cells to grow in suspension by attach on 
microcarrier beads that increase higher yield of cell 
line culture and usually use in the industry for 
biological material such as vaccine, vector and 
monoclonal antibody. Moreover they become a 
technique for vital cell study in term of structure, 
growth, and differentiation.5-6 Microcarrier beads 
which widely use for a wide variety of attachment cell 
line is Cytodex-1TM which contain positively charge of 
N,N-diethylaminoethyl (DEAE) that optimal for cell 
attach and growth but the beads can stick on the glass 
surface when culturing in a glass vessel, therefore, 
silicone-coated surface is recommended to solve this 
problem. Moreover the siliconized coating surface 
shows hydrophobic property that is not suitable for cell 
attaching on the wall of cell culture vessel.7 

In previous study, Suntivich8 has cultured HAPI 
cells on microcarrier beads and has demonstrated 
that this technique was applicable for detection of free  

radical induced by Fenton-like reaction. Therefore, this 
study aims to optimize the microcarrier culture 
condition including cell culture vessel, cell density and 
microcarrier beads concentration. The optimum 
condition should increase cell viability on microcarrier 
beads and, thus, increase the sensitivity for studying 
real time free radical detection in vital cells. 

Materials and Methods 

Microcarrier preparation 
 Cytodex-1TM microcarrier beads (GE 
Healthcare, Uppsala, Sweden) were hydrated in Ca2+, 
Mg2+-free 1X PBS (50-100 ml/g cytodex-1TM) for 24 
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The 10 l of presto blue reagent was added and 
incubated for 1 hr at 37 C under 5% CO2 and 95% air.  
The absorbance was measured at 562 and 630 nm via 
aicroplate reader (Bio-Tek Instruments, Winooski, VT, 
USA). 

Cell morphology
HAPI cells-attached-microcarrier beads were 

observed at 24, 48 and 72 hr under inverted microscope 
(Nikon Eclipse TE2000-s, USA). 
 
Scanning electron microscopy (SEM) 
 HAPI cells-attached-microcarrier beads were 
fixed with 2.5% glutaraldehyde in 0.1 M sodium 
cacodylate buffer pH 7.2-7.4 at 4 C overnight and then 
washed with 0.1 M sodium cacodylate buffer at 4 C, 
15 min for 3 times. The sample was dehydrated with 
series of ethanol (30% - 100%) at 4 C, 15 min for 2 
times. The sample then was dried by Hitachi HCP-2 
critical point dryer (Hitachi Ltd., Japan) and coated 
with platinum/palladium for 4 min and observed with a 
Hitachi S2500 scanning electron microscope (Hitachi 
Ltd., Japan).  

Statistical analysis 
 The data were presented as mean ± SEM. The 
statistical analysis was performed by one-way analysis 
of variance (ANOVA) followed by Bonferroni’s test 
using Graphpad prism version 5 (GraphPad Prism 

software, San Diego, CA, USA) and p-values of 
p<0.05 were considered as significance. 

Results 

Optimization of microcarrier cell culture 
 In order to obtain the maximum yield of 
microglia attached on microcarrier beads, the surface 
type and ratio of cells to microcarrier were evaluated.  

On silicone-coated 6-well plate, HAPI cells 
were seeded at cell density of 3x105cells/ml 
(6.23x104cells/cm2 bottom area) with various 
concentrations of microcarrier beads (0.5, 1.0, 2.0 and 
4.0 mg/ml). Cell viability on microcarrier beads was 
measured at 24, 48 and 72 hr. The results showed that 
the maximum value of cell viability (37.3 ± 0.6%) was 
observed in the culture with 4.0 mg/ml cyodex-1TM 
(Figure 1).  

On silicone-coated glass petri dish, HAPI cells 
were seeded with various cells density (2x105, 3x105, 
3.5x105, 4x105 and 5x105cells/ml) and with difference 
concentrations of microcarrier beads (0.5, 1.0, 2.0 and 
4.0 mg/ml). Cell viability on microcarrier beads were 
measured at 24, 48 and 72 hr and the results were 
shown in Figure 2 and Table 1. 
 
 
 

 
 

Figure 1. HAPI cells at density of 3x105cells/ml were seed on difference concentration of microcarrier 
beads (0.5, 1.0, 2.0 and 4.0 mg/ml). Cell viability was measured at 24, 48 and 72 hr. Data were 
presented as mean ± SEM (n=3) 
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The maximum value of cell viability on 
microcarrier beads was observed in the culture with 4.0 
mg/ml cyodex-1TM at all cell density condition. The 
glass petri dish showed a better yield of microglia 
attached on microcarrier than that of 6-well plate. At cell 
density of 3x105 cells/ml that were seeded on 4 mg/ml 
cytodex-1TM incubated for 24 hr showed significantly 
increased in cell yield comparing to all cell density 
conditions except 3.5x105cells/ml (Figure 2f). 

HAPI cells morphology attached on microcarrier 
beads
 Morphology of HAPI cells attached on 
microcarrier was observed using inverted microscope 
(Figure 3) and scanning electron microscope (Figure 4). 
The results demonstrated the monolayer HAPI cells on 
the microcarrier beads. The microcarrier culture did not 
affect cell morphology. The cells were round with no or 
less process, present bright refringency and small-dark 
nucleus.  However, increasing incubation time showed 
cell contraction-attached on microcarrier beads with 
dark refringency and % cell viability also decreased.  

Figure 2. HAPI cells were plated in silicone-coated glass at density of 2x105(a.), 3x105(b.), 3.5x105(c.), 
4x105(d.) and 5x105(e.) cells/ml on difference concentrations of microcarrier beads (0.5, 1.0, 2.0 
and 4.0 mg/ml). Cell viability was measured at 24, 48 and 72 hr. Data were compared between 
cells that were plated in 6-well plate and glass petri dish at 24 hr incubation time (f.). Data were 
presented as mean ± SEM (n=3). *p<0.05 when compared to other conditions. 

Proceedings of the 37th Congress on Pharmacology of Thailand
163

163 

The maximum value of cell viability on 
microcarrier beads was observed in the culture with 4.0 
mg/ml cyodex-1TM at all cell density condition. The 
glass petri dish showed a better yield of microglia 
attached on microcarrier than that of 6-well plate. At cell 
density of 3x105 cells/ml that were seeded on 4 mg/ml 
cytodex-1TM incubated for 24 hr showed significantly 
increased in cell yield comparing to all cell density 
conditions except 3.5x105cells/ml (Figure 2f). 

HAPI cells morphology attached on microcarrier 
beads
 Morphology of HAPI cells attached on 
microcarrier was observed using inverted microscope 
(Figure 3) and scanning electron microscope (Figure 4). 
The results demonstrated the monolayer HAPI cells on 
the microcarrier beads. The microcarrier culture did not 
affect cell morphology. The cells were round with no or 
less process, present bright refringency and small-dark 
nucleus.  However, increasing incubation time showed 
cell contraction-attached on microcarrier beads with 
dark refringency and % cell viability also decreased.  

Figure 2. HAPI cells were plated in silicone-coated glass at density of 2x105(a.), 3x105(b.), 3.5x105(c.), 
4x105(d.) and 5x105(e.) cells/ml on difference concentrations of microcarrier beads (0.5, 1.0, 2.0 
and 4.0 mg/ml). Cell viability was measured at 24, 48 and 72 hr. Data were compared between 
cells that were plated in 6-well plate and glass petri dish at 24 hr incubation time (f.). Data were 
presented as mean ± SEM (n=3). *p<0.05 when compared to other conditions. 

Proceedings of the 37th Congress on Pharmacology of Thailand
163



Table 1. Ce
24

 

cells/m
          2x105

          3x105

       3.5x105

          4x105

          5x105

Figure 3. 

Figure 4. 

ell viability o
4 hr. (p<0.05

Cells dens
ml 

5 
5 
5 
5 
5 

Microscop
(a.) and see

 Scanning e

on microcarri
5) 
sity 

cells/cm2 
1.5x104 
5.6x104 
6.6x104 
7.5x104 
9.4x104 

pic observati
eded on micr

electron micr

ier beads wh

ions of HAP
rocarrier bea

roscopy of H

164 

hich were pla

on

PI cells whic
ds at 24 hr (b

HAPI cell-att

aced on 4.0 m

%ce
n microcarrier

5
6
7
5
4

h were plate
b.), 48 hr (c.)

tached on mi

mg/ml cytode

ell viability  
r beads (mea
5.7 ± 2.0 

66.0 ± 1.3 
70.7 ± 0.4 

2.9 ± 2.1 
45.7 ± 1.9 

ed in monola
) and 72 hr (

icrocarrier be

ex-1 in glass 

an ± SEM) 

ayer cell cul
d.).

eads

petri dish at

lture method

t 

d 

Proceedings of the 37th Congress on Pharmacology of Thailand
164

Table 1. Ce
24

 

cells/m
          2x105

          3x105

       3.5x105

          4x105

          5x105

Figure 3. 

Figure 4. 

ell viability o
4 hr. (p<0.05

Cells dens
ml 

5 
5 
5 
5 
5 

Microscop
(a.) and see

 Scanning e

on microcarri
5) 
sity 

cells/cm2 
1.5x104 
5.6x104 
6.6x104 
7.5x104 
9.4x104 

pic observati
eded on micr

electron micr

ier beads wh

ions of HAP
rocarrier bea

roscopy of H

164 

hich were pla

on

PI cells whic
ds at 24 hr (b

HAPI cell-att

aced on 4.0 m

%ce
n microcarrier

5
6
7
5
4

h were plate
b.), 48 hr (c.)

tached on mi

mg/ml cytode

ell viability  
r beads (mea
5.7 ± 2.0 

66.0 ± 1.3 
70.7 ± 0.4 

2.9 ± 2.1 
45.7 ± 1.9 

ed in monola
) and 72 hr (

icrocarrier be

ex-1 in glass 

an ± SEM) 

ayer cell cul
d.).

eads

petri dish at

lture method

t 

d 

Proceedings of the 37th Congress on Pharmacology of Thailand
164



165 

Discussions 
Our results demonstrated that silicone-

coated glass petri dish was suitable for microcarrier 
cell culture that yielded nearly 2 fold of cell 
viability, compared with silicone-coated 6-well plate 
at the same cell density. The siliconized with 
sigmacote® on the glass may cause hydrophobic 
surface that not suitable for cell attachment, 
therefore they promote cell attach on microcarrier 
beads more than a bottom of culture vessel.  

In monolayer or conventional cell culture, 
HAPI cell morphology is normally round with no or 
less process, present bright refringency and small-dark 
nucleus. HAPI cell is sensitive in morphological 
change when activate with stimuli substance including 
the percentage of fetal bovine serum (% FBS). 
Decreasing from 10% FBS-DMEM or 5% FBS with 
low sugar-DMEM, HAPI cells showed more process 
and phagocytosis.3-9 However, phase contrast and 
SEM-images indicated that HAPI cells conserved their 
normal morphology under the condition of cell culture 
medium supplemented with 2.5% FBS. We estimated 
that within 24 hr the cells covered about 70% of 
microcarrier surface. The longer incubation period may 

cause the overgrowth of the cells on the surface that 
indicated by increasing dark refringency cells and 
decreasing of cell viability. 

 
Conclusion

This study, the microcarrier cell culture 
condition for a microglia cell line was optimized. The 
culture condition was cell density of  3x105 cells/mL 
and 4.0 mg/ml cyodex-1 and incubated for 24 hr on 
silicone-coated glass petri dish. With this condition the cells 
still maintained their morphological characterization. 
This culture condition will further apply for real time 
free radical detection in vital cells.  
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Abstract

Quercetin is a ubiquitous flavonoid in fruits and vegetables. In addition to antioxidant, it possesses 
wide range of activities, including anti-inflammatory, anti-bacterial, anti-diabetics, anti-cancer, lipid 
lowering, and recently, autophagy induction. Autophagy induction is linked to the neuroprotective effect of 
quercetin. ERK1/2 is a vital pathway that governs various cellular processes, including, cell survival and 
proliferation. ERK1/2 activation is also observed in quercetin treatment; thus, we aim to investigate whether 
this pathway plays active role in autophagy induction, SH-SY5Y cells were used in this study. Quercetin at 
0.1-5 M did not affect the cell viability, in which, the cell viability is between 99 – 107 percent of the 
control. This concentration range was subsequently used for the experiments. PD184352, a MEK1/2 
inhibitor, was used to study the effect of ERK1/2 inhibition. Treatment with PD184352 reduced the cell 
viability in a dose-dependent manner - with 70% of the control at 0.25 M. At this concentration, 
suppression of phospho-ERK1/2 occurred at 50%. Treatment of the cells with 2 M of quercetin after 
exposure to 0.25 M of PD184352 restored the viability of cells to 88%. Interestingly��ERK1/2 inhibition by 
PD184352 led to inhibition of autophagy, demonstrated by the reduction of LC3-II expression, and quercetin 
treatment can significantly attenuated the effect of PD184352. Our results suggested that the ERK1/2 
activation cascade is upstream of autophagy induction, and that the neuroprotective effect of quercetin 
mediates through this axis. ERK1/2 could be the hub for quercetin to exert diverse biological effects.

Keywords: quercetin, autophagy, ERK1/2 MAPK, neuroprotective effect 
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Introduction
Quercetin is a ubiquitous natural flavonoid 

with potent anti-oxidative activity. It also exerts diverse 
biological effects including anti-bacterial, anti-
inflammatory, neuroprotective, anti-apoptotic, lipid 
lowering, anti-diabetes, and anti-cancer activities.1, 2

Recently, it was shown that quercetin induces 
autophagy in gastric carcinoma cells.3 Neuroprotective 
effects of quercetin have been demonstrated in several 
models of Parkinson’s disease (PD)1,4,5 and could 
attribute to several mechanisms, such as, anti-oxidant, 
anti-inflammation, inhibition of excitotoxicity, and 
attenuation of toxic alpha-synuclein fibrillization.6
Thus, quercetin and its derivatives have received high 
attention as potential effective therapeutic agents for 
neurodegenerative disorders. PD is the common 
neurodegenerative movement disorder that affects 
about 1% of the population older than 60 years.7

PD could either occur as sporadic or familial 
form, as a result of genetic mutations or exposure to 
environmental insults. Presence of intracytoplasmic 
inclusion bodies termed Lewy bodies (LB) and loss 
of dopaminergic neurons in substantia nigra pars 
compacta (SNC) are the pathological hallmarks of 
the disease.7 LB is composed of abnormal protein 
aggregates, in which, -synuclein protein is the 
major component.8 Impaired cellular degradation of 

-synuclein, either from genetic mutation or 
oxidative damage, leads to abnormal aggregation of 
the protein, in which cannot be removed by 
conventional ubiquitin-proteasome system (UPS).9, 10

Autophagy is the cellular self-digestion 
process that plays basic role in degradation and 
turnover of proteins and organelles. It can be 
induced upon exposure to environmental stress, 
leading to either cellular adaptation or cell death.11

So far, three types of autophagy have been 
identified; macroautophagy, microautophagy, and 
charperone-mediated autophagy (CMA). Several 
studies have linked autophagy to PD12, 13, in which, 
macroautophagy is responsible for clearance of 
mutant or aggregated -synuclein proteins.14 In this 
context, autophagy serves as protective function and 
can be modulated for therapeutic purpose. Recent 
study identified the association between autophagy 
and ERK1/2 MAPK pathway by anatomical co-
localization of phopho-ERK1/2 to mitochondria and 
autophagosome.15    The ERK1/2 MAPK pathway is 
a sequential phosphorylation cascades that is 
activated by growth factor and cytokines and is 
implicated in diverse cellular functions.16 Thus, 
ERK1/2 could be the platform that link autophagy 
with different signaling pathways and stimuli. 
Previous study in our laboratory reported that 
autophagy-mediated clearance of -synuclein 
underlies the neuroprotective effect of quercetin 
(Kanyapreedakul T, 2014; unpublished). Interestingly, 
we observed that activation of ERK1/2 pathway 
occurs after quercetin treatment. Thus, this study 
aims to investigate whether autophagy induction 
effect of quercetin is mediated through ERK1/2 
activation.

Materials and Methods

Cell culture 
Human dopaminergic neuroblastoma SH-

SY5Y cells were purchased from American Type 
Culture Collection (ATCC, Manassas, VA). Cells were 
grown in Eagle’s minimum essential medium (MEM)/ 
Ham’s F-12 (1:1), supplemented with 10% fetal bovine 
serum, 10 mg/ml pencillin, 10 U/ml streptomycin, 1 
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mM sodium pyruvate, and 1 mM non-essential amino 
acid. Cells were incubated in humidified 37 °C, 5% of 
CO2 and 95% air. The cells were routinely subcultured 
using enzymatic digestion with 1.25XTryPLE.

MTT assay 
SH-SY5Y cells were seeded on 96 well plates 

at density of 3x104 cells/well and grown for 24 hr. 
Cells were treated with various conditions according 
to the experimental designs. The MTT (3-(4,5-
dimethythiazole-2-yl)-2,5-diphenyltetrazole bromide) 
reagent (1 mg/ml MTT in PBS) was added in each 
well and incubated at 37 °C for 3 hr. The solution was 
removed and the crystal formazan product was 
solubilized with 100 l DMSO. The optical density 
was measured at 570/620 nm using a microplate 
reader (Bio-Tek instrument, Winooski, VT, USA).  

Western blot analysis 
SH-SY5Y cells were seeded on 6 well plates 

at a density of 9 105 cells/well for  24 hr. prior to the 
experiments. After the cells were treated with various 
conditions according to the experimental designs, the 
cells were washed and lysed with ice-cold RIPA lysis 
buffer. The lysates were centrifuged at 14,000 rpm for 
20 minutes at 4oC. Protein supernatant was collected 
and the concentration was determined with Lowry 
method. Thirty micrograms (30 g) of protein were 
separated on 13.5% SDS-PAGE. The proteins from the 
gel were transferred to 0.45 m PVDF membranes. 
Then the membranes were incubated with rabbit 
polyclonal antibody to LC3I/IIB (1:2000), p-ERK1/2 
(1:1000) and mouse monoclonal antibody to -actin
(1:5000) at 4°C overnight. The membranes were 
washed and incubated with corresponding horse radish 
peroxidase (HRP)-conjugated secondary antibodies for 
one hour at room temperature. The protein bands were 
visualized by autoradiography using enhanced 
chemiluminescence (ECL plusTM) and western blotting 
detection reagents. The intensity of bands was 
analyzed using Image J software (NIH, Bethesda, MD, 
USA). -actin was used as internal control. 

Statisical analysis 
All values were expressed as mean±S.E.M. 

of at least three independent experiments in which 
triplicate samples were performed. Experimental 
data were analyzed using one-way ANOVA followed 
by Tukey comparison test using Graph Pad Prism 5 
software. The statistical significance is indicated 
when p value is 0.05 or less. 

Results

Effect of quercetin on the viability of SH-SY5Y 
cells

To determine the cytotoxicity of quercetin on 
SH-SY5Y cells, the cells were treated with various 
concentrations of quercetin ranging from 0.1 - 10 M
for 24 hr. As shown in Figure 1, quercetin at the 
concentration of 0.1-5 M was not toxic to the cells. 
The percentages of cell viability were 98.91±0.57, 
105.4±3.79, 106.2±3.09, 107±1.71, and 106.6±0.68% 
of control at 0.1, 0.5, 1, 2, and 5 M of quercetin, 
respectively. While at 10 M the viability of the cells 
was significantly decreased to 75.69±2.35% of 
control. The concentrations at the non-toxic range 
were used in the subsequent experiments.  

Effect of PD184352 on viability of SH-SY5Y cells
To determine the effect of PD184352 on 

viability of SH-SY5Y cells, cells were treated with 
various concentrations of PD184352 ranging from 0.05 
to 50 M for 24 hr. PD184352 dose-dependently 
decreased the viability of cells. At 0.25 M, the cell 
viability was reduced to 71.48±0.55% of control 
(Figure 2). This concentration was used in the 
subsequent experiments.

Quercetin attenuates the cytotoxic effect of MEK1/2 
inhibitor

To determine the effect of quercetin on the cell 
viability after exposure to toxic dose of PD184352, 
SH-SY5Y cells were treated with PD184352 prior to 
treatment with quercetin. As shown in Figure 3, 
PD184352 at 0.25 M decreased the cell viability to 
70.93±1.11% of control. Treatment with quercetin 
increased the cell viability in a dose-dependent manner. 
At 2 M of quercetin, the cell viability was 
significantly increased to 87.9±3.48% of control.  
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Figure 1.  Effect of quercetin on the viability of SH-SY5Y cells. Cells were treated with various 
concentrations (0.1-10 M) of quercetin for 24 hr. Cell viability was assessed using MTT assay 
and results were presented as the percentage of untreated control. *** p < 0.001 compared to the 
untreated control 

Figure 2.  Effect of PD184352 on viability of SH-SY5Y cells. Cells were treated with various 
concentrations of PD184352 (0.05 to 50 M) for 24 hr. Cell viability was assessed using MTT 
assay and results were expressed as the percentage of untreated control. *** p < 0.001 compared 
to the untreated control 

Inhibition of phospho-ERK1/2 expression by PD184352  
To determine the time-course effect of 

PD184352 on the expression of phospho-ERK1/2, cells 
were treated with PD184352 at the concentration of 
0.25 M for 15 min, 30 min, 1 hr, 3 hr. and 6 hr. It was 
found that the maximum inhibition of p-ERK1/2 
expression was evident at 0.5 hr. or 30 min after the 
treatment (data not shown), therefore, this time-point of 
treatment with PD184352 was used in the subsequent 
experiment. 

To determine the effect of PD184352 on the 
level of p-ERK1/2 expression, the cells were treated 
with various concentrations of PD184352 for 30 min. 
As shown in Figure 4, PD184352 dose-dependently 
inhibited the expression of p-ERK1/2. At 0.25 M,

PD184352 significantly decreased the expression of     
p-ERK1/2 to 52.05±0.02% of control. 

Effect of ERK1/2 inhibition and quercetin on LC3-II 
expression

To determine the effect of quercetin on the 
expression of p-ERK1/2 and LC-3-II proteins, the cells 
were treated with 0.25 M PD184352 for 30 min prior 
to treatment with quercetin at 0.5, 1, and 2 M for 1 hr 
before determination of p-ERK1/2 and LC3-II 
expression. -actin was used as a reference. Inhibition of 
ERK1/2 activation with PD184352 resulted in reduction 
of LC3-II expression. On the contrary, treatment with 
quercetin attenuated the effect of PD184352 on              
p-ERK1/2 expression, causing increase in phospho-
ERK1/2 and LC3-II expressions.  
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Figure 3.  Effect of various doses of quercetin on cell viability after pretreated the cells with  0.25 M
PD184352 for 30 min before exposure to quercetin (0.1, 1 and 2 M) for 24 hr. Cell viability 
was assessed by MTT assay. Results were presented as the percentage of untreated control.       
* p<0.05 compared to the group of PD184352 treated only, *** p < 0.001 compared between 
the PD184352 treated group and quercetin treated group.

Figure 4. Expression of phospho-ERK1/2 after treatment with PD184352. Cells were treated with various 
concentrations of PD184352 (0.25 to 5 M) for 30 min. Expression of phospho-ERK1/2 was 
determined by western blot analysis. -actin was used as a reference. The results were expressed 
as the fold of untreated control. *** p < 0.001 compared to the untreated control. 
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Figure 5.  Expression of phospho-ERK1/2 and LC3-II in SH-SY5Y cells after treatment with PD184352 
and quercetin. SH-SY5Y cells were treated with PD184352 for 30 min before exposure to 
quercetin at 0.5 to 2 M for 1 hr. -actin was used as a reference. * p < 0.05 compared to the 
untreated control, p < 0.05, p < 0.01 compared to PD 184352 treated groups.

Discussion 
It was found in this study that non-toxic 

doses of quercetin were ranging from 0.5 to 5 M 
while quercetin at the concentration of 10 M was 
toxic to the SH-SY5Y cells. Therefore, this aspect 
has to be considered in the consumption or 
application of high doses of the natural compound 
for therapeutic purposes. To elucidate whether 
ERK1/2 activation involves in the autophagy 
induction, PD184352, MEK1/2 inhibitor was used to 
inhibit phospho-ERK1/2 expression in SH-SY5Y 
cells before exposure to quercetin. Treatment with 
PD184352 decreased the cell viability in a dose-
dependent manner, suggesting that ERK1/2 is 
essential to the survival of SH-SY5Y cells. 
However, the toxic effect of PD184352 on the cell 
viability was rescued by treatment with quercetin.  

Reduction of phospho-ERK1/2 expression 
by PD184352 was confirmed by western blot 
analysis. At 0.25 M, PD184352 markedly inhibited 
the expression of p-ERK1/2 to 52.05±0.02% of 
control. We further elucidated that ERK1/2 involves 
in autophagy induction, since reduction in LC3-II 
expression was evident after treated the cells with 
PD184352, suggesting the direct effect of ERK1/2 

on autophagy. Interestingly, quercetin can restore 
the levels of p-ERK1/2 and LC3-II expressions in 
PD184352 treated cells. The result of this study is in 
line with the previous study that flavonoids activate 
ERK1/2 pathway in PC12 cell line.17 Our study is 
the first to provide the evidence that quercetin exerts 
its neuroprotective effect by ERK1/2 mediated 
induction of autophagy. Further studies to confirm 
the findings and to elucidate the molecular 
mechanism are needed. 

Conclusion
This study demonstrated that inhibition of 

ERK1/2 causes reduction in cell viability as well as 
attenuation of autophagy. Treatment with quercetin 
results in activation of ERK1/2, as demonstrated by 
the increase in level of phospho-ERK1/2 expression 
and subsequent induction of autophagy.  
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Molecular Dynamics Simulationsof Binding of Anti-Alzheimer’s 
Drugs to Human Acetylcholinesterase 
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Abstract 

Alzheimer’s disease (AD) is a major public health problem worldwide due to an increase in elderly 
population. AD is a progressive neurodegenerative disorder characterized by loss of memory, cognitive 
decline, and dementia. The current pharmacotherapy of the early stages of AD is mainly dependent on 
cholinesterase inhibitors. Donepezil (DON) and galantamine (GAL) are selective inhibitors of 
acetylcholinesterase (AChE). In this report, we studied the interactions of DON and GAL with human AChE 
(hAChE) using molecular dynamics (MD) simulations. Our results indicated that DON and GAL formed 
hydrogen bonds with the residue H447 of hAChE, and the binding affinity of hAChE with DON wasmore 
potent than GAL. The calculation of binding free energies showed that the binding energy of hAChE/DON 
was better than hAChE/GAL, which was consistent with the experimental data.  
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Introduction  
 Alzheimer’s disease (AD)is one of the most 
common causes of dementia involved in 
neurodegenerative brain disorder. AD accounts for 
more than half of all dementia cases in elderly people 
over the age of 65.1The progression of disease results 
in severe memory loss, cognitive impairment, and 
behavioral changes.2 These symptoms interfere the 
normal daily lifestyle and quality of life in AD 
patients.3Moreover, it has been found that a significant 
loss of cholinergic neurons was present in the AD 
brain. As a result, the incapability of cholinergic 
transmission with remarkable decline of acetylcholine 
(ACh) could lead to AD symptoms.4Thus, one of the 
rationale for AD treatment is to reduce the rate of ACh 
breakdown by inhibition of acetylcholinesterase 
(AChE) that plays a  major role in hydrolysis of 
ACh5.Currently, two available anti-Alzheimer’s drugs, 
donepezil (DON) and galantamine (GAL), are 
selective inhibitors of AChE. Based on X-ray crystal 
structures, different binding modes between DON and 
GAL in the active site of human AChE (hAChE) led to 
significant difference of inhibitory activity against the 
hAChE.6 The half maximal inhibitory concentration 
(IC50) values obtained from in vitro experiment showed 
that the inhibitory effect of DON (IC50 = 23.1 nM) on 
hAChE was about 85 times more potent than that of 
GAL (IC50 = 2,010 nM).7However, the results from X-
ray structures could not explain the binding dynamics 
of drugs. Therefore, in the present study, we 
investigated binding modes and dynamic behaviors, 
which could lead to differences in their binding 
affinities using molecular dynamics (MD) simulations. 
This work could be useful for better understanding 
interactions between hAChE and its inhibitors. 
 
Methods 

The starting geometries of the 
hAChEcomplexed with DON and GAL were taken 
from the Protein Data Bank (PDB), entry codes 4EY7 
and 4EY6, respectively.6 The complexes were studied 
by MD simulations using the AMBER12 software 
package8coupled with the AMBER ff03 force field9, 
while the partial atomic charges and empirical force 
field parameters for the atoms in two inhibitors were 
prepared by the standard procedures.10 Briefly, each 
inhibitor was optimized using Gaussian09 program11to 

obtain the most stable structure.The optimized structure 
was then calculated the electrostatic potential (ESP) 
charges around its molecule. Afterwards, its restrained 
electrostatic potential (RESP) charges were obtained by 
charge fitting procedure using the antechamber module 
of the AMBER12 software.  The MD procedures were 
performed as follows. The missing hydrogen atoms of 
hAChE and its inhibitor were addedusing the LEaP 
module of AMBER12. Ionizable amino acids, 
consisting of lysine (K), arginine (R), aspartic acid (D), 
glutamic acid (E), and histidine (H) was assigned using 
the PROPKA 3.1 program.12Possible intramolecular 
disulfide bonds13 were also applied for maintaining the 
stability of protein structure. Added hydrogen atoms 
were minimized by steepest descent (SD) and 
conjugated gradient (CG) of 2,000 and 1,000 steps, 
respectively, to relieve bad contact of hydrogen atoms. 
Each complex was immersed in a cubic box of TIP3P 
water molecules14 with spacing distance of 10 Å from 
protein surface and a chloride counter ion was added 
randomly to keep the entire system neutral. Then, the 
minimization of water molecules alone was performed 
and followed by the whole system minimization with 
the SD (2,000 steps) and CG (1,000 steps), respectively, 
to obtain the optimum conformation for MD 
simulation. The MD simulation with periodic boundary 
condition using NPT ensemble and time step of 2 fs 
were performed. The non-bonded interaction 
calculationwas truncated within a 12 Å residue-base 
cutoff. The particle mesh Ewald (PME) summation 
method15 was applied to account for long-range 
electrostatic interactions.The SHAKE algorithm16was 
used to eliminate bond-stretching freedom for all atoms 
involving hydrogenwith a time step of 2 fs. The systems 
were heated up to 298 K with the relaxation time of100 
ps and then simulated at the same temperature for 12 ns. 
The root mean square displacement (RMSD) and 
hydrogen bond occupancy between protein and 
inhibitor were analyzed by the ptraj module, while the 
binding free energy ( Gbind) was calculated by the MM-
GBSA method.17On the basis of this approach, it 
combined the molecular mechanical energies with the 
calculation of the free energy of solvation. The 
generalized Born (GB) method was used to calculate 
the electrostatic contributions to the solvation free 
energy with a numerical solver.
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Molecular Dynamics Simulation of Donepezil Binds to Human 
Butyrylcholinesterase

 
Pamorn chittavanich1, Porntip Supavilai1, Somchai Yanarojana1

1Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok 10400, Thailand. 
 
Abstract 
 
 Molecular dynamics (MD) simulation is a computational method which investigates the structural 
dynamics of biological molecules and their ligands. In this study, MD simulations were carried out for 
human butyrylcholinesterase (hBuChE) and donepezil complex, in order to predict its binding free energy. 
At the equilibrium, potential interactions of donepezil to hBuChE are based on the strong hydrogen bond 
between donepezil piperidinium moiety and carbonyl oxygen of hBuChE His438. Moreover, the binding free 
energy of hBuChE-donepezil complex was evaluated from three methods: Molecular Mechanic Poisson-
Boltzmann Surface Area (MM-PBSA), Molecular Mechanic Onufriev's Generalized Born Surface Area 
(MM-Onufriev's GBSA), and Molecular Mechanic Tsui's Generalized Born Surface Area (MM-Tsui's 
GBSA). Our results showed the calculated binding free energy from MM-PBSA best resembles the 
experimental value. 

Keywords: binding free energy, donepezil, human butyrylcholinesterase, molecular dynamics simulation 
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Introduction  
 Alzheimer’s disease (AD) is the most 
common type of dementia which is characterized by 
a gradual loss of cognitive function. In AD brain, the 
degeneration of cholinergic neurons involved in the 
memory leads to a reduction of acetylcholine 
(ACh).1,2 Current treatment of the early stage of AD 
mainly depends on cholinesterase inhibitors which 
increase the level of ACh. These inhibitors are 
considered as an effective therapy for AD.3 Several 
studies found that the level of acetylcholinesterase 
(AChE) in the brain decreases along the disease 
progression, while level of butyrylcholinesterase 
(BuChE) increases.4  Donepezil is an anti-AD drug 
which binds to AChE and BuChE. Currently, 
molecular dynamics (MD) simulations are widely 
used to study the interaction at the molecular level 
between protein and ligand in aqueous solution. It 
have provided detailed information on the 
fluctuations and conformational changes of proteins. 
These methods are able to determine the structure, 
dynamics and thermodynamics of biological 
molecules and their ligands. Recently, there is no 
report on MD study of donepezil and human BuChE 
(hBuChE). Therefore, we studied the binding of 
hBuChE in complex with donepezil using MD 
simulations. 
 
Methods

MD simulations were performed by 
AMBER12 package.5 The optimization of ligand 
was preparedusing Gaussian09 program.6 Pymol 
program.7 was used to visualize the protein structure. 
The AMBER03 force field8  was used as molecular 
mechanic parameter for enzyme, while general 
amber force field (GAFF)9 was used for ligand. 

Protein preparation 
Ligand-free hBuChE crystal structure was 

chosen from the protein data bank (PDB). There are 
three available ligand-free structures, namely1P0I10, 
2PM811, 4AQD12 In this study, 1P0I was chosen 
because its crystal has high X-ray resolution. 
Missing residues (ASP378, ASP379, and ASN455) 
were added to the structure.Mutated residues(GLN17, 
GLN481, and GLN486) were changed back to the 
native ASN. The modified structure of hBuChE 
1P0I was assigned protonation for each residue at 
physiological pH using H++program.13 
 
Ligand preparation 

The donepezil was modelled as a protonation 
state in corresponding to the physiological pH 7.4. Its 
structure was optimized by Gaussian09 software under 
the Hartree-Fock method using 6-31G(d) level of basis 
set. Finally, Restrained Electrostatic Potential (RESP) 
was used to fit the ligand charges. 

Complex preparation 
Human AChE (hAChE)-donepezil complex 

structure is available in protein data bank (PDB ID: 
4EY7). hAChE and hBuChE share 65% amino acid 
sequence identity and have similar molecular forms 
and active center structure, thus; hAChE-donepezil 
complex was superimposed to the hBuChE 
(modified 1P0I). Finally, hAChE was removed from 
the superimposed structure, leaving hBuChE-
donepezil complex. 

Molecular dynamics simulation 
Minimization of hydrogen atoms was 

performed using Sander program of AMBER 
package with 10 Å of cutoff distance for 1,000 
cycles with steepestdescent (SD) and followed by 
2,000 cycles of conjugate gradient (CG). Truncated 
octahedral box of TIP3P14  water model was used to 
immerse the system with a minimal solute–wall 
distance of 10 Å from protein surface. To neutralize 
the system, four atoms of chloride ions were added 
as counter ions. Afterwards, only solvents were 
minimized with 12 Å cutoff distance under constant 
volume condition for 3,000 cycles (1,000 cycles for 
SD and 2,000 cycles for CG) to release bad contact 
between solute and solvent, and all atoms were then 
minimized. 

To avoid the bias of random initial velocity 
generation, system was heated from 0 K to 298 K 
using Berendsen thermostat.15  The particle mesh 
Ewald method (PME)16 with 12 Å of cutoff was 
used to relieve long range electrostatic interactions, 
and any bond involvingin hydrogen atoms was 
constrained using SHAKE algorithm.17 

After heating, the simulation condition was 
changed from constant volume to isothermal–
isobaric (NPT) ensemble. The isotropic position 
scaling was used to maintain the pressure to 1 bar 
with a relaxation time of 1 ps.  

Root-mean-square deviation (RMSD) of atomic 
positions 

The RMSD calculation was performed by 
setting the starting model as a reference, and then 
calculating the distance between atomic positions 
that change along the simulation time against the 
reference positions, using eq.1. 
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Figure 1.    Structure of donepezil 
 

Where N is the number of atoms, mi is the 
mass of atom i, Xi is the coordinate vector for target 
atom i, Yi is the coordinate vector for reference atom 
i, and M is the total mass. 

 
Ligand torsion angle measurement 

There are four flexible torsion angles of 
donepezil, including C9-C8-C10-C11, C8-C10-C11-
C16, C13-N14-C17-C18, and N14-C17-C18-C19, as 
shown in Figure 1. To define the flexibility and 
stability of donepezil, the torsion angles were 
measured every 2 ps. 

Hydrogen bond  
Hydrogen bond formation between proton donor 

and acceptor depicted as Donor-H Acceptor was 
determined every 2 ps along the 9-14 ns of simulation 
time using two criteria: 

1. The angle between three atoms must be 
greater than 120 degree. 

2. The distances of hydrogen bond must be 
less than 3.5 Å. 

The strong, medium, and weak hydrogen bond are 
defined by hydrogen bond occupations with the values 
of  >75%, 50-75%, and <50%, respectively. 
 
Binding free energy calculation 

In this study, the binding free energy of 
hBuChE-donepezil complex was calculated from the 
difference in free energy changes between bound and 
unbound states of an enzyme-ligand complex (eq.2). 

 
Gbinding= Gcomplex- ( Genzyme+ Gligand)    (2) 

 
The free energy was divided into two energy 

contributions: enthalpy ( H) and entropy (T S). The 
calculation of enthalpy in gas phase was performed by 
the Molecular Mechanics (MM), and the solvation 
enthalpy was calculated by Poisson-Boltzmann Surface 
Area (PBSA) method, while entropy term was 
calculated by normal mode analysis (NMA)(eq. 3). 

 
G= ( EMM + Gsolvation)- T S                    (3) 

 

To calculate enthalpy contribution, three methods of 
energy estimation, namely MM-PBSA, MM-
Onufriev's GBSA, and MM-Tsui's GBSAwere used. 
The binding free energy was calculated using 
mm_pbsa.pl perl script of AMBER12 package for 50 
snapshots (9-14 ns). The internal and external 
dielectrics constant were set to 1 and 80, respectively, 
and MolSurf program was used to calculate solvent 
accessible surface area (SASA) which is in a part of 
nonpolar solvation contributions. Other parameters of 
each method are described as follows.  
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Table 1 The hydrogen bond obtained from 9 to 14 ns. 
 

D A Occupation (%) Distance (Å) Angle (degree) 
His438:O HN:527Don 100 1.8 0.1 163 8 
Don527:O HN:119Gln 19.49 2.6 0.4 137 12 

Where D A represent donor and acceptor atom. Don is donepezil. Distance and angle are reported in terms of mean 
standard deviation. 

Table 2 The binding free energy calculated by MM-PBSA, MM-Onufriev’s GBSA and MM-Tsui’s GBSA. 
 

 Experiment23 MM-PBSA MM-Onufriev's 
GBSA MM-Tsui’s GBSA 

Binding free energy ( G) 
(kcal/mol) -7.7  0.1 -7.0  6.1 -21.9 6.3 -31.5 6.2 

Results are reported in term of mean  standard deviation. 

Results  
 
Molecular dynamics simulation 
 The RMSD revealed that time to 
equilibrium of the complex, hBuChE backbone 
atoms and donepezil atoms was~8 ns (Fig.2A), 
while the torsion angles of donepezil ligand reached 
equilibrium after 4 ns (Fig.2B). 
 
Binding mode and Hydrogen bond  
 The hydrogen bond was investigated every  
2 ps. Figure 3 indicated that the strong hydrogen 
bond between NH+ group of piperidinium moiety of 
the drug and carbonyl oxygen of catalytic histidine 
438 residue was observed. Another weak hydrogen 
bond occurs between methoxy group and the amide 
group of the glutamine 119 residue. The hydrogen 
bond parameters are shown in the Table1. 

Binding free energy 
The binding free energies were calculated 

by MM-PBSA, MM-Onufriev's GBSA, and MM-
Tsui’s GBSA methods. The results are summarized 
in table 2. 

The Ki of donepezil was taken from in vitro 
experiment.23 The Ki value was converted to binding 
free energy using eq. 5. The results indicated that 
value from the MM-PBSA method is correlated well 
with experimental data.  

Discussion  
The RMSD results revealed that the 

simulation system reached equilibrium after 8 ns. 

Therefore, the hBuChE-donepezil complex was then 
analyzed the MD trajectory from 9 ns to 14 ns. The 
torsion angle calculation indicated that the structure 
of donepezil is quite stable, because its torsion angle 
did not change at the early simulation time (~4 ns). 
The hydrogen bond between electron donor 
carbonyloxygen of histidine 438 backbone and         
–NH– group of donepezil is important for the 
binding ofhBuChE-donepezil complex. In agreement 
with Hou T. et. al.24, our results demonstrated that 
the MM-PBSA method is better than MM-GBSA in 
calculating absolute binding free energy. The 
calculation of binding free energy suggested that the 
MM-PBSA is the suitable method for comparing to 
experimental binding free energy. 

Conclusion
 In this study, we determined the binding 

mode and binding free energy of hBuChE-donepezil 
complex using MD simulation. At equilibrium, 
donepezil forms a weak and a strong hydrogen bond 
with hBuChE, suggested the protonation of 
piperidine ring is essential for strong hydrogen bond 
formation. MM-PBSA is the best method to predict 
binding free energy of hBuChE-donepezil complex.  
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Abstract 

Oxidative stress is one of the major causes of many diseases and disorders. Natural antioxidant with 
reactive oxygen species (ROS) scavenging property, however, is possibly able to prevent oxidative stress. 
Carica papaya fruit juice has been reported to exert antioxidant activity and cytoprotective effect in various 
types of cell. Thus, this present study aimed to investigate the ROS scavenging activityof unripe C.papaya
fruit juice (CPW). Inhibition of deoxyribose degradation mediated by hydroxyl radical ( OH) was measured 
to show the ability of CPW to scavenge OH compared with antioxidant standards. CPW exerted a 
considerable OH scavenging activity (IC50 = 785.81 ± 33.82 g/mL).Trolox equivalent antioxidant capacity 
and N-acetyl cysteine equivalent antioxidant capacity of CPW were 282.72 ±10.66 mg trolox/g CPW and 
440.49 ±79.08 mg NAC/g CPW, respectively. However, CPW did not exert the hypochlorous acid 
scavenging activity assessed by determining amount of remaining TNB. These findings suggest that CPW 
could effectively scavenge OH radical that could be attributed to their phenolic constituents. In order to 
comprehend activities of CPW in reduction of ROS harmfulness, it is suggested that other aspects of 
antioxidant effects and cytoprotective effect against ROS-induced cell death and the mechanism underlying 
itshould be further investigated. 
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Introduction
Physiological reactive oxygen species (ROS) 

level is controlled by its production and elimination, 
which are well balance. Accumulating evidence proves 
that at physiological state, ROS participate in diverse 
biological processes of living organisms. Examples of 
currently known ROS physiological roles include 
regulation of immune response, vascular tone, vascular 
permeability, and angiogenesis.1However, under 
certain circumstance, the level of ROS is increased due 
to imbalance of ROS production and elimination.This 
certain imbalance state causes increase of ROS level 
and is called oxidative stress. Under cellular oxidative 
stress conditions, production of ROS in large amount 
induces alteration of cellular functions and apoptosis2 
which eventually leads to cellular or organ dysfunction. 

Hydroxyl radical ( OH) is known to be the 
most biologically active free radical so far. It is 
produced in vivo by Fenton reaction in the presence of 
hydrogen peroxide (H2O2) and iron ions. Hypochlorous 
acid (HOCl) is the reactive form of chlorine, catalyzed 
by peroxidase enzyme, mainly neutrophil-derived 
myeloperoxidase in vivo.3 

Due to the fact that natural products are 
considerably safe, consumption of fruits that are 
proved to have antioxidant activity should be 
promoted and could be used for the purpose of 
preventing oxidative stress-caused diseases 

Carica papaya L. or papaya belongs to the 
Caricaceae family. They are grown in tropical areas 
world-wide including south-east Asia. Up to date, a 
number of studies showed promising results 
concerning antioxidant activity and cytoprotective 
effect of C. papaya in various types of cell and 
animals.4-6 Thus, in this study, C.papaya fruit juice 
was chosen to investigate further into the ROS 
scavenging activities. 
 
Materialsand Methods

Chemicals 
 2-Deoxy-D-ribose, FeCl3, 2-Thiobarbituric 
acid (TBA), and Sodium borohydride were purchased 

from Sigma-Aldrich.Troloxwas purchased from 
Aldrich. Ethylenediaminetetraacetic acid (EDTA) 
trisodium salt, L-ascorbic acid sodium salt, 30% 
Hydrogenperoxide, NaOCl, and 5,5’-dithiobis(2-
nitrobenzoic acid) (DTNB) were purchased from 
Sigma. N-Acetyl-L-cysteine (NAC) was purchased 
from Flukachemika. Trichloroacetic acid (TCA) was 
purchased from Merck.  
 
Preparation of Carica papaya fruit extract (CPW) 
 Unripe fruits of Carica papaya were 
purchased from local market in KhonKaen, Thailand. 
Fresh fruits were peeled and seeds were removed 
before passing through an automatic juice extractor to 
obtain juice. Afterward, the juice was centrifuged at 
3,000 g, 4°C for 10 minutes to separate remaining fruit 
pulps. The supernatant was then lyophilized and kept at 
-40°C in the light protecting containers. The working 
aqueous stock solutions of CPW were freshly prepared 
before each experiment by dissolving fruit powder in 
distilled water. 
 
Determination of hydroxyl radical scavenging 
activity
 The assay was performed following a 
standard deoxyribose degradation method with a 
slight modification.7 Reaction mixture contained, in 
a final volume of 1 mL, 5.6 mM2-deoxy-D-ribose, 
0.2 mM EDTA trisodium salt, 0.2 mM FeCl3, 0.2 
mM sodium-L-ascorbate, 100 mM phosphate buffer 
(pH7.4), and CPWor antioxidant standards in 
various concentrations as references. After 
incubation at 50°C for 20 minutes, 5.6% TCA (w/v) 
and 3.2% TBA (w/v) were added and the mixture 
was then heated in a water bath at 100°C for 15 
minutes. The absorbance of the mixture was 
measured at 532 nm in triplicate. The percent 
inhibition was calculated from the following 
equation: 

%inhibition=  
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Determination of hypochlorus acid scavenging 
activity
 The hypochlorus acid (HOCl) scavenging 
activity of CPW was assessed by determining amount 
of remaining 2-nitro-S-thiobenzoic acid(TNB).8HOCl 
was freshly prepared before an experiment by 
adjusting the pH of NaOCl solution to 6.2 with 0.6 M 
H2SO4. The concentration of HOCl was subsequently 
determined by measuring the absorbance at 235 nm 
using the molar absorption coefficient of 100 M-1cm-1. 
TNB was prepared from 1 mM DTNB solution in 50 
mM potassium phosphate buffer (pH 6.6) containing 5 
mM EDTA in addition to 20 mM sodium borohydride. 
The mixture was incubated at 37°C for 30 minutes. 
The concentration of TNB was then determined by 
measuring the absorbance at 412 nm using the molar 
absorption coefficient of 13600 M-1cm-1. The assay 
was performed at room temperature. The assay mixture 
contained a 40 M TNB solution, with or without 
CPW or standard antioxidants (i.e. ascorbic acid, NAC, 
and trolox). The absorbance of the mixture was 
measured at 412 nm before and 5 minutesafter the 
addition of 40  MHOCl. The percent TNB 
remaining was calculated from the following 
equation: 
 
 

%TNBremaining=  

Statistical analysis 
The results were presented as the mean ±SD 

or SEM as indicatedGraphPad Prism version 5.03 
software was used to analyze the data. All data groups 
were compared with one-way analysis variance 
(ANOVA) followed by Dunnett’s multiple comparison 

test. The statistically significant level was considered at 
p-value < 0.05.

Results

Hydroxyl radical scavenging activity 
 Inhibition of deoxyribose degradation 
mediated by hydroxyl radical ( OH) in a mixture of 
Fe3+-EDTA, H2O2, and ascorbic acid was measured to 
show the ability of CPW to scavenge OH compared 
with antioxidant standards. Hydroxyl radical 
scavenging activities of trolox, NAC, and CPW 
showed in dose-dependent manner. CPW exerted a 
considerable OH scavenging activity (IC50 = 785.81 ± 
33.82 g/mL), while trolox and NAC have IC50 of 
164.70 ± 14.75 g/mL and 292.62 ± 19.71 g/mL, 
respectively as shown in Table 1.Trolox equivalent 
antioxidant capacity and N-acetyl cysteine equivalent 
antioxidant capacityof CPW were 282.72 ±10.66 mg 
trolox/g CPW and 440.49 ±79.08 mg NAC/g CPW, 
respectively At concentration of 1000 g/ml, the 
percentage inhibition values were 87.8 ±0.87%, 84.8 
±3.25%, and 61.12 ± 2.28% for trolox, NAC, and 
CPW, respectivelyas shown in Figure 1.  
 
Hypochlorus acid scavenging activity 
 In this assay, hypochlorous acid (HOCl) 
reactively induce oxidation of TNB ( max = 412) into 
DTNB ( max = 325). In the presence of HOCl 
scavenger, therefore, it inhibits the TNB oxidation. The 
remaining of TNB was measured to evaluate the ability 
to inhibit TNB oxidation of CPW and other antioxidant 
standards as shown as Figure 2. N-acetyl cysteine 
exhibited a potent HOCl scavenging activity (IC50 = 
14.15 ±4.10 g/ml). Similarly to ascorbic acid, which 
has IC50 = 104.48 ±13.90 g/ml. Trolox and CPW, 
however, did not exhibit the scavenging activity.  

 

Table 1. IC50 values of CPW, trolox, and NAC to inhibit degradation of 2-deoxy-D-ribose mediated by 
hydroxyl radical. 

 

Sample IC50*

CPW 785.81 (33.82) 

Trolox 164.70 (14.75) 

NAC 292.62 (19.71) 

* Data are presented as mean (SD); n = 3 
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\Figure 1. Hydroxyl radical scavenging activity assay. Effects of trolox, N-acetyl cysteine (NAC), and 
CPW on the scavenging of OH. The data represent the percentage inhibition of deoxyribose 
degradation. The results are mean ±SEM (n = 3).  

Figure 2.    Hypochlorus acid scavenging activity assay. Scavenging effects of ascorbic acid (AA), trolox, N-
acetyl cysteine (NAC), and CPW on hypochlorus acid (HOCl). The data are expressed as mean 
±SEM of percentage of 5-thio-2-nitrobenzoic acid (TNB) remaining (n = 4). 

Discussion 
 It is now well established that excessive 
accumulation of reactive oxygen species or 
oxidative stress is a key cause of cellular damage by 
interfering with cellular physiological functions and 
inducing cell death2, which is implicated in the 
progression of many diseases and disorders. 
Growing number of studies show that many natural 
products have an ability to protect human cell from 
oxidative insults based on their antioxidant activity. 
Extract of unripe C. papaya has drawn our attention 
due to its antioxidant property in different cell types 
and animal experiments.4-6 Therefore, in this present 
study, we investigated OH and HOCl scavenging 
activity of CPW. 
 Hydroxyl radical is one the most reactive and 
harmful ROS, generated in vivo by Fenton and Haber-
Weiss reactions. The mixture of Fe3+, EDTA,ascorbic 
acid, and H2O2 at pH 7.4 was incubated to form 
hydroxyl radicals, which further damage 2-deoxy-2-

ribose and generate malondialdehyde (MDA) like product. 
This compound then reacts with TBA at low pH and 
forms a pink chromogen ( max = 535 nm).7 By adding 
CPW in the system removes generated hydroxyl 
radical and consequently reduces pink chromogen 
formation. Our data indicated that aqueous extract of 
CPW exhibited a marked dose-dependent OH 
scavenging activity. An efficient OH scavenging 
activity of CPW would benefit particular sites, where 
Fe2+/Fe3+ are abundantly available such as circulating 
system and atherosclerotic lesion.9 Hypochlorus acid, 
however, could not be scavenged by CPW. This 
finding might limit beneficial effects of CPW at 
inflammation sites, where myeloperoxidase enzyme 
from local neutrophils and macrophages can produce 
large amount of HOCl.  

Certain ROS scavenging activity of CPW 
could be attributed to their phenolic constituents. 
Characterization of the unripe C. papaya fruit extract 
by gas chromatography showed that the major phenolic 
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compounds of the flesh are epigallocatechin, ferulic 
acid, synaptic acid, and 2-phenylethyl-beta-D-
glucoside.10 In general, phenolic compounds that 
consist of aromatic rings and hydroxyl side chain(s) 
effectively scavenge ROS by donating H+ atom to free 
radical and become free radicals themselves but they 
rapidly stabilize by the resonance delocalization of the 
electron within the aromatic ring.   
 It is suggested that other aspects of antioxidant 
effects of CPW and cytoprotective effect against ROS-
induced cell death and the mechanism underlying it, 
including effect on endogenous antioxidant enzyme 
protein expression should be further investigated to 
comprehend activities of CPW in reduction of ROS 
harmfulness.

Conclusion
The present study highlights effective OH 

radical scavenging of the unripe fruit extract of C. 
papaya. This action would be beneficial to certain 
sites, where there are abundant of Fe2+/Fe3+. 
Hydroxyl radical scavenging activity of CPW could 
be attributed to their phenolic constituents. 
However, cytoprotective effect of CPW and relevant 
mechanism are suggested to be further studied. 
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2Basic Science Program, Maejo University Phrae Campus, 54140 Thailand 

Abstract 

 Propolis is a resinous substance collected by honeybee from various plant sources. Ethanol is usually 
use for propolis extract because ethanolic extract propolis always gives polyphenolic compound and 
flavonoid substances that showvarious biological activities. The objective of this study is to extract the 
propolis in several solvents: hexane, dichloromethane, ethanol and water. Furthermore, their biological 
properties and chemical components were investigated. Among four extracts, water extract propolis showed 
the lowest percentage yield (0.05% (w/w)). Hexane, dichloromethane, ethanol were as well as in the 
percentage yield which were 19.66% (w/w), 22.56% (w/w) and 18.68% (w/w), respectively. The ability of 
extract for inhibit free radical were done by DPPH scavenging assay. At 2,000 g/mL, ethanolic extract can 
inhibit DPPH radical about 84 percent and 80 percent for dichloromethane extract. Hexane extract can 
inhibit DPPH radical about 60 percent and water extract can inhibit DPPH radical 33 percent.The 
components of crude extract were separated by TLC technique in mobile phase hexane: ethyl acetate: acetic 
acid (60:40:1% (v/v)). Chromatogram of hexane, dichloromethane, ethanol showed the similar pattern about 
4 spots on TLC plate but water extract showed only one spot on TLC plate. These results reveal that ethanol 
is the good solvent for propolisextraction because the ability to scavenge DPPH is higher than other extracts.

Keywords: propolis, free radical, extraction solvent, thin layer chromatography 

 
 

  1,  2,  2,  2 
 

1  -      

 2  -   
 

 
 

  

     

   

  

 22.56  19.66 

 18.68 

 

 

 

 
 
Address Correspendence : Pattraporn Pukklay, Maejo University Phrae campus 17 RongKwang, Phra, 5414, Thailand. 
E-mail address: pattrapornp@phrae.mju.ac.th 

F21

Proceedings of the 37th Congress on Pharmacology of Thailand
189

189 
 

Comparison of the Activity of DPPH Scavenging of Crude Extract 
Propolis in Extraction Solvents 

Phattrapan Promkaew1, Thanyarat Chuesaard2, Wanthani Paengsri2, Pattraporn Pukklay2

1Biotechnology Science Program, Maejo University Phrae Campus 54140 Thailand   
2Basic Science Program, Maejo University Phrae Campus, 54140 Thailand 

Abstract 

 Propolis is a resinous substance collected by honeybee from various plant sources. Ethanol is usually 
use for propolis extract because ethanolic extract propolis always gives polyphenolic compound and 
flavonoid substances that showvarious biological activities. The objective of this study is to extract the 
propolis in several solvents: hexane, dichloromethane, ethanol and water. Furthermore, their biological 
properties and chemical components were investigated. Among four extracts, water extract propolis showed 
the lowest percentage yield (0.05% (w/w)). Hexane, dichloromethane, ethanol were as well as in the 
percentage yield which were 19.66% (w/w), 22.56% (w/w) and 18.68% (w/w), respectively. The ability of 
extract for inhibit free radical were done by DPPH scavenging assay. At 2,000 g/mL, ethanolic extract can 
inhibit DPPH radical about 84 percent and 80 percent for dichloromethane extract. Hexane extract can 
inhibit DPPH radical about 60 percent and water extract can inhibit DPPH radical 33 percent.The 
components of crude extract were separated by TLC technique in mobile phase hexane: ethyl acetate: acetic 
acid (60:40:1% (v/v)). Chromatogram of hexane, dichloromethane, ethanol showed the similar pattern about 
4 spots on TLC plate but water extract showed only one spot on TLC plate. These results reveal that ethanol 
is the good solvent for propolisextraction because the ability to scavenge DPPH is higher than other extracts.

Keywords: propolis, free radical, extraction solvent, thin layer chromatography 

 
 

  1,  2,  2,  2 
 

1  -      

 2  -   
 

 
 

  

     

   

  

 22.56  19.66 

 18.68 

 

 

 

 
 
Address Correspendence : Pattraporn Pukklay, Maejo University Phrae campus 17 RongKwang, Phra, 5414, Thailand. 
E-mail address: pattrapornp@phrae.mju.ac.th 

F21

Proceedings of the 37th Congress on Pharmacology of Thailand
189



 

190 
 

 0.05  DPPH scavenging 

assay  4    2,000 

 84   80  

 33  60  

 60 F254     

  4  

 

   
 

 : , , ,  

 

 

  (propolis) 

  

 

 

 
1  

   

  

2 

  
1 

3 

4            

   5 

 

   

   

 2

  

 (hydrophilic) 

   

(lipophilic)

6 

 

7 

8 

 

 

 

 

 

 

 (propolis) 
 

  (propolis) 20  

    

  200 

  ultrasonic bath  

 30  

 Whatman No.1  

 (rotary evaporator)  

 

 

Proceedings of the 37th Congress on Pharmacology of Thailand
190

 

190 
 

 0.05  DPPH scavenging 

assay  4    2,000 

 84   80  

 33  60  

 60 F254     

  4  

 

   
 

 : , , ,  

 

 

  (propolis) 

  

 

 

 
1  

   

  

2 

  
1 

3 

4            

   5 

 

   

   

 2

  

 (hydrophilic) 

   

(lipophilic)

6 

 

7 

8 

 

 

 

 

 

 

 (propolis) 
 

  (propolis) 20  

    

  200 

  ultrasonic bath  

 30  

 Whatman No.1  

 (rotary evaporator)  

 

 

Proceedings of the 37th Congress on Pharmacology of Thailand
190



 

191 
 

 

 1 

  TLC plate  silica gel 

60 F254  TLC  mobile phase  

mobile phase  hexane : ethyl acetate : acetic 

acid    ) 60:40:1 

 (iodine vapor) 

 

 (propolis) 
 DPPH radical-scavenging 

   

 100-2000  

 0.3    2.4 

  DPPH  

150   0.3 

 30  

 517 

 

 
   % DPPH radical scavenging activity =  {A0-(A1 – As)}  × 100 

                                                              A0 
 A0    DPPH 

 A1     

              DPPH 

 AS   

 
 
 

 

 

 
   

  

   

       

 

  

 

 

 22.56 

19.66 

 18.68 

0.05   

 

 
 DPPH scavenging  assay 

   

  4 

 DPPH 

 ( 1) 

 2,000 

 84  

 80   

60  

 33  

 

Proceedings of the 37th Congress on Pharmacology of Thailand
191

 

191 
 

 

 1 

  TLC plate  silica gel 

60 F254  TLC  mobile phase  

mobile phase  hexane : ethyl acetate : acetic 

acid    ) 60:40:1 

 (iodine vapor) 

 

 (propolis) 
 DPPH radical-scavenging 

   

 100-2000  

 0.3    2.4 

  DPPH  

150   0.3 

 30  

 517 

 

 
   % DPPH radical scavenging activity =  {A0-(A1 – As)}  × 100 

                                                              A0 
 A0    DPPH 

 A1     

              DPPH 

 AS   

 
 
 

 

 

 
   

  

   

       

 

  

 

 

 22.56 

19.66 

 18.68 

0.05   

 

 
 DPPH scavenging  assay 

   

  4 

 DPPH 

 ( 1) 

 2,000 

 84  

 80   

60  

 33  

 

Proceedings of the 37th Congress on Pharmacology of Thailand
191



 

 1 

 

 TLC 

 

 

 2 

acid

  

  

 mo

hexane : eth

 silica gel 60

d (60:40:1 

 (

 (

 

 silica g

obile phase 

yl acetate : a

       

0 F254 

 1), 

 4) 

 DPPH

el 60 F254 

 mobile p

cetic acid    ) 60

            1 

 TLC 

H 

phase

0:40:1 

  2       3    

 mobi

) 

 (

   4 

ile phase

 2), 

 (iodine vap

 2 

 

 hexa

 

por) 

 

  

 

ane : ethyl ac

 (

 

cetate : acetic

 

 3), 

      

 

c 

      

Proceedings of the 37th Congress on Pharmacology of Thailand
192

 

 1 

 

 TLC 

 

 

 2 

acid

  

  

 mo

hexane : eth

 silica gel 60

d (60:40:1 

 (

 (

 

 silica g

obile phase 

yl acetate : a

       

0 F254 

 1), 

 4) 

 DPPH

el 60 F254 

 mobile p

cetic acid    ) 60

            1 

 TLC 

H 

phase

0:40:1 

  2       3    

 mobi

) 

 (

   4 

ile phase

 2), 

 (iodine vap

 2 

 

 hexa

 

por) 

 

  

 

ane : ethyl ac

 (

 

cetate : acetic

 

 3), 

      

 

c 

      

Proceedings of the 37th Congress on Pharmacology of Thailand
192



 

 

 

  

   

 

 

 

    

  

 

 

 9 6

 

 

 

 

bromfenvinphos10   pentacyclic triterpenoid 

alkanoates 11 

 

cardanol  cardol 
12 

12 

   4 

  DPPH 

 70% v/v 

 1000  

 DPPH  90  
9 

 

       

 Umthong12  

 

 

 

 

6 

 

 

  

     

 DPPH scavenging assay 

 

     

   

 

 

 -  

 

 

 
 

 

1. Marcucci MC. Propolis: Chemical composition, biological properties and therapeutic acitivity. Apidologie. 
1995;26:83-99. 

2. Burdock GA. Review of the biological properties and toxicity of bee propolis (propolis). Food Chem. Toxicol. 
1998;36(4):347-63. 

3. Chang CC, Yang MH, Wen HM, Chern JC. Estimation of total flavonoid content in propolis by two 
complementary colorimetric methods. J Food Drug Anal. 2002; 10: 178-180. 

Proceedings of the 37th Congress on Pharmacology of Thailand
193

 

 

 

  

   

 

 

 

    

  

 

 

 9 6

 

 

 

 

bromfenvinphos10   pentacyclic triterpenoid 

alkanoates 11 

 

cardanol  cardol 
12 

12 

   4 

  DPPH 

 70% v/v 

 1000  

 DPPH  90  
9 

 

       

 Umthong12  

 

 

 

 

6 

 

 

  

     

 DPPH scavenging assay 

 

     

   

 

 

 -  

 

 

 
 

 

1. Marcucci MC. Propolis: Chemical composition, biological properties and therapeutic acitivity. Apidologie. 
1995;26:83-99. 

2. Burdock GA. Review of the biological properties and toxicity of bee propolis (propolis). Food Chem. Toxicol. 
1998;36(4):347-63. 

3. Chang CC, Yang MH, Wen HM, Chern JC. Estimation of total flavonoid content in propolis by two 
complementary colorimetric methods. J Food Drug Anal. 2002; 10: 178-180. 

Proceedings of the 37th Congress on Pharmacology of Thailand
193



 

194 
 

4. Cunha IBS, Sawaya ACHF, Caetano FM, Shimizu MT, Marcucci MC,  Drezza FT, et al. Factors that influence the 
yield and composition of Brazilian propolis extracts. J BrazChem Soc. 2004;15: 964-970. 

5. Kujumgiev  A,  Tsvetkova I,  Serkedjieva Y, Bankova V, Christov R, Popov S. Antibacterial, antifungal and 
antiviral activity of propolis of different  geographic origin. J Ethnopharmacol. 1999;64:235-40. 

6.     . (propolis) [

]. : -  ; 2549.

7. KhezriM, Rostami S, Riesh, SR and Alizadeh A. Effect of propolis and clotrimazole on controlling aflatoxin in 
pistachio (Pistaciavera L.). Int. J. Agri. Biol. 2006; 8(5): 606-8. 

8. PereiraAS, Bicalho B, Aquino Neto FR. Comparison of propolis from Apismellifera and Tetragonicaangustula. 
Apidologie. 2003; 34:291-8. 

9. Nagai T, Inoue R, Inoue H, Suzuki N. Preparation and antioxidant properties of water extract of propolis. Food 
Chem.  2003;80:29-33. 

10. Nowacka-krukowska H, Ludwicki JK. Determination of bromfenvinphos in bee products. PartII. Beeswax and 
propolis. Chem Anal. 1999;44:235-42. 

11. Pereira AS, Silva JFM, Kiltzke R, Cardoso JN, Aquino Neto FR. Pentacyclictriterpenoidalkanoates in propolis. Z 
Naturforsch. 1999; 54c: 1115-9. 

12. Umthong S, Phuwapraisirisan P, Puthong S, Chanchao C. In vitro antiproliferative activity of partially purified 
Trigonalaevicepspropolis from Thailand on human cancer cell lines. BMC Complement Altern Med. 2011; 11:37. 

Proceedings of the 37th Congress on Pharmacology of Thailand
194

 

194 
 

4. Cunha IBS, Sawaya ACHF, Caetano FM, Shimizu MT, Marcucci MC,  Drezza FT, et al. Factors that influence the 
yield and composition of Brazilian propolis extracts. J BrazChem Soc. 2004;15: 964-970. 

5. Kujumgiev  A,  Tsvetkova I,  Serkedjieva Y, Bankova V, Christov R, Popov S. Antibacterial, antifungal and 
antiviral activity of propolis of different  geographic origin. J Ethnopharmacol. 1999;64:235-40. 

6.     . (propolis) [

]. : -  ; 2549.

7. KhezriM, Rostami S, Riesh, SR and Alizadeh A. Effect of propolis and clotrimazole on controlling aflatoxin in 
pistachio (Pistaciavera L.). Int. J. Agri. Biol. 2006; 8(5): 606-8. 

8. PereiraAS, Bicalho B, Aquino Neto FR. Comparison of propolis from Apismellifera and Tetragonicaangustula. 
Apidologie. 2003; 34:291-8. 

9. Nagai T, Inoue R, Inoue H, Suzuki N. Preparation and antioxidant properties of water extract of propolis. Food 
Chem.  2003;80:29-33. 

10. Nowacka-krukowska H, Ludwicki JK. Determination of bromfenvinphos in bee products. PartII. Beeswax and 
propolis. Chem Anal. 1999;44:235-42. 

11. Pereira AS, Silva JFM, Kiltzke R, Cardoso JN, Aquino Neto FR. Pentacyclictriterpenoidalkanoates in propolis. Z 
Naturforsch. 1999; 54c: 1115-9. 

12. Umthong S, Phuwapraisirisan P, Puthong S, Chanchao C. In vitro antiproliferative activity of partially purified 
Trigonalaevicepspropolis from Thailand on human cancer cell lines. BMC Complement Altern Med. 2011; 11:37. 

Proceedings of the 37th Congress on Pharmacology of Thailand
194



195 

Liquid Chromatography Technique for Fractionation, Identification 
and Biological Activity Analysis of Salivary Gland Extract of 
Aedes aegypti

Natthinee Jiraphan1, Ronald Enrique Morales Vargas2, Tamaki Okabayashi3,4,
Noppawan Phumala Morales1

1Department of Pharmacology, Faculty of Science, Mahidol University, Bangkok  10400, Thailand   
2Department of Medical Entomology, Faculty of Tropical Medicine, Mahidol University, Bangkok  10400, Thailand   
3Mahidol-Osaka Center for Infectious Diseases (MOCID), Faculty of Tropical Medicine, Mahidol University, Bangkok, 
10400, Thailand   
4Research Institute for Microbial Diseases, Osaka University, Osaka, Japan    
  
Abstract 

Mosquito-borne diseases are ones of the most important world health problem. The pathogens are 
transmitted during blood feeding which the processes could be modified by mosquitoes’ salivary 
components. This study aimed to develop a separation technique that is able to maintain biological activity of 
salivary/salivary gland proteins for further biological analysis and identification. Here, size exclusion liquid 
chromatography was applied to fractionate salivary gland proteins, and the antiplatelet activity was used as a 
test model to test activity of the fractions. One hundred salivary glands of Aedes aegypti were extracted and 
fractionated using ZORBAX GF-250 (4.6 x 250 mm, particle size 4 m) as a stationary phase and 100 mM 
sodium phosphate buffer pH 7.0 as mobile phase. The eluents were collected every 1 min intervals to study 
anti-platelet activity. The results showed that the fraction eluted at 12 min reversed ADP-induced platelet 
aggregation in vitro. The molecular weight of this fraction was 97 kDa. To identify the protein, sodium 
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was performed. A target protein band was 
observed with molecular weight of 63 kDa. This band was in-gel tryptic digested and analyzed via liquid 
chromatography-tandem mass spectrometry (LC-MS/MS). Apyrase, an enzyme with antiplatelet activity, 
was identified using MASCOT search engine. In conclusion, the biological activity of salivary glands extract 
was conserved after size-exclusion chromatography.  
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Introduction
Mosquito-borne diseases are the most 

important world health problem in both human and 
animals.1 Mosquitoes transmit not only the 
pathogens during blood feeding but also their 
salivary proteins to host. Salivary proteins have 
various activities to counteract host hemostatic 
system, blood coagulation, platelet aggregation and 
vasoconstriction, for enhancing blood-feeding and 
virus transmission efficiently.2-3 Separation and 
identification of salivary and salivary gland proteins 
are required for further studying of the mechanisms 
of blood feeding, transmission of diseases as well as 
host-immune responses.4  

In this study, we utilized size exclusion liquid 
chromatography for fractionation of protein from 
salivary glands of Aedes aegypti, the most important 
vector of virus infectious diseases, for example, yellow 
fever and dengue fever.5 We proposed that with size 
exclusion liquid chromatography, the fractionated 
proteins maintain their biological activities. In order to 
evaluate this propose, antiplatelet activity was used as a 
test model.  Furthermore, the target protein of salivary 
glands extract was identified using liquid 
chromatography-tandem mass spectrometry (LC-
MS/MS).     
 
Materials and Methods

Salivary gland extraction
Salivary glands of Aedes aegpyti were 

obtained from Department of Medical Entomology, 
Faculty of Tropical Medicine, Mahidol University. 
The salivary gland extract (SGE) was prepared by 
homogenization of 100 salivary glands in 1 ml of 
cold phosphate saline buffer. The extract was 
subjected to  
one -80°C freeze-thaw cycle and centrifuged at 4°C 
at 5000 g for 10 min. The clear supernatant was 
collected and kept at -80°C.  

  

Fractionation of salivary gland extract by size 
exclusion liquid chromatography 

SGE was fractionated by size using a gel-
filtration column (ZORBAX GF-250 column, 4.6 x 
250 mm, particle size 4 m) with isocratic mobile 
phase consisted of 100 mM of NaH2PO4/Na2HPO4 
buffer pH 7.0. The HPLC system consisted of auto 
sampler, Water 2695 separation module, Water 2996 
photodiode array detector operated at 210 nm with 
Empower 2 software (Waters corporation, Milford, 
USA). The flow rate was 0.2 ml/min and injection 
volume was 60 l.  

The fractions of SEG were collected at 1 
min intervals from 0 to 25 min. Concentration and 
molecular weight of protein fractions were 
determined by using gel filtration standard (Bio-Rad 
Laboratories Ltd, California, USA). The stock 
standard was dissolved in 1 ml and then prepared 
working standard by diluting to 30-fold. The 2.5 l 
of the standard was injected to HPLC system as 
above described. 

Identification of salivary gland extract by LC-
MS/MS

SGE was separated by 12.5% SDS-PAGE, gel 
electrophoresis and stained with Coomassie brilliant 
blue (Bio-Rad Laboratories Ltd, California, USA). 
The molecular weight of protein bands were 
estimated by molecular mass markers (BLUelf 
Prestained Protein Ladder; GeneDireX, LasVegas, 
USA). The target band was excised and digested 
(Trypsin singles, proteomics grade, Sigma-Aldrich, 
Missouri, USA) without reduction and alkylation 
steps as described previously by Shevchenko et al.6 
The dried extract samples were stored -20°C and 
dissolved with 2% acetonitrile and 0.01% formic 
acid before analysis by LC-MS/MS.  
 Analysis was performed by using 
electrospray-ionization (ESI)-ion trap (Esquire HCT, 
Bruker). Chromatographic part used C-18 reversed-
phase capillary column (Polaris C18-A, 75 x 2.1 
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acid before analysis by LC-MS/MS.  
 Analysis was performed by using 
electrospray-ionization (ESI)-ion trap (Esquire HCT, 
Bruker). Chromatographic part used C-18 reversed-
phase capillary column (Polaris C18-A, 75 x 2.1 
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mm, particle size 5 m) with a flow rate of 0.15 
ml/min. The gradient profile mobile phase was a 
linear gradient from 90% A (5% acetonitrile, 0.1% 
formic acid) to 40% B (80% acetronitrile, 0.1% 
formic acid) in 15 min and maintained at isocratic 
conditions (40% B) for 30 min before turning to 
initial conditions within 1 min and equilibrated for 
14 min. The electrospray capillary voltage was set to 
2.3 kV. MS scan began at 100 m/z to 3000 m/z. For 
fragmentation, amplitude was set at 0.65 V. Mass 
data collected during LC-MS/MS were analyzed by 
Data analysis 4.1 (Bruker). Finding compound of 
mass data were performed by using the MASCOT 
search engine (Matrix Science Ltd., London, UK). 
 

Platelet aggregation assay 
 Platelet aggregation was assayed by 
turbidimetric method. A 10 ml of freshly blood in 
3.8% sodium citrate was used for platelet 
preparation. Blood sample was centrifuged at 800 
rpm for 10 min to obtain platelet-rich plasma 
(PRP). Part of PRP was further centrifuged at 3500 
rpm for 10 min to obtain platelet-poor  plasma 
(PPP). PPP was used to adjust PRP in ratio 1:1         
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Table 1. Retention time and molecular weight of Aedes aegypti salivary proteins. 
 

 

Figure 2. Effect of fractionated SGE on ADP induced-platelet aggregation. 

Antiplatelet activity of Aedes aegypti SGE  
 Fractions of SGE were collected and the 
eluent at 12, 13 and 14 min were tested for 
antiplatelet activity. PRP sample was incubated with 
each fraction of SGE at 37 °C for 1 min. Platelet 
aggregation was induced by 8 M ADP. The results 
showed that, without SGE, ADP induced platelet 
aggregation accounted for 65% and following by 
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(Figure 2). Therefore, fraction eluted at 12 min 

showed antiplatelet activity by reversing platelet 
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Identification of Aedes aegypti SGE by LC-MS/MS 
  The platelet aggregation assay showed that 
protein at fraction eluted at 12 min had antiplatelet 
activity. The molecular weight was estimated to be 
about 97 kDa by the size exclusion chromatography. 
To identify the protein composition, SGE was 
separated by SDS-PAGE, and the protein band 
nearly 97 kDa was targeted, digested and analyzed 
by LC-MS/MS (Figure 3). Raw data was analyzed 
further to identify this protein by using MASCOT 
search engine. Result of searching showed that 
protein hit was apyrase with score 453 (Table 2). 
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Figure 3.  Separation of SGE by SDS-PAGE and stained with Coomassie Brilliant Blue (a). Base peak 
chromatogram of 63 kDa protein of SGE (b)  

 
Table 2. Identified protein by MASCOT from salivary gland profiles of Aedes aegypti 
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name 
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Score Protein sequence 
coverage 

Sequence 

Apyrase 62715 453 32 %  R.TGPLDSDVFK.N 
     K.VTLSNAVEAVR.R 
     K.GLAPYLAELNK.E 
     R.LTLYFDEEGEVK.N 
     K.DKVEGPYPTLVESK.N 
     K.EAEYYIVVPSYLADGK.D 
     K.EGIPTIVANLVMNNDPDLK.S 
     K.ITNGDIIEAAPFGSTADLIR.L 
     K.GADIWDVAEHSFALDDEGR.T 
     K.NPIYLNAGDNFQGTLWYNLLR.W 
    K.IAAEAGDDIDVIVGAHSHSFLYPDSK.Q 

Discussion 
Salivary gland protein and salivary protein 

play a key role not only in enhancing blood-feeding 
but also pathogen transmission and host-immune 
response. Fractionation of protein from salivary 
gland or saliva is required to clarify the function of 
salivary composition.  

Here the size exclusion liquid 
chromatography was applied to fractionate the 
protein. Principally, the technique is based on the 
size or molecular weight of protein. However, shape 
and hydrophobicity also influence the separation.7 
This may explain the difference in the molecular 
weight obtained from size exclusion liquid 
chromatography and SDS-PAGE.  

Our results indicated that the fractions of 
protein maintain their biological activity. Here we 
used antiplatelet activity as a model to evaluate 

biological activity. Platelet aggregation is the first 
line of defense to avoid blood loss during tissue 
injury.8 Several agonists such as ADP and collagen 
induce platelet activation. Mosquitoes are necessary 
to produce antiplatelet agents to facilitate a blood 
meal.9 Ribeiro, 1987 studied the effect of Aedes
agypti saliva from salivation on platelet aggregation. 
He found that mosquito saliva inhibits platelet 
aggregation. To date, there have been reported that 
salivary protein of Aedes aegypti contains apyrases, 
which have ability to inhibit platelet aggregation by 
hydrolyzing di-and tri-phosphate.10  
 Regarding to the platelet aggregation profile, 
the protein fraction eluted at 12 min caused reverse 
platelet aggregation. This effect may due to 
inhibition of ADP release or insufficient 
concentration of ADP. Result from MASCOT search 
engine report that the target protein was apyrase, an 
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ADP-hydrolysing enzyme. Therefore, the results 
obtained from biological assay and mass 
spectrometry were consistent.  

Conclusion
 Aedes aegypti salivary proteins fractionated 
from the size exclusion liquid chromatography was 
able to maintain antiplatelet activity which is one of 
biological activities of salivary protein. Therefore, 
the liquid chromatography techniques will be further 
developed to fractionation and identify the bioactive 
compounds in salivary gland extract. Furthermore, 
this study may lead to understanding the 

transmission mechanism of mosquitoes and their 
therapeutic. 
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Preliminary Study on the Effects of Andrographis paniculata on 
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Abstract 

Andrographis paniculata (Burm.F) Wall ex Nees has been used in Thai traditional medicine to 
relieve common cold, fever, and diarrhea for centuries. Its bioactive compound, andrographolide, showed 
anti-platelet activities in animal study models. However, the effect of A. paniculata has not been reported on 
human platelet functions. Therefore, we have investigated the effects of A. paniculata on platelet activity in 
ten healthy volunteers. A. paniculata was taken 3 x 2 g within one day (total 6 g/day). Platelet aggregation 
induced by epinephrine (Epi), adenosine diphosphate (ADP) and collagen (Col) was studied before and after 
A. paniculata administration 2 and 24 hr. Thromboxane B2 (TXB2) level in these aggregated platelets was 
also assessed. It was found that ADP-induced platelet aggregation was decreased while Epi-induced platelet 
aggregation was increased after A. paniculata ingestion. By considering platelet activity to disaggregation, 
normal aggregation and hyperaggregation groups, platelet aggregation in normal aggregation group was 
decreased whereas in disaggregation group was increased. However, TXB2 levels were not significantly 
different. This study, therefore, provided the preliminary scientific data for the clinical study of A. paniculata
on platelet aggregation in human. 

Keywords: Andrographis paniculata, platelet aggregation, TXB2, epinephrine, ADP 
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Introduction

Andrographis paniculata (Burm.F) Wall ex 
Nees has long been used to relieve sore throat, fever 
and common cold in Asia and Scandinavia.1
A. paniculata is well known as Fah Talai Joan in 
Thailand. It was included in The National List of 
Essential Medicines 2013 to relief the symptoms of 
common cold and non-infectious diarrhea.2 Active 
ingredients of A. paniculata exhibit therapeutic effect 
in many clinical and experimental studies.3
Andrographolide is one of the major active compounds 
of A. paniculata. Andrographolide plays an important 
role in the inflammatory process, cyclooxygenase 
(COX) enzyme expression.4,5 Moreover, in an in vitro
study, andrographolide inhibited human platelet 
aggregation-induced by platelet-activating factor
(PAF)6 and inhibited mice platelet aggregation induced 
by thrombin.7 Platelets are essential for primary 
hemostasis and also play an important pro-
inflammatory role. Its activation may lead to the 
exposure of many adhesive molecules and 
inflammatory cytokines.8 If A. paniculata exhibits 
antiplatelet effects, it is possibly be harmful to the 
physiological condition of hemostasis. However, there 
is still no clinical study about the effects of A.
paniculata on human platelet aggregation. This 
preliminary study is planned to evaluate the effects of 
A. paniculata on platelet activity such as platelet 
aggregation induced by platelet agonists in healthy 
volunteers.

Materials and Methods 

Chemicals and study drug 
 Vacutainer citrate tube was purchased from 

BD (New Jersey, USA). Epinephrine (Epi), 
adenosine diphosphate (ADP) and collagen (Col) 
were purchased from Helena Laboratory (USA).  

EIA kit for thromboxane B2 (TXB2) was purchased 
from GE Healthcare (USA). The highest quality 
chemicals and reagents were purchased from Sigma-
Aldrich (MO, USA or Germany).

A. paniculata 500 mg capsules were 
obtained from Manufacturing Unit of Herbal 
Medicine and Products, manufactured under GMP 
by Ayurved Thamrong School, Center of Applied 
Thai Traditional Medicine (CATTM), Faculty of 
Medicine Siriraj Hospital, Mahidol University, 
Thailand. The powders contain 3% of andrographolide 
(unpublished data from the unit of A. paniculata
preparation). Therefore, one capsule of A. paniculata
contains about 15 mg of andrographolide.

Subject design 
The study protocol and related materials were 

reviewed and approved by Siriraj Institutional Review 
Board (SIRB) of Faculty of Medicine Siriraj Hospital, 
Mahidol University, Thailand. Ten subjects were 
enrolled in this study including 5 male and 5 female, 
age between 25 to 60 years old. They were healthy 
based on medical history, physical examination, 
clinical chemistry, hematologic screening and urine 
pregnancy test in female volunteers. Subjects were 
instructed to abstain from using any drugs that are 
known to affect platelet aggregation for at least 2 
weeks before the study. They were also instructed to 
abstain from alcohol and smoking during the study. All 
participants provided verbal and written informed 
consent. According to National List Essential 
Medicines in Thailand2, the participants received 3 x 2 
g capsules of A. paniculata after meals within 1 day 
(total 6 g/day). Since pharmacokinetic study following 
60 mg andrographolide oral administration revealed 
maximum plasma level of approximately 1.9 M at 
1.5-2 hr.9 This plasma level is found enough to reveal 
any anti-PAF effects.6, 9 Therefore, blood was taken in 
the morning before (0 hr.) and after 2 and 24 hr of      
A. paniculata administration to study platelet 
aggregation.
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Introduction
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maximum plasma level of approximately 1.9 M at 
1.5-2 hr.9 This plasma level is found enough to reveal 
any anti-PAF effects.6, 9 Therefore, blood was taken in 
the morning before (0 hr.) and after 2 and 24 hr of      
A. paniculata administration to study platelet 
aggregation.
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Human platelet aggregation assay
  Citrated whole blood was centrifuged at 250 x 
g for 10 min at room temperature to prepare platelet 
rich plasma (PRP). Some PRP was further centrifuged 
at 4500 x g for 2 min at room temperature to prepare 
platelet free plasma (PFP) for setting as a blank. 
Platelet aggregation was determined using Born’s 
technique10 in aggregometer (AggRAM™, Helena, 
USA). Epi, ADP and Col were used as platelet 
agonists. Briefly, PRP in a silicone-treated glass 
cuvette was pre-incubated at 37 °C for at least 3 min. 
Then aggregation was induced by addition of each 
agonist while stirring at 600 rpm. The reaction was 
allowed to proceed for 5 min. The maximum 
amplitude of platelet aggregation was expressed as 
percentage of a difference between light transmission 
of aggregated PRP and of PFP. Activated and none 
activated PRP were immediately kept to evaluate 
TXB2 level.

The classification of platelet status 
 Currently, there is no consensus on how to 
evaluate platelet function. Each laboratory follows 
its own practice. In our laboratory, platelet 
aggregation status was divided into three patterns, 
disaggregation (dis), normal aggregation (normal) 
and hyperaggregation (hyper), depend on the 
response of platelets to the panel of agonists.11,12

Briefly, disagregation and hyperaggregation are 
defined for primary phase of 25 M Epi-induced 
aggregation and secondary phase of 1 M Epi-
induced aggregation, respectively, whereas normal 
aggregation is defined for platelet aggregation in a 
concentration-dependent manner.

Enzyme immunoassay for TXB2 (a stable metabolite 
of TXA2)

TXB2, a stable metabolite of TXA2 in 
supernatants of activated and none activated 
platelets were measured using an enzyme 
immunoassay commercial kit (TXB2 EIA kit, GE 
Healthcare). Briefly, at the end of the platelet 
aggregation test, activated and none activated PRP 
was centrifuged at 4500 x g at 4  C for 10 minutes. 
Supernatant was collected and TXB2 was assayed 
according to the manufacturer’s instruction.13

Statistical analysis 
The results were presented as mean ± 

standard error of mean (SEM). Data analysis was 
performed using GraphPad Prism version 5.03. 
Two-way ANOVA was tested to find any 
differences of parameters among groups followed by 
Bonferroni’s post hoc test. P-value less than 0.05 
were considered statistically significant.

Results

Demographic data of subjects  
Baseline parameters for blood chemistry and 

complete blood count were within normal range for 
all volunteers (Table 1). Data were presented as  
mean ± SEM.

The effects of A. paniculata on platelet aggregation 
The overall results showed that patterns of 

platelet aggregation were not changed for the entire of 
the study except one subject that disaggregation was 
changed to slightly normal aggregation. Epi-induced 
platelet aggregation (25 M) was significantly 
increased after 24 hr while ADP- induced was 
significantly decreased after 2 and 24 hr of A.
paniculata administration (Figure 1B and 1C). By 
considering platelet status, subjects existing normal 
aggregation and disaggregation exhibited significantly 
changed in Epi-induced aggregation in the opposite 
direction (Figure 1A and 1B).

By gender considering, platelet aggregation 
induced by 1 M Epi was significantly higher in 
female than that in male at the entry hour (Figure 2A). 
After  A. paniculata administration, aggregation 
induced by 1 M Epi was still higher while 
aggregation induced by 5 M ADP was significantly 
lower after 2 hr (Figure 2A, 2C). However, neither 
male nor female exhibited any significantly changed in 
each agonist-induced aggregation after 2 and 24 hr of 
A. paniculata administration.

Effects of A. paniculata on TXB2 in platelets 
Overall results of A. paniculata on TXB2 in 

supernatant of aggregated PRP did not reveal any 
significant change. However, according to platelet 
status, decreased TXB2 was found in subject existing 
normal platelet aggregation (Figure 3B). 
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Discussion
The effects of A. paniculata on platelet 

aggregation induced by Epi, ADP or Col were 
studied, ex vivo, in healthy volunteers. Currently, 
there is no consensus on how to evaluate platelet 
function while each laboratory follows its own 
practice. For this study, three types of aggregation 
patterns were classified to be disaggregation, normal 
aggregation and hyperaggregation according to the 
studies of Ketsa-ard et al, 199111 and Akarasereenont 
et al, 2006.12 They were found that, about 60 % of 
subjects exhibited platelet hyperaggregation at the 
study entry hour. These agreed to the study of Yee et
al, 2006.14 After A. paniculata administration, these 
patterns were not changed except one subject that 
disaggregation was changed to normal aggregation. 
The percentage of 25 M Epi-induced aggregation 
in disaggregation group was, therefore, increased 
after A. paniculata administration (Figure 1B).  
Surprisingly, the percentage of 1 M Epi-induced 
aggregation in normal aggregation group was 
decreased (Figure 1A). At this time, no conclusive 
explanation has been offered for this finding, further 
study on platelet aggregation with well-controlled 
design of a larger group should be performed. 
However, for the overall results, average percentage 
of ADP-induced platelet aggregation was 
significantly decreased while of Epi-induced was 
significantly increased and of Col-induced was not 
significantly changed after A. paniculata administration. 
The variation in the effects of A. paniculata on 
platelets aggregation among different aggregation 
pattern groups and among different agonists may be 
due to the multifactorial mechanisms of platelet 
aggregation. Moreover, they are likely to involve 
with different platelet receptors in each pathway.15

A. paniculata may differently react with each 
receptor on platelets leading to variability in platelet
aggregation response.16,17 However, the effects may 
not stable if receptor was reversibly reacted.18

Moreover, substantial interindividual variation in 
drug response among subjects may differently 
govern drug metabolizing enzyme. Genetic 
variations may be recognized as one of important 
factors to alter effects of A. paniculata on platelets.19

This is probably the reasons that our finding did not 
show the inhibitory effect of A. paniculata on 
platelets as found in the previous studies.6,7 In 
addition, the studied protocol was also quite 
different. Firstly, the formulation of A. paniculata in 
this study is crude powder in capsule not an 
extraction. Secondly, platelet agonists are Epi, ADP 
and Col but not thrombin, PAF or calcium ionophore 
A23187. Finally, the effect of A. paniculata on 

platelet aggregation is an ex vivo study not an in
vitro study. The other possible influencing factor on 
platelets is sex difference because sex-related 
differences in platelet reactivity have been reported, 
with female having more reactive platelets than that 
in male.20 In this study, platelet aggregation at the 
study entry hour in female was also significantly 
higher than that in male. After A. paniculata
administration, platelet aggregation in male was 
significantly higher instead. Moreover, female, not 
male, revealed significant decreased in platelet 
aggregation, possibly indicated that platelets of 
female are more reactive than that of male. Given 
the role of COX pathway, COX-1 generally serves 
physiologic, housekeeping functions, such as 
generation of pro-aggregatory TXA2 by platelets.21

In this study, TXB2, a stable metabolite of TXA2,
was also investigated using EIA kit. Overall result of 
TXB2 production did not significantly change after 
A. paniculata administration. However, TXB2 level 
of one subjects existing normal aggregation was 
clearly decreased while of another one was missed 
due to unavailable specimen.  This decreased TXB2
level probably due to the decreased platelet 
aggregation found in normal aggregation group. So, 
this study indicated that A. paniculata has probably a 
small effect on platelets preferably in subjects 
existing normal platelet aggregation pattern.  

Conclusion
This study revealed the preliminary data of 

A. paniculata effects on platelet aggregation induced 
by Epi, ADP and Col in human volunteers. 
Individual variability of platelet response to A.
paniculata administration was found. It had led to 
difficulties in interpreting the effect of A. paniculata.
Moreover, it may also support the concept of 
personalized medicine based on platelet reactivity. 
Further study with well-controlled design of a larger 
group may be necessary for the conclusions. 
However, modulation of platelet reactivity by gender 
difference or products of COX pathway, TXA2,
should be considered for A. paniculata usage such as 
some pathological processes with suspicious of 
bleeding tendency
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Effects of the Aqueous Extract of Dark Purple Glutinous Rice 
Variety Luem Pua Tea on Gastrointestinal Movement in 
Experimental Animals 

Kornsuda Thipart1, Acharaporn Na Lampang Noenplab 2, Jintana Sattayasai1

1Department of Pharmacology, Faculty of Medicine, Khon Kaen University, Thailand   
2 Phitsanulok Rice Research Center, Wangthong, Phitsanulok, Thailand 

Abstract 

Previous reports have indicated many beneficial effects of phenolic compounds from plants on the 
gastrointestinal tract. The aim of this study is to investigate the effects of aqueous extract of dark purple 
glutinous rice var. Luem Pua tea on gastrointestinal motility both in vivo and in vitro experiments. Whole gut 
transit time and intestinal transit rate in mice were measured using the charcoal test. Either water (control), 
tea extract (equivalent to 2 or 5 g of rice/kg body weight) or ferulic acid (100 mg/kg) was administered orally 
to the animals. Thirty minutes later, charcoal suspension was administered orally. For whole gut transit time, 
time after charcoal administration until first observation of defecated charcoal was recorded as a whole gut 
transit time (min). Intestinal transit rate was determined at 30 min after charcoal administration by measured 
distance traveled by the charcoal head from the pylorus as well as total length of the small intestine and 
expressed as % intestinal transit rate. The results showed that the tea extract at both 2 and 5 g/kg, but not 
ferulic acid, could significantly reduce whole gut transit time in mice. The tea extract at either 2 or 5 g/kg, 
and ferulic acid could significantly increase intestinal transit rate when compared to the control. In isolated 
guinea pig ileum, the tea extract induced the contraction of guinea pig ileum in a dose dependent manner 
while ferulic acid at concentration upto 20 nmol/ml could not. The results suggested that aqueous extract of 
rice tea from dark purple glutinous rice variety Luem Pua has prokinetic action and might be useful for the 
treatment of decreasing bowel activity such as constipation. 

Keywords:  dark purple rice Variety Luem Pua tea, whole gut transit time, intestinal transit rate, isolated ileum 
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Introduction
 Constipation is one of common problems of 
gastrointestinal tract motility disorders. Common 
symptoms of constipation include infrequent bowel 
movements (less than three bowel movements a week) 
and difficult passage of hard stool.1 and cause delayed 
transit through the stomach, small intestine or colon.2
Constipation maybe associated with psychological 
disturbances and the reverse is true as well. Some 
studies referred that physical inactivity, water intake 
and constipation are risk factors for colorectal cancer.3
In addition, lifestyle modifications, such as consuming 
significant health care resources that are high fiber, 
drinking more water and exercise may help to reduce 
constipation.
 Dark purple rice variety Luem Pua (Oryza 
sativa var. glutinosa) is a special variety of glutinous 
rice which has been reported to have high content of 
polyphenolic compounds, especially anthocyanins 
and gamma-oryzanol (mixture of ferulic acid). 
Additionally, among many varieties of black rice, 
Luem Pua rice has been reported to have very high 
antioxidant activity. Interestingly, several recent 
works reported that antioxidant agents could prevent 
and improve many diseases such as anti-
inflammation4, cancer5, cardiovascular diseases6 and
gastrointestinal motility disorders.7 With high 
antioxidant activity of Luem Pua rice, this 
experiment aimed to investigate the effects of the 
aqueous extract of tea made from dark purple 
glutinous rice variety Luem Pua on gastrointestinal 
movement in male mice (in vivo) and the contraction 
of isolated guinea pig ileum (in vitro).

Materials and Methods

Animals
 Male ICR mice, 6 weeks and weighing 20 to 
40 g for in vivo experiment and male guinea pigs (300-
500 g) for in vitro experiment were used and purchased 
from the National Laboratory Animal Center, Mahidol 
University, Salaya, Nakhon prathom. Mice were 
housed in stainless cages and maintained in an air-
conditioned room (25±1 oC) with a 12 h light: 12 h 

dark cycle. The animals fed with a standard chow diet 
(Chareon Pokapan Co. Ltd., Thailand) and drinking 
water ad libitum. All procedures in this study were 
approved by the Animal Ethics Committee of Khon 
Kaen University, based on the Ethic of Animal 
Experimentation of National Research Council of 
Thailand (Record No. AEKKU 75/2556). 

Extraction of dark purple rice variety Luem Pua tea 
 Dark purple rice variety Luem Pua tea (Antho-
Aro Tea) was received from Phitsanulok Rice Research 
Center, Wangthong, Phitsanulok. The rice was extracted 
with hot distilled water (10 g/100 ml) for 5 minutes and 
then filtered through multiple layers of gauze and cotton 
wool. The procedure was repeated five times. The 
filtrate was collected and lyophilized. Dried powdered 
Luem Pua rice tea extract (LP) was kept at 4 oC in a tight 
container, protected from light and be dissolved in 
distilled water on the day of the experiment. The percent 
yield of the extract was 3.34.   

In vivo experiments 
Whole gut transit time: All mice were fasted 

over night (18 h) before experiments, Mice, 10 mice in 
each group, were orally administered with distilled 
water (as a control), ferulic acid (100 mg/kg body 
weight) or LP (equivalent to 2 or 5 g of rice/kg body 
weight). Thirty minutes later mice were gavaged with 1 
ml of charcoal suspension (12 g charcoal and 2 g gum 
acacia were ground in a mortar and suspended in 130 ml 
distilled water). Then each animal was transferred to 
separate cage that its bottom was covered with white 
sheet. First observation of defecated charcoal recorded 
as a whole gut transit time. 

Intestinal transit rate: All mice were fasted 
over night (18 h) before experiments, Mice, 10 mice in 
each group, were orally administered with distilled 
water (as a control), ferulic acid (100 mg/kg body 
weight) or LP (equivalent to 2 or 5 g of rice/kg body 
weight). Thirty minutes later mice were gavaged by 
charcoal suspension (1 ml/animal). Mice were killed at 
30 minutes after charcoal administration by cervical 
dislocation. Small intestine was removed. The extent of 
charcoal propulsion in the small intestine was measured 
as distance from the pyloric sphincter to the leading 
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edge of the charcoal and total length of pyloric sphincter 
to caecum and calculated for intestinal transit rate as 
follow;

In vitro experiment
 Isolated guinea pig ileum: The guinea pig 
ileum preparation was set up in a 25 ml organ bath 
containing Tyrode’s solution at 37oC, aerated with 
95% O2 and 5% CO2. The ileum was set with a 
transmural electrode connected to an electrical 
stimulator. Muscle tone was recorded by using 
isotonic transducer and polygraph recorder.  

Statistical analysis 
 Data were analyzed using the statistical 
Sigma Stat. Data are presented as mean ± S.E.M. 
Differences between groups were assessed by one-
way analysis of variance (ANOVA), followed by 
Dunnet’s t-test for the difference between groups. A 
p-value of less than 0.05 was considered as 
statistically significant.

Results

In vivo experiments 
Whole gut transit time 

The results of this study were shown in 
Figure 1. Whole gut transit time or time for first 

observation of defecated charcoal, in the control and 
mice received either 100 mg/kg ferulic acid, 2 g/kg 
LP (LP2) or 5 g/kg LP (LP5) were 229.43 ± 20.14, 
214.63 ± 18.78, 162.45 ± 15.79 and 165.15 ± 17.12 
minutes, respectively. It was clearly seen that whole 
gut transit times were significantly shorter in the 
groups treated with LP when compared to the 
control group. No significant change on whole gut 
transit time could be seen in the group treated with 
ferulic acid.

Intestinal transit rate 
 Figure 2 shows the effects of FA and LP on 
intestinal transit rate. Intestinal transit rates of the 
control, FA, LP2 and LP5 were 27.39 ± 2.56, 57.66 
± 3.73, 79.24 ± 5.72 and 69.07 ± 4.89 %, 
respectively. It was clearly seen that ferulic acid and 
LP, at either doses, could significantly increase 
intestinal transit rate when compared to the control 
group. Interestingly, intestinal transit rate of the 
animals received 2 g/kg LP was significant higher 
than the FA-treated group.

In vitro experiment 
 Electrical stimulation (60 volts) and 
acetylcholine (0.052 g/ml) could stimulate 
contraction of ileum muscle as shown in Figure 3. 
Adding LP into the bath at 0.5,1 or 1.5 mg/ml also 
induced contraction of the ileum in a concentration-
dependent manner. However, ferulic acid at 20 
nmol/ml had no effect on the contraction of the 
ileum (Figure 3). 

Figure 1.  The effects of ferulic acid and LP on whole gut transit time in mice. Data were expressed as 
mean ± S.E.M. * significant different when compared to the control, FA = ferulic acid; LP = 
Luem Pua rice tea extract.
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Figure 2.  The effects of ferulic acid and LP on intestinal transit rate in mice. Data were expressed as mean 
± S.E.M. * significant different when compared to the control group; # significant different when 
compared to the FA group, FA = ferulic acid; LP = Luem Pua rice tea extract. 

Figure 3.  The responses of guinea pig ileums to electrical stimulation (ES) at 60 volts,  acetylcholine 
(ACh) 0.052 g/ml, Luem Pua rice tea extract (LP) at 0.5, 1 or 1.5 mg/ml and ferulic acid (FA) 
at 20 nmol/ml.

Discussion 
The results of this study showed that aqueous 

extract of dark purple glutinous rice variety Luem Pua 
tea could help improve gastrointestinal motility both in 
in vivo and in vitro models. Many studies have 
suggested the  use of many natural products such as 
black tea and green tea to increase gastrointestinal 
motility8 and  prevent constipation.9 Ferulic acid, one 
of the phenolic compounds commonly found in many 
kinds of plant including rice, has been shown to have 
gastrokinetic effect.10 However, in this study, in mice, 
ferulic acid at the dose tested, could increase intestinal 
transit rate but had no effect on whole gut transit time. 
Surprisingly, in our preliminary study, at the dose up to 
20 nmol/ml of ferulic acid, no effect on isolated guinea 
pig ileum was seen and need to be further clarified. 
Nevertheless, the different pattern of effects among LP 
and ferulic acid suggest that the active substances in 
LP might not be only ferulic acid. Luem Pua rice is a 

rich source of anthocyanins, especially cyanidin-3-
glucoside. Having strong antioxidant and anti-
inflammatory activities, cyanidin-3-glucoside reduced 
cytokine-induced inflammation in intestinal cells11 and 
help improve the contractile function of the ileum. 
Detecting the active principles and clarify the 
mechanism of actions of those substances in LP will be 
performed. 

Conclusion
 In summary, our results showed that dark 
purple rice variety Luem Pua tea could improve 
peristalsis as observed by whole gut transit time, 
intestinal transit rate and isolated ileum. These results 
suggest the use of Luem Pua tea as one of the 
nutraceutical for gastrointestinal motility disorder, 
especially for constipation
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(ACh) 0.052 g/ml, Luem Pua rice tea extract (LP) at 0.5, 1 or 1.5 mg/ml and ferulic acid (FA) 
at 20 nmol/ml.
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Effects of Fresh Betong Watercress Juice and Phenethyl 
Isothiocyanate on Serum ALT and AST in Paracetamol-Induced 
Hepatotoxicity in Rats 
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Abstract

Paracetamol is one of the major causes of liver toxicity that found in various countries. Betong 
watercress, vegetables containing phenethyl isothiocyanate (PEITC), can reduce paracetamol toxicity. The 
objective of this study was to investigate the effects of fresh Betong watercress juice (FBWCJ) and PEITC in 
paracetamol-induced hepatotoxicity. Rats were randomly divided into 8 groups (n=6) as the following. 
Group I: rats were obtained distilled water. Group II: the animals were obtained single dose 30 % (w/v) gum 
acacia (10 mL/kg). Group III: rats were obtained corn oil (10 mL/kg) once a day for 3 days. Group IV: the 
animals were obtained single dose APAP (1.5 g/kg). Group V: the animals were obtained PEITC (50 mg/kg) 
once a day for 3 days. Group VI: the animals were obtained PEITC (50 mg/kg) once a day for 3 days and 
simultaneously obtained 1.5 g/kg APAP at 24 h later. Group VII: the animals were obtained 8 g/kg fresh 
Betong watercress juice (FBWCJ) three times a day for 3 days. Group VIII: the animals were obtained 8 g/kg 
fresh Betong watercress juice (FBWCJ) three times a day for 3 days and simultaneously obtained 1.5 g/kg 
APAP at 24 h later. Forty-eight hours after complete a treatment in each groups, serum samples were 
collected. The results showed that  serum ALT levels in PEITC and FBWCJ followed with APAP treated 
groups were significantly decreased when compared with APAP treated group (p <  0.05). The level of serum 
AST in group VI was significantly decreased when compared with APAP treated group (p <  0.05). However 
the level of serum AST in group VIII was not significantly different compared with APAP treated group. In 
conclusion, PEITC and FBWCJ are effective for reduced paracetamol-induced liver toxicity.  
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Introduction
Paracetamol (acetaminophen; N-acetyl-p-

aminophenol, APAP) is widely used as an analgesic 
and antipyretic drug. APAP is one of the major 
causes of liver toxicity that was found in various 
countries including Thailand. U.S. Food and Drug 
administration reported that 48% of acute liver 
failure was caused by paracetamol.1 U.S. Food and 
Drug administration has been advised the maximum 
amount of APAP in a prescription tablet, capsule, or 
other dosage unit limited to 325 mg since January 
14, 2014. FDA requested this action to protect 
consumers from the risk of severe liver damage 
which can result from taking too much APAP. In 
therapeutic doses, APAP is safe, but in overdose it 
can cause severe hepatic necrosis.2 APAP is rapidly 
absorbed from the gastrointestinal (GI) tract with 
peak concentrations achieved within 90 minutes of a 
therapeutic dose. APAP distributes rapidly and 
evenly throughout most tissues and fluids.3 APAP is 
extensively metabolized. The major metabolic 
pathways are the glucuronidation and sulfation. The 
minor fraction of the drug is converted to a highly 
reactive alkylating metabolite which is inactivated 
with reduced glutathione and excreted in the urine as 
cysteine and mercapturic acid conjugates. Overdoses 
of APAP causes acute hepatic necrosis as a result of 
depletion of glutathione and of binding of the excess 
reactive metabolite to vital cell constituents.4 These 
damage can be prevented by inhibits cytochrome 
P450 2E1 (CYP2E1) in phase I, increased 
glutathione (GSH) level and induced glutathione S-
transferase (GST) in phase II. 

The clinical and biochemical signs APAP 
induce hepatotoxicity are shown at least 24 hours 
postingestion.5, 6 The most common marker used to 
confirm the liver injury for APAP overdose is the 
activity of certain hepatocellular enzyme, ALT and 
AST in the blood.7 Histopathology and AST and 
ALT clinical chemistries suggested 1,500 mg/kg 
APAP produced phenotypes of early, full, and 

recovery stages of liver injury at 6, 24, and 48 hours, 
respectively.8 

Watercress (Nasturtium officinale R. Br.) is 
a leafy vegetable of the family Cruciferae which 
include cabbage, cauliflower, Brussels sprouts, 
broccoli and kale.  This plant grows in cool and 
flowing water about 2 to 3 inches deep, in a partially 
shaded area.9 In Thailand, watercress can be found at 
Betong District of Yala Province. It is claimed that 
this plant is originally from France and has been 
brought to grow in China and then in Thailand by 
Chinese immigrants. Watercress is the richest of 
glucosinolate nasturtiin, which is hydrolysed by 
myrosinase, an enzyme that is activated upon 
crushing the vegetables by chopping or chewing, 
producing phenethyl isothiocyanate (PEITC).10,11 
The previous studies showed that PEITC inhibited 
CYP2E1 in phase I and also enhanced GST in phase 
II resulting increase in APAP detoxification.12,13 

Therefore, the objective of this study was to 
investigate the effects of fresh Betong watercress 
juice and PEITC on serum ALT and AST that are 
markers of hepatotoxicity in rats after APAP 
exposure. 

Materials and Methods 

Chemical
Paracetamol (purity > 98 %), PEITC, -

ketoglutaric acid, dl-aspartic acid , dl-alanine and 
sodium pyruvate were purchased from Sigma-
Aldrich (St. Louis, MO, USA). Sodium dihydrogen 
orthophosphate dehydrate was purchased from 
Fisher Scientific UK Limited (Leicestershire, UK). 
Sodium phosphate dibasic AR and 2,4-
Dinitrophenylhydrazine, A.R. was purchased from 
HiMedia Laboratories Pvt. Ltd (LBS Marg, 
Mumbai, India). Sodium hydroxide anhydrous was 
purchased from Carlo Erba Reagent (Milan, Italy). 
Acacia was purchased from Ajax Finechem Pty Ltd. 
(Auckland, New Zealand). 
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Plant preparation 
Fresh Betong watercress was obtained from 

a local farm in Betong district, Yala province. The 
specimen was cleaned thoroughly and divided into 
portions. A portion of 50 g of Betong watercress was 
chopped and add with 40 mL of distilled water. The 
mixture was blended for 3 min into a fine paste 
using a kitchen mini blender and homogenized for 3 
min with homogenizer (IKA T10 Basic Ultra-Turrax 
Homogenizer system). The vegetable paste was 
filtered with cheesecloth and squeezed to release the 
juice into a large beaker. After filtrated the total 
volume of Betong watercress juice is 70 mL. The 
amount of Betong watercress in distilled water is 50 
g/70 mL. Then fresh Betong watercress juice 
(FBWCJ) was feed to rats. 

Animal 
Male Wistar rats weighing between 200 and 

250 g were obtained from the Southern Laboratory 
Animal Facility, Prince of Songkla University, 
Hatyai, Sonkhla, Thailand. The experimental 
protocol was approved by the Animal Ethic 
Committee, Prince of Songkla University (Ref. 
17/57). During the experimental period, the animals 
were maintained under a controlled environment 
(temperature of 25 ± 2 ºC, light/dark cycle of 12/12 
hr) with food and water ad libitum. Before dosing, 
the animals were fasted overnight (12 hr) but freely 
access to water. 
 
Experimental design 

Rats were randomly divided into 8 groups as 
follows: 

Group I: The animals were obtained distilled 
water. 

Group II: The animals were obtained single 
dose of 10 mL/kg of 30 % (w/v) of gum acacia.  

Group III: The animals were obtained 10 
mL/kg of corn oil once a day for 3 days.  

Group IV: The animals were obtained single 
dose of 1.5 g/kg APAP in 30 % gum acacia.  

Group V: The animals were obtained 50 
mg/kg PEITC in corn oil once a day for 3 days. 

Group VI: The animals were obtained 50 
mg/kg PEITC in corn oil once a day for 3 days and 
simultaneously obtained 1.5 g/kg APAP at 24 hr 
later. 

Group VII: The animals were obtained 8 
g/kg fresh Betong watercress juice (FBWCJ) three 
times a day for 3 days.  

Group VIII: The animals were obtained 8 
g/kg fresh Betong watercress juice (FBWCJ) three 
times a day for 3 days and simultaneously obtained 
1.5 g/kg APAP at 24 h later.  

Blood samples were collected 48 hr after 
obtained various types of treatment. Serum was kept 
at 4 °C and separated by centrifugation at 1600 x g 
for 10 min. 

The dose of APAP8 and PEITC14 were 
followed with previous reported. 

Determination of alanine transferase and aspartate 
transaminase

ALT and AST catalyze the transfer of amino 
group from alanine and aspartate to -ketoglutarate 
which products are pyruvate and oxaloacetate, 
respectively. The reactions are as follows: 
-ketoglutarate  +  alanine pyruvate  +  glutamate
-ketoglutarate+  aspartate oxaloacetate  +  glutamate

 Then products (pyruvate and oxaloacetate) 
occurred react with 2, 4 dinitrophenyl hydrazine to 
form a brown product, phenylhydrazone. The 
absorbance at 505 nm was then determined.15 

Procedure
Measurement procedure of ALT and AST 

standard
After 100 L of distilled water was put into 

each five test tube, 500, 450, 400, 350 and 300 L of 
the desired substrate  were added into these tubes, 
respectively. Then the pyruvate  )0, 50, 100, 150 and 
200 L ( was add to the test tubes, respectively. After 
the content was mixed and then incubated at 37 °C, 
exactly 30 min for ALT, or 60 min for AST activity 
measurements, then tubes were removed from the 
water-bath. Then 500 L of 2, 4 dinitrophenyl 
hydrazine reagent was added into each test tube, 
which was mixed and incubated at room temperature 
for 30 min. Next 5 mL of 0.4 N sodium hydroxide 
was added; then a rubber stopper was inserted, and 
the contents were mixed by inversion. At the end of 
exactly 30 min, the optical density of the solution is 
measured at 505 nm. 

Measurement procedure of ALT and AST 
in serum 

500 L of the desired substrate was pipetted 
into test tubes. The serum (100 L) was added into 
the tubes and incubated at 37 °C, 30 min for ALT, or 
60 min for AST. Then the tubes were removed from 
the water-bath. Upon the addition of 500 L of 2, 4 
dinitrophenyl hydrazine reagent, the mixtures were 
mixed and let stand at room temperature for 30 min. 
Next 5 mL of 0.4 N sodium hydroxide was added. 
At the end of exactly 30 min, the optical density of 
the solution was measured at 505 nm. 

Data and Statistical analysis 
Data are present as means ± standard error 

of the mean (SEM). Data were analyzed using one-
way analysis of variance (ANOVA) followed by 
least square difference (LSD) using SPSS software. 
Statistically significant differences were defined as 
p < 0.05. 
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Figure 1.  Effects of phenethyl isothiocyanate (PEITC) and fresh Betong watercress juice (FBWCJ) on 

serum ALT in rats. Results are expressed as mean + SEM of six rats and data were analyzed by 
one-way ANOVA followed by LSD. Significant levels were defined as p < 0.05. 
*significant difference when compared with distilled water group (p < 0.05). 
**significant difference when compared with 30 % gum acacia group (p < 0.05). 
***significant difference when compared with APAP group (p < 0.05). 
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Figure 2.  Effects of phenethyl isothiocyanate (PEITC) and fresh Betong watercress juice (FBWCJ) on 

serum AST in rats. Results are expressed as mean ± SEM of six rats and data were analyzed by 
one-way ANOVA followed by LSD. Significant levels were defined as p < 0.05. 
*significant difference when compared with distilled water group (p < 0.05). 
**significant difference when compared with 30 % gum acacia group (p < 0.05). 
***significant difference when compared with APAP group (p < 0.05). 
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Figure 2.  Effects of phenethyl isothiocyanate (PEITC) and fresh Betong watercress juice (FBWCJ) on 

serum AST in rats. Results are expressed as mean ± SEM of six rats and data were analyzed by 
one-way ANOVA followed by LSD. Significant levels were defined as p < 0.05. 
*significant difference when compared with distilled water group (p < 0.05). 
**significant difference when compared with 30 % gum acacia group (p < 0.05). 
***significant difference when compared with APAP group (p < 0.05). 
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on acetaminophen metabolism and hepatotoxicity in 
mice. Moreover PEITC exhibited inhibition of 
CYP2E1 and other isoforms in vitro study19 and 
induction of GST activity.13 In addition, Leclercq 
and co-worker demonstrated that various types of 
CYP450 including CYP2E1 which was responsible 
for activating APAP to toxic metabolite, NAPQI, 
were inhibited by watercress.20 Therefore, the 
protective actions of PEITC and FBWCJ are 
possibly due to the suppression of APAP activation 
by mainly inhibition of CYP2E1 in phase I and 
induction of GST in phase II. 

The results showed that the serum AST level 
was significantly decreased in PEITC but not altered 
in FBWCJ followed with APAP treatment when 
compared with APAP group. In some incidents, 
acute kidney failure may also occur during this 
phase, the rising hepatic ALT and AST to abnormal 
levels, typically caused by either hepatorenal 
syndrome or multiple organ dysfunction syndromes. 
In these cases, it has been suggested that the toxic 
metabolite is produced more in the kidneys than in 
the liver.21 In addition, PEITC reduced not only 
hepatoxicity but also other organ pathologies such as 
lung lesions.22 According to these findings, it 
implies that APAP induces more than one organ 
lesion and PEITC can protect not only liver but also 
other organs from toxicity induced by APAP. 
However the results of ALT and AST levels in 
FBWCJ suggest that possibly protects more 
effectively to the hepatoxicity than organ lesions. 

It has been recognized that PEITC is a 
product of glucosinolate-myrosinase hydrolysis. 
Consumption of 57 g of fresh watercress resulted in 
a 30-67 % conversion of gluconasturtiin 
corresponding to 12-15 mg (72.6-90.7 mole) of 
PEITC in the body.23  

It is most likely that PEITC was occurred 
during FBWCJ process. During blending of the fresh 
plant to prepare juice, glucosinolates come in to 
contact with endogenous myrosinase and hydrolysis 
was rapidly initiated. In addition, PEITC was 
occurred in GI tract by the action of microflora in 
large intestine.24 As measure the amount of PEITC 
in plant by using Jiao method25, it was found that 8 
g/kg of fresh Betong watercress contained 0.354 mg 
of PEITC. 

Therefore, this study indicates that PEITC 
and FBWCJ reduce APAP-induced hepatotoxicity. 

Conclusion
The results demonstrate that PEITC and 

FBWCJ have a protective role against APAP 
induced hepatic damages. The mechanism of action 
may be due to reducing the formation of the toxic 
APAP metabolite through inhibition of APAP 
metabolizing enzyme, CYP2E1, and induction 
detoxifying enzyme, GST.    
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Effects of Roasted Sesame Seeds on Pharmacokinetics of 
Paracetamol in Rats 
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Abstract

 Consuming sesame seeds has long been interested due to its health benefit. Sesame seed or oil has 
been documented to inhibit CYP 2E1. Little is known about interaction between sesame and paracetamol 
which is a commonly used analgesic and antipyretic drug. Therefore, this study was aimed to investigate the 
effects of roasted sesame seeds on pharmacokinetics of paracetamol in rats. Three groups of male Wistar rats 
(n=6 each) were orally received a single administration of paracetamol (25 mg/kg BW), 30% (w/v) gum 
acacia (10 mL/kg BW) followed by paracetamol (25 mg/kg BW), or roasted sesame seeds (1 g/kg BW) 
followed by paracetamol (25 mg/kg BW). Paracetamol and roasted sesame seeds were suspended with 30% 
gum acacia. Serial blood samples were collected during 110 min post dose. Plasma concentrations of 
paracetamol were determined using a reverse-phase high performance liquid chromatographic technique. 
Pharmacokinetic parameters were estimated based on the non-compartmental analysis using PK solutions 
2.0TM software. Pharmacokinetic analysis showed a significant increase in z and a significant decrease in 
t1/2z of paracetamol after pretreatment with roasted sesame seeds, when compared with the group receiving 
paracetamol alone (p<0.05). The findings indicated that roasted sesame seeds enhanced the elimination of 
paracetamol in rats. That may lead to reduction of the pharmacological response of paracetamol in vivo.   
 
Keywords: paracetamol, sesame seed, pharmacokinetics, interaction
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Introduction
Sesame (Sesamum orientale L.,), a member 

of Pedaliaceae family, is an important crop of the 
tropics and subtropics.1 It has been called the ‘queen 
of the oil seed crops’ because of the high yield of oil 
and quality of the seed, oil, and meal.2 Sesame seed 
consists of proteins, lipids, carbohydrates, vitamins, 
minerals, and antioxidants, including sesamin and 
sesamolin. 

Sesame oil and roasted sesame seeds are 
widely used in various types of Asian cuisine. 
Sesame oil is used as seasoning in many dishes. In 
Japan, mainly roasted sesame seeds are consumed, 
and it is preferred to grind the seeds just before 
consumption to ensure a fresh aroma. In Europe and 
the United States, the roasted seeds are a popular 
topping for bakery products.3 In Thailand, roasted 
sesame is used to make a soft drink, sesame seed 
confection and snack while sesame oil is a valuable 
cooking oil. Current flows are more health 
conscious. That makes sesame seed consumption 
popular. 

Previous studies have shown that sesame has 
an influence on pharmacokinetics. For example, when 
nitroglycerin (3.5 mg/kg) was administered orally in a 
20% sesame oil emulsion to rats, peak plasma 
concentrations of nitroglycerin were decreased but its 
bioavailability was unaffected.4 Ueng et al.5 reported 
that safrole, methylenedioxyphe-nyl in sesame oil was 
inhibited human cytochrome CYP 2E1 and affects the 
drug metabolism in human.6 Concurrent intake of 
sesame with some drugs may lead to an alteration of 
their pharmacological responses.       

Paracetamol (acetaminophen; N-acetyl-p- amino 
phenol) is an analgesic antipyretic drug. It has been 
commonly used due to its effectiveness and safety at its 
therapeutic dose. There is no report about an 
interaction between sesame and paracetamol. This 
study is therefore aimed to examine an effect of sesame 
seeds on pharmacokinetics of paracetamol in rats. 

  
Materials and Methods

Chemicals  
 Standard paracetamol (purity>98%) and 
theophylline (purity>99%) which was used as an 
internal standard were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). Acacia was purchased from Ajax 
Finechem Pty Ltd. (Auckland, New Zealand). HPLC 
grade solvents, methanol and acetonitrile, and 
phosphoric acid were obtained from Avantor 

Performance Meterials Inc. (Center Valley, PA, USA). 
Perchloric acid was purchased from Carlo Erba 
Reagenti (Milan, Italy). Sodium sulfate was purchased 
from VWR International Ltd. (Poole, Dorset, UK). 
Water was purified using a Milli-Q® water purification 
system. 
 
Preparation of roasted sesame seeds  
 Black sesame seeds (15 g) were purchased 
from Ban Sop Soi Cooperatives at Muang district, Mae 
Hong Son province, Thailand. A 15 g portion of sesame 
seeds was roasted using the Cuizimate Induction Cooker 
(Nesco Group Co., Ltd., Bangkok, Thailand) by setting 
the electric power at 400 watts for 10 minutes. After 
roasting, the seeds were grinded with a mortar and pestle 
to fine powder prior to test. 
 
Animals
 The study included eight-week-old male Wistar 
rats (210-230 g) provided by Southern Laboratory 
Animal Facility, Prince of Songkla University. The 
animal experiments were approved by the Animal Ethic 
Committee, Prince of Songkla University (ref. 22/55). 
During the experimental period, the animals were 
maintained under a controlled environment (temperature 
of 25 ± 2 ºC, light/dark cycle of 12/12 h) with food and 
water ad libitum.   
 
Animal treatments 
 The animals were randomly divided into 3 
groups (n = 6 each). They received different treatments 
as follows; group I, paracetamol (25 mg/kg BW) alone; 
group II, 30% (w/v) gum acacia at 15 min before 
paracetamol (25 mg/kg BW); and group III, roasted 
sesame seeds (1 g/kg BW) at 15 min before paracetamol 
(25 mg/kg BW). All treatments were given by gastric 
garvage. Paracetamol and roasted sesame seeds were 
suspended with 30% gum acacia. Prior to drug 
administration, the animals were fasted overnight but 
freely accessed to water. The dose of paracetamol7 and 
roasted sesame seeds8 were follows with previous 
reported. 
 
Blood collection 
 Blood samples (500 L) were collected 
heparinized tubes by clipping tail vein at 5, 15, 30, 
50, 80 and 110 min after paracetamol administration. 
The samples were immediately centrifuged at 1600 x g 
for 10 min at 4ºC and the plasma layer was stored at 
-80ºC until analysis. 
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Extraction procedure 
 Plasma aliquots (100 L) were deproteinized 
by adding 10 L of 30% perchloric acid containing 100 

g/mL of internal standard (theophylline). The samples 
were mixed using vortex for 5 sec before centrifugation 
at 10000 x g for 10 min at 4 ºC. The supernatant was 
filtered through a 0.2 m pore size membrane filter and 
placed into a glass vial. The aliquot (20 L) was injected 
into the HPLC system. 
 
HPLC analysis of paracetamol in plasma 

Instrumentation
 The high performance liquid chromatographic 
system consisted of a Waters 515 HPLC pump, a 
WatersTM 717 plus autosampler, and a Waters 2487 
Dual  absorbance detector (Waters Corporation, 
Milford, MA) set at a wavelength of 254 nm. A guard 
column (Fortis C18, 10 x 4.6 mm, 5 m; Clayhill 
Industrial Park, Neston, Cheshire, UK), and Fortis 
UniverSil C18 HPLC Columns (150 x 4.6 mm, 5 m; 
Clayhill Industrial Park, Neston, Cheshire, UK) were 
used. Data were collected and analyzed using a CSW32 
Chromatography Software (ALS Czech Republic s.r.o., 
Prague, Czech Republic). 

Chromatographic conditions 
  The separation was performed using isocratic 
elution at ambient temperature. The mobile phase 
consisted of 7% acetonitrile and in 93% 0.05 mM 
sodium sulfate buffer (pH 2.2, adjusted with phosphoric 
acid).9 Prior to delivery into the system, it was filtered 
through a 0.22 m-nylon filter and degassed by 
sonication. The flow rate was 1.5 mL/min. 

Data analysis 
 Pharmacokinetic behaviors of paracetamol 
for all rat groups were analyzed based on non-
compartmental analysis.The parameters included 
peak plasma concentration (Cmax), time to reach peak 
plasma concentration (tmax), area under the plasma 
concentration-time curve (AUC0 ), terminal 
elimination rate constant ( z), absorption rate constant 
(ka), elimination half-life (t1/2z), apparent total 
clearance (CL/F), apparent volume of distribution 
(Vz/F), and mean residence time (MRT).  The 
analysis was performed using PK solutions 2.0TM 
software (Montrose, CO, USA).            
  All values were expressed as mean ± SD. 
Statistical analysis was performed using analysis of 

variance (ANOVA) followed by least significant 
difference (LSD) test. Statistically significant differences 
between groups were defined as p values less than 0.05. 
The software used was the SPSS version 16.0 statistical 
software. 

Results  
Plasma concentration-time curves of 

paracetamol in rats after an oral administration of 
paracetamol (25 mg/kg BW) alone, gum acacia (30%, 
w/v) followed by paracetamol (25 mg/kg BW), and 
roasted sesame seeds (1 g/kg BW) followed by 
paracetamol (25 mg/kg BW), are shown in Figure 1. 
The pharmacokinetic parameters for all treatments were 
described in Table 1. There were no statistical 
differences for tmax, Cmax, ka, AUC0 , and CL/F values 
of paracetamol among different group of treatments. 

t1/2z in rats treated with roasted sesame seeds 
followed by paracetamol was significantly decreased, 
when compared with those given paracetamol alone 
(23.04 ± 3.78 min vs. 30.66 ± 2.61 min; p = 0.021), or 
gum acacia, followed by paracetamol (23.04 ± 3.78 min 
vs. 39.17 ± 7.54 min; p = 0.000). However, t1/2z was 
significantly increased in rats administered gum acacia 
followed by paracetamol, compared with those 
receiving paracetamol alone (39.17 ± 7.54 min vs. 30.66 
± 2.61 min; p = 0.011).  
 z for the group receiving roasted sesame seeds 
followed by paracetamol was significantly increased, 
when compared with the group receiving paracetamol 
alone (0.03 ± 0.00 min-1 vs. 0.02 ± 0.00 min-1; p = 
0.025), or gum acacia followed by paracetamol (0.03 ± 
0.00 min-1  vs. 0.02 ± 0.00 min-1; p = 0.001). 
 Vz/F was significantly decreased for the group 
receiving roasted sesame seeds followed by 
paracetamol, compared with the group receiving gum 
acacia followed by paracetamol (2.79 ± 0.90 L/kg vs. 
4.23 ± 1.29 L/kg; p = 0.025).  

In addition, MRT for the group receiving gum 
acacia followed by paracetamol was significantly 
increased, when compared with the group receiving 
paracetamol alone (70.80 ± 11.75 min vs. 56.93 ± 2.83 
min; p = 0.006) , or roasted sesame seeds followed by 
paracetamol (70.80 ± 11.75 min vs. 51.02 ± 5.16 min ; p 
= 0.000). 

The results indicated that a single oral dose 
pretreatment with roasted sesame seeds enhanced 
elimination of paracetamol orally given to the rats at the 
dose of  25 mg/kg BW.
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30% Gum acacia + 
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Roasted sesame seeds 1 
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tmax (min) 19.60 ± 1.95 23.43 ± 6.39 20.91 ± 1.76

t1/2z (min) 30.66 ± 2.61 39.17 ± 7.54* 23.04 ± 3.78*,**

Cmax ( g/mL) 4.60 ± 0.86 4.34 ± 1.76 5.09 ± 1.42

ka (min-1) 0.10 ± 0.02 0.10 ± 0.05 0.07 ± 0.01

z (min-1) 0.02 ± 0.00 0.02 ± 0.00 0.03 ± 0.00*,**

AUC0  ( g·min/mL) 315.44 ± 44.84 346.20 ± 50.03 312.67 ± 65.99

Vz/F (L/kg) 3.58 ± 0.69 4.23 ± 1.29 2.79 ± 0.90**

CL/F (L/min/kg) 0.08 ± 0.01 0.07 ± 0.01 0.08 ± 0.02 
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Figure 1. Mean plasma concentration-time curves of paracetamol in rats (n=6) administed paracetamol 
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Discussion 
With the growing interest in sesame seeds 

and their association with a variety of health 
benefits, their pharmacokinetic and food-drug 
interaction are important issues. This study 
examined the effects of roasted sesame seeds on 
paracetamol pharmacokinetics in rats. The findings 
imply that roasted sesame seeds enhanced 
elimination of paracetamol. 

Sesame lignans, such as sesamin, episesamin, 
sesaminol, sesaminol triglycoside (STG) and sesamolin, 
are major constituents containing a methylenedioxyphenyl 
group in sesame seed. Nabekura et al.10 found that 
sesamin inhibits P-glycoprotein in KB-C2 cells. This 
inhibition causes accumulation of drug in the cell. 
Meaning as paracetamol accumulates in the 
hepatocyte and metabolized by responsible enzyme.  

In this study demonstrated that MRT in roasted 
sesame seeds treated rats slightly decreased. This effect 
may result from the interaction of gum acacia and 
sesame seeds. Gum acacia enhance t1/2z  and MRT in 
rats. Since, gum acacia, widely used in pharmaceutical 
preparations, is used as vehicle control, therefore the 
result indicated that this substance is not a suitable 

vehicle. It was reported that the coexistence of 
amoxicillin and gum acacia in the upper gastrointestinal 
tract resulted in a pharmacokinetic interaction that 
significantly decreased the absorption of amoxicillin; 
significantly decreased the Cmax and AUC0  when 
compared with the amoxicillin alone group.11 In this 
study, gum acacia does not reduce the absorption of 
paracetamol, but tends to increase the time to maximum 
plasma concentrations (tmax).  

Conclusion
 A single oral dose pretreatment with roasted 
sesame seeds may lead to reduction of the 
pharmacological response of paracetamol in vivo and 
this result can be the basis for the application in humans. 
Further research can be applied to the sesame roasted 
with paracetamol to reduce the toxicity of paracetamol 
in case of overdose. 
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Effects of  Roasted Sesame Seeds on Serum AST and ALT Levels in 
Paracetamol-Induced Hepatotoxicity in Rats

Sontaya Puttajan 1, Sathaporn Prutipanlai1, Benjamas Janchawee1

1Department of Pharmacology, Faculty of Science, Prince of Songkla University, Hat-Yai, Songkhla  90112, Thailand

Abstract

Sesame seed is a reservoir of nutritional components with numerous beneficial effects for humans. 
The bioactive components present in the seed include vital minerals, vitamins, phytosterols, polyunsaturated 
fatty acids, tocopherols and unique class of lignans such as sesamin and sesamolin. These compounds were 
found to play a role in the prevention liver toxicity from paracetamol,  however, the effect of roasted sesame 
seed on hepatotoxicity has not been reported. Therefore, the present study investigated the effects of roasted 
sesame seeds on aspartate aminotransferase (AST) and alanine aminotransferase (ALT) levels in 
paracetamol-induced hepatotoxicity in rats. Male Wistar rats were randomly divided into 5 groups (n=6) as 
follows: group I, distilled water; group II, 30% (w/v) gum acacia (10 mL/kg); group III, paracetamol (1,500 
mg/kg); group IV, roasted sesame seeds (1,000 mg/kg); group V, roasted sesame seeds (1,000 mg/kg) plus 
paracetamol (1,500 mg/kg). All animals were administered by a single oral route. Serum samples were 
collected at 48 hours later. The results found that the level of AST and ALT in roasted sesame seeds 
followed with paracetamol was significantly decreased (p<0.05) when compared with paracetamol treated 
alone. It is concluded that roasted sesame seeds was effective in alleviating liver damage in rats caused by 
paracetamol overdose.  

Keywords: roasted sesame seed, paracetamol, hepatotoxicity, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT) 
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Introduction
Paracetamol or Acetaminophen (APAP) (N-

acetyl-p-aminophenol), is one of the most widely used 
analgesic and antipyretic drug. It is usually safe when 
administered at therapeutic dose. Typical therapeutic 
dose of APAP are not hepatotoxicity, because most of 
the APAP gets glucuronidation (40-67%) or sulfate 
(20-46%) with little drug bioactivation.1 The toxicity of 
APAP usually occur as an over the counter of this 
drug. APAP causes liver injury in experimental 
animals and humans. Injury after large doses of APAP 
is resulting by the formation of the toxic electrophilic 
metabolite, N-acetyl-p-benzoquinonimine (NAPQI), 
which is an intermediate product of APAP oxidation 
by CYP2E1.1, 2 NAPQI is form covalent adducts with 
hepatic proteins and causes cell death.  Glutathione 
(GSH) plays an important role for eliminate this toxic 
metabolite. But high level of NAPQI causes depleted 
GSH level and minimized by treatments with N-
acetylcysteine that enhance hepatocyte synthesis of 
GSH.1, 3  

The clinical and biochemical signs APAP 
induce hepatotoxicity are shown at least 24 hours 
postingestion.4, 5 The rising of aspartate aminotransferase 
(AST) and alanine aminotransferase (ALT) are one of 
the first biochemical signs of hepatotoxicity following 
APAP overdose.6, 7 Histopathology and AST and ALT 
clinical chemistries suggested 1,500 mg/kg APAP 
produced phenotypes of early, full, and recovery stages 
of liver injury at 6, 24, and 48 hours, respectively.8 In 
addition, the preliminary studied 1,500 mg/kg BW of 
APAP can induce acute liver toxicity in rats. Therefore, 
this dose was chosen for study. 

Sesame seeds (Sesamum orientale L.) is a 
flowering plant in Pedaliaceae family. Sesame seeds 
were widely used in food and nutraceutical industries 
in many countries. It is a rich in variety nutrients and 
sources of edible oil.9 Sesame seed is high in protein, 
vitamin B1, dietary fiber as well as an excellent source 
of phosphorous, iron, magnesium calcium, manganese, 
copper and zinc. In addition, the important nutrients in 
sesame seeds is sesamin and sesamolin, which are 
antioxidant properties.10 Both substances belong to a 
group of special beneficial fibers called lignans. The 
roasting of sesame seeds degrades the lignan sesamolin 
to sesamol.11 These components can maintain the 
intracellular glutathione levels.12 That will increase the 
capability of liver to detoxify toxic agents. The 
previous studies reported the effect of lignin on 
hepatotoxicity13, while the effect of roasted sesame 
seed on hepatotoxicity has not been reported. So, this 
study was conducted to determine the effects of sesame 
seed on AST and ALT level in APAP induced liver 
toxicity in rats.    

Materials and methods  

Chemicals and Reagents 
Paracetamol (purify > 98%), alpha-ketoglutaric 

acid, DL-aspartic acid, DL-alanine and sodium 
pyruvate were purchased from Sigma-Aldrich (St. 
Louis, Mo, USA). Sodium dihydrogen orthophosphate 
dehydrate was purchased from Fisher Scientific UK 
Limited (Leicestershire, UK). Sodium phosphate 
dibasic AR and 2,4-Dinitrophenylhydrazine, A.R. was 
purchased from HiMedia Laboratories Pvt. Ltd (LBS 
Marg. Mumbai, India). Sodium hydroxide anhydrous 
was purchased from Carlo Erba Reagent (Milan, Italy). 
Black sesame seeds (Sesamum orientale L.) obtained 
from Mae Hong Son Province, Thailand. Acacia was 
purchased from Ajax Finechem Pty Ltd (Auckland, 
New Zealand). Roasted sesame seeds and APAP 
suspension were prepared in 30% (w/v) gum acacia in 
total volume 10 mL/kg. 

Roasting of sesame seeds
Whole sesame seeds (15 g) were freshly 

prepared by placed in a pan and smoulder-roasted in 
Cuizimate induction cooker (Model: RBSIH19NEW)  
(Nesco Group Co., Ltd., Bangkok, Thailand) for 10 
min. After roasting, the seeds were grinded with a 
mortar and pestle to fine powder prior to test.  

Animals
 Thirty (30) male albino Wistar rats weighing 
220-250 g were obtained from Southern Laboratory 
Animal Facility, Prince of Songkla University, Hat Yai 
campus. Animals were housed individually with ad
libitum access to water in environmentally controlled 
room with temperature 23 ± 2 oC, humidity 55%, 12 
hours light/dark cycle. Animals were fasted overnight 
but had free access to water prior to treatment. The care 
and procedures adopted were approved of Institutional 
Animal Ethics Committee (Ref. 12/55).  

Experimental design 
 Rats were randomly divided into 5 groups   
(n= 6 each). Group I, rats were given orally distilled 
water (10 mL/kg BW). Group II, rats were given orally 
30% (w/v) gum acacia (10 mL/kg BW). Group III, rats 
were given orally APAP (1,500 mg/kg BW). Group 
IV, rats were given orally roasted sesame (1,000 mg/kg 
BW). Group V, rats were given orally roasted sesame 
(1,000 mg/kg BW) at 15 min before APAP (1,500 
mg/kg BW). All animals were administered by single
route. Rat’s serum was collected at 48 hours later. 
 The dose of APAP8 and roasted sesame 
seeds.14 were follows with previous reported.        
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Preparation of Serum 
The blood was collected from the tail vein 

of rats at 48 hours after the last dose of the drug. 
Approximately 1 mL of blood was collected into 
centrifuge tube and then centrifuged at 1600 ×g for 
10 min at 4°C in a bench centrifuge to obtain serum. 
The serum samples were used for the analysis of 
aminotransferase activities.      

Measurement of serum aminotransferase levels 
Hepatic injury was assessed by measuring 

the levels of aspartate aminotransferase (AST) and 
alanine aminotransferase (ALT) levels in serum. These 
enzymes were determined by the technique of Reitman 
and Frankel (1957).15 Briefly, the reaction of mixture 
was contained 0.1 mL of serum and 0.5 mL of the 
desired substrate. After the content was mixed and then 
incubated at 37 °C, exactly 30 min for ALT, or 60 min 
for AST level measurements, respectively. Then 0.5 
mL of 2, 4-dinitrophenyl hydrazine was added into 
each test tube and incubated at room temperature for 
30 min. Then 5 mL of 0.4 N sodium hydroxide was 
added and measured by spectrophotometer at 505 nm. 
The levels of AST and ALT were expressed as U/mL.   

Statistical analysis 
The data of AST and ALT levels were 

expressed as mean ± S.E.M.  Differences between the 
mean values were estimated using one-way analysis of 
variance (one-way ANOVA) followed by post hoc
comparison by using SPSS version 16.0 statistical 
software. The results were considered statistically 
significant when p < 0.05.  

Results

Effects of roasted sesame seeds on AST and ALT 
levels 

The mean AST level in serum of rats after 
administration with difference of treatments is shown 
in figure 1. AST level of distilled water group and 30% 
gum acacia treated group were ranging from 105.8-
128.47 U/mL and 71.29-140.00 U/mL, respectively. 
These results were shown that AST level among these 
groups were not significant difference. So, gum acacia 
has been used as a vehicle. AST level of roasted 
sesame seeds group was not significantly increased 
(99.61-122.39 U/mL) when compared with distilled 
water group. AST level of APAP treated group was 
significantly increased (129.00-205.13 U/mL) when 
compared with distilled water group and 30% gum 
acacia treated groups, while AST level of roasted 
sesame seeds followed with APAP group was 
significantly decreased (92.47- 151.13 U/mL) (p <
0.05) when compared with APAP treated group. 

The mean ALT level in serum of rats after 
administration with difference of treatments is shown 
in figure 2. ALT levels of distilled water group was 
ranging from 18.63 – 27.05 U/mL. ALT levels of 30% 
gum acacia treated group (23.92 – 37.25 U/mL) and 
roasted sesame seeds group (9.90-40.40 U/mL) were 
not significantly difference when compared with 
distilled water group. ALT level of APAP treated 
group was significantly increased (68.88 – 176.38 
U/mL) when compared with distilled water group and 
30% gum acacia treated groups, while ALT level of 
roasted sesame seeds followed with APAP group was 
significantly decreased (90 – 40.40 U/mL) (p < 0.05) 
when compared with APAP treated group.  

Figure 1. Effects of roasted sesame seeds on AST level in different groups. 
        Data are mean ± S.E.M.  

 *     Significant differences as compared with distilled water group (p < 0.05). 
 **   Significant differences as compared with 30% gum acacia (p < 0.05). 
 *** Significant differences as compared with APAP group (p < 0.05).  
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Figure 2.  Effects of roasted sesame seeds on ALT level in different groups. 
      Data are mean ± S.E.M.  
 *     Significant differences as compared with distilled water group (p < 0.01). 
 **   Significant differences as compared with 30% gum acacia (p < 0.01). 
 *** Significant differences as compared with APAP group (p < 0.05).  

Discussion

Assessment of liver function can be made by 
estimating the level of serum AST and ALT. AST is a 
cellular enzyme that can be identified to some extent in 
the heart, skeletal muscles, kidneys, brain, pancreas 
and blood cells. This enzyme exists in two isoforms, 
cytoplasmic and mitochondrial. The ALT, as present 
primarily in the cytosol of the liver and it is a more 
specific indicator of liver inflammation.16, 17 In the 
condition of hepatotoxicity, these enzymes leak into 
blood stream in conformity with the extent of liver 
damage.  

In this study, roasted sesame seeds was 
effective in alleviating liver damage in rats caused by 
APAP overdose. The toxic response of liver to APAP 
overdose is presented by elevation of AST and ALT 
levels in serum. We found that single oral dose of 
1,500 mg/kg APAP can elevated levels of AST and 
ALT in rat. The rising of these enzymes in serum mean 
that N-acetyl-p-benzoquinone imine (NAPQI) covalent 
binding to intracellular proteins results in depletion of 
reduced glutathione (GSH). This results in the 
formation of superoxide anion, which is responsible for 
the production of hydroxyl radical by initiating the 
Haber-Weiss reaction and lead to dysfunction 
hepatocyte.18 Chandrasekaran and coworker12 reported 
that APAP (1,000 mg/kg) alone significantly (p<0.001)
increased superoxide anion generation after 6 hours 
and hydroxyl radical generation after 12 and 24 hours 
in the APAP group. This study also found that the 
elevations of AST and ALT levels were rise to 33% 
and 339% of distilled water group, respectively.  

AST and ALT levels were not increase in 
roasted sesame seeds (1,000 mg/kg) group compared 

with distilled water group. This result indicated that 
roasted sesame seeds was no cause toxicity in the liver 
cells. Furthermore, co-administration of roasted sesame 
seeds and APAP was effectively in alleviating liver 
damage in rats, because AST and ALT levels 
significantly decreased when compared with APAP 
treated alone. By reason of, compounds found in 
roasted sesame seeds are consists of various 
antioxidants such as tocopherol, sesamin, sesamolin, 
and sesamol.19 Sesamol is an effective antioxidant 
found mainly in roasted sesame seeds or in processed 
sesame oil, and it is an efficient scavenger of the entire 
range of  ROS.20 Chandrasekaren and coworker12

reported that sesame oil maintained the intracellular 
glutathione levels, reduced reactive oxygen species 
levels, and inhibited lipid peroxidation in rats with 
APAP-induced acute liver injury. Moreover, the 
further study of them, which is also found sesamol 
protected rat liver tissue against APAP-induced acute 
hepatic injury that it may be inhibits hydroxyl-radical 
generated lipid peroxidation.13 More recently, sesame 
was assumed that it could interact with the P450 
isozymes and affect the drug metabolisms in human, 
due to having a methylenedioxyphenyl compounds 
which potent inhibitions or inactivated of some CYP 
isoforms (CYP1A2, CYP2E1 and CYP2A6).21 In 
addition, 3,4-Methylenedioxyphenol (sesamol) is 
effective against acetaminophen-induced liver injury in 
rats. Chandrasekaren and coworker22 reported that 
equimolar doses (1 mmol/kg) of sesamol and N-
acetylcysteine significantly inhibited acetaminophen 
(300 mg/kg)-increased serum AST and ALT levels 6 
hours post-administration. Sesamol and N-
acetylcysteine maintained hepatic glutathione levels 
and inhibited lipid peroxidation. Therefore, it is 
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suggested that roasted sesame seeds dietary 
consumption could be a potential for reduce liver 
damage caused by APAP overdose. 

Conclusion
In summary, roasted sesame seeds were 

effective in alleviating liver damage in rats caused by 
APAP overdose. May be, associated with the substance 
in roasted sesame seeds effective as antioxidant that its 
reduced reactive oxygen species levels and maintained 
the intracellular glutathione levels including to 
inhibitions or inactivated of Cytochrome P450 
(CYP2E1) of liver tissue in rats, which, causes 
decreased of toxic metabolite NAPQI.  This is resulted 

decreased of AST and ALT levels in the blood. 
However, there should be additional studies to 
mechanism of sesame, such as measure of GSH level 
or determine of expression CYP2E1 and histopathology.   
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Spasmolytic Action of White Pepper Grains (Piper nigrum)
Methanolic Extract in Non-pregnant Rat Uterus 
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1Department of Pharmacology, Faculty of Science, Prince of Songkla University, Hatyai, Songkhla  90112, Thailand 
 
Abstract 

White pepper (Piper nigrum) is an herb widely used in Thai traditional medicine. It has been used to 
treat or reduce the symptoms of many disorders. One of its advantages is to relief the symptoms of dysmenorrhea. 
Previously, it has been reported that piperine, the main alkaloid of this plant, has inhibitory effect on 
cyclooxygenase-2 (COX-2) synthesis which is an enzyme responsible for the production of prostaglandins. These 
mediators play an important role in generating symptoms of dysmenorrhea. The aim of this study was to 
investigate the spasmolytic action of white pepper fruit methanolic extract in non-pregnant rat uterus and the 
possible mechanism(s) of its action. Piperine was also used to test its effect. The result of this study showed that 
the uterine contraction induced by CaCl2 in Ca2+ free high K+ solution (60 mM KCl) and oxytocin (1 mU/mL) 
was significantly (p < 0.01) reduced by the extract (15-150 g/mL) or (10-100 g/mL) respectively. In addition, 
the spasmolytic effect of the piperine (30 g/mL) or diclofenac (10-4 M) was also tested. They were able to 
completely inhibit the contraction of the uterus precontracted with arachidonic acid (10-5 M). This study therefore 
suggested that the spasmolytic effect of the extract on rat uterus may act by inhibiting the entry of the extracellular 
calcium into muscle cells. The extract may also have an additional inhibitory action on COX-2, consequently, 
prostaglandins synthesis which is the main causes of dysmenorrhea. Our results strongly support the use of white 
pepper in traditional medicine to relief painful of dysmenorrhea. 
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Abstract 

White pepper (Piper nigrum) is an herb widely used in Thai traditional medicine. It has been used to 
treat or reduce the symptoms of many disorders. One of its advantages is to relief the symptoms of dysmenorrhea. 
Previously, it has been reported that piperine, the main alkaloid of this plant, has inhibitory effect on 
cyclooxygenase-2 (COX-2) synthesis which is an enzyme responsible for the production of prostaglandins. These 
mediators play an important role in generating symptoms of dysmenorrhea. The aim of this study was to 
investigate the spasmolytic action of white pepper fruit methanolic extract in non-pregnant rat uterus and the 
possible mechanism(s) of its action. Piperine was also used to test its effect. The result of this study showed that 
the uterine contraction induced by CaCl2 in Ca2+ free high K+ solution (60 mM KCl) and oxytocin (1 mU/mL) 
was significantly (p < 0.01) reduced by the extract (15-150 g/mL) or (10-100 g/mL) respectively. In addition, 
the spasmolytic effect of the piperine (30 g/mL) or diclofenac (10-4 M) was also tested. They were able to 
completely inhibit the contraction of the uterus precontracted with arachidonic acid (10-5 M). This study therefore 
suggested that the spasmolytic effect of the extract on rat uterus may act by inhibiting the entry of the extracellular 
calcium into muscle cells. The extract may also have an additional inhibitory action on COX-2, consequently, 
prostaglandins synthesis which is the main causes of dysmenorrhea. Our results strongly support the use of white 
pepper in traditional medicine to relief painful of dysmenorrhea. 

Keywords: white pepper (Piper Nigrum), piperine, rat uterus, oxytocin, spasmolytic 

 
 

 

 1,  1 
 

1      90112  
 

 
 

  

  

 

 COX-2  

  15-150 /   10-100 /  

  (10-5–10-2  )  Ca2+ free high K+ 

 

 

 

 
              
Address correspondence :  Kitja Sawangjareon, Department of Pharmacology, Faculty of Science, Prince of Songkla 
University, Songkhla , Thailand. E-mail address:kitja.s@psu.ac.th 

F28

Proceedings of the 37th Congress on Pharmacology of Thailand
230



 

231 
 

 (  60 )   (1 / )  (p < 0.01) 

  (30 / )     (10-4 ) 

 (10-5 )  

 

 COX-2  

 
 

: , , , ,  

Introduction  
White pepper (Piper nigrum) is a member of 

the Piperaceae family. It is a well-known spice 
considered as ‘‘The King of spices’’. It contains a 
pungent alkaloid piperine, found in the roots and fruits 
of Piper nigrum in both black and white pepper 
grains.1 Piper nigrum can be used for different 
purposes such as human dietaries, as medicine, as 
preservative and as biocontrol agents.2,3 In addition, 
piperine exhibits diverse pharmacological activities 
like antihypertensive and antiplatelets4,antioxidant, 
antitumor5, anti-asthmatics6 , antipyretic, analgesic, 
anti-inflammatory, anti-diarrheal, antispasmodic, anxiolytic, 
antidepressants7, hepato-protective8, immuno-modulatory, 
antibacterial, antifungal, anti-thyroids, anti-apoptotic, 
anti-metastatic, antimutagenic, anti-spermatogenic, 
anti-colon toxin, insecticidal and larvicidal activities.  

Previously, Kazem et al, (2007)9 has 
reported spasmolytic effect of black pepper on rat 
uterus which could have mechanism mediated via 
the inhibition of voltage-dependent calcium channels 
and the stimulation of -adrenoceptors.  In addition, 
Piper nigrum was reported to have anti-
inflammatory activity probably by an inhibition on 
the expression of COX-2 protein and COX-2 
mRNA10, the main causes of dysmenorrhea. Thus it 
is of interest to study on the mechanism of the effect 
of piperine involving COX-2 or other possible 
mechanisms which have not been investigated. The 
aim of the present study was to investigate the effect 
of methanolic extract of white pepper fruit on the 
non-pregnant rat uterus contractions induced by 
some spasmogens and the possible mechanism(s) 
involved.  

Materials and Methods

Plant materials 
White pepper grains were purchased from 

Herbal drug store in Hatyai District, Songkhla 
Province, Thailand. 

Extraction
White pepper grains were powdered by an 

electrical grinder and the powder (1 kg) was 

extracted with absolute methanol for 3 days at room 
temperature. The solvent was then removed, stores 
desiccated at room temperature protected from light. 
The extraction was repeated for 5 times. The whole 
methanolic extracts were pooled, and evaporated at 
50 oC under reduced pressure in Rotary Evaporator. 
The crude methanol extract 64.2 g (6.42%) were 
obtained and the yellow viscous, oil-like mixture 
was stored at 4 °C until used. 

Drugs and chemicals 
Dimethyl sulfoxide (DMSO), estradiol 

benzoate and arachidonic acid (AA) were purchased 
from Sigma chemical company (St. Louis, U.S.A). 
All drugs were prepared as stock solutions (CaCl2 
10-2 M, oxytocin 1 mU/mL), AA (10-5 M), 
diclofenac sodium (10-4 M) in 0.1% ascorbic acid in 
distilled water. Estradiol benzoate was dissolved in 
olive oil to give a concentration of 1 mg/mL for 
intraperitoneal injection. Methanolic extract was 
dissolved in a mixture of dimethyl sulfoxide 
(DMSO) and tween 80 to give a stock of 20 mg/mL 
for use in all experiments. The final concentration of 
DMSO and tween 80 in the organ bath was less than 
0.5% and did not affect contraction or relaxation of 
the uterus. NaCl and NaHCO3 were purchased from 
Merck. KCl, CaCl2 and glucose were purchased from 
Carlo Erba. The De Jalon solution composition (pH 
7.4 and 29 °C) was NaCl, 154 mM; KCl, 5.6 mM; 
CaCl2, 0.3 mM; NaHCO3, 1.7 mM; MgCl2, 1.4 mM 
and glucose, 5.55 mM and Locke-Ringer solution 
composition (pH 7.4 and 29 °C) was NaCl, 154 mM; 
KCl, 5.6 mM; CaCl2, 2.16 mM; NaHCO3, 1.7 mM; 
MgCl2, 2.10 mM and glucose, 5.55 mM. These 
common salts were used to prepare physiological 
solutions, which were freshly prepared for each day 
of experiment.  

Experimental Animals 
All experiments were carried out using 

virgin female Wistar rats (200-300 g.) which were 
supplied from Division of Animal House, Faculty of 
Science, Prince of Songkla University. All 
experimental protocols were approved by 
Institutional Animals Care and Use Committee, 
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Prince of Songkla University (MOE 0521.11/363). 
They were housed in air-conditioned room (24-26 
oC) with 12 hours light/dark cycle. Rats were 
injected intraperitoneally with estradiol benzoate 
dissolved in olive oil (100 g/mL) 24 hours before 
the experiment. 

 
Experimental Protocol

On the day of experiment the rats were 
sacrificed by cervical dislocation. From the cervical 
portion of each uterine horn (1-1.5 cm), a piece of 
uterus was dissected and immersed in an organ bath 
containing De Jalon-Ringer solution. This medium 
was gassed continuously with 95% O2, 5% CO2 and 
maintained at 37 oC throughout the experiments. The 
isometric contraction of the uterus was recorded 
using force displacement transducer and Grass 
polygraph. The initial tension was 2 g and the uterus 
was equilibrated in the medium for a period of at 
least 1 hour during which, the bath solution was 
replaced with fresh solution every 15 min. In all 
experiments, a uterus segment from the other horn 
was also set up as a vehicle control preparation to 
compare the effect of time and vehicle to the drug 
effect. The control uterus was prepared and used in 
the same manner as the drug treated uterus, but the 
relevant vehicle of the drug was added to the organ 
bath instead of the drug solution. Each experiment 
was repeated in at least 6-10 replicates. 
 
Experimental Procedures 
Effect of methanolic extract of white pepper on 
uterine contraction induced by CaCl2 in Ca2+- free 
high K+ solution

To study the role of extracellular calcium, 
the uterine horns were bathed for 1 hour in De Jalon-
Ringer solution with resting tension of 2 g. The 
solution was then replaced by Ca2+- free high K+ (60 
mM KCl) De Jalon-Ringer solution. CaCl2 was 
added to the organ bath cumulatively (10-6-10-2 M) 
before and after tissue incubation with different 
concentration of the extract (15, 50, 150 g/mL). 
Each uterus preparation was used only for one of the 
concentration of the extract. 

Effect of methanolic extract of white pepper on 
uterine contraction induced by oxytocin 

A uterine horn was bathed for 1 hour in 
Locke-Ringer solution with resting tension of 2 g. 
The uterus was contracted by the addition of 
oxytocin (1 mU/mL). After rhythmic contraction 
was stable, the extract (0.3-100 g/mL) was added 
to the organ bath cumulatively. Changes in force and 
frequency of contraction were then recorded. 

 
 

Effect of piperine or diclofenac sodium on uterine 
contraction induced by AA (arachidonic acid) 

A uterine horn was bathed for 1 hour in De 
Jalon-Ringer solution with resting tension of 2 g. 
The uterus was precontracted by the addition of AA 
(10-5 M). After rhythmic contraction was stable, the 
uterus was washed 3 times with fresh De Jalon-
Ringer solution to remove AA.  De Jalon-Ringer 
solution was changed every 10 minutes until the 
tension of the uterus reached the baseline. Piperine 
(30 g/mL) or diclofenac sodium (10-4 M) was then 
added to the medium for 20 min followed with the 
addition of AA (10-5 M) for 20 min. After then, the 
uterus was washed 3 times with De Jalon-Ringer 
solution to remove the extract and AA. De Jalon-
Ringer solution was changed every 10 minutes until 
the tension of the uterus reached the baseline. AA 
(10-5 M) was then added to the organ bath to observe 
the responsiveness of the uterus to AA alone after 
previously exposure to piperine or diclofenac 
sodium. 

 
Data analysis

Values (changes in contraction recorded in 
comparison with 100% contractions induced by 
spasmogens in the absence of the extract) were 
expressed as mean±SEM. Statistical comparisons 
were made by independent sample t-test or repeated-
measure analysis of variance (ANOVA) and              
p values less than 0.01 were considered statistically 
significant. 

Results
 
Effect of methanolic extract of white pepper on 
uterine contraction induced by CaCl2 in Ca2+- free 
high K+ solution

Calcium chloride (10-5-10-2 M) induced rat 
uterine contractions in a concentration-dependent 
manner (p<0.01). The uterine contraction curves 
induced by CaCl2 were inhibited by pretreatment (10 
min) with the extract (15, 50, 150 g/mL, n = 6, p < 
0.01) in a dose-dependent manner as shown in 
Figure 1. 

 
Effect of methanolic extract of white pepper on 
uterine contraction induced by oxytocin 

Methanoloc extract of white pepper at the 
concentration 10-100 g/mL significantly reduced 
the oxytocin-induced uterine contraction. (p < 0.01) 
(Figure 2.) 
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Effect of piperine or diclofenac sodium on uterine 
contraction induced by arachidonic acid 

The effect of piperine (30 g/mL) and 
diclofenac sodium (10-4 M) on the AA-induced uterus 
contraction were tested in this study. The results 
showed that the stimulatory effect of AA   (10-5 M) on 
the contraction of rat uterus was completely inhibited 

by the addition with piperine (30 g/mL) or diclofenac 
sodium (10-4 M) (n=6). The stimulation by AA could be 
recovered after the removal of piperine or diclofenac 
sodium. Representative tracing of the effect of piperine 
or diclofenac sodium on AA-induced uterus contraction 
was shown in Figure 3 and Figure 4 , respectively. 

 

 
Figure 1. The spasmogenic effects of the contractile response of isolated rat uterus to cumulative 

concentrations of the CaCl2 in Ca2+ free high K+ solution in the absence or presence of extract 
(15, 50, and 150 g/mL). The statistical comparisons were carried out for extract at 15, 50 and 
150 g/mL (n=6, ** p < 0.01). 

 

Figure 2. The relaxing effect on the rat uterus contractions induced by oxytocin in the presence or absence 
of the extract (0.3-100 g/mL) (n=6, ** p < 0.01). 
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Figure 3. Representative tracing of the effect of the piperine (30 g/mL) on the rat uterine contractions  
induced by arachidonic acid (AA, 10-5 M) (n=6).  

Figure  4.    Representative tracing of the effect of the diclofenac (Dic, 10-4 M) on the rat uterine   
                    contractions induced by arachidonic acid (AA, 10-5 M) (n=6).  

Discussion 
The aim of this study is to determine the 

effect and mechanism of action of the methanolic 
extract of white pepper on uterine contraction in rat. 
From our preliminary finding showed that the extract 
had no effect on uterus contraction in isolated rat 
uterus. However, the extract was able to completely 
inhibit uterine contraction induced by CaCl2 and other 
stimulants such as oxytocin and arachidonic acid (AA). 
One major finding of this study was an inhibitory 
effect of the extract on uterine contraction induced by 
CaCl2 in Ca2+ free high K+ solution (KCl 60 mM). The 
mechanism of CaCl2 induced uterine contraction in 
Ca2+- free high K+ solution is that the high K+ 
concentration could depolarizethe cell membrane.11 
This effect changed the ions conductance of the cell 
which in turn, activates voltage-dependent calcium 

channel opening, leading to calcium influx into the 
cells and then stimulated uterine contraction.12  
Although calcium channel was opened, the lack of 
calcium in Ca2+ free high K+ solution (KCl 60 mM) 
could not stimulate the uterus to contract. The 
additions of CaCl2 to the organ bath caused an influx of 
calcium into the cell via the opened calcium channel 
and stimulate the contraction of the uterus. The result 
of this study showed that the extract dose-dependently 
inhibited uterine contraction induced by CaCl2 in Ca2+ 
free high K+ solution (KCl 60 mM). The result 
suggested that the inhibitory effect of methanolic 
extract on CaCl2 may occur by blocking the calcium 
channel. Oxytocin induced the isolated rat uterus to 
contract rhythmically in Locke-Ringer solution. 
Oxytocin is a powerful stimulator of contraction in the 
uterus while increase in force, frequency and duration 
of action.13, 14 Oxytocin is known as an endogenous 
uterine stimulant via binding to oxytocin receptor on 
the membrane of the uterine smooth muscle cells. The 

action of oxytocin inducing the uterine contraction is 
due to an increase in intracellular calcium resulting 
from both calcium influx via plasma membrane and 
calcium-release from internal store.15 It is suggested 
that the inhibition pathway of the extract may occur 
through an inhibition on calcium influx and/or 
calcium-release from internal storage.  

In order to determine of the action of 
piperine, the major alkaloid of white pepper, or 
diclofenac sodium on COX-2, AA was used to 
stimulate the uterine contraction. Our result showed 
that piperine or diclofenac sodium was able to 
completely inhibit the contraction. The result from this 
study is consistent to a previous study10 that piperine 
was able to inhibit the expression of COX-2 protein 
and COX-2 mRNA. It has yet to be reported the 
mechanism of AA on uterine muscle cells to stimulate 
uterine contraction. However, it is well known that AA 
is a major precursor of prostaglandins synthesis. It was 
changed to PGH2 and then to other prostaglandins such 
as prostaglandin F2  (PGF2 ), PGE2, PGI2 etc. PGF2  is 
known to stimulate the contraction of the rat uterus 
through phosphatidylinositol-signaling pathway which 
result in an increase of calcium release from the 
internal storage and may also open non-selective cation 
channel which could cause the depolarization of 
plasma membrane leading to calcium influx.16 The step 
that AA is converted to PGH2 is accelerated by 
cyclooxygenase which is a rate-limiting enzyme of 
prostaglandin biosynthetic pathway. Diclofenac, one of 
the nonsteroidal anti-inflammatory drugs (NSAIDs), is 
known to be a cyclooxygenase inhibitor that could 
inhibit the conversion of AA to PGH2 and then other 
prostaglandins synthesis.17 In this study, diclofenac 
inhibited the stimulatory effect of AA on rat uterine 
contraction, meanwhile the direct action of AA on the 
contraction of rat uterus is unknown. It is, therefore, 
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Figure 3. Representative tracing of the effect of the piperine (30 g/mL) on the rat uterine contractions  
induced by arachidonic acid (AA, 10-5 M) (n=6).  

Figure  4.    Representative tracing of the effect of the diclofenac (Dic, 10-4 M) on the rat uterine   
                    contractions induced by arachidonic acid (AA, 10-5 M) (n=6).  
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likely that the action of AA on the contraction of rat 
uterus occurred due to prostaglandin(s) which is the 
product(s) of the conversion of AA. Piperine (30 

g/mL) was shown to completely inhibit the 
stimulatory effect of AA. It is known to inhibit 
cyclooxygenase enzyme.18 It is possible that piperine 
could inhibit the action of AA by the inhibition of 
cyclooxygenase and, consequently, the inhibition of 
prostaglandin synthesis. However, it is possible that 
piperine could have other action that could relax the 
uterus such as the inhibition of calcium entry into the 
uterine muscle cells.  
 
Conclusion

The result of this study indicated that 
methanolic extract of white pepper is a uterine 
relaxant. The inhibitory effect of the extract may 
involve an inhibition of a rise in intracellular calcium 
from both calcium influx via plasma membrane and 
calcium release from internal storage. However, this 

effect may be mediated mainly through a reduction on 
calcium influx, possibly through voltage-dependent 
calcium channel. Piperine, a major alkaloid of white 
pepper, may play a role, at least in part, on the relaxing 
effect of the extract on the uterus. Piperine is known to 
inhibit cyclooxygenase enzyme resulting in an 
inhibition of prostaglandin synthesis. Taken together, it 
is suggested that the inhibition of the calcium entry into 
muscle cells and cyclooxygenase enzyme could be the 
primary effect of methanolic extract of white pepper 
and piperine to relax the uterus. Our findings strongly 
support the use of white pepper to relief painful of 
dysmenorrhea in Thai traditional medicine. 
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Abstract

 Re-epithelialisation is an important event in healing of skin wounds. Astaxanthin belongs to beta 
carotenoids group and has been widely used for skin protection. The purpose of this study was to investigate 
proliferative effect of astaxanthin and astaxanthin liposome in human skin kerationocyte (HaCaT) cells by 
exposing the cells to various concentration of astaxanthin and astaxanthin liposome (0, 0.125, 0.25, 0.5, 1, 5 
and 10 g/mL) for 24, 48 and 72 hrs. The result showed that exposure to astaxanthin and astaxanthin 
liposome at 0.25, 0.5, 1, 5 and 10 g/mL after 72 hrs significantly increased the proliferation of keratinocyte 
cells when compared to the control. This result suggests that astaxanthin and astaxanthin liposome may 
promote repair of skin wounds by facilitating keratinocyte cells proliferation.  
 
Keywords: astaxanthin, wound healing, keratinocyte, proliferation 
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Introduction
Astaxanthin (3,3’-dihydroxy-beta,betacarotene           

-4,4’-dione) is a reddish pigment that belongs to a 
group of chemicals called carotenoids. It occurs 
naturally in certain algae and causes pink or red color 
in salmon, trout, lobster, shrimp, and other seafood.1 
Astaxanthin does not have any pro-oxidative nature 
like -carotene however its potent anti-oxidative 
property exhibits on the cell membrane.1 Many studies 
have revealed pharmacological effects of astaxanthin 
which are related to antioxidant2 and anti-inflammatory 
effects3, immunomodulation4 and skin protection.5–7 The 
skin protection of astaxanthin is recently investigated. It 
remarkably suppressed hyper-pigmentation, inhibited 
melanin synthesis and photoaging which consequently 
led to a decrease in matrix metalloproteinase-1 and skin 
fibroblast elastase/neutral endopeptidase expression.6,7 
 Recently, liposomes have been used as a drug 
carrier systems for topical delivery, due to an enhance 
drug penetration into the skin8–11, promote therapeutic 
effectiveness12,13, decrease side-effects12 and sustained 
release of dermally active components.14 
 When a cutaneous injury occurs, the wound 
heals via a dynamic series of physiological events, 
including coagulation, granulation tissue formation, re-
epithelialisation, and extracellular matrix remodeling. 
The keratinocyte is the predominant cell type in the 
epidermis. The migration and proliferation of 
keratinocytes play a key role in wound healing 
following injury.15,16 The purpose of this study was to 
investigate proliferative effect of astaxanthin and 
astaxanthin liposome in human skin kerationocyte 
(HaCaT) cells. 

 
Materials and Methods
 
Drug and chemicals 
 Astaxanthin and astaxanthin liposome was 
kindly provided from Associate Professor Dr. 
Wanwimol Klaypradit, Department of Fishery Product, 
Faculty of Fishery, Kasetsart University, Bangkok, 
Thailand. All other chemicals and solvents used 
throughout this study were analytical grade reagents. 
Astaxanthin liposome was prepared using a lipid 
hydration method. Ethanol solutions containing 20% 
w/w astaxanthin were dried to a thin film under vacuum 
using a rotary evaporator. The properties of liposome 
encapsulated astaxanthin were measured by the 
transmission electron microscope. 
 

Experimental cell culture 
 Human skin keratinocyte (HaCaT) cells were 
obtained from CLS cell line service, Germany. HaCaT 
cells were cultured in complete Dulbecco's Modified 
Eagle Medium (DMEM) medium containing 10% fetal 
bovine serum, 2 mM L-glutamine and 1% antibiotics 
(100 U/mL penicillin and 100 g/ml streptomycin). 
Cells were incubated at 37 ºC and 5% CO2 under 95% 

humidifier for 24 hrs before exposed to astaxanthin and 
astaxanthin liposome at various concentration. 
 
Cell proliferation assay 
 HaCaT cells were harvested with 0.25% trypsin 
and resuspended to a final concentration of 1x104 
cells/mL. Two hundred microlitres of cell suspension 
were added into each well of 96-well cell culture plate. 
After 24 hrs of incubation, cells were treated with 
astaxanthin and astaxanthin liposome at concentrations 
of 0, 0.125, 0.25, 0.5, 1, 5 and 10 g/mL and further 
incubated for 24, 48, and 72 hrs. After each incubation 
period, cell proliferation was determined by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay.17 MTT is mostly reduced by active 
mitochondria in living cells. An increase in cellular 
MTT reduction could be an index of cell proliferation. 
Briefly, MTT was dissolved in phosphate buffered 
saline, pH 7.4 at a concentration of 5 mg/mL. MTT 
solution was added to the cell culture to the final 
concentration of 0.5 mg/mL. After 2 hrs of incubation, 
medium was removed and the remaining insoluble 
formazan was dissolved in 100 L DMSO and the 
optical density was measured spectrophotometrically at 
570 nm.  
 
Results and Discussion 
  
Effect of astaxanthin and astaxanthin liposome on 
proliferation in HaCaT cells 
 To examine proliferative effect of astaxanthin 
and astaxanthin liposome, HaCaT cells were cultured 
for 24 hrs and then incubated with astaxanthin and 
astaxanthin liposome at various concentrations (0, 0.125, 
0.25, 0.5, 1, 5 and 10 g/mL) and durations (24, 48 and 
72 hrs). Cells proliferation was determined by using 
MTT assay. The result showed that treatment with 
astaxanthin at concentration of 0.25, 0.5, 1, 5 and 10 

g/mL significantly increased keratinocyte cell 
proliferation when compared to control. The percentage 
of cell viability were 114.02±2.63, 114.89±2.35, 
113.28±1.50, 113.31±0.92 and 113.28±3.02% of the 
corresponding controls after 72 hrs of astaxanthin 
exposure at 0.25, 0.5, 1, 5 and 10 g/mL, respectively 
(Figure 1). However, at 24 and 48 hrs incubation was 
not significantly different from control. It is believed that 
one of the underlying mechanisms of wound repair is 
increased the proliferation of keratinocyte cells. Thus, 
increasing cell proliferation is the key of wound 
treatment. In this study, we demonstrated that 
astaxanthin and astaxanthin liposome induces 
keratinocyte proliferation. Keratinocyte proliferation is 
one of the key processes for normal wound 
epithelialisation and closure.16 Astaxanthin increased the 
proliferation of keratinocyte cells which the mechanism 
was to inhibit reactive oxygen species2,5,7, and anti-
inflamatory activity.3,5 
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Astaxanthin liposome was prepared using a lipid 
hydration method. Ethanol solutions containing 20% 
w/w astaxanthin were dried to a thin film under vacuum 
using a rotary evaporator. The properties of liposome 
encapsulated astaxanthin were measured by the 
transmission electron microscope. 
 

Experimental cell culture 
 Human skin keratinocyte (HaCaT) cells were 
obtained from CLS cell line service, Germany. HaCaT 
cells were cultured in complete Dulbecco's Modified 
Eagle Medium (DMEM) medium containing 10% fetal 
bovine serum, 2 mM L-glutamine and 1% antibiotics 
(100 U/mL penicillin and 100 g/ml streptomycin). 
Cells were incubated at 37 ºC and 5% CO2 under 95% 

humidifier for 24 hrs before exposed to astaxanthin and 
astaxanthin liposome at various concentration. 
 
Cell proliferation assay 
 HaCaT cells were harvested with 0.25% trypsin 
and resuspended to a final concentration of 1x104 
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were added into each well of 96-well cell culture plate. 
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astaxanthin and astaxanthin liposome at concentrations 
of 0, 0.125, 0.25, 0.5, 1, 5 and 10 g/mL and further 
incubated for 24, 48, and 72 hrs. After each incubation 
period, cell proliferation was determined by 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 
(MTT) assay.17 MTT is mostly reduced by active 
mitochondria in living cells. An increase in cellular 
MTT reduction could be an index of cell proliferation. 
Briefly, MTT was dissolved in phosphate buffered 
saline, pH 7.4 at a concentration of 5 mg/mL. MTT 
solution was added to the cell culture to the final 
concentration of 0.5 mg/mL. After 2 hrs of incubation, 
medium was removed and the remaining insoluble 
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optical density was measured spectrophotometrically at 
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Results and Discussion 
  
Effect of astaxanthin and astaxanthin liposome on 
proliferation in HaCaT cells 
 To examine proliferative effect of astaxanthin 
and astaxanthin liposome, HaCaT cells were cultured 
for 24 hrs and then incubated with astaxanthin and 
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one of the underlying mechanisms of wound repair is 
increased the proliferation of keratinocyte cells. Thus, 
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Conclusion
In conclusion, this study demonstrated that 

treatment with astaxanthin and astaxanthin liposome 
increased keratinocyte proliferation. Further study to 
explore another mechanistic pathway to explain the 
proliferation and migration effect of astaxanthin was 
suggested.  
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Abstract

Endotoxin was a biological pyrogen obtained from a lipid A-part of outer membrane lipopolysaccharide 
(LPS) in gram-negative bacteria. When endotoxin entered intravenously to blood stream, it can stimulate the 
immune system by releasing of inflammatory cytokines leading to fever, multiple organ failure (MOF) and 
multiple organ dysfunction syndrome (MODS). Therefore, contaminated endotoxin in intravenous 
pharmaceutical products can increase severity and mortality rate of patients. To reduce this problem, 
quantification of endotoxin contaminated in sterile pharmaceutical products is a regulation in quality control 
processes. Practically, endotoxin was quantified using Limulus amebocyte lysate  (LAL) based assays: gel clot, 
turbidimetric and chromogenic methods. Recently, a new assay using recombinant Factor C (rFC) has become 
available for measuring endotoxin. The aim of study is to comparatively evaluate the LAL kinetic turbidimetric 
and rFC endpoint fluorescence methods for measuring endotoxins in intravenous pharmaceutical samples. 
Statistically, the Wilcoxon matched pairs signed rank test  (p < 0.05) showed that both methods for endotoxin 
estimates were not significantly different for testing samples. However, data points of endotoxin estimated by 
rFC method were less deviate from the zero-line which represented a different value from 0.495 EU/ml of 
standard endotoxin adding to the samples when compared with the LAL kinetic turbidimetric method. Moreover, 
the accuracy (%recovery) of endotoxin measurements by the rFC endpoint fluorescence method was higher than 
the kinetic turbidimetric method. The results conclude that the rFC endpoint fluorescence method may be an 
interesting technique for endotoxin or pyrogen testing in intravenous pharmaceutical products in the near future. 

Keywords: endotoxin, recombinant factor C, LAL turbidimetric, intravenous pharmaceutical products 
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Introduction

Bacterial endotoxin is a biological pyrogen 
found in the outer membrane of gram-negative 
bacteria.1 The structure of outer membrane is a 
lipopolysaccharide (LPS) complex which composed of 
three distinct regions: lipid A, core oligosaccharide and 
endotoxic O-specific antigen. An amphiphilic LPS is 
heat resistant and pH-stable molecule.2 Endotoxin 
causes a fever when enter intravenously to the human 
body. It stimulates the immune system by releasing 
inflammatory cytokines and probably leading to 
multiple organ failure (MOF) and multiple organ 
dysfunction syndrome (MODS).1 Therefore, the 
contamination of endotoxin in sterile pharmaceutical 
products can increase severity and mortality rate of 
patients who consume these products. To overcome 
these problems, detection and quantification of 
endotoxin are required as a quality control step for all 
parenteral pharmaceutical products. 

Nowadays, the approved endotoxin measurements 
are gel-clot, chromogenic and LAL kinetic 
turbidimetric methods.3 These techniques are based on 
limulus amebocyte lysate (LAL), an aqueous blood cell 
extracted from the horseshoe crab.4 The basis of gel-
clot method is clotting reaction of the lysate reagent in 
the presence of endotoxin.5   The advantages of gel-clot 
method are the simplest, less expensive and the most 
widely used for endotoxin qualitative assay. However, 
the disadvantage is low sensitivity and can give false-
negative and false-positive results depending on 
performer.4,6 For two photometric quantitative 
techniques of endotoxin measurement, the chromogenic 
method quantifies endotoxin by measuring the 
chromophore released from a suitable chromogenic 
peptide by the reaction of endotoxins with lysate. On 
the other hand, the LAL kinetic turbidimetric method 
measures the rate of increase in turbidity of reaction 

products.3 The advantages of LAL kinetic turbidimetric 
method are sensitive, easy to perform and less time 
consuming. However, this method can be exposed to 
possible interferences and clotting enzyme was heat 
labile. 

Recently, the fluorescence technique, recombinant 
Factor C (rFC) assay (PyroGene ) was developed to 
determine endotoxin in protein solution.7 The rFC 
protein composes of multiple binding sites for 
endotoxin which is catalytically activated by trace 
amounts of endotoxin. When activated by endotoxin 
binding, recombinant rFC acts to cleave a synthetic 
substrate resulting in the generation of fluorogenic 
compound in the assay mixture. The fluorescent signal 
is in proportion to the endotoxin concentration in the 
sample. The advantages of rFC method are rapid, 
convenient, reliable, perpetual, economical, and 
environmentally friendly.6 Animals have not been used 
in testing or reagent manufacturing hence, redeeming 
diminishing horseshoe crabs from extinction.  Because 
rFC is not derived from natural horseshoe carb blood, 
thus it is a standardized source of recombinant LAL. 
Moreover, rFC does not cross talk with contaminants 
like -glucan, hence false positive and elevated results 
can be abolished.6  

The aim of this study is to measure the amount 
of endotoxin in intravenous pharmaceutical samples 
using gel-clot, LAL kinetic turbidimetric and rFC 
endpoint fluorescence methods. The comparison of 
two photometric quantitative techniques, LAL kinetic 
turbidimetric and rFC methods was statistically 
evaluated to reveal the possible use of rFC endpoint 
fluorescence as an alternative method that does not 
require an animal source for endotoxin and pyrogen 
testing. 
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possible interferences and clotting enzyme was heat 
labile. 

Recently, the fluorescence technique, recombinant 
Factor C (rFC) assay (PyroGene ) was developed to 
determine endotoxin in protein solution.7 The rFC 
protein composes of multiple binding sites for 
endotoxin which is catalytically activated by trace 
amounts of endotoxin. When activated by endotoxin 
binding, recombinant rFC acts to cleave a synthetic 
substrate resulting in the generation of fluorogenic 
compound in the assay mixture. The fluorescent signal 
is in proportion to the endotoxin concentration in the 
sample. The advantages of rFC method are rapid, 
convenient, reliable, perpetual, economical, and 
environmentally friendly.6 Animals have not been used 
in testing or reagent manufacturing hence, redeeming 
diminishing horseshoe crabs from extinction.  Because 
rFC is not derived from natural horseshoe carb blood, 
thus it is a standardized source of recombinant LAL. 
Moreover, rFC does not cross talk with contaminants 
like -glucan, hence false positive and elevated results 
can be abolished.6  

The aim of this study is to measure the amount 
of endotoxin in intravenous pharmaceutical samples 
using gel-clot, LAL kinetic turbidimetric and rFC 
endpoint fluorescence methods. The comparison of 
two photometric quantitative techniques, LAL kinetic 
turbidimetric and rFC methods was statistically 
evaluated to reveal the possible use of rFC endpoint 
fluorescence as an alternative method that does not 
require an animal source for endotoxin and pyrogen 
testing. 
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Materialsand Methods

Preparation of sample solutions 
The samples used in this study were three-

batches of five-intravenous pharmaceutical products 
(see Table 1). The samples were initially prepared 
by dissolving the finished products using LAL 
Reagent Water (LRW) to a final concentration as  
described by manufacturer. Each of prepared 
samples was diluted at an appropriate dilution less 
than the Maximum Valid Dilution (MVD) value, the 
maximum allowable dilution of a sample at which 
the endotoxin limit can be determined (see Table 1). 
The labeled lysate sensitivity and the 
inhibition/enhancement tests on the sample solutions 
were performed as described under preparatory 
protocols of test kits in order to confirm that both the 
precision and validity of the test methods were 
acceptable for further use (see Table 1). 

The diluted samples were then added 
11 l of E. coli O55:B5 standard (5 EU/ml) as 
described in positive product control protocol9, to 
gain a final concentration of 0.495 EU/ml. The 
amount of endotoxin in samples were subsequently 
quantified using gel-clot, LAL kinetic turbidimetric 
and rFC methods.  The diluted samples without 
adding of standard endotoxin were used as control 
blank for the assay. 

 
Endotoxin testing reagents

PYROGENT™ Gel Clot LAL Assay, 
PYROGENT™–5000 Assay, PyroGene™ Recombinant 
Factor C Assay and LAL Reagent Water were 
purchased from Lonza Walkersville Inc. (Walkersville, 
MD, USA). All glassware was baked at 180 °C for 4 
hour to render them free of endotoxin. 

Gel-clot method 
Escherichia coli O55:B5 standard endotoxin 

was prepared in LAL Reagent Water to obtain final 
concentration of 0.25 EU/ml. The test was 
performed by transferring 100 l of sample into 
10×75 mm test tube, followed by adding 11 l of 
standard endotoxin (0.25 EU/ml). Then, 100 l of 
lysate was added to each tube. The reaction was 
incubated in Heating block (Dry-Bath) at 37 °C for 
60 minutes.8 Each tube was gently mixed by tube-
inversion and the result was then determined. The 
positive result showed a gelation when endotoxin 
was found. In the absence of endotoxin, gelation was 
not occurred. 
 
Kinetic turbidmetric method   

To prepare standard curve for the LAL 
kinetic turbidimetric method, E. coli O55:B5 
standard endotoxin was diluted in LAL Reagent 
Water to obtain concentrations of 0.01, 0.05, 0.1, 
0.5, 1, 5 and 10 EU/ml. Then, 100 l of standard 
endotoxin dilutions were loaded  into 96-well plate 
in triplicates. For assayed samples, 11 l of standard 
endotoxin (5 EU/ml) was loaded into wells and 
subsequently added 100 l of appropriately diluted 
samples (see Table 1). Samples without adding of 
standard endotoxin were used as control blank. 

Finally, 100 l of reconstituted lysate was added to 
wells. The plate was incubated in the microplate 
reader (BioTek ELx808 equipped with WinKQCLTM 
Software) at 37 ºC for 60 °C. The kinetic reactions 
were measured using absorbance at 340 nm.9

rFC endpoint fluorescence method  
Various concentrations of E. coli O55:B5 

standard endotoxin and diluted samples were 
prepared as described in the kinetic turbidmetric 
method. The 96-well plate was pre-incubated at 
37ºC for 10 °C. During the pre-incubation, the rFC 
reagent was freshly prepared by gentle mixing of 
rFC, substrate, and buffer (ratio 1:5:4). After the 10 
min, 100 l of the rFC reagent was dispensed into 
each well. The plate was finally incubated in the 
microplate reader (BioTek FLx800 equipped with 
WinKQCLTM Software) at 37ºC for 60 °C. The 
spectroscopic fluorescence was measured using the 
excitation/emission wavelengths at 380/440 nm.10 
For the lot of rFC reagent used, the sensitivity 
setting of the plate reader was adjusted. To do this 
step, 100 ml of 5 EU/ml endotoxin standard diluted 
in LAL Reagent Water was dispensed into wells and 
pre-incubating for 10 min. Then, 100 ml of the rFC 
reagent was added to each well. 

 
Statistical Analysis 

The amount of endotoxin in samples 
obtained from the kinetic turbidmetric and rFC 
endpoint fluorescence methods were compared and 
analyzed using the Wilcoxon matched pairs signed 
rank test; significance was set at p < 0.05. The 
deviations of measured endotoxin potency from the 
standard endotoxin (0.495 EU/ml) were graphed as 
the scatter plot for each individual measurement. 
The accuracy and precision of two methods were 
represented by the values of % recovery and % 
Coefficient of Variation (% CV), respectively. 

 
Results
 
Determination of contaminated endotoxin in the 
samples  

The amount of contaminated endotoxin 
existing in samples of intravenous pharmaceutical 
products was determined using gel-clot, kinetic 
turbidmetric and rFC endpoint fluorescence methods. 
The results showed that the amounts of endotoxin in 
all samples were passed as requirement of USP 
endotoxin limit values as shown in Table 2.

  
Determination of adding standard endotoxin (0.495 
EU/ml) in the samples  

The determination of endotoxin amount in 
the diluted samples adding with standard endotoxin 
(0.495 EU/ml) was measured by rFC endpoint 
fluorescence and kinetic turbidmetric methods. The 
results are illustrated in Figure 1. The error bars are 
standard deviations from the assay in triplicate.  It was 
found that the amounts of standard endotoxin in the 
samples determined by rFC endpoint fluorescence 
method were closer to 0.495 EU/ml than those 
determined by kinetic turbidmetric methods.
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The amount of contaminated endotoxin 
existing in samples of intravenous pharmaceutical 
products was determined using gel-clot, kinetic 
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The results showed that the amounts of endotoxin in 
all samples were passed as requirement of USP 
endotoxin limit values as shown in Table 2.

  
Determination of adding standard endotoxin (0.495 
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The determination of endotoxin amount in 
the diluted samples adding with standard endotoxin 
(0.495 EU/ml) was measured by rFC endpoint 
fluorescence and kinetic turbidmetric methods. The 
results are illustrated in Figure 1. The error bars are 
standard deviations from the assay in triplicate.  It was 
found that the amounts of standard endotoxin in the 
samples determined by rFC endpoint fluorescence 
method were closer to 0.495 EU/ml than those 
determined by kinetic turbidmetric methods.
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Table 1. The maximum valid dilution (MVD) value and appropriate dilution of each samples using for gel-
clot, LAL kinetic turbidimetric and rFC endpoint fluorescence methods.

Samples
(Conc.)

Test for bacterial endotoxins
Gel-colt method Turbidimetric method rFC method

MVD Appropriate
Dilution MVD Appropriate

Dilution MVD Appropriate
Dilution

Ciprofloxacin 
2mg/ml 1:8 1:8 1:100 1:100 1:200 1:100 
Levofloxacin  
5mg/ml 1:28 1:25 1:350 1:100 1:700 1:100 
Ondansetron 
4mg/2ml 1:158 1:100 1:1980 1:100 1:3960 1:100 
Meropenem 
50mg/ml 1:50 1:50 1:650 1:200 1:1250 1:200 
Lidocaine 
10mg/ml 1:50 1:50 1:1100 1:50 1:2200 1:50 

Table 2. Amount of contaminated endotoxin existing in intravenous pharmaceutical samples assayed by gel-
clot, kinetic turbidmetric and rFC endpoint fluorescence methods. 

* Endotoxin limit from United States Pharmacopeia (USP)

Samples

Methods
Endotoxin

limit*
EU/mg 

Gel-clot 
EU/mg 

Turbidimetric
EU/mg 

rFC 
EU/mg Results 

Ciprofloxacin 2mg/ml Lot.1 0.5 <0.5 <0.05 <0.25 Pass 
Ciprofloxacin 2mg/ml Lot.2 0.5 <0.5 <0.05 <0.25 Pass 
Ciprofloxacin 2mg/ml Lot.3 0.5 <0.5 <0.05 <0.25 Pass 
Levofloxacin 5mg/ml Lot.1 0.7 <0.625 <0.2 <0.1 Pass 
Levofloxacin 5mg/ml Lot.2 0.7 <0.625 <0.2 <0.1 Pass 
Levofloxacin 5mg/ml Lot.3 0.7 <0.625 <0.2 <0.1 Pass 
Ondansetron 4mg/2ml Lot.1 9.9 <0.625 <0.05 <0.25 Pass 
Ondansetron 4mg/2ml Lot.2 9.9 <0.625 <0.05 <0.25 Pass 
Ondansetron 4mg/2ml Lot.3 9.9 <0.625 <0.05 <0.25 Pass 
Meropenem 50mg/ml Lot.1 0.125 <0.125 <0.04 <0.02 Pass 
Meropenem 50mg/ml Lot.2 0.125 <0.125 <0.04 <0.02 Pass 
Meropenem 50mg/ml Lot.3 0.125 <0.125 <0.04 <0.02 Pass 
Lidocaine 10mg/ml Lot.1 1.1 <0.125 <0.05 <0.025 Pass 
Lidocaine 10mg/ml Lot.2 1.1 <0.125 <0.05 <0.025 Pass 
Lidocaine 10mg/ml Lot.3 1.1 <0.125 <0.05 <0.025 Pass 

Proceedings of the 37th Congress on Pharmacology of Thailand
244  

244 

Table 1. The maximum valid dilution (MVD) value and appropriate dilution of each samples using for gel-
clot, LAL kinetic turbidimetric and rFC endpoint fluorescence methods.

Samples
(Conc.)

Test for bacterial endotoxins
Gel-colt method Turbidimetric method rFC method

MVD Appropriate
Dilution MVD Appropriate

Dilution MVD Appropriate
Dilution

Ciprofloxacin 
2mg/ml 1:8 1:8 1:100 1:100 1:200 1:100 
Levofloxacin  
5mg/ml 1:28 1:25 1:350 1:100 1:700 1:100 
Ondansetron 
4mg/2ml 1:158 1:100 1:1980 1:100 1:3960 1:100 
Meropenem 
50mg/ml 1:50 1:50 1:650 1:200 1:1250 1:200 
Lidocaine 
10mg/ml 1:50 1:50 1:1100 1:50 1:2200 1:50 

Table 2. Amount of contaminated endotoxin existing in intravenous pharmaceutical samples assayed by gel-
clot, kinetic turbidmetric and rFC endpoint fluorescence methods. 

* Endotoxin limit from United States Pharmacopeia (USP)

Samples

Methods
Endotoxin

limit*
EU/mg 

Gel-clot 
EU/mg 

Turbidimetric
EU/mg 

rFC 
EU/mg Results 

Ciprofloxacin 2mg/ml Lot.1 0.5 <0.5 <0.05 <0.25 Pass 
Ciprofloxacin 2mg/ml Lot.2 0.5 <0.5 <0.05 <0.25 Pass 
Ciprofloxacin 2mg/ml Lot.3 0.5 <0.5 <0.05 <0.25 Pass 
Levofloxacin 5mg/ml Lot.1 0.7 <0.625 <0.2 <0.1 Pass 
Levofloxacin 5mg/ml Lot.2 0.7 <0.625 <0.2 <0.1 Pass 
Levofloxacin 5mg/ml Lot.3 0.7 <0.625 <0.2 <0.1 Pass 
Ondansetron 4mg/2ml Lot.1 9.9 <0.625 <0.05 <0.25 Pass 
Ondansetron 4mg/2ml Lot.2 9.9 <0.625 <0.05 <0.25 Pass 
Ondansetron 4mg/2ml Lot.3 9.9 <0.625 <0.05 <0.25 Pass 
Meropenem 50mg/ml Lot.1 0.125 <0.125 <0.04 <0.02 Pass 
Meropenem 50mg/ml Lot.2 0.125 <0.125 <0.04 <0.02 Pass 
Meropenem 50mg/ml Lot.3 0.125 <0.125 <0.04 <0.02 Pass 
Lidocaine 10mg/ml Lot.1 1.1 <0.125 <0.05 <0.025 Pass 
Lidocaine 10mg/ml Lot.2 1.1 <0.125 <0.05 <0.025 Pass 
Lidocaine 10mg/ml Lot.3 1.1 <0.125 <0.05 <0.025 Pass 

Proceedings of the 37th Congress on Pharmacology of Thailand
244



 

245 

Figure 1. Amount of endotoxin in intravenous pharmaceuticals were measured by rFC endpoint fluorescence 
method (rFC) and kinetic turbidmetric method (Turb)  . The average results for each method were 
graphed. The error bars are standard deviations from the assay in triplicate.

Table 3.  Statistical analysis of endotoxin determination by rFC endpoint fluorescence and kinetic 
turbidmetric methods, using the Wilcoxon matched–pairs signed ranks test (p < 0.05). 

*Mean of endotoxin amount (range of measured endotoxin) 
 
Method comparison for endotoxin determination in 
the samples adding with standard endotoxin (0.495 
EU/ml)

The amount of endotoxin in the samples 
adding with standard endotoxin (0.495 EU/ml) from 
rFC endpoint fluorescence and kinetic turbidmetric 
methods were further analyzed using statistical tools. 
The two methods were compared and analyzed using 
Wilcoxon matched pairs signed rank test. For each 
sample of each method, the mean and range of 
endotoxin amounts were indicated (see Table 3). The 
results showed that all samples presented the large       
p values (p > 0.05) of two methods comparison for the 
Wilcoxon matched pairs signed rank test (not 
permitting rejection of the null hypothesis of no 
difference). Thus, the amount of endotoxin in all 
samples obtained from rFC endpoint fluorescence and 
kinetic turbidmetric methods were not signi cantly 
different. 

In Figure 2, the endotoxin amount in each 
individual lot of samples measured by the two different 
methods was subtracted from 0.495 EU/ml, the final 
concentration of standard endotoxin added. The 
deviations were then graphed as scatter plot. The result 
showed that most of the data points obtained from the 
rFC endpoint fluorescence method for each sample 
were divergently scattered and less deviated along the 
zero line when compared to those of kinetic 
turbidmetric methods.  

The accuracy and precision of two methods 
using for determination of endotoxin in samples adding 
with standard endotoxin (0.495 EU/ml) were analyzed 
by the values of % recovery and %CV, respectively 
(Table 4). Except for meropenem, %CV of endotoxin 
measured by LAL kinetic turbidimetric method was 
lower than rFC endpoint fluorescence method. For 
%Recovery, rFC endpoint fluorescence method gave 
high values of %Recovery when compared to those of 
LAL kinetic turbidimetric method, except for 
ondansetron

Samples 

Methods 

rFC* 
EU/ml 

Turbidimetric* 
EU/ml 

Wilcoxon 
matched–

pairs 
signed ranks 

(p) 
Ciprofloxacin 2mg/ml 0.4913(0.4639-0.5132)    0.6671(0.6592-0.6711) 0.109 
Levofloxacin 5mg/ml 0.5057(0.4325-0.5781) 0.6099(0.5997-0.6151) 0.109 
Ondansetron 4mg/2ml 0.5597(0.5265-0.5983) 0.6467(0.6325-0.6637) 0.109 
Meropenem 50mg/ml 0.5022(0.4816-0.5333) 0.5229(0.4586-0.6511) 1.000 
Lidocaine 10mg/ml 0.5814(0.5221-0.6541) 0.6217(0.6152-0.6275) 0.285 

Proceedings of the 37th Congress on Pharmacology of Thailand
245  

245 

Figure 1. Amount of endotoxin in intravenous pharmaceuticals were measured by rFC endpoint fluorescence 
method (rFC) and kinetic turbidmetric method (Turb)  . The average results for each method were 
graphed. The error bars are standard deviations from the assay in triplicate.

Table 3.  Statistical analysis of endotoxin determination by rFC endpoint fluorescence and kinetic 
turbidmetric methods, using the Wilcoxon matched–pairs signed ranks test (p < 0.05). 

*Mean of endotoxin amount (range of measured endotoxin) 
 
Method comparison for endotoxin determination in 
the samples adding with standard endotoxin (0.495 
EU/ml)

The amount of endotoxin in the samples 
adding with standard endotoxin (0.495 EU/ml) from 
rFC endpoint fluorescence and kinetic turbidmetric 
methods were further analyzed using statistical tools. 
The two methods were compared and analyzed using 
Wilcoxon matched pairs signed rank test. For each 
sample of each method, the mean and range of 
endotoxin amounts were indicated (see Table 3). The 
results showed that all samples presented the large       
p values (p > 0.05) of two methods comparison for the 
Wilcoxon matched pairs signed rank test (not 
permitting rejection of the null hypothesis of no 
difference). Thus, the amount of endotoxin in all 
samples obtained from rFC endpoint fluorescence and 
kinetic turbidmetric methods were not signi cantly 
different. 

In Figure 2, the endotoxin amount in each 
individual lot of samples measured by the two different 
methods was subtracted from 0.495 EU/ml, the final 
concentration of standard endotoxin added. The 
deviations were then graphed as scatter plot. The result 
showed that most of the data points obtained from the 
rFC endpoint fluorescence method for each sample 
were divergently scattered and less deviated along the 
zero line when compared to those of kinetic 
turbidmetric methods.  

The accuracy and precision of two methods 
using for determination of endotoxin in samples adding 
with standard endotoxin (0.495 EU/ml) were analyzed 
by the values of % recovery and %CV, respectively 
(Table 4). Except for meropenem, %CV of endotoxin 
measured by LAL kinetic turbidimetric method was 
lower than rFC endpoint fluorescence method. For 
%Recovery, rFC endpoint fluorescence method gave 
high values of %Recovery when compared to those of 
LAL kinetic turbidimetric method, except for 
ondansetron

Samples 

Methods 

rFC* 
EU/ml 

Turbidimetric* 
EU/ml 

Wilcoxon 
matched–

pairs 
signed ranks 

(p) 
Ciprofloxacin 2mg/ml 0.4913(0.4639-0.5132)    0.6671(0.6592-0.6711) 0.109 
Levofloxacin 5mg/ml 0.5057(0.4325-0.5781) 0.6099(0.5997-0.6151) 0.109 
Ondansetron 4mg/2ml 0.5597(0.5265-0.5983) 0.6467(0.6325-0.6637) 0.109 
Meropenem 50mg/ml 0.5022(0.4816-0.5333) 0.5229(0.4586-0.6511) 1.000 
Lidocaine 10mg/ml 0.5814(0.5221-0.6541) 0.6217(0.6152-0.6275) 0.285 

Proceedings of the 37th Congress on Pharmacology of Thailand
245



 

246 

. 

Figure 2. Scatter plot of endotoxin amount for each individual lot of sample deviated from 0.495 EU/ml 
of standard endotoxin measured by two different methods. 

 
Table 4. Coefficient of Variation (% CV) and % Recovery of rFC endpoint fluorescence and kinetic 

turbidmetric methods. 

Samples
%CV %Recovery 

Methods Methods 
rFC Turbidimetric rFC Turbidimetric 

Ciprofloxacin 2mg/ml 5.11 1.03 99.25 134.77 
Levofloxacin 5mg/ml 14.40 1.46 102.16 123.23 
Ondansetron 4mg/2ml 6.47 2.44 113.08 103.65 
Meropenem 50mg/ml 5.46 21.23 101.45 105.64 
Lidocaine 10mg/ml 6.36 0.99 117.46 125.6 

Discussions
To explore the possibility for using the rFC 

endpoint fluorescence as an alternative method for 
endotoxin and pyrogen testing, the amount of 
endotoxin in prepared samples were determined by 
rFC endpoint fluorescence method in comparison 
with approval gel-clot and LAL kinetic turbidimetric 
standard methods. The level of contaminated 
endotoxin in testing samples were initially 
determined and found to pass as requirement for 
endotoxin limit of the United States Pharmacopeia 
37 (USP 37) for all testing methods: gel-clot, LAL 
kinetic turbidimetric and rFC endpoint fluorescence 
methods. Thus, all samples were appropriate to be 
used for method comparison study. The E. coli 
O55:B5 standard endotoxin was added to samples to 
attain a final concentration of 0.495 EU/ml. The 
amount of standard endotoxin in those prepared 
samples were then measured by rFC endpoint 
fluorescence and LAL kinetic turbidimetric 
methods. The Wilcoxon matched pairs signed rank 

test indicated that the two different methods for 
endotoxin measurement were not significantly 
different.  Our result agreed with previous report 
indicating that the Limulus ameabocyte lystate 
(LAL) and rFC endotoxin estimates were highly 
correlated.11 This result indicated that both LAL 
kinetic turbidimetric and rFC endpoint fluorescence 
methods can be practically used for determination of 
endotoxin in our testing samples. However, the 
potency of endotoxin in samples was quite high in 
comparison to 0.495 EU/ml when measured by LAL 
kinetic turbidimetric method. On the other hand, the 
endotoxin potency was much satisfied when 
measured by the rFC endpoint fluorescence method. 
This was similar to previous report for measuring 
endotoxin in house dust using LAL tubidimetric and 
rFC methods.11 The authors showed that LAL assay 
gave higher endotoxin estimates compared with rFC. 
This was further proven by scatter plot of endotoxin 
deviation from 0.495 EU/ml, the concentration of 
adding standard endotoxin. The data points clearly 
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Figure 2. Scatter plot of endotoxin amount for each individual lot of sample deviated from 0.495 EU/ml 
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test indicated that the two different methods for 
endotoxin measurement were not significantly 
different.  Our result agreed with previous report 
indicating that the Limulus ameabocyte lystate 
(LAL) and rFC endotoxin estimates were highly 
correlated.11 This result indicated that both LAL 
kinetic turbidimetric and rFC endpoint fluorescence 
methods can be practically used for determination of 
endotoxin in our testing samples. However, the 
potency of endotoxin in samples was quite high in 
comparison to 0.495 EU/ml when measured by LAL 
kinetic turbidimetric method. On the other hand, the 
endotoxin potency was much satisfied when 
measured by the rFC endpoint fluorescence method. 
This was similar to previous report for measuring 
endotoxin in house dust using LAL tubidimetric and 
rFC methods.11 The authors showed that LAL assay 
gave higher endotoxin estimates compared with rFC. 
This was further proven by scatter plot of endotoxin 
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confirmed that the amount of endotoxin for each 
individual lot of samples from rFC endpoint 
fluorescence method  were less deviate from the 
zero-line even though they were more divergent. As 
previously described, rFC has similar sensitivity and 
potentially greater specificity for measuring 
endotoxin when compared with a Limulus 
ameabocyte lystate (LAL) . 11 
 Our results generally revealed that rFC 
endpoint fluorescence method provided a high 
accuracy for endotoxin estimates as represented by 
%recovery which were approximate 100%. The 
reason is that the rFC is more specific for LPS 
detection.7 However, the precision of kinetic 
turbidmetric methods for endotoxin estimates in 
testing samples was almost higher than rFC methods 
as indicated by value of %CV. Nevertheless, 
%recovery values were in the range of 50%-200% as 
recommended in the USP37 and %CV values were 
in the acceptable range of 10% for turbidemetric 
method and 25% for rFC method. 
 
Conclusions

In this study, the LAL kinetic turbidimetric 
and rFC endpoint fluorescence methods gave 
comparable results for endotoxin estimates of 
intravenous pharmaceutical products. Our results 
conclude that rFC and LAL are reasonably 

comparable, the endotoxin estimates are correlated 
and either assay can be used for determination of 
endotoxin contamination in pharmaceutical 
products. Due to the probable variation of natural 
LAL from lot-to-lot, the endotoxin estimates may 
prove to be a less consistency. The rFC is a cloned 
protein produced by tissue culture. It exhibits a lot-
to-lot consistency, endotoxin specificity, statistically 
more robust, greater security of supply and no 
animals used in testing or reagent manufacturing 
hence, redeeming diminishing horseshoe crabs from 
extinction.  To these reasons, we conclude that rFC 
endpoint fluorescence is more challenge method for 
endotoxin or pyrogen testing in intravenous 
pharmaceutical products. However, additional data 
on the performance of rFC endpoint fluorescence 
method for endotoxin estimates in many lots and 
types of pharmaceutical products are needed to be 
further studied and confirmed. 
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Abstract 

 In this study, we evaluated the in vitro antimicrobial activity of fosfomycin against Escherichia coli 
(E. coli) ATCC 25922 from the time-kill curves. The minimum inhibitory concentration (MIC) of 
fosfomycin against E. coli ATCC 25922 determined by agar dilution method was 32 g/mL. The fosfomycin 
concentrations used in the time-kill study were 8 (0.25×MIC), 16 (0.5×MIC), 32 (1×MIC), 64 (2×MIC), 128 
(4×MIC), 256 (8×MIC) and 512 (16×MIC) g/mL. Then each concentration of fosfomycin was added to 
inoculate after incubation at 37 °C for 2 hr. The effects of fosfomycin against     E. coli ATCC 25922 were 
evaluated at 0, 1, 2, 4, 6, 8, 12 and 24 hr.The amounts of bacteria were counted by adapted droplet-plate 
method. The time-kill curve between amounts of bacteria and time was performed. The results showed that 
fosfomycin was highly effective against E. coli ATCC 25922. Fosfomycin exhibited bactericidal effects at 
the concentration of 64 (2×MIC), 128 (4×MIC), 256 (8×MIC) and 512 (16×MIC) g/mL with the 
concentration-dependent killing pattern. 

Keywords:  Fosfomycin, Escherichia coli, time-kill curves 
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Introduction
 The bacterial time–kill curves have been 
proposed to offer detailed information about the 
antibacterial efficacy as a function of both time and 
antibiotic concentration.1 Time–kill curves of many 
antibacterial agents have been studied in both in
vitro kinetic models and animal infection models, 
including beta-lactam antibiotics, fluoroquinolones, 
aminoglycosides and macrolides.2,3 E. coli is a gram-
negative bacillus, one of the most frequent causes of 
many common bacterial infections worldwide. The 
National Antimicrobial Resistance Surveillance 
Center, Thailand (NARST) found E. coli has 
emerged of Extended-spectrum ß-lactamase (ESBL) 
producing strains studies in 2010.4  In ESBL 
producing strains, the resistance to beta-lactam is 
frequently associated with resistance to other 
antibiotics, Due to the absence of new antimicrobial 
agents against ESBL producing strain, fosfomycin 
have been to evaluated in ESBL producing strains. 
Fosfomycin is a phosphonic acid derivative with a 
broad spectrum of antibacterial activity against 
Gram-positive and Gram-negative bacteria. The 
mechanism of action of fosfomycin is  cytoplasmic 
enzyme (pyruvyltransferase) inhibition which active 
during first step of bacterial cell wall 
(peptidoglycan) synthesis.5 

Currently, there are limited studies related to 
the in vitro activities of fosfomycin. The purpose of 
this study was to investigate theantimicrobial 
activity of fosfomycin by evaluating in vitro time–
kill curves against E. coli ATCC 25922 before study 
with E. coli ESBL producing strains.  

Materials and Methods

Drugs and microorganisms 

 Fosfomycin purchased from Wako Pure 
Chemical Industries, Ltd., Japan. The E. coli ATCC 
25922 (American Type Culture Collection) was 
obtained from the Faculty of Medicine, 
Chulalongkorn University, King Chulalongkorn 
Memorial Hospital, Thailand. Fresh isolates were 
sub-culture on Mueller-Hinton agar plate for 18-20 
hr at 37°C prior to each experiment. 

Media preparation 
 Cation-adjusted Mueller-Hinton Broth (CaMHB: 
Fluka, Bucsh, Switzerland) and Mueller-Hinton agar 
(MHA: Oxoid Ltd, Basingstoke, Hamsphire, England) 

were prepared according to the package manufacturer’s 
instructions. 
 
Bacterial inoculation 
 The bacterial inoculum was prepared from 
colonies incubated overnight on MHA plates and 
grown in CaMHB about 2 to 4 hr. Then suspended 
microorganism in sterile 0.9% saline solution to 
obtain the turbidity as 0.5 McFarland standard 
(Remel microbiology Products, Lenexa, KS, USA) 
approximately 1.5 x108 CFU/mL for E. coli. 
 
MIC determination 
 The MIC is defined as the lowest 
concentration of antimicrobial agent that completely 
inhibits the growth of the organism as detected by 
the unaided eye. In vitro susceptibility test was 
performed according to the Clinical and Laboratory 
Standards Institute (CLSI) by the agar dilution 
method.6  Briefly,  MHA  supplemented with 25 

g/ml of glucose-6-phosphate6,7 (Sigma Chemical 
Co., St. Louis, MO, USA) was used. The inoculated 
plates were incubated at 37°C for 16 to 20 hr. 
 
Time-kill study 
 The activity of fosfomycin was evaluated by 
time-killstudies.  In vitro kinetic model was used to 
investigate the antibacterial efficacy of constant drug 
concentrations for 24 hr. The model consisted of a 
75 mL vented-cap tissue culture flask with a canted 
neck (Corning Incorporated, NY, USA), containing 
30 mL of CaMHB media incubated at 37 C. An 
aliquot of a suspension (100 L) of initial 
inoculation (equivalent to 0.5 McFarland scale) was 
added to the in vitro model. The model was 
incubated for 2 hr before adding different 
fosfomycin concentrations to produce the log growth 
phase of bacterium.8 
 Time-kill studied was conducted with different 
and escalating fosfomycin concentrations. These 
concentrations were prepared at least 7 concentrations 
including minimum inhibition of bacterial growth 
(0.25×MIC, 0.5×MIC, 1×MIC), efficient bacterial 
killing (2×MIC, 4×MIC) and maximum bacterial 
killing (8×MIC, 16×MIC). CaMHB with bacteria and 
without antibiotics were served as a control. The 
effects of fosfomycin against E. coli ATCC 25922 
were evaluated at 0, 1, 2, 4, 6, 8, 12 and 24 hr. 
Bactericidal activity was defined as a  3 log10 
decrease in CFU/ml comparedwith the starting 
colony.9 
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Table 1. MIC values and concentrations in the time–kill curve experiments 
 

Strains MIC ( g/ml) Tested concentrations ( g/mL) 
E. coli ATCC 25922 32 8(0.25×MIC), 16(0.5×MIC), 32(1×MIC),  

64(2×MIC),128( 4×MIC), 
256(8×MIC), 512 (16×MIC) 

Figure 1.   Time-kill curves of fosfomycin against E. coli ATCC 25922. Concentrations tested were 0.25×, 
0.5×, 1×, 2×, 4×, 8× and 16×MIC of fosfomycin. Viable bacterial counts were determined over 
24 hr of  incubation. 

 
Bacterial quantification 
 Bacterial counts were determined by 
plating 50 L of the serial 10-fold dilutions on 
MHA plates, using an adapted droplet-plate 
method.8  Briefly, agar plates were divided into 
four quadrants. Withan micropipette, 5×10 L 
droplets of the chosen dilution were equidistantly 
plated onto one of the quadrants. A duplicate was 
plated onto the adjacent quadrant. Then, the plates 
were incubated at 37 °C for 16-24 hr before 
reading. The procedure was repeated at least three 
times. The controls with bacteria without drug 
were run simultaneously. Following incubated, 
the number of CFUs was counted in each 
duplicate quadrant at each time-point and 
averaged. 
 
Results  

The MIC values and fosfomycin 
concentrations used in the time–kill curve 
experiments against E. coli ATCC 25922 are 
summarized in Table 1. The range of fosfomycin 
concentrations tested in the time-kill study was 

from 8 to 512 g/mL for E. coli ATCC 25922. 
The time courses of bacterial burden associated 
with entire fosfomycin concentrations range 
showed in Figure 1. Values are presented as 
means and standard deviations (mean ± SD).  The 
experiments were performed in triplicate.  

At concentrations of minimum inhibition 
of bacterial growth (0.25×MIC, 0.5×MIC, 
1×MIC) showed with inhibition of bacterial 
growth for 2 hr(as shown in Fig.1) and there were 
regrowth after 4 hr. As expected, efficient 
bacterial killing by fosfomycin (2×MIC, 4×MIC) 
exhibited rapid bactericidal activity with a 
reduction in bactericidal count of 3-4 log in the 
first 2hr compared with the control (Fig.1) and no 
re-growth for 24 hr. The concentrations of 
maximum bacterial killing (8×MIC, 16×MIC) 
showed very rapid bactericidal activity in the first 
1 hrwith complete killing. From result of the 
maximum killing curves at range 8×MIC-16×MIC 
indicates that the concentration 8×MIC showed 
maximum bacterial killing 
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Discussion 
 The result from studied showed the test 
strain was highly susceptible to fosfomycin (MIC = 
32 g/ml). In the time-kill studied, fosfomycin 
demonstrated bacteriostatic effect againsE. coli 
ATCC 25922 for most of the concentrations tested 
(2×, 4×, 8×, 16× and 32×MIC) The result of this 
study confirmed that of Mazzei T et al.10  

andRoussos N et al.11  Our study has shown that 
fosfomycin produced bactericidal effect over 24 hr 
with concentration of 8×MIC (256 g/ml). 
 Our study had certain limitations : in this 
study, we evaluate only the E. coli ATCC 25922, the 
data is less anddiffered from other studied. 

Therefore, further studies will be studies with 
clinical isolated strain or ESBL-producing E. coli 
isolates. 
 
Conclusion

Our results suggested that Fosfomycin has 
good in vitro antibacterial activity against E. coli 
ATCC 25922 . It showed a highbactericidal activities, 
as well as concentration-dependent killing pattern. 
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