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ABSTRACT
INTRODUCTION: Mammea siamensis is a Thai medicinal herb in the family Guttiferae,
locally known as “Saraphi”. Its flowers are used as heart tonic. The chemical constituent of the
genus Mammea has been known to be a rich source of coumarins and xanthones which has
been considered potential sources of anticancer agents. Liver cancer remians the first leading
cause of cancer death in Thailand. The conventional drug resistances exist in current
therapeutics. Natural products-derived from the plant are potential sources for the prevention
from and the treatment of liver cancer.
OBJECTIVES: To evaluate the activities of methanol extracts from flowers, twigs, and peels
of M. siamensis including total phenolic content, antioxidant activity and in vitro cytotoxicity
against hepatocarcinoma cell lines (HepG2) for prevention and treatment of liver cancer.
METHODS: The flowers, twigs, and peels of M. siamensis were collected and extracted using
methanol. The total phenolic content analysis was performed using Folin–Ciocalteu reagent;
Antioxidant activity was evaluated as the scavenging activity of 1,1-diphenyl-2-picrylhidrazyl
(DPPH) radical; the cytotoxicity was evaluated using HepG2 cell lines, and the cells were
treated with 0-1000 µg/mL of the extract for 24 h and its cytotoxicity was identified by MTT
assay.
RESULTS: The total phenolic content from flowers, twigs, and peels of M. siamensis were
43.34±0.51, 43.11±1.01, and 29.22±0.83 mg GAE/g, respectively and antioxidant capacity
(DPPH) was 21.77±0.21, 19.2±0.21, and 10.65±0.31 mg AAE/g, respectively. The methanol
extract from flowers and twigs showed potent cytotoxic activity against HepG2 cells greater
than peels extract. The half maximal inhibitory concentration (IC50) from flowers, twigs, and
peels against HepG2 were 26.97±3.62, 27.99±1.04, and 187.19±4.71 µg/mL, respectively.
CONCLUSIONS: The study presents the first report on the methanol extract from flowers and
twigs of M. siamensis against HepG2 cell cultures. There is a correlation between total phenolic
content, antioxidant activity and anticancer activity. The bioactive compound from the flowers
and twigs of M. siamensis prove to be the abundant- source for anti-liver cancer agents. Further
studies of the molecular mechanism of the extracts against the HepG2 cell and normal cell lines
are under investigation.
Keywords: Total phenolic content, antioxidant activity, cytotoxicity,
hepatocarcinoma cell lines, Mammea siamensis
INTRODUCTION
The phytochemical from plant especially phenolic compound have been gradually
discovered to be potential sources of antitumor drugs. The antioxidant activity of phenolic
compounds is mainly due to their redox properties, which can be of high importance in
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adsorbing and neutralizing free radicals or decomposing peroxides.1 Currently, many plants
with high contents of phenolics and high antioxidant activity are recommended for several
human diseases preventive and treatment.2,3
Mammea siamensis is a Thai medicinal herb in the family Guttiferae, locally known as
“Saraphi”. The flower is used as a heart tonic, fever-lowering and enhancement of appetite in
Thailand.4 The fruit is generally considered edible and used as a vasodilator. The chemical
constituent of the genus mammea are known to be a rich source of coumarins and xanthones.5–
7
These phenolic compounds possess multiple biological properties such as antimicrobial, antiinflammatory, antioxidant and anticancer. A part of these plant have cytotoxic activity on many
cancer cell lines including colon cancer (DLD-1), breast cancer (MCF-7), cervical cancer
(HeLa), lung cancer (NCI-H460),8 liver cancer (HepG2),9 and leukaemic cells (K562).10
In 2017, Data from death certificate found that liver cancer is the first leading cause of
cancer death in Thailand by the mortality rate of liver cancer per 100,000 population are 25,
followed by lung cancer (21), breast cancer (12.6), cervix cancer (6.8) and leukaemia (3.9).11
The primary cancer of liver, comprises with 2 types including hepatocellular carcinoma (HCC)
is 95% and cholangiocarcinoma (CCA) is 5% in patients of Thailand.12 The major risk factors
for HCC are viral (chronic hepatitis B and hepatitis C) and toxic (alcohol and aflatoxins),13 and
CCA are parasitic infection in dietary.14 A variety of therapies have been used for the treatment
of liver cancer, such as chemotherapy,15 radiotherapy,16 cryo-ablation,17 and transarterial
chemoembolization (TACE).18 However, these treatments cause serious side effects,
including bone marrow depression, hair loss, postembolization syndrome, and liver and renal
failure. Therefore, an urgent need is arising for new active and well-tolerated treatments to
improve survival among HCC patients.
The abundant herb resource has also provided an essential material foundation to look
for new anticancer drugs. Bioactive plant compounds could affect the normal biological
process of cancer cells, including initiation, promotion and progression.19 M. siamensis are one
of the potential sources for cancer prevention and treatment; however, there is no information
about the total phenolic content and antioxidant activity of M. siamensis. Indeed, only a small
number of reports about the cytotoxicity against liver cancer (HepG2) therefore it remains
unclear.9,4 This study was undertaken to assess the different parts of M. siamensis for their
total phenolic content and antioxidant activity, as well as their potential in vitro toxicity against
HepG2 cell lines.
This study presents the first report on the methanol extract from flowers and twigs of
M. siamensis against HepG2 cell cultures. A significant correlation exists between total
phenolic content, antioxidant activity, and anticancer activity. The active development of
innovative therapeutic approaches and molecularly targeted agents using herbal medicine could
put insights into the cancer agents and raise new opportunities for the future.
METHODS
1. Plant extract preparation
The flowers, twigs and peels of M. siamensis were collected from Prince of Songkla
University, Songkhla province. Each part was dried in 40°C in oven, then grained. Each dried
powdered material was extracted in methanol for 7 days. The extracts were filtered using
Whatman no.1 filter paper. The methanol extract was concentrated to dryness using rotary
evaporator under vacuum. Extracts were stored at 25°C until the use.
2. Total phenolic content assay
The total phenolic content was estimated using the Folin-Ciocalteu assay. Briefly, the
extract was weighed and dissolved with 100 μL of distilled water in a test tube. The 0.75 mL
of 10-fold diluted Folin-Ciocalteu reagent was added and allowed to stand at room temperature
for 5 min. Then, 0.75 mL of 6% (w/v) sodium carbonate solution was added. The mixture was
homogenized and allowed to stand at room temperature for 90 min. The total phenolic content
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was determined via the absorbance measurements at 725 nm using a spectrophotometer. The
standard calibration curve was plotted using gallic acid at the concentrations of 0.02 - 0.1
mg/mL. The total phenolic content was expressed in mg gallic acid equivalent (GAE)/g sample.
3. Antioxidant assay (DPPH assay)
The radical scavenging activity was determined by 1,1-diphenyl-2-picrylhydrazyl
(DPPH) assay. Shortly, the 100 μL of each extract was added to 900 μL of DPPH in methanol
solution (150 μM) and the solution was shaken vigorously. After incubation at room
temperature for 15 min in darkness, the absorbance of each solution was determined at 517 nm.
The free radical scavenging power was expressed as ascorbic acid equivalent (AAE)/g sample.
4.Cytotoxic test against HepG2
4.1 Cell culture
HepG2 (ATCC-HB-8065) were cultured in DMEM-low glucose (Gibco, USA)
supplement with 3.7 g/L of sodium bicarbonate buffer system, 10% fetal bovine serum
(Hyclone, USA), penicillin (100U/mL) and streptomycin (100 µg/mL) (Gibco, USA) and then
incubated at 37 ºC at 95% humidity and 5 % CO2.
4.2 MTT assay
HepG2 cells (1x104 cells/well) were seeded in 96 well plates. After 24 h, the old media
were replaced with 100 µL of filtrated media mixed with plant extract which was diluted in
DMSO (<0.4% v/v in culture media) at 10-fold concentration range 0-1000 µg/mL. The
vehicles treatment, cells were treated with 0.4 v/v of DMSO, following 24 h incubation. The
cytotoxicity was observed by 3–4,5-dimethylthiazol-2,5-diphenyl-tetrazolium bromide (MTT)
(Sigma, USA) assay. Shortly, the old medium was discarded carefully, then 20 uL of 1 mg/mL
of MTT was added into each well and left the plate in incubator for 3 h. Subsequently, the MTT
solution was removed and 100 uL of isopropanol was added into each well. The presence of
viable cells was indicated by purple coloring due to the formation of formazan crystals. The
color reading was taken at 570 nm using an automated microplate reader (Molecular Devices,
USA). All tests were conducted in triplicate. The percentage of cell survival was calculated
using the following formula: (ASample/AControl)x100. The concentration corresponding to a
survival rate of a 50% is defined as inhibition concentration 50% (IC50)
RESULTS AND DISCUSSION
Herbal medicinal is one of the major traditional medicine which has been gained a
remarkable effect on the treatment of various diseases as well as cancer. Many Thai traditional
medicines have been tested for their cytotoxicity activity against cancer cell line. In the present
study, the total phenolic content, antioxidant capacity, and cytotoxicity against HepG2 cell lines
from flowers, twigs, and peels of M. siamensis were investigated. Results from the initial
screening showed that the total phenolic content from flowers, twigs, and peels were
43.34±0.51, 43.11±1.01, and 29.22±0.83 mg GAE/g, respectively, antioxidant capacity (DPPH)
were 21.77±0.21, 19.2±0.21, and 10.65±0.31 mg AAE/g, respectively, and the cytotoxic
activity against HepG2 with IC50 were 26.97±3.62, 27.99±1.04, and 187.19±4.71 µg/mL,
respectively (Table 1.).
A positive correlation between total phenolic content, antioxidant activity, and
anticancer activity was found in the methanol extract from M. siamensis. Table. 1 indicates the
total phenolic content, antioxidant activity, and potent cytotoxic activity against HepG2 of the
flowers and twigs were higher than peels extract. Evidence suggests the antioxidant capacity
of phenolics will increase with the number of free hydroxyls and conjugation of side chains to
the aromatic rings.20 In addition, phenolic compounds are known to induce the cytotoxicity on
various cancer cell line, the increasing of anticancer activity correlates with the higher amount
of polyphenols and antioxidant capacity.21
The cytotoxic activity against cancer cell lines from apart of M. siamensis extracts have
been reported. The coumarins (thetraphin C) from bark strongly inhibited DLD-1 (colon
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cancer), MCF-7 (breast adenocarcinoma), HeLa (human cervical cancer), and NCI-H460
(human lung cancer) with IC50 in the range of 1.6-5.7 μM.8 Hexane fraction from flowers
demonstrated the strongest effect on leukemic cell (EoL-1) with IC50 of 3.8±0.8 µg/mL.
Moreover, the methanol extract from flowers showed antiproliferative activity against
human leukemia (HL-60) and stomach cancer (KATO-III) IC50 in the range of 9-30 μM and
10-24 μM, repectively, but it had no cytotoxic against HepG2.4 Our results contradicts
previous reports, and we found that the methanol extract from flowers strongly suppressed
HepG2 cell proliferation (IC50=27 µg/mL).
The cytotoxicity on HepG2 might be due to the compounds or DMSO as vehicles solvent.
The DMSO in culture medium above 0.1-0.5% often decrease the proliferation of cultured cells.
Our results found that the 0.4% DMSO which was the highest concentration contained in
culture media had some cytotoxicity for HepG2 by decreased cell viability about 15% compared
to untreated control. However, the comparison effect between 0.4% DMSO and the highest
concentration of each methanol extracts on HepG2 cell viability showed that a significant
difference in cell viability (Figure. 1). These data indicated that the compounds in the highest
concentration of each methanol extracts have strongly affected on inhibit HepG2 cell viability
than vehicles solvent. Therefore, the cytotoxic effect on HepG2 cell viability are resulted from
the compounds in methanol extracts.
Table 1. Total phenolic content, antioxidant activity, and cytotoxicity against HepG2 (IC50) of
methanol extract from M. siamensis
Part of plant
Flowers
Twigs
Peels

Total phenolic content
(mg GAE/g)
43.34±0.51
43.11±1.01
29.22±0.83

Antioxidant activity (DPPH)
(mg AAE/g)
21.77±0.21
19.2±0.21
10.65±0.31

Cytotoxicity
IC50 (µg/mL)
26.97±3.62
27.99±1.04
187.19±4.71

Total phenolic content and antioxidant activity are reported as gallic acid equivalents
(GAE) and ascorbic acid equivalents (AAE) respectively. IC50 was the
inhibitory
concentration corresponding to a survival rate of a 50% (Values expressed as mean±SD, n=3)

Figure 1. Effect of DMSO and methanol extract from M. siamensis on HepG2 cell viability
(Results are shown as mean±SD, n=3). The different alphabet letters indicated statistically
different means of each group (p<0.05, one-way ANOVA, Scheffe)
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CONCLUSIONS
There is a correlation between and total phenolic content, antioxidant activity, and
anticancer activity. The total phenolic content, antioxidant activity, and potent cytotoxic
activity against HepG2 of the flowers and twigs were higher than peels extract. The bioactive
compound from the flowers and twigs of M. siamensis are the good sources for anti-liver cancer
agent. The molecular mechanism of the extract against the HepG2 cell and normal cell lines are
under future investigation.
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ABSTRACT
INTRODUCTION: Oxidative modification of low-density lipoprotein (LDL) and highdensity lipoprotein (HDL) are regarded as causative events of cardiovascular diseases. Lipid
peroxidation is primarily initiated by reactive oxygen species and produces lipid radicals (L•)
as mediators. Cholesteryl esters (CE), especially cholesteryl linoleate (CL) and cholesteryl
arachidonate (CA) are the major core components of LDL and HDL. Therefore, the formation
of L• and lipid hydroperoxide (LOOH) during CL and CA oxidation has been considered as a
key step in the cardiovascular pathogenesis. A fluorescence probe, NBD-Pen, has been
developed for specific detection of L•. The kinetics of L• formation and lipid identification,
thus, are simply investigated by following fluorescence of adducts of NBD-Pen and L•.
OBJECTIVES: This study aims to investigate the kinetics of L• generation using NBD-pen,
and LOOH formation during CL and CA oxidation in 2,2'-azobis(2-amidinopropane)
dihydrochloride (AAPH)- and hemin-induced lipid peroxidation model.
METHODS: CA, CL as well as linoleic acid (LA) and free cholesterol (FC) were oxidized by
2 mM AAPH or 2 µM hemin. During the oxidation, the generated L• was trapped by NBD-Pen
and continuously measured fluorescence intensity (λex=470 nm, λem=530 nm) for 2 h. After the
reaction stop, lipids were extracted and analyzed by reversed-phase HPLC tandem UV-Visible
and fluorescence detector to determine LOOH and NBD-Pen adducts.
RESULTS: The different kinetic profiles of AAPH- and hemin-induced L• formation was
demonstrated. Hemin manifested a stronger oxidizing property than AAPH. The initial rate of
L• formation from AAPH oxidation was ranked as CA > LA > CL, and from hemin oxidation
was CA > CL > LA. Chromatographic results also revealed the different species of L• and
LOOH formation after oxidation with AAPH and hemin.
CONCLUSIONS: This study showed that L• rapidly produced from CE oxidation and detected
by a specific fluorescent probe. Moreover, the results suggested that AAPH and hemin
interacted with lipids at different rate and target. CA showed a higher susceptibility to oxidation
than CL based on an initial rate of L• formation.
Keywords: cholesteryl ester, lipid radical, lipid peroxidation, AAPH, hemin
INTRODUCTION
Oxidative modification of LDL and HDL are regarded as causative agents of
cardiovascular diseases. LDL and HDL are oxidized by enzymatic and non-enzymatic reaction
producing several bioactive lipid products. However, the primary reaction in vivo has not been
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elucidated. Generally, lipid peroxidation is primarily initiated by reactive oxygen species and
produces L• as mediators. Cholesteryl esters (CE), especially cholesteryl linoleate (CL) and
cholesteryl arachidonate (CA) are the major core components of LDL and HDL. Therefore, the
formation of L• and lipid hydroperoxide (LOOH) during CL and CA oxidation has been
considered as a key step in the cardiovascular pathogenesis.
NBD-Pen is a specific fluorescence probe for L• developed by Yamada et al. since 2016
(1). NBD-Pen consists of a nitroxide and a fluorophore group moiety. Without the environment
of L•, nitrosyl radical on the nitroxide group will act as a quencher for the fluorophore group.
On the other hand, the presence of L• makes a single electron on the nitroxide group interacts
with a single electron on L• instead of the fluorophore group. This allows electrons of
fluorophore group to delocalize and able to emit a fluorescence signal after its light absorption
in a specific wavelength. The emitted signal is proportionate to the quantity of L• in the system
providing a high selectivity and sensitivity of L• measurement though L• is very reactive.
In this study, Oxidation of CL and CA were investigated using two initiators including
AAPH, an azo compound generating free radicals; and hemin, a protoporphyrin IX-containing
ferric ion (Fe3+). Kinetics profiles of L• generation during CL and CA oxidation was examined
by using NBD-Pen, and the formation of LOOH was also determined.
Our results may predict the main target lipids during of LDL and HDL oxidation,
whether CL or CA. An initial rate of L• production as well as several unidentified L• obtained
from chromatograms of CL and CA oxidation would be beneficial for understanding more
about cardiovascular diseases developed via LDL and HDL oxidation. Moreover, this may lead
to the finding of novel biomarkers in LDL and HDL-related diseases in further study.
METHODS
FC, CA, CL and LA were dissolved in acetonitrile:isopropanol (1:1) to make various
concentrations (500, 250, 125, 62.5, 31.2, 15.6, 7.81, 3.91 µM) and then oxidized by AAPH or
hemin. The oxidation reaction was performed by mixing 50 µL of each lipid sample with 100
µL phosphate buffer (pH 7.4) and 10 µL of 100 µM NBD-Pen in 96-well plate. The mixture
was incubated at 40 C before starting the reaction with 40 µL of 10 mM AAPH or 10 µM
hemin. The fluorescence intensity of NBD-Pen-L• adduct was continuously measured at 470
nm of excitation wavelength (λex) and 530 nm of emission wavelength (λem) for 2 h by
Varioskan Flash Microplate Reader (Thermo Fisher Scientific, USA).
After oxidation, a 200 µL of the reaction mixture was extracted by 500 µL ice-cold
methanol and followed by 2.5 mL hexane in sequence. The mixture was vortexed vigorously
and centrifuged at 1700 rpm at 4 C for 5 min. The upper hexane layer was collected,
evaporated using N2 gas, and finally re-dissolved in 600 µL acetonitrile:isopropanol (1:1) for
HPLC analysis.
A reversed-phase HPLC tandem UV-Visible and fluorescence detector were used to
measure CE (at 210 nm), LOOH (at 234 nm), and NBD-Pen-L• adduct (at 470 nm of λex and
530 nm of λem). The HPLC systems consisted of Waters Alliance 2695 separations module
with Waters 2487 dual wavelength and Waters 474 scanning fluorescence detectors. All
samples were separated on a Hypersil BDS C-18 stainless-steel column (5 µm; 4.6 x 250 mm),
with 1.0 mL/min flow rate of acetonitrile:isopropanol:water (46:51:3) as a mobile phase and
column temperature 50 C.
RESULTS
Kinetic curves of NBD-Pen-L• adduct derived by oxidation FC, CA, CL and LA with
2 mM AAPH and 2 µM hemin are illustrated in Figure 1. The initial rate of L• formation is
calculated from the slope of the kinetics curves and demonstrated in Table 1. The maximum
end point of fluorescent intensity (at 2 h) is demonstrated in Table 2.
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The results showed that cholesteryl esters, CA and CL were rapidly oxidized by hemin
with the initial rate of 6.24 and 2.49 min-1, respectively. The reaction reached the terminal
phase of lipid peroxidation within 30 min. In AAPH oxidation, the initial rate of CA and CL
was 1.72 and 0.14 min-1, respectively.
Maximum fluorescent intensity was used to estimate the amount of L• formation. Table
2 demonstrated that both CA and CL produced a comparative amount of L• in hemin oxidation,
fluorescent intensity was 182.58 and 143.65, respectively. However, the different L• formation
was observed in AAPH oxidation, fluorescent intensity was 134.36 and 43.84, respectively.
FC and LA were used as a representative of cholesterol and fatty acid chain moiety in
CE, respectively. The results of rate and maximum intensity of FC and LA strongly revealed
that polyunsaturated fatty acids were a target of oxidation rather than cholesterol moiety.

Figure 1. Kinetics curve of L• formation derived by AAPH induced FC (a), CA (b), CL (c) and LA
(d) oxidation; and by hemin-induced FC (e), CA (f), CL (g) and LA (h).
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Table 1. Initial rate of L• formation derived from FC, CA, CL and LA oxidation by AAPH
and hemin
Lipid

Initial rate of oxidation (min-1)
2 mM AAPH
2 µM Hemin

0.01 ± 0.00
FC
ND
1.72 ± 0.04
6.24 ± 0.34
CA
0.14 ± 0.01
2.49 ± 0.14
CL
0.27 ± 0.01
1.04 ± 0.06
LA
The concentration of lipids was 250 µM. Data were mean ± S.D. from 3 independent experiments.

Table 2. Maximum fluorescent intensity of FC, CA, CL and LA oxidation by AAPH and
hemin
Lipid

Maximum intensity (A.U)
2 mM AAPH

2 µM Hemin

2.01 ± 0.07
2.11 ± 0.05
FC
134.36 ± 1.14
182.58 ± 16.88
CA
43.84 ± 5.15
143.65 ± 8.07
CL
44.05 ± 5.46
54.40 ± 2.10
LA
The concentration of lipids was 250 µM. Maximum fluorescent intensity was detected at 2 h after
starting the reaction with AAPH or hemin. Data were mean ± S.D. from 3 independent experiments.

The products of lipid peroxidation were separated and characterized by HPLC.
Chromatograms of NBD-Pen-L• adduct of CA and CL oxidation by AAPH and hemin are
demonstrated in Figure 2. Oxidation of CA and CL gave the different L• products as indicated
by different fluorescent chromatogram patterns. Although AAPH and hemin showed the
different rate of reaction, they produced a similar chromatogram pattern in CA oxidation.
However, AAPH and hemin produced different products in CL oxidation. The major
differences found in the chromatogram pattern of CL oxidation were a group of peaks at
retention time 10.8 min and at 7.7 to 8.356 min. For AAPH, the peak at retention time 10.8 was
observed with high intensity. While the peaks at retention time 7.7 to 8.3 min are the major
products for hemin-induced CL oxidation.
Oxidation of CL resulted in the production of lipid peroxides (LOOH) as showed in
Figure 3. Chromatograms detected at 210 nm and 234 nm were used to monitored CE and
LOOH, respectively. The levels of FC, CA, CL and LA were decreased more than 80% after 2
h oxidation by AAPH and hemin. Corresponding with decreasing of lipids, their peroxide
products LOOH were increased. An example of CL oxidation by hemin is shown. Here, the
peak of CL (retention time 13.2 min) was decreasing approximately 97% and LOOH was
clearly detected at retention time 7.1 min.
DISCUSSION
CA and CL are the most abundant lipids in the core of lipoproteins. Their chemical
structures are cholesterol links with polyunsaturated fatty acid by an ester bond. There are 4
and 2 unsaturated bonds in arachidonic acid (20:4) and linoleic acids (18:2), respectively. CA
was suggested to have a higher susceptibility to oxidation than CL. In regard to our results,
fatty acid moiety was a primary target for L• production, not cholesterol moiety. Moreover, the
initial rate of L• production verified that the different number of unsaturated bonds might be
the major factor determining the initial rate of oxidation. In addition, the oxidizing agents could
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attack at several unsaturated bonds, thus accelerated the reaction and produced a higher amount
of L•. Therefore, CA oxidation showed a higher initial rate and reached the terminal phase of
lipid peroxidation faster than CL.
AAPH is an azo compound that liberates LOOH at a constant rate, while hemin initiates
lipid peroxidation via Fenton-like reaction. Our results clearly showed that hemin was more
potent than AAPH in lipid peroxidation induction. We observed that the initial rate of L•
formation was ranked as CA > LA > CL for AAPH, and CA > CL > LA for hemin. This
suggested that AAPH may selectively attack CE in the fatty acid moiety, making LA produced
more L• than CL due to the hindrance effect from cholesterol moiety. On the other hand, hemin
may attack CE molecule with less selectivity, therefore, L• could produce from both cholesterol
and fatty acid moiety.
Since hemin is an integral part of hemoglobin and also plays a role in hemoglobin
regulation and erythropoiesis in vivo, therefore, patients with diseases of hemolytic anemia
usually have elevated blood levels of hemin and often exceed 10 µM (2). As hemin contains
Fe3+ ion, it leads to the highly oxidative stress status and induces oxidation making harmful
effects to the numerous biological molecules. Because hemin has a high lipid solubility, it may
be a key oxidizing agent to induce core lipoprotein oxidation in vivo.

Figure 2. Chromatograms of NBD-Pen-L• adduct monitoring at 470 nm of λex and 530 nm of
λem of CA oxidation induced by AAPH (a) and hemin (b); CL oxidation induced by AAPH
(c) and hemin (d). Baseline NBD-Pen is shown in (e).
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Figure 3. Chromatograms monitoring at 210 and 234 nm of CL before (a, c) and 2 h after
oxidation (b, d) by hemin.
Chromatograms of NBD-Pen-L• adduct demonstrated the different L• products from
CA and CL oxidation. The L• products were also depended on oxidizing agents. Therefore,
identification of L• as well as LOOH produced from various oxidizing agents in pathologic
lesion will lead to the understanding of lipid peroxidation mechanism in vivo.
Oxidized lipid products have several biological activities; however, there is no direct
evidence indicates which oxidized CE involves in the pathogenesis of diseases in human, such
as atherosclerosis. Several studies suggested that CE is the major substrate for 12/15lipoxygenase. The products, especially from CA, can be further oxidized by ROS and become
polyoxygenated products with bicyclic endoperoxide and hydroperoxide group (BEP-CE) that
plays many roles in inflammation in cardiovascular diseases via toll-like receptor-4 (TLR4)/
myeloid differentiation-2 (MD-2) (3).
CA might be susceptible and producing more L• when compared at the same
concentration, however, the most abundant CE in plasma and lipoproteins is CL. Thus, CL that
might be more affected by oxidizing agents and producing more L• as well as biological effects
than CA. One interesting study about LDL and HDL oxidation in β-thalassemia/Hb E
demonstrated that the primary target of oxidative modification due to a highly oxidative stress
condition for LDL and HDL is CL (4). To support that, another study also indicated 23% of
oxidized CL were found in atherosclerotic lesions, followed by 16% of CA (5).
Taken together, CA and CL are suggested to be the 2 important targets of oxidation
producing L•. CL might be the main target of oxidation due to its highest percentage of CE
composition. While CA might be the main target of oxidation as well, due to its highest
susceptibility to the oxidation.
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CONCLUSIONS
This study showed that L• rapidly produced from CE oxidation and detected by a
specific fluorescent probe. Moreover, the results suggested that AAPH and hemin interacted
with lipids in different rate and target. CA showed a higher susceptibility to oxidation than
CL based on an initial rate of L• formation.
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ABSTRACT
INTRODUCTION: Bixanthones are natural compounds found in plants, fungi and lichens.
Many bixanthones from plants and fungi have been reported to have several pharmacological
activities as well as anticancer activities. Novel bixanthones were isolated from lichen Usnea
aciculifera with unknown activities.
OBJECTIVES: To evaluate the cytotoxic activities of novel bixanthones, TT01-TT08, from
U. aciculifera against human colorectal cancer HT-29 cells.
METHODS: Human colorectal cancer HT-29 cells were treated with various concentrations
of bixanthones TT01-TT08. Viability of the treated cells were determined by MTT assay.
Normal human cells were also used to determining cytotoxic activities of some bixanthones
with potential antitumor agents for evaluating their selectivity against cancer cells.
RESULTS: All bixanthones decreased viability of HT-29 cells with different degree. The three
potent bixantones were TT-03, TT-05, and TT-08 with their IC50 values at 2.41± 0.19 µM,
16.17± 2.14 µM and 3.49± 0.12 µM respectively. These bixanthones were also determined
their cytotoxic activities against human normal cells. TT-08 demonstrated the highest
selectivity against HT-29 cells. TT-08 was chosen for further study. TT-08 at 1.25-20 µM had
cytotoxic effect on HT-29 cells in a concentration and time dependent manner. Its IC50 value
were 3.87± 0.13 µM, 2.05 ± 0.06 µM, 1.51± 0.11 µM at 24, 48 and 72h, respectively.
CONCLUSIONS: The results from this study revealed cytotoxic activities of novel
bixanthones from U. aciculifera against human colorectal cancer cells. Bixanthone TT-08
demonstrated a good candidate anticancer agent with low IC50 value and toxic to cancer cell
higher than to normal cells. Further study are needed to evaluate its anticancer potential at
cellular and molecular levels.
Keywords: Bixanthones, colorectal cancer cells, lichen
INTRODUCTION
Bixanthones are natural compounds found in plants, fungi and lichens. Their core
structures are xanthone dimers composed of two xanthones with a variety of linkages.1
Previous studies demonstrated several pharmacological activities of bixanthones including
antimicrobial2-7, antioxidant8-10 and anticancer activities.11, 12 Bixanthones from several plants
and fungi demonstrated anticancer activities against many cancer cells such as breast cancer,
colon cancer, lung cancer, liver cancer, prostatic cancer and esophageal cancer.13,14 However,
anticancer activities of bixanthones from lichen have not been reported. Eight novel
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bixanthones were isolated from lichen Usnea aciculifera with unknown pharmacological
activities.
Colorectal cancer (CRC) is the third most common cancer worldwide.15 Treatment of
CRC is basically based on the stage of the cancer. Treatment options for CRC include surgery,
radiation, chemotherapy and targeted therapy.16 5-fluorouracil (5-FU) based chemotherapy has
been widely used for CRC. Major problems of CRC chemotherapy are common side effects on
normal dividing cells of the drugs in combined therapy as well as drug resistance of the cancer
cells which leads to the treatment failure.15, 16 Development of novel anticancer agents to
improve CRC treatments are needed. Development of novel anticancer agents from high
technology as well as from nature are still needed. This study aimed to evaluate potential
anticancer activities of novel bixanthones from U. aciculifera against human colorectal cancer
HT-29 cells.
METHODS
Cells: Human colorectal cancer cells (HT-29) and human normal cells (PCS201-010) were
obtained from ATCC (Rockville, MD, USA). HT-29 cells were maintained in complete
Dulbecco’s Modiﬁed Eagle’s Medium (DMEM) containing 10% v/v fetal bovine serum
(Gibco, USA), 100 units/ml penicillin and 0.1 mg/mL streptomycin (Gibco, USA) at 37 0C in
a humidified atmosphere in 5% CO2. PCS201-010 cells were maintained in complete DMEM
with high glucose.
Bixanthones from U. aciculifera: Eight bixanthones TT01-TT08 were isolated from U.
aciculifera. These bixanthones were dissolved in dimethyl sulfoxide (DMSO) as the stock
solutions. The stock solutions were diluted with complete DMEM to required final
concentrations in constant 0.2% DMSO. The maximum final concentration of these
bixanthones used in this study was 30 µM.
Study cytotoxic effects of bixanthones by MTT assay
Human colorectal cancer HT-29 cells at the density of 5 × 104 cells/ml in 96-well plate
were treated with various concentrations of bixanthones TT01-TT08 for optimal time. Viability
of the treated cells was determined by adding thiazolylblue tetrazoliumbromide (MTT) solution
(Sigma, USA) to each well, incubating for 4 h, removing the supernatants, dissolving the
formazan product in DMSO, and measuring the dissolved product at 570 nm using a microplate
reader. The percentage of cytotoxicity of these bixanthones and their IC50 values were
determined.
Effects of some bixanthones with potential anticancer activities on viability of normal
PCS201-010 cells were also determined by MTT assay. The degree of selective toxicity
towards cancer cells was also evaluated as selective index (SI) values (SI= IC50 normal cells/
IC50 cancer cells).
Study apoptotic induction effect of TT-08
HT-29 cells at 5 × 104 cells/ml in 6-well plate were treated with TT-08 at 1.25, 2.5 and
5 µM for 24 h. The treated cells were stained with annexin V-FITC and propidium iodide (PI)
(Santa Cruz Biotechnology, USA) and detected with flow cytometer. 5-FU at 100 µM was used
as the positive control. The patterns of the treated cells were evaluated as follow; viable cells
were annexin V-FITC-/PI- cells, early apoptotic cells were annexin V-FITC+/PI- cells, necrotic
cells were annexin V-FITC/PI+ cells, and late apoptotic cells were annexin V-FITC+/PI+ cells.
All experiments were performed in triplication with n=3. Data were presented as mean
± standard error of mean (S.E.). Statistical comparisons were made by one-way ANOVA
followed by Tukey’s post hoc test. All statistical analysis was performed according to the
statistic program, SPSS version 22.0. Any p-value < 0.05 was considered statistically
significant.
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RESULTS
Cytotoxic effects of bixanthones on cancer and normal cells
All eight bixanthones decreased viability of HT-29 colorectal cancer cells with different
IC50 values. Two bixanthones demonstrated potent cytotoxic effect. They are TT-03 and TT08 with their IC50 values at 2.41± 0.19 µM and 3.49± 0.12 µM respectively (Table1). Cytotoxic
effects of these two bixanthones against normal cells were also determined for their selectivity
towards cancer cells. The results showed that TT-03 and TT-08 had cytotoxic effects on
PCS201-010 normal cells with IC50 values at 3.78±0.25 µM and 7.29±0.78 µM, respectively
(Table2). TT-08 demonstrated the higher selectivity against HT-29 cells than TT-03. The SI
values were TT-03 and TT-08 were 1.56 and 2.08, respectively. TT-08 was chosen for further
study.
Table 1. IC50 values of bixanthones TT01-TT08 from U. aciculifera on HT-29 cells
Bixanthones
TT-01
TT-02
TT-03
TT-04
TT-05
TT-06
TT-07
TT-08

IC50 (µM)
> 30
> 30
2.41± 0.19
> 30
16.17± 2.14
> 30
> 10
3.49± 0.12

Table 2. Cytotoxic activities of TT-03 and TT-08 on colorectal HT-29 cancer cells and
PCS201-010 normal cells and their SI values.
Bixanthones
TT-03
TT-08

HT-29 cells
IC50 (µM)
2.41± 0.19
3.49± 0.12

PCS201-010 cells
IC50 (µM)
3.78±0.25
7.29±0.78

SI value
1.56
2.08

Cytotoxic activity of bixanthones TT-08 in human colorectal cancer cell at 24, 48 and
72 h
Cytotoxic effect of TT-08 at 1.25-20 µM against HT-29 cells was determined after 24,
48 and 72 h of exposure. 5-fluorouracil (5-FU) was used as the positive controls. The resulted
showed that TT-08 at 1.25-20 µM had cytotoxic effect on HT-29 cells in a concentration and
time dependent manner. Its IC50 values were 3.87± 0.13 µM, 2.05 ± 0.06 µM,1.51± 0.11 µM
at 24, 48 and 72h, respectively (Figure 1: A-C).
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Figure 1. Cytotoxic effects of bixanthone TT-08 against HT-29 cells. The cells were treated
with TT-08 at 1.25-20 µM for 24 (A), 48 (B), and 72 (C) h. The cytotoxic effects were
determined by MTT assay. The data represent the mean ± SEM of three independent
experiments. **p<0.001 when compared to the solvent control (0.2% DMSO).
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The apoptotic induction effect of TT-08 on human colorectal cancer cells
The apoptotic effect of TT-08 at 1.25-5 µM in HT-29 cells was determined after 24 h
of exposure. TT-08 induced apoptotic cell death, both early and late apoptosis, in a
concentration manner (Figure 2: A-B). The compound at 2.5 and 5 µM significantly increased
apoptotic cell death when compared to the solvent control. The percentage of apoptotic cell
death of TT-08 at these concentrations were 20.56 ± 2.70 % and 54.23±0.91 %, respectively.
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Figure 2. The apoptotic effect of TT-08 on HT-29 cells. The cells were treated with 1.25-5
µM of TT-08 for 24 h. The death patterns of the treated cells were determined by annexin VFITC/PI staining using flow cytometer, (A) Representative cytograms of cell death patterns of
one experiment. (B) The percentage of early and late apoptotic cells of the treated cells. The
data represent the mean ± SEM of three independent experiments. *p<0.01, **p< 0.001 when
compare to the solvent control (0.2% DMSO).
DISCUSSION
Bixanthones is a group of natural compounds that have many pharmacological
activities as well as anticancer activities of several bixanthones from plants and fungi.2-12 Plant
bixanthones, griffipavixanthone and cratoxyxanthone, had anticancer activities against
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leukemic, lung cancer, breast cancer, prostatic cancer and esophageal cancer with no
cytotoxicity to normal kidney epidermal cells.11,12 Griffipavixanthone induced apoptosis in
non-small-cell lung cancer (NSCLC) cells in a dose-dependent manner via mitochondrialdependent pathway.14 Fungal bixanthones, dicerandrols (dicerandrols A, B, C) and
prenaxanthone A, demonstrated anticancer effects against human breast cancer, colon cancer,
lung cancer, liver cancer. Phomoxanthone A caused DNA fragmentation and induced apoptosis
in murine lymphoma cells.17,18 None of bixanthones from lichen was reported to have
anticancer effects. Since novel of bixanthones were isolated from lichen Usnea aciculifera with
unknown activities, their anticancer effect was the most interest in this study. We first revealed
that some bixanthones from U. aciculifera demonstrated potential anticancer effects against
colorectal cancer HT-29 cells. TT-03 and TT-08 had potent cytotoxic effect on the cancer cells
with low IC50 values. TT-08 demonstrated higher cytotoxic selectivity towards cancer cells
with SI ≥ 2. It decreased HT-29 cell viability in a concentration-dependent and time dependent
manners. It also induced HT-29 cell death mainly via apoptosis in a concentration dependent
manner.
CONCLUSIONS
The results from this study first revealed that bixanthones from lichen have anticancer
activities against colorectal cancer cells. TT-08 from U. aciculifera had potent anticancer effect
with high selective index. It caused cell death mainly by apoptosis. It may be a candidate
anticancer agent for treatment CRC. In depth investigation are needed to reveal this potential
both in vitro and in vivo.
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ABSTRACT
INTRODUCTION: Mansonones are naphthoquinone-containing compounds extracted from
the heartwood of Mansonia gagei. Several studies reported that mansonones have various
pharmacological activities such as antibacterial, antifungal, antioxidant, antiestrogenic,
antiadipogenic and antitumor. Previous study reported that ether analogues of mansonone G
(MG), a major compound isolated from Mansonia gagei Drumm, displayed higher antibacterial
activity than parent MG.
OBJECTIVES: This study aimed to investigate the cytotoxicity of MG and ethoxy MG
(EMG) and the underlying mechanism(s) in non-small cell lung cancer (NSCLC).
METHODS: The cytotoxicity of MG and EMG was evaluated by MTT assay. The apoptotic
and ROS generating effects of EMG were determined by flow cytometry analysis and DCFHDA assay, respectively.
RESULTS: Our results demonstrated that MG and EMG significantly inhibited the growth of
A549 NSCLC cell line with IC50 values of 20.88 ± 0.44 and 9.49 ± 0.58 µM, respectively.
Notably, EMG was more toxic to A549 cancer cells than PCS201-010 normal cells. EMG at
10 and 20 µM significantly induced early apoptosis cell death by 12.24 ± 5.4% and 58.2 ±
6.9%, respectively. EMG also significantly increased reactive oxygen species (ROS) level in
A549 cells. Remarkably, N-acetylcysteine could significantly prevent EMG-induced cell death
following treatment with EMG at 5, 10 and 20 µM by 1.2, 1.2 and 2.2 folds, respectively.
CONCLUSIONS: The results of this study demonstrated that the cytotoxicity of EMG
involves induction of apoptosis and generation of ROS in A549 cell. These results suggest that
EMG is a promising anticancer agent for lung cancer.
Keywords: Mansonia gagei Drumm, ethoxy mansonone G, lung cancer, cytotoxicity
INTRODUCTION
Lung cancer is the leading cause of cancer deaths worldwide (1). Non-small cell lung
cancer (NSCLC) is the most common form of lung cancer, accounting for approximately 85%
of all cases (2). The National Cancer Institute of Thailand reported that lung cancer is the fourth
most commonly diagnosed cancer in Thais after breast cancer, liver cancer, and colorectal
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cancer, respectively (3). Treatment options for lung cancer include surgery, radiotherapy,
chemotherapy, and targeted therapy (4). Although chemotherapeutic agents such as cisplatin,
gemcitabine and paclitaxel have been commonly used to treat lung cancer patients, serious side
effects often limit their clinical application. Therefore, new compounds with high anticancer
activity and low toxicity are critically needed.
Mansonones are naphthoquinone-containing compounds extracted from the heartwood
of Mansonia gagei (5). Several studies reported that mansonones have various pharmacological
activities such as antibacterial, antifungal, antioxidant, antiestrogenic, antiadipogenic and
antitumor (6-9). Previous study reported that ether analogues of mansonone G (MG), a major
compound isolated from Mansonia gagei Drumm, displayed antibacterial activity higher than
parent MG (5). In the present study, we therefore determined cytotoxic activity of MG and
ethoxy MG (EMG) and the underlying mechanism(s) in NSCLCs.
METHODS
Preparation of test compound stock solutions
MG was isolated from the heartwood of M.gagei by repeatedly soaking in CH2Cl2.
Then, the crude CH2Cl2 extract was fractionated with EtOAc in hexane. Fractions were further
separated using silica gel column and MG was structurally identified by spectroscopy. EMG
was synthesized by incubating MG with K2CO3 and subsequently with aliphatic alkyl halides
for 5-8 h. The reaction mixture was then extracted with EtOAc three times, dried over
anhydrous Na2SO4. After filtration and evaporation, the residue was purified by a silica gel
column using hexane:EtOAc and hexane:CH2Cl2:EtOAc. EMG was structurally validated by
1H nuclear magnetic resonance (NMR), 13C NMR, and high-resolution mass spectroscopy
(HRMS) analyses (6).
Stock solutions of MG, EMG and cisplatin were prepared in dimethyl sulfoxide
(DMSO) at 50 mM and stored at 4ºC until use. In the experiments, the stock solution was
diluted in culture medium to give appropriate final concentrations. The 0.2% DMSO was used
as a vehicle control.
Cell culture
A human lung adenocarcinoma (A549) cell line was from American Type Culture
Collection (ATCC, USA) and normal human primary dermal fibroblasts (PCS201-010) was
kindly provided by Ms. Nalinee Pradubyat from College of Pharmacy, Rangsit University.
A549 cells were maintained in Dulbecco’s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) and 100 units/mL penicillin and 100 µg/mL streptomycin.
PCS201-010 cells were maintained in DMEM with high glucose supplemented with 10% FBS
and 100 units/mL penicillin and 100 µg/mL streptomycin. The cells were maintained in 5%
CO2 humidified at 37οC.
Cytotoxicity assay
The cytotoxic effects of MG and EMG were determined by methyl thiazolyl tetrazolium
(MTT) assay. Briefly, A549 cells and PCS201-101 cells were seeded in a 96-well plate at a
density 2.5x104 cells/mL and incubated overnight at 37οC and 5% CO2. Cells were then treated
with 2.5, 5, 10, 20 or 40 µM of MG, EMG or cisplatin (positive control) or 0.2% DMSO
(vehicle control) for 48 h. After treatment, 15 µL of MTT (5 mg/mL) was added in each well
and incubated at 37οC for 4 h. The formazan crystals created after incubation were dissolved
in DMSO. Absorbances of obtained colored solutions were measured at 570 nm using a
microplate reader (Thermo, Finland). The selective index (SI) which indicates the cytotoxic
selectivity of a test compound against cancer cells was calculated from the IC50 of the test
compound in normal cells versus cancer cells.
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Apoptosis assay
A549 cells were seeded in a 6-well plate at a density 2.5x104 cells/mL and incubated
overnight at 37οC and 5% CO2. Then, the cells were treated with different concentrations of
EMG for 24 h. Subsequently, cells were washed twice with cold PBS, harvested by
trypsinization and centrifuged for 5 min. The cell pellets were re-suspended with 500 µL of
assay buffer and stained with 1 μL of propidium iodide (BD Pharmingen™, USA) and 1 μL
Annexin-V fluorescein dye (Invitrogen, USA) at room temperature in the dark for 15 min. The
percentage of apoptotic cells were quantitatively measured using flow cytometer (BD LSR II,
Biosciences).
ROS generation detection assay
Effect of EMG on ROS generation were determined by DCFH-DA assay. Briefly, A549
cells were seeded in a 96-well plate at a density 2.5x104 cells/mL and incubated overnight at
37οC and 5% CO2. Then, the cells were incubated with 100 µL of 10 µM DCFH-DA (Sigma,
USA) in Hank’s buffered salt solution (Sigma, USA) at 37οC for 30 min in dark. After
incubation, the cells were removed and washed with PBS. Subsequently, cells were treated
with different concentrations of EMG or 200 µM of H2O2 (positive control) for 1 h. After
treatment, the cells were washed twice with cold PBS and 200 µL of 1% triton-X in 0.3 M
NaOH was added. The levels of ROS were analysed by measuring the DCF fluorescence
intensity at an excitation wavelength of 502 nm and an emission wavelength of 523 nm
(Thermo, Finland).
Statistical analysis
Data are presented as mean ± standard error of mean (SEM) from three independent
experiments performed in triplicate. Statistical analysis was performed by one-way analysis of
variance (ANOVA) followed by LSD using SPSS software program. Difference is considered
significant if P value < 0.05.

MG (MW 244 g/mol)

EMG (MW 272 g/mol)

Figure 1. Structures of MG and EMG

RESULTS
Cytotoxicity of MG and EMG on A549 cells
As shown in Figure 2. MG, EMG and cisplatin significantly inhibited the growth of
A549 cells with IC50 values of 20.88 ± 0.44, 9.49 ± 0.58 and 12.70 ± 0.61 µM, respectively.
MG, EMG and cisplatin also significantly inhibited the growth of PCS201-010 cells with IC50
values of 27.59 ± 1.99, 26.19 ± 1.31 and 28.66 ± 2.15 µM, respectively. It however should be
noted that EMG displayed the most potent cytotoxicity toward A549 cells, compared to MG
and cisplatin. Moreover, we found that normal cells were more sensitive to MG and cisplatin
than EMG. (Table 1)
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Figure 2. Effect of MG, EMG and cisplatin on viability of A549 and PCS201-010 cells. The
cells were treated with MG, EMG or cisplatin at 2.5, 5, 10, 20 or 40 µM for 48 h. Cell viability
was evaluated using MTT assay. Data are presented as mean ± SEM. (n=3). **P< 0.01, ***P<
0.001 compared with vehicle control (0.2% DMSO).
Table 1. IC50 and selectivity index values of MG, EMG and cisplatin on A549 and
PCS201-010 cells
Compound
MG
EMG
Cisplatin

IC50 (µM)
A549
PCS201-010
20.88 ± 0.44
27.59 ± 1.99
9.49 ± 0.58
26.19 ± 1.31
12.70 ± 0.61
28.66 ± 2.15

SI Index
1.32
2.76
2.26

Apoptosis induction and ROS generation in A549 cells by EMG
Apoptosis-inducing effects of EMG was evaluated by flow cytometry after annexinV/PI staining. As shown in Figure 3, EMG induced A549 cells to undergo apoptosis. Treatment
of A549 cells with EMG at 10 and 20 µM significantly increased early apoptosis cell death by
12.24 ± 5.4% and 58.2 ± 6.9%, respectively. Moreover, EMG at 20 µM and H2O2 at 200 µM
also significantly increased the level of ROS from 100% to approximately 165% and 175%,
respectively. We then determined whether EMG-induced A549 cell death is mediated through
increased ROS production. As shown in Figure 4, EMG-induced cell death was significantly
attenuated by pretreatment with 5 mM N-acetylcysteine (NAC), a free radical scavenger. NAC
could significantly prevent EMG-induced cell death following treatment with EMG at 5, 10
and 20 µM by 1.2, 1.2 and 2.2 folds, respectively. These results suggest that EMG-induced cell
death in A549 cells is partly mediated through increased ROS production.
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Figure 3. Apoptosis-inducing effects of EMG on A549 cells. Representative cytograms of
apoptosis in A549 cells after treatment with EMG 5, 10, 20 µM for 24 h. Data are presented as
mean ± SEM (n=3).

(A)

(B)

Figure 4. Effect of EMG on ROS generation in A549 cells. (A) The cells were treated with
EMG at 5, 10, 20 µM or H2O2 at 200 µM for 1 h. The levels of ROS were determined by
measuring the DCF fluorescence intensity using a fluorescence microplate reader. Data are
presented as mean ± SEM. (n=3). **P<0.01 compared with vehicle control (0.2% DMSO). (B)
The cells were treated with EMG at various concentrations for 24 h, in the presence or absence
of 5 mM NAC. The percentages of cell viability were evaluated using MTT assay. Data are
presented as mean ± SEM (n=3). *P<0.05 and ***P<0.001 compare with EMG-treated cells.
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DISCUSSION
Previous studies reported that mansonones, naphthoquinone-containing compounds,
isolated from the dichloromethane extract of Mansonia gagei Drumm, have shown several
pharmacological activities such as anti-bacterial, anti-fungal, anti-estrogenic, anti-adipogenic
and anti-cancer (5-9). The present study found that both MG and EMG exhibited cytotoxicity
against A549 NSCLC cells. Remarkably, A549 cells were more sensitive to cytotoxicity of
EMG than MG. Previously, it was reported that increasing alkyl chain length on ether
analogues of MG, made the compounds more hydrophobic which could facilitate the access of
compounds to bacterial cells (5). Thus, it is likely that higher hydrophobicity of EMG than MG
resulted in higher cytotoxicity of EMG than MG on A549 cells. Though ROS are considered
to be essential for regulation of normal physiological functions such as cell proliferation,
migration and cell death, excess cellular levels of ROS can cause damage to proteins, nucleic
acids, lipids, membranes and organelles, leading to apoptotic cell death (10). In the present
study, we found that EMG significantly increased ROS level in A549 cells and the cytotoxicity
of EMG was significantly abolished by NAC, indicating that cytotoxicity of EMG is mediated
through ROS generation. Previous studies demonstrated that juglone (5-hydroxy-1,4naphtoquinone) induces apoptosis through ROS generation in human leukemia HL-60 cell
(11). Thus, it is likely that ROS are involved in EMG-induced apoptosis in A549 cells.
However, this speculation needs to be further investigated.
CONCLUSION
The results of this study demonstrated that the cytotoxicity of EMG is mediated through
induction of apoptosis and generation of ROS in A549 cell. These results suggest that EMG is
a promising anticancer agent for lung cancer.
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ABSTRACT
INTRODUCTION: Linezolid is the first synthetic antibiotic of oxazolidinone group that can
inhibit bacterial protein synthesis. Previous studies have found that linezolid was an effective
treatment for multidrug-resistant (MDR) and extensively drug-resistant (XDR) tuberculosis
(TB). In addition, the current dosage recommendation (1,200 mg/day) occasionally results in
serious adverse events including bone marrow suppression and peripheral neuropathy.
OBJECTIVES: To determine the pharmacokinetics of oral linezolid 300 mg /day in healthy
volunteers.
METHODS: This study conducted in six healthy volunteers. All subjects received an oral
linezolid 300 mg/day by directly observed treatment (DOT) at the same time each day for 5
days. Blood samples were collected on day 5 before and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12 and
24 h after dosing. The separated plasma samples were evaluated by ultra-performance liquid
chromatography (UPLC). All pharmacokinetic parameters were calculated by Winnonlin
version 1.1.
RESULTS: The mean parameter were: Tmax0.75 ± 0.42 h, Cmax 11.29 ± 0.71 µg/mL, AUC0-∞
132.36 ± 89.53 µg.h/mL, AUClast 89.21 ± 23.45 µg.h/mL, t1/2 12.09 ± 12.92 h, Vd 8.87 ± 5.58
L/kg, Cl 50.35 ± 27.73 mL/min. All participants completed the study without reporting any
adverse effects.
CONCLUSIONS: The results of this study showed that an oral administration of linezolid 300
mg/day has demonstrated good bioavailability in healthy volunteers. Further studies may be
required for pharmacodynamics and clinical treatment outcome.
Keywords: Pharmacokinetics, Pharmacodynamics, Linezolid
INTRODUCTION
Linezolid is the first synthetic antibiotic in the oxazolidinone group that able to inhibit
bacterial protein synthesis by time-dependent activity. Linezolid has been approved for
treatment of gram – positive and difficult-to-treat aerobic bacterial infections, especially multidrug resistant or extensively drug resistant (MDR/XDR) Mycobacterium tuberculosis
infection. Linezolid is well absorbed, with a bioavailability of approximately 100%, allowing
this agent to be used early intravenously, then switching to oral1. The characteristics of
linezolid are non-linear, that is, mean pharmacokinetic parameters may not be specified by
dosage administration. The efficacy of linezolid depends on concentration above the MIC or
AUC0-∞/MIC value in range of 80-1202.
Recommendation dosage of linezolid for adults is 400 or 600 mg every 12 hours which
has been proven to treat difficult-to-treat bacteria such as MDR/XDR-TB effectively3.
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In addition, the current recommend dosage occasionally resulted in serious adverse events
(SAE) including bone marrow suppression and peripheral neuropathy. A previous study
showed that daily dose lowering (600 mg/day) of oral linezolid could reduce bone marrow
suppression, but not peripheral neuropathy when compared with 1,200 mg/day then 300
mg/day could reduce both SAEs4. However, the pharmacokinetics and bioavailability of oral
linezolid 300 mg/day is still unclear.
This study aimed to determine the pharmacokinetics and oral bioavailability of linezolid
300 mg /day in healthy volunteers.
METHODS
Study population
We prospectively recruited six healthy volunteers using inclusion criteria: age of 20-40
years, BMI 19-24 kg/m2, no underlying disease or current medications, CrCl ≥ 90 mL/min by
Cockcroft and Gault equation, normal liver function test, non-smoking, non-alcohol, nonpregnant or lactation in women subjects and able to take medication. Subjects obtained physical
examination and blood testing: CBC, BUN, Cr, liver function test, total bilirubin, direct
bilirubin, serum albumin alkaline phosphatase and pregnancy testing. Blood testing was
collected on screening, day 5 and day 17 of study.
Ethics
The study protocol was approved by Ethic committee of Faculty of medicine, Prince of
Songkla University (REC 61-087-14-1) and informed consent was obtained from all subjects
prior to their participation in this study.
Pharmacokinetics evaluation
All subjects received an oral linezolid 300 mg/day at the same time under directly
observed treatment (DOT) for 5 days. Blood samples were collected on day 5 before and at
0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12 and 24 h after dosing.
After blood sample collection, plasma was separated from blood samples by
centrifugation at 15,000 rpm for 15 minutes at 10 Co and then collected at -80 Co until assayed.
The assay was reference from Cios A et al.3, plasma 300 µL was added to 70 µL of
2-ethoxybenzamide (IS) with concentration 1 mg/mL and vortex 10 s then the tube was added
with 500 µL methanol for deprotonized. The mixture was vortex-mixed for 30 s and centrifuged
15 min at 10 Co. The sample were analyzed by Agilent UPLC 1290 infinity II.
The mobile phase was a mixture of 50 mM Potassium dihydrogen phosphate buffer pH
3.5 and acetonitrile by ratio 74 : 26 v/v with flow rate 0.6 mL/min. The linezolid was monitored
at 258 nm with run time 7 min5. The lower limit of quantification (LLOQ) of linezolid under
the UPLC condition is 0.2 µg/mL. The pharmacokinetic parameters were calculated by
Winnonlin version 1.1.
RESULTS
The study was conducted in three men and three women with mean age 22.83 ± 1.17
years, body weight 59.5 ± 5.68 kg and BMI 21.88 kg/m2. All subjects did not take any other
medications or supplements.
Pharmacokinetic parameters were summarized in table 1. The study was completed
without loss to follow up.
There were no reported of adverse effects, including bone marrow suppression. CBC
results were summarized in table 2.
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Table1. Descriptive summary of pharmacokinetic parameters
Parameter
AUC0-∞
AUClast
Cmax
Tmax
t1/2
Vd
Cl

Oral Linezolid 300 mg/day
N=6
132.36 ± 89.53
89.21 ± 23.45
11.29 ± 0.71
0.75 ± 0.42
12.09 ± 12.92
8.87 ± 5.58
50.35 ± 27.73

(µg.h/mL), mean ± S.D.
(µg.h/mL), mean ± S.D.
(µg/mL) , mean ± S.D.
(h) , mean ± S.D.
(h) , mean ± S.D.
(L/kg) , mean ± S.D.)
(mL/min) , mean ± S.D.)

AUC0-∞ area under plasma concentration-time curve from time zero to infinite time; AUClast -∞ area under
plasma concentration-time curve from time zero to the time of the last quantifiable; Cmax maximum
concentration; T time to maximum concentration; t1/2 half-life; Vd volume of distribution;
Cl clearance

Table2. Descriptive summary of CBC testing
Parameter
WBC (×103/uL), mean ± S.D.
RBC
(×106/uL), mean ± S.D.
Hct
(%), mean ± S.D.
Plt
(×103/uL), mean ± S.D.
Hb
(g/dL), mean ± S.D.
MCV (fL), mean ± S.D.
MCH (pg), mean ± S.D.
MCHC (g/dL), mean ± S.D.

Screening
7.41 ± 1.81
4.72 ± 0.58
40.9 ± 5.05
262.00 ± 45.29
13.67 ± 1.62
86.75 ± 4.78
28.97 ± 1.26
33.47 ± 1.10

Day 5
5.89 ± 0.78
4.79 ± 0.76
41.35 ± 5.91
277.50 ± 43.52
13.65 ± 2.01
86.63 ± 5.25
28.58 ± 1.12
33.00 ± 0.74

Day 17
7.06 ± 1.56
4.77 ± 0.61
41.38 ± 4.94
281.00 ± 51.27
13.75 ± 1.79
86.98 ± 4.88
28.85 ± 4.88
33.22 ± 1.12

WBC white blood cell; RBC red blood cell; Hct hematocrit; Plt platelet; Hb hemoglobin; MCV mean
corpuscular volume; MCH mean corpuscular hemoglobin; MCHC mean corpuscular hemoglobin concentration

DISCUSSION
This is the first report of full pharmacokinetics in daily 300 mg of oral linezolid. The
absorption of oral linezolid 300 mg/day is rapid and achieved Cmax in 0.75 (± 0.42) h after
taking medication. The property of linezolid is good penetration in epithelial lining fluid which
also is consistent with Vd of this study. Previous study has shown linezolid 300 mg/day may
be enough to keep the concentration above MIC for M. tuberculosis2. A previous study reported
that pharmacokinetics of 600 mg linezolid compared with oral tablet and oral suspension in
healthy Chinese subjects, the mean parameters; AUC0-∞ 112.6 ± 24.5 and 109.2 ± 21.7
µg.h/mL, Cmax 13.7 ± 3.5 and 15.5 ± 3.5 µg/mL, Tmax 1.50 ± 0.5 and 0.63 ± 0.5 h and t1/2 5.13
± 0.92 and 5.08 ± 0.7 h, respectively3. It seems like AUC0-∞ and Cmax between 600 mg/day and
300 mg/day are equivalent, even their dosage is as much as doubling. The non-linear
characteristic of linezolid is not relevant over the dosage. Consequently, higher dosage was not
associated with higher AUC0-∞. In addition, the study in Korean patients who were diagnosed
with intractable MDR/XDR-TB infection. They prescribe linezolid 300 mg/day for 7 days that
reported only steady-state serum Cmax and Cmin: Cmin 0.4 mg/L and Cmax 11.6 ± 4.4 mg/L4,
which Cmax similar to our study. That result can hypothesized the linezolid concentration after
daily 300 mg would exceed MIC (0.2 mg/L) for M. tuberculosis6.
Linezolid 300 mg/day was safe and well tolerated in our healthy volunteers because
CBC testing on screening, day 5 and day 17 remain normal testing and were not different
between 3 times of testing. Serious adverse effects can occur related to high dose and longtime
use. Although, 300 mg/day of linezolid has low adverse effects, the treatment for long time
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should have been monitored closely. Finally, the non-linear pharmacokinetic character of
linezolid shows that 300 mg daily is sufficient and safe compares to high-dose linezolid.
The limitations of our study include a small group of healthy volunteers and short
duration of treatment. Therefore, it is hard to explain a long –term pharmacokinetic. Further
studies with more subjects and duration of treatment is recommended to confirm its
pharmacokinetic properties.
CONCLUSIONS
The orally 300mg per day linezolid provides good bioavailability and safety in healthy
volunteers. However, further studies is required to demonstrate effective pharmacodynamics
and clinical treatment outcome to develop an oral 300 mg/day linezolid as one of drug of choice
in treatment for MDR/XDR-TB.
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ABSTRACT
INTRODUCTION: Morus alba L., a plant from the family of Moraceae, contains several of
bioactive compounds, which shows many pharmacological effects, including wound healing,
anti-inflammatory and antioxidant activities. Based on our previous in vitro and in vivo studies,
M. alba stem extract containing oxyresveratrol, a bioactive compound found abundantly in this
plant, exhibited anti-inflammatory activity in LPS-Stimulated RAW 264.7 Cells and cartilage
protective effect in the ACLT-induced rat model of osteoarthritis (OA), respectively. The
mechanisms underlying chondroprotective effect of this plant is currently unknown; however,
oxyresveratrol may partly be responsible for the chondroprotective effect on chondrocytes.
OBJECTIVES: To investigate cytotoxicity and the chondroprotective activity of
oxyresveratrol through stimulation of gene expression in inflammatory-activated C28/I2
human chondrocyte cell line.
METHODS: Cytotoxicity and optimal concentrations were assessed using MTT assay. C28/I2 cells were treated with different concentrations of oxyresveratrol including 0, 6.25, 12.5,
25 and 50 µM. The optimal concentrations were selected for gene expression analysis. The
gene expression level of ACAN (aggrecan) and COL2A1 (collagen type II) were investigated
by a reverse transcription polymerase chain reaction (RT-PCR).
RESULTS: The results showed that, oxyresveratrol at 25 and 50 µM significantly increased
the expression of aggrecan synthesis in IL-1𝛽-activated cells compared to the non-activated
cells (p < 0.05). An increasing trend of collagen type II expression in inflammatory-activated
C28/I2 cell line was also observed; however, no significant difference was noted compared to
the non-activated cells.
CONCLUSIONS: These preliminary results showed that oxyresveratrol may exhibit its
chondroprotective effect by increasing gene expression of proteoglycan synthesis in
inflammatory-activated C28/I2 cell line.
Keywords: Morus alba, Osteoarthritis, Oxyresveratrol
INTRODUCTION
Morus alba. (Mulberry), a herbal from the family of Moraceae, contain several
bioactive compounds, including oxyresveratrol, kuwanons, morusin, moracin M,
mulberrofuran G, sanggenons D, and mulberroside A. This plant has been reported to exhibit
excellent pharmacological effects such as anti-inflammatory, antioxidant and antimicrobial
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activities1. Based on our previous findings, oxyresveratrol, the bioactive compound abundantly
found in the stem part of M. alba exhibited anti-inflammatory activity in LPS-Stimulated RAW
264.7 cells through the inhibition of iNOS, NO, and COX-2 production 2. In addition, M. alba
also showed the anti-nociceptive effect and cartilage protective effect in the ACLT-induced rat
model of osteoarthritis (OA) in a dose-dependent manner3.
Since type II collagen and aggrecan are the main extracellular matrix, which are found
in the articular cartilage. It could be postulated that any substance that can stimulate
extracellular matrix synthesis would help delay or prevent the progression of OA. Despite
several previous studies of M. alba activities, a lot of attention has been paid to antiinflammatory and antioxidant activities. However, the mechanisms underlying the
chondroprotective effect of M. alba is still unknown. Therefore, the present study aimed to
investigate chondroprotective effect of oxyresveratrol through stimulation of gene expression
of COL2A1 (collagen type II) and ACAN (aggrecan) in inflammatory-activated C28/I2 human
chondrocyte cell line.
MATERIALS AND METHODS
Materials: C28/I2 human chondrocyte cell line was purchased from Merck (Darmstadt,
Germany). Dulbecco's Modified Eagle Medium (DMEM), penicillin/streptomycin, Lglutamine and fetal bovine serum were purchased from GIBCO (NY, USA). Oxyresveratrol
was purchased from Sigma Aldrich (St.Louis, USA). Agarose and tris-borate-EDTA (TBE)
was purchased from Vivantis (Selangor Darul Ehsan, Malaysia).
Cell culture and cell viability: C28/I2 were cultured in 96-well plates (0.5 × 104
cells/well) and maintained in a humidified incubator at 37°C in 5% CO2 for 24 hours. Cells
were then treated with oxyresveratrol 0, 6.25, 12.5, 25 and 50 µM, and incubated at 37°C for
24 hours. Cell viability was determined by MTT assay as described previously4.
Reverse Transcription-Polymerase Chain Reaction (RT-PCR) assay: C28/I2 were
seeded in 6-well plates at a density of 3 × 105 cells/well. After 24 hours, cells were treated with
various concentrations of oxyresveratrol (12.5, 25 and 50 µM) for 2 hours. After that cells were
treated with or without IL-1β (10 ng/mL) for 24 hours. Total RNA from the cultured cells was
then extracted using illustra RNAspin Mini Kit (GE Healthcare, USA). Complementary DNA
(cDNA) was synthesized using HyperScriptTM RT master mix (with oligo dT; Seoul, Korea).
The AccuStartTM PCR SuperMix (QuantaBio, USA) was used to determine mRNA gene
expression of COL2A1 (collagen type II) and ACAN (aggrecan). GAPDH was used as internal
control. PCR products were loaded to 2% agarose gel. The gels were electrophoresed in 1X
TBE buffer at a constant voltage of 90 for 40 minutes.
Statistical analysis: All data were expressed as the mean ± standard deviation (SD).
Statistical analyses were performed using GraphPad Prism (version 6.0) software and
conducted using ANOVA (one-way analysis of variance) followed by the Tukey’s test for
multiple comparisons. A P-value less than 0.05 was considered statistically significant.
RESULTS AND DISCUSSION
The MTT results showed that the cell viability decreased with increasing concentration
of oxyresveratrol from 6.25 to 50 µM. However, all the concentrations of oxyresveratrol
yielded cells viability greater than 80% (Figure 1).
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Figure 1. The percentage viability of C28/I2 chondrocyte cells which was untreated (control),
treated with 0.05% DMSO (control vehicle) and various concentrations of oxyresveratrol for
24 h. The viability of cells was assessed using MTT assay. Data are expressed as the mean ±
SD (n=3).
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Figure 2. The effect of oxyresveratrol on gene expression of aggrecan (ACAN) and type II
collagen (COL2A1) in non-activated and IL-1β activated C28/I2 cells. Data are expressed as
the mean ± SD (n=3). ** p < 0.01 vs non-activated chondrocytes.
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To investigate the chondroprotective effect of oxyresveratrol, mRNA expression levels
of both aggrecan (ACAN), a major component of proteoglycan molecules and type II collagen
(COL2A1), a major component of collagen molecules in extracellular matrix of articular
cartilage were assessed in non-activated and IL-1𝛽-activated chondrocytes treated with
oxyresveratrol (12.5, 25 and 50 µM). The result showed that oxyresveratrol significantly
increased the expression of ACAN mRNA of IL-1𝛽-activated chondrocytes compared with
non-activated chondrocytes in a dose-dependent manner (p < 0.05) (Figure 2a). However, the
effect of oxyresveratrol on the expression of COL2A1 mRNA was not statistically significant
(Figure 2b). In addition, oxyresveratrol had no effect on the expression of both ACAN and
COL2A1 mRNA in non-activated chondrocytes.
Although the precise mechanisms responsible for the chondroprotective effect of
oxyresveratrol cannot be explained in the present study, it is possible that oxyresveratrol may
exert its chondroprotective effect by stimulating the mRNA expression of aggrecan and thereby
promoting the proteoglycan synthesis.
CONCLUSIONS
This study demonstrated that oxyresveratrol, a bioactive compound found abundantly
in M.alba may exhibit its chondroprotective effect by stimulating the mRNA expression of
aggrecan and thereby promoting the proteoglycan synthesis. However, further study is required
to confirm the relative protein expression levels of both proteoglycan and type II collagen by
using western blotting. This finding may provide a potential candidate for further development
as an alternative treatment for OA.
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ABSTRACT
INTRODUCTION: Fingerroot (Boesenbergia rotunda), a plant in Zingiberaceae or ginger
family, is a traditional medicinal plant which is usually found in Southeast Asia and IndoChina. This plant is an excellent source of several vitamins, minerals, dietary fibers, flavonoids,
etc., which provide a variety of pharmacological benefits, such as anti-cancer, antiinflammatory, and anti-oxidant activity. Panduratin A (PA), pinostrobin (PS), and pinocembrin
(PC) are bioactive compounds present in this plant. Since oxidative stress has been implicated
in the progression of OA, any compound exhibit antioxidant activity might have a potential
attenuation of disease progression. Thus, the present study was designed to examine the
antioxidant mechanisms of these bioactive compounds.
OBJECTIVES: To evaluate and compare the potential antioxidant activity of panduratin A,
pinostrobin, and pinocembrin.
METHODS: The antioxidant activities were determined using various radical scavenging
assays, including DPPH radical scavenging, ferric reducing antioxidant power (FRAP), nitric
oxide radical scavenging, as well as superoxide radical scavenging assay.
RESULTS: Among the active compounds, Panduratin A (PA) showed the highest ability to
scavenge DPPH radical, while the other compounds showed weak DPPH scavenging activity.
Although none of these compounds exhibited ferric reducing capacity and nitric oxide
scavenging activity, all of them exhibited superoxide radical scavenging capacity.
CONCLUSIONS: This in vitro antioxidant study suggested that PA exhibited positive results
for DPPH radical and superoxide radical scavenging capabilities, while PS and PC showed
only the capability to scavenge superoxide radical. However, further studies are required to
investigate the antioxidant activity of these compounds in the oxidative-stress stimulated
chondrocytes assays.
Keywords: fingerroot, antioxidant, human chondrocytes
INTRODUCTION
Boesenbergia rotunda (Family: Zingiberaceae), fingerroot, is a traditional medicinal
plant that usually found in Southeast Asia and Indo-China. It contains several bioactive
molecules, such as flavonoids, polyphenols, vitamins, and minerals. Local people use
fingerroot as a daily ingredient in food and as the active ingredient in traditional medicines.
Fingerroot extract has been known to possess several pharmacological activities, including
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anticancer, anti-bacterial activity, wound healing, anti-allergic, anti-inflammatory and
antioxidant effects1.
Although several compounds have been isolated and purified from the fingerroot
extract, panduratin A (PA), pinostrobin (PS) and pinocembrin (PC) (Figure.1) are among the
most abundantly found cyclohexenyl chalcone (Fig. 1A) and flavonoid derivatives (Fig.
1B&C), respectively.
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Figure 1. Chemical structure of isolated bioactive compounds from fingerroot;
(A) Panduratin A, (B) Pinostrobin and (C) Pinocembrin.

Overproduction of reactive oxygen species (ROS) including superoxide, nitric oxide
and hydroxyl radical has been implicated in the pathogenesis of several chronic diseases,
including osteoarthritis (OA)2,3. OA is one of the arthritic diseases that occurs with high
prevalence in populations at age 65 years and above. Furthermore, several recent studies
demonstrated that the active compounds from fingerroot enhance the antioxidant enzymes, e.g
superoxide dismutase (SOD)4-6, and thereby might have a potential to attenuate the progression
of OA. Thus, the present study aimed to evaluate the antioxidant activity of these active
compounds by using various chemical assay systems.
MATERIALS AND METHODS
The bioactive compounds including PA, PS, and PC were extracted from fingerroot and
provided by Department of Chemistry, Faculty of Science, Mahidol University, Thailand. All
other reagents were purchased from Sigma Chemical Co. (St. Louis, MO). Panduratin A,
pinostrobin, and pinocembrin in the concentration range of 0 to 125 µM were tested using
several chemically antioxidant assays to investigate the different antioxidant mechanisms
occurring in biological processes.
DPPH radical assay: This assay was conducted as developed by Blois7. DPPH is a
stable free radical, which produces a purple solution in methanol at its maximum absorption at
520 nm. DPPH reacts with antioxidant compound that can donate a hydrogen atom, then this
gives rise to the corresponding pale yellow hydrazine. This assay, therefore, assesses the
reduction in absorbance of DPPH (deep purple) as indicated by color changes from deep purple
to decolorization (light yellow), which is correlates with the antioxidant capacity added to
DPPH reagent solution. More the light yellow, more the free radical scavenging activity. All
of the tested samples were dissolved in the absolute methanol (vehicle). Trolox was used as a
positive control (standard antioxidant) and using methanol as blank. Briefly, 250 µM DPPH
were mixed with the solution of tested samples then incubated in dark at room temperature for
20 minutes. After the incubation, the absorbance was taken at 520 nm using a microplate reader
(Varioskan™ Flash Multimode Reader, Thermo Scientific™). A percentages of scavenging
activity (%SA) of DPPH radical were then calculated by using the following equation;
%SA of DPPH = [(A-B)/A]x100
where: A is the absorbance of blank (vehicle)
B is the absorbance of sample
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FRAP assay: The assay was conducted as previously described by Benzie and Strain8,
in which it can be used to measure antioxidant power by assess the ferric reducing ability at
low pH causing a colored ferrous-tripyridyltriazine complex. FRAP values can be obtained by
the measurement of the absorbance at 593 nm compared to the reaction mixture containing
ferrous ions (Fe2+) in known concentration. Briefly, samples were mixed with the FRAP
reagent which containing 300 mM pH 3.6 acetate buffer, 10 mM 2,4,6-Tri(2-pyridyl)-s-triazine
(TPTZ) in 40 mM HCl, and 200 mM ferric chloride (FeCl3.6H2O) then incubated at room
temperature for 10 minutes. After the incubation, the absorbance at 593 nm were then
measured. The standard curve was plotted by using A593 against ferrous sulfate concentration
to calculate the generated ferrous ion from the reactions with sample.
NO• scavenging assay: This assay was first described by Peter Griess9 to determine
the ability of tested compound to scavenge nitrite ion (NO2-) which is an oxidize form of NO
radical, a reactive species that involved in various pathological processes of several diseases.
Typically, after the production of NO radical, it has a rapid half-life, which is then autooxidized to a nitrite ion (NO2-) (a more stable form). Griess’ assay was used to assess the
presence of NO2- in the reaction mixture, which can be converted back to the amount of NO.
In brief, the tested samples or gallic acid (positive control) and 10 mM sodium nitroprusside
(SNP; NO• generator) were incubated at room temperature in the presence of light for 30
minutes. After the incubation, 1% sulfanilamide in 5% phosphoric acid was added to the
mixture and incubated at room temperature in dark for 10 minutes. Finally, 0.1% N-1naphylethylenediamine dihydrochloride (NED) solution was added and incubated in dark at
room temperature for 10 minutes, and the absorbance was measured within 30 minutes at 520
nm. The standard curve was plotted by using A520 against standard sodium nitrite (NaNO2),
which is used to calculate the concentration of NO2- that remains in the reactions.
O2•- scavenging assay: To determine an ability of tests samples to scavenge the radical
by using xanthine/xanthine oxidase method, which can be used to produce superoxide radical
anion spontaneously10. Concisely, each sample was mixed with 0.4 U/mL of xanthine oxidase
(in 2 M ammonium sulfate and 1 mM EDTA) using 75% MeOH as vehicles. This mixture was
then mixed with the solution containing 0.4 mM xanthine and 0.25 mM NBT in 50 mM pH
10.2 sodium carbonate buffer with 0.1 mM EDTA. The absorbance was immediately
determined every 30 second at 560 nm for 5 minutes. The absorbance per minutes (AU/min)
were calculated using this equation;
AU/min = (A560 at 5 min – A560 at 0 min)/5 min
The percentage of O2•- inhibition was calculated using AU/min of vehicles and sample.
RESULTS AND DISCUSSION
Antioxidant activities of these active compounds were assessed at the concentration up
to 125 µM. The data are shown in Figure 2. DPPH assay showed that PA exhibited the highest
ability to scavenge DPPH. Theoretically, 1 molecule of trolox donate 2 hydrogen atoms,
therefore PA, which exhibited 50% activity of trolox, may donate 1 hydrogen atom rather than
2 hydrogen atoms due to steric hindrance of its structure (Figure 1A). Although PS and PC
contain one and two hydroxyl groups, hydrogen donation activity was not observed.
None of tested compounds exhibited ferric reducing capacity and nitric oxide radical
scavenging activity. However, superoxide radical scavenging capacity was observed in all of
the tested compounds. Based on these findings, PA exhibited the highest antioxidant capacity,
in which its activity might result from a hydrogen donating ability and superoxide scavenging
activity, but without reducing capacity.
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Figure 2. Antioxidant assays; (A) DPPH radical scavenging, (B) FRAP, (C) nitric oxide
radical scavenging, and (D) superoxide radical scavenging assay. All values were conducted
in triplicate and expressed as means ± standard deviation (SD).
CONCLUSIONS
The present study demonstrated that only PA showed DPPH radical scavenging
activity. However, all three active compounds present in the fingerroot exhibited the ability to
scavenge O2•-, which is the reactive oxygen species that are known to cause potentially harmful
effects to chondrocytes and thus the progression of OA. However, further studies are required
to investigate and confirm the antioxidant activity of these compounds in the oxidative-stress
stimulated chondrocytes assays.
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ABSTRACT
INTRODUCTION: Oxyresveratrol from the heartwood of Artocarpus lacucha is a major
bioactive compound with several biological activities. However, this compound has poor
pharmacokinetic profile because of its low bioavailability. The purpose of this study was to
examine the pharmacokinetic profiles of oxyresveratrol alone and in combination with piperine
as a bioenhancer in rats.
METHODS: This study determined the pharmacokinetics of oxyresveratrol 10 mg/kg,
oxyresveratrol 10 mg/kg co–administration with piperine 1 mg/kg by intravenous or
oxyresveratrol 100 mg/kg, oxyresveratrol 100 mg/kg combined with piperine 10 mg/kg by oral
gavage in male Wistar rats. Plasma, internal organs, urine and feces were collected and
analyzed by LC–MS/MS to determine oxyresveratrol and oxyresveratrol glucuronide levels.
Non compartmental analysis was used to calculated PK parameters, and statistical analysis by
non–parametric method was conducted to determine significant difference between groups
(p0.05).
RESULTS: Piperine could enhance oral bioavailability of oxyresveratrol approximately 2
folds with significantly higher maximum concentration in plasma. After intravenous or oral
administration, oxyresveratrol distributed to several tissues and internal organs with a tissue to
plasma ratio of 10–100 folds within 5 min after dosing. The major route of excretion of
oxyresveratrol alone and in combination with piperine was urinary excretion as oxyresveratrol
glucuronide within 24 h.
CONCLUSIONS: Piperine could improve the pharmacokinetic profiles of oxyresveratrol via
both intravenous and oral combination. This pharmacokinetic data is beneficial for
development of oxyresveratrol in combination with piperine as a phytopharmaceutical product.
Keywords: Artocarpus lacucha, Oxyresveratrol, Piperine, Bioenhancer, Pharmacokinetics
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INTRODUCTION
Oxyresveratrol (2,4,3,5–tetrahydroxystilbene) is a major bioactive substance found in
the heartwood of Artocarpus lacucha Buch.–Ham. This compound has several
pharmacological effects including skin whitening effect1–3, antioxidant4, anti–inflammatory5,6,
antiviral7,8, and neuroprotective effect9. Accordingly, oxyresveratrol could be developed as a
phytopharmaceutical product for clinical use. Chen et al.10 investigated a pharmacokinetic
study of oxyresveratrol after oral dosing at 100–400 mg/kg in rats and reported absolute oral
bioavailability approximately 10–15%, with a rapid Tmax occurring at approximately 15 min
after dosing. Breuer et al.11 focused on the tissue distribution of oxyresveratrol at 40 mg/kg
after intraperitoneal administration in rats. The result showed that oxyresveratrol primarily
resided in plasma, and there was solely a negligible concentration reached the brain. Mei et
al.12,13 demonstrated that oxyresveratrol was biotransformed by phase  conjugation,
particularly glucuronidation, with the majority of metabolites excreted in urine within 12 h
after dosing.
Recently, scientists have attempted to improve the pharmacokinetic parameters of
oxyresveratrol by adding bioenhancers. In a study by Johnson et al.14, a combination of
resveratrol and piperine could increase the pharmacokinetic profile of resveratrol.
Oxyresveratrol has its chemical structure resemble to resveratrol15; hence, piperine might
enhance the pharmacokinetic profile of oxyresveratrol. Moreover, Suresh and Srinivasan16
demonstrated that piperine reduced the hepatic microsomal activity of UGT in vitro. Similarly,
Atal et al.17 showed that piperine at doses of 10 and 25 mg/kg could decrease in vivo UGT
activity by 36% and 55%, respectively. Piperine not only decreased UGT activity but also
inhibited P–glycoprotein, a major efflux transporter found in the hepatobiliary system and
enterocytes.18 The purpose of the present study is to investigate the pharmacokinetic profiles
of oxyresveratrol alone and in combination with piperine in male Wistar rats. The
pharmacokinetic data obtained from the present study would provide useful information for
appropriate strategies to develop oxyresveratrol as a phytopharmaceutical product.
METHODS
Oxyresveratrol (purity >98%) and piperine (purity >98%) were supplied by Professor
Kittisak
Likhitwitayawuid
from
the
Department
of
Pharmacognosy and
Pharmaceutical Botany, Faculty of Pharmaceutical Sciences, Chulalongkorn University. Eight
weeks old male Wistar rats were purchased from Nomura Siam International Co., Ltd. The rats
were accommodated at 24 ± 2C and humidity ranged from 40–60%, under a 12–h dark–light
cycle. All rats were allowed to access food and water ad libitum. The animal protocol was
approved by the Institutional Animal Care and Use Committee of the Faculty of Pharmaceutical
Sciences, Chulalongkorn University (approval no. 17–33–002, approved March 8, 2017). The
rats were divided randomly into four groups (n = 6 in each): oxyresveratrol 100 mg/kg p.o.,
oxyresveratrol 100 mg/kg plus piperine 10 mg/kg p.o., oxyresveratrol 10 mg/kg i.v., and
oxyresveratrol 10 mg/kg plus piperine 1 mg/kg i.v. All rats were anaesthetized with isoflurane
during drug administration, blood and tissue collection. For blood collection, blood sample
approximately 300 µL was collected at 0, 0.083 (5 min), 0.25 (15 min), 0.5 (30 min), 1, 2, 4,
8, 16 and 24 h after dosing. The collected blood samples were centrifuged at 5000 × g for 10
min to acquire plasma. Urine and feces from each rat were separately collected at 0–24 h and
24–48 h after dosing. Urine was centrifuged at 5000 × g for 10 min, 100 L of urine supernatant
was collected and diluted 10 folds with methanol. Feces was collected and mixed with
methanol up to 10 mL. For internal organ collection, brain, heart, lungs, liver, stomach, small
intestine, kidneys and spleen were collected at 0.083 (5 min), 1, 2 and 4 h after dosing. Tissue
samples were washed in cold normal saline solution to remove blood from the tissue. All
samples were stored at –20C until analysis.
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The protein precipitation method was used for sample preparation. Briefly, 200 L of
methanol containing 10 ng of glycyrrhetinic acid as an internal standard (IS) was added into
50 L of plasma or urine. After that the mixture was centrifuged at 10,000 × g for 10 min.
Feces or tissue samples (50 mg) were mixed with 200 L of methanol containing 10 ng of IS.
The sample was homogenized on ice and then centrifuged at 10,000 × g for 10 min.
Identification of oxyresveratrol glucuronide was performed. In brief, all samples were
incubated with 2000 units of glucuronidase in phosphate buffer (pH 6.8) at 37°C for 15 min.
Then, the reaction was stopped by adding 1000 L of methanol containing 50 ng of IS. The
mixture was mixed and centrifuged at 10,000 × g for 10 min. 150 µL of supernatant from each
sample was collected and injected into the LC–MS/MS. Quantification of oxyresveratrol and
piperine concentrations were conducted following the methods described by Huang et al.19 and
Basu et al.20, respectively. In brief, Nexera Ultra High–Performance Liquid Chromatography
and 8060 triple quadrupole mass spectrometer (Shimadzu Co., Ltd.) was used in LC–MS/MS
analysis. Synergi Fusion–RP C18 column (Phenomenex Inc.) with an oven temperature of
40°C was applied as the stationary phase. The gradient for the mobile phase was 0.2% formic
acid in water and 100% methanol. The gradient started with 50% methanol for 0.50 min,
increased to 90% methanol and maintained from 1.50 to 3.00 min, decreased to 50% methanol
and maintained at 50% methanol from 4.00 to 5.00 min. The retention times for oxyresveratrol,
piperine and glycyrrhetinic acid were 0.51, 1.81 and 2.30 min, respectively. The lower limits
for quantification of oxyresveratrol and piperine were 6.10 and 0.61 g/L, respectively. The
calibration curve for oxyresveratrol showed a good linearity range from 6.10–12,500 g/L, and
piperine had a good linearity range from 0.61–1250 g/L (R2 > 0.99). The accuracy and
precision of oxyresveratrol and piperine were within ±10%, and the recovery percentage of the
extraction method for oxyresveratrol and piperine was exceed more than 70%.
The pharmacokinetic parameters were determined by a non–compartmental analysis
using PK Solution 2.0 software (Summit Research Service), and presented as mean ± standard
deviation (S.D.). All statistical analyses were carried out by SPSS version 16 (SPSS, Inc.).
Statistical significances between oxyresveratrol alone and in combination with piperine were
compared by a non–parametric method, with a p–value less than 0.05.
RESULTS
All male Wistar rats administered with oxyresveratrol alone or in combination with
piperine demonstrated a good tolerability. Liver markers (aspartate transaminase (AST) and
alanine transaminase (ALT)), and kidney markers (creatinine) were not significantly difference
between predose and postdose among groups. All values were within the normal range as
illustrated in Table 1.
As shown in Figure 1, the mean plasma concentration–time profiles of co–
administration of oxyresveratrol and piperine generated a higher oxyresveratrol levels in
plasma, after intravenous and oral dosing. The oral combination with piperine led to a
significantly higher Cmax and shorter Tmax values of oxyresveratrol (Table 2). Similarly, all
AUC parameters of oxyresveratrol in combination groups were superior than oxyresveratrol
alone groups (p  0.05). The mean residence time in combination groups likely to be longer,
particularly when administered orally (11.66 vs. 7.25 h). The combination with piperine could
enhance oral bioavailability of oxyresveratrol for approximately 2 folds.
The tissue to plasma ratio (Kp) of oxyresveratrol alone and in combination with piperine
was presented in Figure 2. Oxyresveratrol could penetrate to most of the internal organs with
a Kp of approximately 10–100 folds within 5 min, and slowly decreased at 1, 2 and 4 h after
intravenous administration. For oral administration, the organs that displayed the high Kp were
the stomach and small intestine from 5 min to 4 h. Following oral gavage, the tissue to plasma
ratios of oxyresveratrol in other internal organs were approximately 1–100 folds from 5 min to
4 h.
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Table 1. Tolerability of oxyresveratrol alone and in combination with piperine.
Intravenous

Parameters

OXY
(10 mg/kg)

Oral

OXY + PIP
(10 + 1 mg/kg)

OXY
(100 mg/kg)

OXYl + PIP
(100 + 10 mg/kg)

Predose
(0 h)

Postdose
(24 h)

Predose
(0 h)

Postdose
(24 h)

Predose
(0 h)

Postdose
(24 h)

Predose
(0 h)

Postdose
(24 h)

AST (U/L)

42.00 ± 7.15

45.40 ± 3.78

34.60 ± 17.03

46.75 ± 5.57

32.40 ± 16.47

40.83 ± 22.39

17.66 ± 13.50

23.66 ± 17.32

ALT (U/L)

5.00 ± 0.00

5.80 ± 1.09

9.40 ± 1.67

7.50 ± 2.88

9.40 ± 9.28

6.83 ± 3.25

7.00 ± 2.28

11.40 ± 11.63

Creatinine (mg/dL)

0.25 ± 0.15

0.32 ± 0.08

0.22 ± 0.03

0.24 ± 0.08

0.17 ± 0.01

0.17 ± 0.01

0.22 ± 0.03

0.20 ± 0.01

Data are presented as mean ± S.D. (n = 6). *p<0.05 for predose vs postdose.
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Figure 1. Plasma concentration–time profile of oxyresveratrol after intravenous dose (A); after oral dose (B) and plasma concentration–
time profile of oxyresveratrol glucuronide after intravenous dose (C); after oral dose (D)
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Table 2. Pharmacokinetic parameters of oxyresveratrol alone and in combination with piperine.
Intravenous
Parameters

Oral

OXY
(10 mg/kg)

OXY + PIP
(10 + 1 mg/kg)

OXY
(100 mg/kg)

OXY + PIP
(100 + 10 mg/kg)

Cmax (g/L)

N/A

N/A

977.99 ± 649.59

1,580.99 ± 674.31*

Tmax (h)

N/A

N/A

2.08 ± 1.11

1.30 ± 0.67

AUC0-t (g.h/L)

825.60 ± 545.26

1,455.90 ± 1,953.48

5,133.32 ± 1,227.78

7,837.18 ± 2,603.81*

AUC0-inf (g.h/L)

825.80 ± 545.18

1,471.00 ± 1,945.62

5,431.21 ± 1,022.82

9,375.27 ± 1,974.32*

MRT (h)

1.40 ± 0.29

1.60 ± 0.42

7.25 ± 4.07

11.66 ± 8.11

Vd (L/kg)

47.30 ± 42.97

68.60 ± 60.02

105.10 ± 73.82

138.10 ± 112.83

CL (L/h/kg)

16.90 ± 9.30

14.60 ± 8.57

19.05 ± 4.06

11.09 ± 2.52

T1/2 (h)

1.70 ± 0.77

2.80 ± 1.60

3.72 ± 1.95

8.67 ± 6.55

Relative bioavailability (%)

100

178

100

173

AUC0-t (g.h/L)

20,875.50 ± 19,742.93

1,190.60 ± 231.25

10,518.33 ± 6,239.13

6,977.34 ± 811.94

AUC0-inf (g.h/L)

20,875.80 ± 19,742.99

1,640.00 ± 743.29

10,993.61 ± 6,140.74

7,491.24 ± 522.99

25.28

1.11

2.02

0.80*

Oxyresveratrol

Oxyresveratrol glucuronide

Ratio of AUCoxyresveratrol
glucuronide/AUCoxyresveratrol

Data are presented as mean ± S.D. (n = 6), *p<0.05 for oxyresveratrol alone vs oxyresveratrol + piperine.
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Table 3. Percent recovery of oxyresveratrol alone and in combination with piperine.

Recovery (%)

Intravenous

Oral

Oxyresveratrol Oxyresveratrol + piperine
(10 mg/kg)
(10 + 1 mg/kg)

Oxyresveratrol Oxyresveratrol + piperine
(100 mg/kg)
(100 + 10 mg/kg)

Unchanged Oxyresveratrol
Urine 0-24h

8.51 ± 7.07

5.06 ± 3.22

3.70 ± 3.41

0.88 ± 0.46

Urine 24-48h

2.87 ± 1.34

1.78 ± 1.33

0.32 ± 0.08

0.27 ± 0.18

Feces 0-24h

0.23 ± 0.20

0.17 ± 0.53

0.21 ± 0.17

0.24 ± 0.43

Feces 24-48h

0.17 ± 0.16

0.11 ± 0.01

0.11 ± 0.06

0.10 ± 0.03

Urine 0-24h

29.44 ± 28.07

10.55 ± 9.71

9.89 ± 6.90

7.81 ± 6.68

Urine 24-48h

1.39 ± 0.73

0.71 ± 0.57

3.07 ± 2.69

0.09 ± 0.05*

Feces 0-24h

0.20 ± 0.16

0.63 ± 0.58

0.19 ± 0.16

0.10 ± 0.08

Feces 24-48h

0.30 ± 0.29

0.18 ± 0.01

0.20 ± 0.18

0.14 ± 0.06

Oxyresveratrol glucuronide

Data are presented as mean ± S.D. (n = 6), *p<0.05 for oxyresveratrol alone vs oxyresveratrol + piperine.
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Figure 2. Tissue to plasma ratios of oxyresveratrol alone (black bars) and in combination with piperine (white bars) after intravenous
dosing (A, B, C, D), or after oral dosing (E, F, G, H).
A

B

C

D
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Interestingly, the tissue to plasma ratio of oxyresveratrol in the brain was slightly
increased when administered with piperine.
The plasma concentration–time profile of oxyresveratrol glucuronide was shown in
Figure 1. The conversion ratio of oxyresveratrol was approximately 2.02 folds with oral
administration of oxyresveratrol alone, which was significantly lower to 0.80 folds when
combined with piperine. For intravenous administration, the conversion ratio of oxyresveratrol
glucuronide also declined after combination with piperine as shown in Table 2. The percentage
recovery of unchanged oxyresveratrol in urine was found to be approximately 5–10% of the
intravenous dose. A significant amount of oxyresveratrol glucuronide, ranging from 10–30%,
was found in urine from 0–48 h after intravenous administration. Less than 1% of unchanged
oxyresveratrol and oxyresveratrol glucuronide were detected in feces from 0–48 h after oral or
intravenous dosing as illustrated in Table 3.
DISCUSSION
The previous studies demonstrated that oxyresveratrol has many pharmacological
activities with low toxicity. It has been widely known that the problem of lead compounds from
most of natural resources showed the poor pharmacokinetic profiles.10,13,21 The objective of
this study was, therefore, to investigate pharmacokinetic profiles of oxyresveratrol that might
be improved by the combination with piperine, which performed as a bioenhancer in rats.
During the study, the results indicated that all rats showed good tolerability to the given doses.
According to the result of combination oxyresveratrol and piperine after intravenous
administration, the plasma concentration–time profile showed that piperine could increase the
plasma level of oxyresveratrol when considering the elimination phase during 8 to 24 h.
Similarly, the oral combination revealed a similar pattern with higher levels of oxyresveratrol
during the absorption, distribution and elimination phases compared to oxyresveratrol alone.
Improvement of intravenous combination might be mainly due to UGT inhibition, meanwhile
oral combination could be described by the inhibition of both efflux transporters and UGT
enzyme. This result demonstrated that piperine enhanced the plasma concentration of
oxyresveratrol both intravenous and oral administration. It was clearly observed that piperine
could prolong the MRT of oxyresveratrol after oral dosing. Moreover, Cmax and AUC levels
were significantly increased which approximately 1.5 folds, with a shorter Tmax from 2.08 to
1.30 h. Similar to the study by Johnson et al.14, piperine could improve the concentration of
resveratrol with the increase in both Cmax and AUC by up to 229% and 1544%, respectively.
Resveratrol has a similar structure with oxyresveratrol with less than one hydroxyl group.
However, this compound is well known for its pharmacokinetic problems, which is extensively
biotransformed by phase II metabolism.22–25 Piperine possessed various mechanisms to act as
a bioenhancer, for instance, by decreasing UGT metabolism, inhibiting the efflux of P–
glycoprotein and increasing the permeation in enterocytes.14,18,26,27,28 Interestingly, our data
showed a shorter Tmax and higher Cmax for oxyresveratrol in both formulae compared with other
pharmacokinetic studies of oxyresveratrol. A possible explanation for this might be the result
of the test formulation used in present study was a clear solution, which would be more readily
absorbed than the suspensions used by other studies. The relative bioavailability of
oxyresveratrol was also increased up to 173% after the combination with piperine. This is in
accordance with Sangsen et al.29 that showed self–microemulsifying drug delivery system
(SMEDDS) could improve the relative bioavailability of oxyresveratrol by 7.9 folds. Physical
modifications by SMEDDS and an addition of bioenhancers showed superior pharmacokinetic
profiles of oxyresveratrol than conventional formulation alone.
For tissue distribution, the test compound could penetrate extensively based on the
value of Vd at approximately 50 L/kg after intravenous administration. This may be explained
by molecular weight of oxyresveratrol of 224.07 Da and with the high lipophilic property of
this compound (XLogP 2.8). Moreover, oxyresveratrol was rapidly distributed in to internal
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organ since 5 min after administration with a Kp of 10–100, except for the brain. The
oxyresveratrol levels in the brain was low at 1, 2, and 4 h after intravenous administration,
suggesting that oxyresveratrol has limited deposition in brain tissues. Interestingly, the
combination with piperine could slightly increase oxyresveratrol levels in brain tissues
particularly at 1–2 h after administration. This result is supported by the study of Mei et
al.13. Oxyresveratrol is a substrate of P–glycoprotein, an efflux transporter located at the blood
brain barrier. It is possible that minimal amount of oxyresveratrol in the brain tissues might be
due to the restricted xenobiotic penetration and efflux transport of oxyresveratrol from the brain
tissues into the circulation. The addition of piperine could improve oxyresveratrol levels in the
brain tissues, especially in intravenous administration.
Regarding the excreta, previous studies demonstrated that glucuronidation reaction is
the major metabolic pathway for oxyresveratrol. This compound was promptly excreted in
urine 0–12 h after administration.12,13 Our data is consistent with previous reports that the main
route of oxyresveratrol excretion is the urinary system when considering the percentages of
unchanged oxyresveratrol and oxyresveratrol glucuronide from 0–48 h after dosing. This result
may be due to the fact that oxyresveratrol becomes more hydrophilic by biotransformation via
metabolic conjugation to monoglucuronide oxyresveratrol. After intravenous dosing of
oxyresveratrol alone, the conversion ratio of oxyresveratrol to glucuronide metabolites was
25.28. The conversion ratio was declined to 1.11 after intravenous dosing and 0.80 after oral
dosing in the combination with piperine. These results suggest that piperine could reduce the
glucuronide reaction of oxyresveratrol.
CONCLUSIONS
The pharmacokinetic parameters of oxyresveratrol were improved by adding piperine
as a bioenhacer in both intravenous and oral administration. For oral administration, Cmax and
AUC levels were significantly increased when combined with piperine. Oxyresveratrol in brain
tissues was improved after intravenous administration. Regarding metabolites, piperine
significantly decreased glucuronide metabolites of oxyresveratrol. Pharmacokinetic
information obtained from this study could pave the way to the development of oxyresveratrol
plus piperine as a phytophamaceutical product.
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ABSTRACT
INTRODUCTION: ECa 233, a well-characterized standardized extract of Centella asiatica,
demonstrated favorable safety profiles and pharmacological benefits in preclinical evaluations,
particularly in term of improving cognitive impairment. To indicate this newly developed ECa 233
could be potentially useful in human, understanding of interspecies pharmacokinetics and its metabolic
profiles should be verified in the initial steps for its development as phytopharmaceutical products.
OBJECTIVES: The aims of this study were to investigate the species differences in pharmacokinetic
profiles and metabolic pathways of triterpenoid glycosides in ECa 233, especially comparison between
rodents and humans following single and repeated oral administrations.
METHODS: In order to explicate the plasma concentration-time profiles of metabolites across species,
this study carried out pharmacokinetics in Wistar rats and healthy Thai volunteers. The modified and
validated LC-MS/MS method was used to simultaneously determine the concentration of all major
bioactive compounds in plasma samples and the pharmacokinetic parameters were calculated using
non-compartmental analysis.
RESULTS: Considering the metabolic pathway of ECa 233, the two major parent compounds which
are triterpenoid glycosides, madecassoside and asiaticoside, have biotransformed to the two mainly
active metabolites, madecassic acid and asiatic acid, respectively. Interestingly, plasma concentrations
of those two metabolites in healthy volunteers are much higher when compared to the concentrations
of their respective parent compounds. These results are contrary to the pharmacokinetic findings in rats,
where the parent compounds were obviously observed in rat plasma while their metabolites could not
be detected even in plasma concentration-time profiles. This discrepancy between rodents and humans
suggests that there may be species differences in the biotransformation of triterpenoid glycoside in ECa
233, which could be due to the influence of human gut microbiota or to enzymes associated with
glycosides hydrolysis. The safety assessment of ECa 233 was well tolerated in rats and also healthy
volunteers whether it was administered as single or multiple doses. There were no significant changes
in laboratory testing or any physical appearances throughout the dose escalation studies both in animals
and humans.
CONCLUSIONS: The overall results of oral metabolic profiles showed strongly interspecies
differences; however, the corresponding safety profiles across species were similar. This newly
developed ECa 233 could be considered as a candidate for phytopharmaceutical product in human use.
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INTRODUCTION
Cognitive impairment is defined as difficulty in processing thoughts that leads to memory loss
and decline in learning ability [1]. Based on several preclinical pharmacology evaluations, there is
increased interest in the efficacy of Centella asiatica (Linn.), especially in terms of ameliorating
learning and memory deficit [2, 3]. Thus, researchers at the Faculty of Pharmaceutical Sciences,
Chulalongkorn University, have developed a standardized extract of C. asiatica named ‘ECa 233’
containing triterpenoid glycosides not less than 80% [4], which has a consistent ratio of madecassoside
(MDS) and asiaticoside (ASS) within 1.5 ± 0.5:1 [5]. To comply with regulations on developing
products for medical use in humans, preclinical pharmacokinetics are required in the initial steps of this
study. Therefore, the pharmacokinetics of ECa 233 was first investigated in rats. The study
demonstrated that when ECa 233 was orally given at doses of 50 to 200 mg/kg, MDS and ASS were
rapidly but not completely absorbed from the gastrointestinal tract. Their highest concentration in
plasma could be detected within 5-15 minutes; however, those parent compounds had poor oral
bioavailability after oral administration in rats [6]. The accumulation of MDS and ASS could be
observed in rodent tissues, especially in hippocampus after multiple oral dosing in rats. In addition, ECa
233 also showed excellent efficacy and good tolerability in rat models with defect in memory and
learning ability. It could consider that ECa 233 has potential benefits to develop as phytopharmaceutical
products for cognitive impairment in human use.
For the first time medicinal product is administered to humans, the additional pharmacokinetics
of ECa 233 in different species should be verified, particularly in metabolic pathway of major
components of the test compound. This study, therefore, focuses on the differences in metabolic profiles
of triterpenoid glycosides in ECa 233 between rats and humans.
MATERIALS AND METHODS
Chemicals and Reagents
Standardized extract of Centella asiatica, ECa 233, as a raw material was provided by Siam
Herbal Innovation Co., Ltd. (Lot number MRA 0816001, madecassoside 49.33%, asiaticoside 43.12%).
The newly developed ECa 233 capsules were formulated by Pharma Neuva Co., Ltd. (101.8% label
amount of total triterpene derivatives, Lot number K17EC003002/1) in accordance with an approval
quality standard of Good Manufacturing Practice. Analytical standards of asiaticoside (purity > 98.5%)
and asiatic acid (purity > 97.0%) were purchased from Sigma-Aldrich Corp.; madecassoside (purity >
96.7%) and madecassic acid (purity > 97.5%) were purchased from Chromadex Corp. The glycyrrhizin
(purity > 90.0%) and glycyrrhetinic acid (purity > 98.0%) used as the internal standard were obtained
from Wako Pure Chemical Industries, Ltd.
Animals Pharmacokinetic Study
The protocol was reviewed and approved by the Institutional Animal Care and Use Committee,
IACUC of the Faculty of Pharmaceutical Sciences, Chulalongkorn University (approval number 13–
33–007, approval date: March 4, 2013). Male Wistar rats, aged 15-30 weeks, were housed in a
controlled environment at temperature 22  1 C and under 12:12 h light-dark cycle, with free access
to food and water. At least 10 h prior to the beginning of pharmacokinetic study, rats were kept in
metabolic cages without any food provided, but with water still available ad libitum. The formulation
of ECa 233 was freshly prepared in 20% v/v DMSO/NSS solution and was then given to randomized
rats at 100 mg/kg by oral administration. For multiple dosing, rats received 100 mg/kg of ECa 233
solution for seven consecutive days. 300 L of blood samples were taken from the lateral tail vein at 0
(pre-dose), 5, 15, 30 min, and 1, 2, 4, 8, 16, 24 h after dosing. All serial blood samples were kept in
heparinized tubes, then the plasma was separated from the samples using centrifugation at 1,500  g for
10 min and stored at -70 C until analysis.
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Healthy Thai Volunteers Pharmacokinetic Study
The safety and pharmacokinetic study of ECa 233 in healthy Thai volunteers was designed as
an open-labeled, orally single and multiple dosing study under fasting conditions. The study protocol
was approved by the Institutional Review Board, IRB of the Faculty of Medicine, Chulalongkorn
University and Thai Clinical Trials Registry (TCTR 20171107002, approval date: November 6, 2017).
All clinical procedures were performed in compliance with the International Conference on
Harmonization-Good Clinical Practice and the Declaration of Helsinki.
Twelve healthy Thai volunteers were enrolled in this study. They were aged 18-50 years old,
with a body mass index of 18-25 kg/m2. For the single dose, all volunteers were assigned to take one
capsule, 250 mg of ECa 233. Venous blood samples were collected at pre-dose and 0.25, 0.50, 1, 2, 4,
8 and 24 h post-dose via a forearm vein catheter. For multiple dosing, all subjects were administered
one capsule of ECa 233 every morning for the following seven consecutive days. After a three-week
washout period, a 500 mg dose was administered in the same group of subjects, using the same
pharmacokinetic blood sampling time points. Blood samples were then centrifuged at 1,500  g for 10
min and plasma samples were kept at -70 °C until further analysis.
Bioanalysis of ECa 233 Bioactive Compounds in Plasma
The plasma concentration of all major components were determined according to a
modification of the previously published liquid chromatography tandem mass spectrometry method
[6] developed at the Department of Pharmacology and Physiology, Faculty of Pharmaceutical
Sciences, Chulalongkorn University. This LC-MS/MS method was validated according to the
International Conference on Harmonization (ICH) Guidelines “Validation of Analytical Procedures”
[7].
Sample preparation was performed by protein precipitation in the presence of internal
standards. Briefly, 50 L of plasma samples were extracted with 200 L of methanol containing
internal standards. After vortex mixing for approximately 10 min, the mixtures were then centrifuged
at 12,000  g and 4 °C for 10 min. The supernatants were injected into the LC-MS/MS system which
was performed using LCMS-8060 (Shimadzu Corp.) equipped with a triple quadrupole mass
spectrometer. The electrospray ionization was conducted in the negative ion mode and the multiplereaction monitoring mode was used for quantification. The samples were separated on C18 reversed
phase column, model Phenomenex Synergi Fusion-RP with Guard C18 column (Phenomenex, Inc.)
using mobile phase consisting of 100% methanol and 0.2% formic acid in water with a gradient
system (0.0–0.5 min 10% methanol, 0.5–3.0 min 90% methanol, 3.0–5.0 min 10% methanol) at a
flow rate of 0.5 mL/min and 10 L injection volume. The precursor/product ion transitions of
madecassoside, asiaticoside, madecassic acid, asiatic acid, glycyrrhizin, and glycyrrhetinic acid were
973.40/503.30, 957.40/469.20, 503.25/437.15, 487.30/409.45, 821.25/350.90, and 469.35/409.40,
respectively.
Pharmacokinetic Analysis
Pharmacokinetic parameters were determined by non-compartmental analysis using PK
solutions software, version 2.0 (Summit Research Services). The maximum concentration of target
compounds (Cmax) and the time to reach maximum concentration (Tmax) were taken directly from the
individual plasma concentration versus time profile. The area under the curve from time zero to the last
sampling time (AUC0-t) was estimated using the linear trapezoidal rule.
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RESULTS
Rodent Pharmacokinetic Profiles

Figure 1. Rats plasma concentration versus time profiles of (A) madecassoside and (B)
asiaticoside after single or multiple oral dosing 100 mg/kg of ECa 233. Data are presented as
means ± SD (n = 9). The levels of madecassic acid and asiatic acid were below LLOQ.
Table 1. Pharmacokinetic parameters of madecassoside and asiaticoside after oral dosing of
ECa 233 (100 mg/kg/day) on days 1 and 7.
Parent compounds (Triterpenoid glycosides)
Madecassoside
Pharmacokinetic
parameters
Cmaxa (µg/L)
Tmaxa (h)

Day 7

Day 1

Day 7

ECa 233
100 mg/kg

ECa 233
100 mg/kg

ECa 233
100 mg/kg

ECa 233
100 mg/kg

5713.00 ± 5069.38

948.03 ± 1449.37*

1281.60 ± 407.48

209.62 ± 250.74*

0.08 ± 0.00

1.50 ± 3.19

11.4.98 ± 713.29

306.78 ± 234.37*

0.17 ± 0.14

AUCa (µg.h/L)

Asiaticoside

Day 1

7361.88 ± 4195.27

1.30 ± 2.72
1604.40 ± 2066.20*

Notes: adata are expressed as mean ± SD (n = 9); * p < 0.05 pharmacokinetic parameters on day 1 vs. day 7.
Abbreviations: Cmax, maximum plasma concentration; Tmax, time to reach Cmax; AUC, area under the plasma
concentration–time curve from time zero to the last measurable concentration.

Table 2. Pharmacokinetic parameters of madecassic acid and asiatic acid after oral administration of ECa 233
capsules in healthy volunteers, comparing single and multiple doses.
Active metabolites (Triterpenic acid)
Madecassic acid
Day 1

Asiatic acid
Day7

Day 1

Day7

Pharmacokinetic
parameters

250 mg
(n =11)

500 mg
(n =10)

250 mg
(n =11)

500 mg
(n =10)

250 mg
(n =11)

500 mg
(n =10)

250 mg
(n =11)

500 mg
(n =10)

Cmaxa (µg/L)

40.92 ± 25.78

52.14 ± 18.67

42.71 ± 21.06

80.79 ± 27.76

38.02 ± 12.21

84.08 ± 33.91*

51.28 ± 17.91

116.62 ± 32.26*

2.09 ± 2.02

1.70 ± 0.95

2.18 ± 2.14

1.5 ± 0.53

3.00 ± 3.22

1.05 ± 0.37

2.18 ± 2.14

1.65 ± 2.24

348.44 ± 362.47

357.20 ± 116.65

412.66 ± 375.88

681.05 ± 413.17

434.13 ± 195.72

724.75 ± 259.98*

624.97 ± 277.14

1202.29 ± 293.37*

Tmaxa (h)
AUCa (µg.h/L)

Notes: adata are expressed as mean ± SD; * p < 0.05 for significant differences.
Abbreviations: Cmax, maximum plasma concentration; Tmax, time to reach Cmax; AUC, area under the plasma concentration–time curve from
time zero to the last measurable concentration.
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Human Pharmacokinetic Profiles

Figure 2. Plasma concentration versus time profiles of (A) madecassoside, (B) asiaticoside, (C)
madecassic acid, and (D) asiatic acid after single or multiple dose oral administration of 250 mg or
500 mg ECa 233 capsules. Data are presented as means ± SD (n = 10-11).
DISCUSSION
The pharmacokinetic parameters of ECa233 oral administration in rats and human are
listed in Table 1 and 2, respectively. The results in human pharmacokinetic study (Figure 2)
showed that the plasma concentrations of metabolites, madecassic acid (2C) and asiatic acid
(2D), were higher than the concentrations of their respective parent compounds, madecassoside
(2A) and asiaticoside (2B), in both single and multiple dosing. These data support the previous
hypothesis that the two major parent compounds have been biotransformed into active
metabolites in the human body [8, 9]. This finding in human pharmacokinetics seems contrary
to the results of pharmacokinetics in rats (Figure 1). The parent compounds were mainly
observed while their metabolites could not be detected in the plasma concentration-time curve
of rats [6, 10]. These different findings in the metabolic profiles of humans and rats suggest
that there may be a species difference in the metabolic profiles of triterpenoid glycosides in
ECa 233. According to previous report, human gut microbiota had an influence on the
biotransformation of the major parent compound (madecassoside and asiaticoside) and
contributed higher plasma concentration of triterpenic acid metabolites (madecassic acid and
asiatic acid) [9]. Physical and biochemical profiles of rats and subject demographics of healthy
volunteers are shown in Table 3 and 4, respectively. ECa 233 were safe and well tolerated in
both species since there were no significant changes in vital signs, physical examinations, or
any clinical biochemical laboratory tests.
Considering the current understanding in disposition kinetics of ECa 233, MDS and
ASS are not easily absorbed from the gastrointestinal tract since they are glycosides, which
contain large hydrophilic sugars. They are also resistant to gastric acid or any digestive
enzymes [11], so they are mostly retained in the GI tract. Thus, these glycosides can pass
through the upper intestinal tract then continue to exist in the lower tract, where numerous
anaerobes are present as resident microbiota. Consequently, these unabsorbed glycosides,
madecassoside and asiaticoside are hydrolyzed to aglycones, madecassic acid and asiatic acid,
by enzymes produced by intestinal bacteria; this is probably Eubacterium spp., which can
produce -glycosidase, an enzyme responsible for hydrolyzing glycosides [9, 11]. Based on
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the human plasma concentration-time profiles observation, the accumulation of asiatic acid
after repeated doses is highly suggestive. This accumulation might be associated with a
recirculation of metabolite profiles, as mentioned in a previous study [8].
Safety and tolerability assessments in rats and healthy volunteers
Table 3. Physical and biochemical profiles of rats pre- and post-treatment with oral dosing
of ECa 233 (100 mg/kg/day) for 7 consecutive days.
Demographic data
Physical appearance
Clinical laboratory screening a
Creatinine (mg/dL)
SGOT, AST (U/L)
SGPT, ALT (U/L)
a

Baseline
Normal

ECa 233, 100 mg/kg
Normal

0.21 ± 0.03
61.56 ± 11.45
18.67 ± 7.53

0.22 ± 0.04
74.11 ± 35.94
22.00 ± 7.27

Data expressed as mean ± SD, (n = 9).

Table 4. Demographic and baseline characteristic data of participants administered
250 and 500 mg ECa 233 capsules.
Demographic data
Gender, % (n)

Baseline
Female
Male

Age at enrollmentb (year)
Body mass indexa,b (kg/m2)
Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Body temperature (ºC)
Clinical laboratory screening b
White blood cell (x103/µL)
Red blood cell (x106/µL)
Hemoglobin (g/dL)
Platelet (x103/µL)
Fasting blood glucose (mg/dL)
Blood urea nitrogen (mg/dL)
Creatinine (mg/dL)
Albumin (g/dL)
Total bilirubin (mg/dL)
SGOT, AST (U/L)
SGPT, ALT (U/L)
Alkaline phosphatase (U/L)
Total cholesterol (mg/dL)
Triglycerides (mg/dL)
HDL cholesterol (mg/dL)
LDL cholesterol (mg/dL, calculated)
Sodium (mmol/L)
Chloride (mmol/L)
Potassium (mmol/L)
Calcium (mg/dL)
Magnesium (mg/dL)
Phosphorus (mg/dL)
a

118 ± 10
66 ± 8
36.7 ± 0.3
7.37 ± 1.67
5.31 ± 0.36
13.8 ± 1.3
270 ± 40
87.36 ± 6.36
12 ± 4
0.81 ± 0.15
4.33 ± 0.25
0.72 ± 0.35
21 ± 7
25 ± 17
64 ± 21
179 ± 25
92 ± 47
57 ± 8
103 ± 24
139 ± 1
105 ± 2
4.2 ± 0.2
9.5 ± 0.3
2.4 ± 0.2
3.5 ± 0.5

ECa 233, 250 mg
36% (n=4)
64% (n=7)
31.3 ± 8.79
22.15 ± 1.94
112 ± 9
65 ± 12
36.5 ± 0.2
6.76 ± 1.42
5.15 ± 0.40
13.3 ± 1.2
277 ± 66
85.09 ± 5.92
13 ± 4
0.85 ± 0.19
4.26 ± 0.24
0.59 ± 0.23
20 ± 6
22 ± 11
58 ± 17
189 ± 25
78 ± 32
53 ± 7
120 ± 24
139 ± 1
106 ± 3
4.3 ± 0.3
9.5 ± 0.3
2.5 ± 0.1
3.6 ± 0.5

ECa 233, 500 mg
40% (n=4)
60% (n=6)
30.55 ± 8.71
21.93 ± 1.98
115 ± 13
65 ± 12
36.6 ± 0.2
6.16 ± 1.42
4.99 ± 0.40
13.0 ± 1.3
274 ± 58
83.50 ± 5.84
14 ± 4
0.86 ± 0.14
4.26 ± 0.23
0.62 ± 0.30
20 ± 8
22 ± 12
60 ± 18
178 ± 27
72 ± 17
54 ± 8
110 ± 26
142 ± 1
107 ± 2
4.1 ± 0.2
9.2 ± 0.3
2.4 ± 0.2
3.8 ± 0.5

BMI was defined as the body mass divided by the square of the body height.
Data expressed as mean ± SD, (n = 10-11).
Decimal numbers were reported according to laboratory standard of Chula Clinical Research Laboratory, Chula Clinical
Research Center, Faculty of Medicine, Chulalongkorn University.
b
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Actually, ASS seems to be mostly biotransformed by microflora to become ASA [12],
leading to the availability of metabolite profile, and in turn to the increased asiatic acid in blood
circulation that occurred in humans but not in rats. This difference indicates an interspecies variation
in the metabolic profiles of triterpenoid glycosides in ECa 233.

CONCLUSIONS
In summary, there were species differences in metabolic profiles of active components
in standardized extract of C. asiatica, ECa 233. The parent triterpenoid glycosides were mainly
observed in rat plasma, meanwhile metabolite triterpenic acids were major components in
humans after oral dosing of ECa 233. Both species were well tolerated to this extract even at
repeated dose or high dosage regimen, 100 mg/kg/day in rats and 500 mg/day in healthy
volunteers. These new findings support for further strategies of phytopharmaceutical product
development from Centella asiatica.
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ABSTRACT
INTRODUCTION: Topical medications deliver drug dermally or transdermally. After
application, drug needs to penetrate the stratum corneum (SC), which is the outermost skin
layer into the dermis. In the development of new topically administered drugs, particularly
those with dermis as their primary site of action, rat model is suitable for pharmacokinetic (PK)
and pharmacodynamic (PD) assessment. Thus, epidermal-dermal separation is a technique
required for determining drug penetration into the dermis. Among several available separation
techniques, tape stripping is a non-invasive method for the removal of epidermal layer.
However, there are no well-established protocols when rat skin is employed as the model.
OBJECTIVES: In this study, we validated the tape stripping technique for epidermal-dermal
separation in male Sprague Dawley rat skin.
METHODS: We applied constant weight of 700 g on the rat skin surface (1 x 2 cm) covered
by 3M™ Transpore™ surgical tape for 30 s per tape before tape detachment. Then the skin
was fixed in 4% paraformaldehyde, 30% sucrose prior to cross sectioned and stained with
hematoxylin and eosin. The thickness of epidermis layer was evaluated under light microscope.
RESULTS: Our results demonstrated that the SC was completely removed without any
morphological damages to the skin after 4 consecutive cycles of adhesive tape application and
removal.
CONCLUSION: Our procedure offers an easy, effective and cheap method with better
outcome that can be applied in PK and PD studies of topical drugs.
Keywords: Rat skin model, tape stripping techniques, epidermal-dermal separation, topical
drug.
INTRODUCTION
Animal models such as monkey, rabbit, pig and rat have been used for decades in drug
discovery and development. Rat model is the most popular and suitable for pharmacokinetic
(PK) and pharmacodynamic (PD) assessment. Topical medications deliver drug dermally or
transdermally. After application, drug needs to penetrate the stratum corneum (SC), which is
the outermost skin layer, into the dermis and blood circulation. In the development of new
topically administered drugs, particularly those with dermis as their primary site of action, the
amount of drug retained in the dermis should be accurately quantified to establish PK/PD in
skin.
Epidermal-dermal separation is a basic principle technique required for removal of
residual drug in SC from that penetrated into the deeper skin layers. There are several
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separation techniques such as heat, enzymes, chemicals and mechanical methods.1-3 Among the
available separation techniques, tape stripping is a non-invasive method for the removal of
epidermal layer.4 With this technique, SC is trapped into adhesive tapes and easily removed
from the skin. Various protocols of tape stripping techniques have been reported.5 However,
there are no well-established protocols when rat skin is employed as the model.
In this study, we validated the tape stripping technique for SC removal in male Sprague
Dawley rat skin. With the help of constant weight of 700 g per 2 cm2 skin area for 30 s per
tape, the epidermis layer was completely removed without any morphological damages to the
skin after 4 consecutive cycles of adhesive tape application and detachment. Our procedure
offers an easy, effective and cheap method with better outcome that can be applied in PK and
PD studies of topical drugs.
METHODS
Rat skin
Skins of Sprague Dawley male rats 3-5-weeks of age were donated from Laboratory
Animal Center, faculty of Pharmaceutical Sciences, Chulalongkorn University. Whole skin
from the back (dorsal) of each rat was shaved and collected at the area of 2 cm2 (1 x 2 cm).
Determination the thickness of epidermis layers
Skin samples were fixed in 4% paraformaldehyde for 3 days followed by in 30%
sucrose for 1 day. Then the skin tissues were cross-sectioned by a CM1800 cryostat microtome
(Leica, Baden-Württemberg, Germany) at -20oC. Each skin section (30 µm) was transferred
to a microscope glass slide and stained with hematoxylin and eosin (H&E) for 2 days. The
stained samples were evaluated under a Nikon Eclipse E600 light microscope (Nikon
corporation, Tokyo, Japan) equipped with ImageJ program version k 1.45 (U.S. National
Institutes of Health, MD, USA). The visual observation was carried out at 10x magnification.
Tape stripping procedure
The adhesive transpore surgical tape (3M™ Transpore™, 3M health care company,
MN, USA) was applied covering the skin area of 2 cm2. As shown in figure 1, the constant
700 g weight was pressed onto the skin surface for 30 s per tape before tape detachment. This
process was repeated up to 15 consecutive cycles of adhesive tape application and removal.
The skin was fixed and assessed visually under light microscope as abovementioned.

Figure 1. The constant weight used in tape stripping procedure.
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RESULTS AND DISCUSSION
The outermost skin layer SC is the initial exposure site of topical administered drugs
prior to percutaneous penetration to the deeper region. Figure 2 depicts normal rat skin (3-5
weeks rats) with epidermis and dermis layers. The average epidermal thickness of Sprague
Dawley rat skins in this study was 37.584±1.79 µm (n = 5). Apparently, the epidermal skin
layer of Sprague Dawley rats was slightly thicker than that of hairless male rats (30.81±2.83
µm).6 It was reported that the thickness of human and porcine ear epidermal layers was 43 and
60 µm, respectively.

E

Hf
D

300um

Figure 2. Microscopic anatomy of normal rat skin stained with H&E dye, 10x magnification.
Epidermis (E), dermis (D), hair follicles (Hf).
Epidermal-dermal separation is an important step for quantification of drug retained in
either epidermis or dermis layers. Tape stripping of SC is a non-invasive procedure to isolate
epidermis from other skin layers. With this technique, both epidermis and dermis layers can
be collected to further determine drug absorption in skin.7 Different protocols of tape stripping
method have been reported.5 In this study, rat skin was tape stripped with the pressure of
constant 700 g weight on 2 cm2 shaved skin area for 30 s at various consecutive cycles of
adhesive tape application and removal. Figure 3 shows the effect of the number of tape
stripping cycles (1-15 times) on SC removal. Our results demonstrated that the SC was
completely removed without any morphological damages to the skin after 4 consecutive cycles
(Figure 3A-F, Table 1). The number of tape stripping cycles may vary depending on several
factors including skin condition, the thickness of epidermal layer, the types of adhesive tape
and the pressure applied on skin.8 It was reported that porcine ear skin with 60 µm thickness
needed 15 tape stripping cycles with the adhesive tape (Scotch®; 3M, S. Paulo, Brazil) under
the pressure of 2 kg weight (349.3 g per 1 cm2) for 30 s.9 In this study, we introduced the
constant weight to enhance SC trapping into the adhesive tapes. This procedure should provide
better consistency in application of pressure and SC removal than the use of finger pressure
reported elsewhere.5
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Figure 3. Effects of tape stripping on SC removal in normal rat shaved skin.
Microscopic anatomy before tape stripping (A) and after tape stripping 1, 2, 3, 4, 5,
10 and 15 times (B-H) (n=5), 10x magnification. Epidermis (E), dermis (D),
hair follicles (Hf).
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Table 1. Epidermal thickness before and after tape stripping
Number of strips Epidermal thickness (µm ± SD )
0
37.584 ± 1.79
1
13.182 ± 3.02
2
9.173 ± 1.94
3
7.248 ± 1.19
4
N/A
5
N/A
10
N/A
15
N/A

% of control
100
35.07
24.41
19.28
N/A
N/A
N/A
N/A

CONCLUSIONS
Tape stripping is a simple and non-invasive technique for epidermal-dermal separation.
Epidermal removal efficiency for rat skin (2 cm2 area) could be obtained at 4 consecutive cycles
of adhesive tape application (with constant 700 g pressure) and removal.
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ABSTRACT
INTRODUCTION: Human breast cancers contain hypoxic regions and adapt to low oxygen
availability (hypoxic conditions) by increasing the expression of hypoxia-inducible factor-1α
(HIF-1α). A high level of HIF-1α is associated with an increased risk of tumor metastasis and
poor clinical prognosis in cancer patients.
Plumbagin (5-hydroxy-2-methyl-1, 4naphthoquinone) isolated from Plumbago indica L. exerts several pharmacological properties
especially anticancer effects on many cancer cell types including breast cancer cells. However,
the effect of plumbagin under hypoxic condition in MCF-7 breast cancer cells has never been
investigated.
OBJECTIVES: To investigate the anticancer effect of plumbagin on MCF-7 cell viability and
HIF-1α expression under normoxia and hypoxia mimicking conditions.
METHODS: MCF-7 cells were treated with plumbagin at the concentrations between 0.5 to 5
μM for 24, 48, and 72 h. Cobalt chloride (CoCl2) at the concentration of 150 μM was used to
mimic hypoxic condition. The effect of plumbagin on MCF-7 cell viability under normoxic
and hypoxic conditions were determined by MTT assay. The mRNA, protein expression of
HIF-1α and target genes was analyzed by quantitative real-time PCR (qRT-PCR) and western
blotting, respectively.
RESULTS: Plumbagin decreased cell viability in MCF-7 cell line. The IC50 values of
plumbagin are 2.63±0.01 μM, 2.86±0.01 μM and 2.76±0.01 μM at 24, 48 and 72 h,
respectively, under normoxic condition. The results of qRT-PCR and western blotting showed
that CoCl2 significantly induced the expression of HIF-1α mRNA and protein, respectively.
Interestingly, in the presence of plumbagin, HIF-1α mRNA, protein expression levels and HIF1α target genes were down-regulated under CoCl2-induced hypoxia in MCF-7 cells in a
concentration-dependent manner.
CONCLUSIONS: Plumbagin inhibited MCF-7 cell growth and suppressed mRNA and
protein expression of HIF-1α and target genes under hypoxic condition. Therefore, this study
provides the mechanistic basis for potential anticancer effect of plumbagin.
Keywords: plumbagin, hypoxia-inducible factor-1α (HIF-1α), MCF-7 cell, breast cancer
INTRODUCTION
Breast cancer (BC) is one of the most common type of cancer in women worldwide1
and is also one of the cancer burden in Thailand among breast, liver, lung, cervix, and colorectal
cancers.2 The poor prognosis of breast cancer are directly associated with tumor hypoxia3
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which is a common phenomenon in solid tumors. Hypoxia refers to a low oxygen available
stage at tissue level (less than 1–2% oxygenation compared with 21% oxygenation under
normoxia) due to the impaired vascular function and results in an inadequate blood supply.4
Many cellular responses adapt to low oxygen availability (hypoxic conditions) by increasing
the expression of hypoxia-inducible factor-1α (HIF-1α). Activation of HIF-1α causes
transcription process of many genes including pro-angiogenic factors that are critically
involved in tumor aggression. Vascular endothelial growth factor A (VEGF-A) is one of the
most important regulators of tumor-associated angiogenesis.5 Consequently, a high level of
HIF-1α is associated with an increased risk of tumor metastasis and poor clinical prognosis in
cancer patients.6 Since HIF-1α is a key regulator in the malignant solid tumor progression,
therefore, HIF-1α is an attractive target for anticancer treatment.
Plumbagin (5-hydroxy-2-methyl-1, 4-naphthoquinone), one phytochemical compounds
from Plumbago indica L., has been used traditionally for the treatment of carminative, tonic
elements, blood tonic, and anti-diarrhea agent.7 Plumbagin also exerts a variety of
pharmacological properties such as anti-inflammatory, analgesic8, antimutagenicity and
antioxidant activity.9 Under normoxic conditions, the anticancer effects on the inhibition of
breast cancer cell growth,10 promotion of apoptosis11 and suppression of invasion and
migration12 have been reported. However, the effect of plumbagin under hypoxic condition in
MCF-7 breast cancer cells has never been investigated so far. Plumbagin may exert the
anticancer activity by targeting HIF-1α on the adaptation to hypoxic microenvironment in
breast cancer cells. In this study, we investigated the anticancer role of plumbagin on MCF-7
cell viability, HIF-1α expression and downstream target gene under normoxia and hypoxia
mimetic conditions.
METHODS
Human breast cancer cell line (MCF-7) was obtained from the American Type Culture
Collection (ATCC) and maintained in complete growth media Minimum Essential Medium
(MEM) containing 10% Fetal Bovine Serum (FBS), 100 ug/ml penicillin, and 100 μg/ml
streptomycin (Invitrogen, Carlsbad, CA, USA). MCF-7 cells were cultured at 37°C in a
humidified incubator with 5% CO2. MCF-7 cells were plated at a density of 9 × 103 cells/well
in 96-well plates and treated with plumbagin (Sigma-Aldrich, St. Louis, MO, USA) at various
concentrations (0.5 to 5 μM) for 24, 48, and 72 h. Under hypoxic conditions, MCF-7 cells were
pre-treated with cobalt chloride (CoCl2) (Sigma-Aldrich, St. Louis, MO, USA) at the
concentration of 150 μM for 6 h to mimic hypoxic condition followed by treatment with
plumbagin for another 24 h. The effect of plumbagin on MCF-7 cell viability under normoxic
and hypoxic conditions were determined by MTT assay. Data in each group were compared
using a one-way ANOVA with Tukey’s post-test. P-values < 0.05 were considered statistically
significant. For qRT-PCR, total RNA was extracted from cell cultures using the TRIzol reagent
(Invitrogen, Carlsbad, CA, USA) following the manufacturer’s instructions. The purity of the
RNA was determined using a NanoDrop™ One (Thermo Scientific). cDNAs were synthesized
by using an iScript™ Reverse Transcription Supermix for qRT-PCR according to the
manufacturer’s protocol and stored at −20 °C until use. Real time PCR of HIF-1α and VEGFA was performed on equal amount of cDNA following the protocol provided with iTaq™
Universal SYBR® Green Supermix (Bio-Rad, Hercules, CA, USA) and analyzed with ABI
PRISM7500 Sequence Detection System and analytical software (Applied Biosystems,
Carlsbad, CA, USA). A panel of PCR primers were designed using NCBI/Primer-Blast
follows:
HIF-1α,
FW
5ʹ-TTTTGGCAGCAACGACACAG-3ʹ
and
RW
5ʹTTTTCGTTGGGTGAGGGGAG-3ʹ; VEGF, FW 5ʹ-ACAACAAATGTGAATGCAGACCA3ʹ
and
RW
5ʹ-TACCGGGATTTCTTGCGCTT-3ʹ;
GAPDH,
FW
5ʹGACAGTCAGCCGCATCTTCT-3ʹ and RW 5ʹ-ACCAAATCCGTTGACTCCGA-3ʹ.
Samples were analyzed in triplicate and the expression ratio was normalized with GAPDH. For
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protein analysis, total protein was lysed by using RIPA buffer supplemented with protease
inhibitors (Bio-Rad, Hercules, CA, USA) and phosphatase inhibitor cocktail (Roche
Diagnostic, Mannheim, Germany). The protein concentrations were determined by using the
BCA protein assay kit (Bio-Rad, Hercules, CA, USA). Proteins were separated by 10% sodium
dodecyl sulfate–polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto PVDF
membranes. Blots were blocked with 5% nonfat dry milk and probed overnight at 4 °C with
primary antibody: anti-HIF-1α (H1alpha67) (Novus Biologicals, CO, USA); anti-β-actin (Cell
Signaling Technology, Danvers, MA, USA). The membranes were then incubated with specific
secondary antibodies. The detection of the bands was developed using ECL reagent (Millipore,
Darmstadt, Germany) and imaged with ChemiDocTMTouch Imaging system (BioRad,
Hercules, CA, USA). All statistical analysis was performed using GraphPad Prism 6 (GraphPad
Software, San Diego, CA). Samples were analyzed in triplicates and the expression ratio was
normalized with β-actin.
RESULTS
The effects of plumbagin on MCF-7 cell were examined by MTT assay. The cells were
treated with plumbagin (1, 2 and 4 μM) for 24, 48 or 72 h under normoxic and hypoxic
conditions. Results showed that after treatment with plumbagin for 24 h, the cell viability of
MCF-7 cells was reduced in a concentration-dependent manner in both conditions (Figure 1A
and B.). The IC50 values of plumbagin are 2.63±0.01, 2.86±0.01, and 2.76±0.01 μM at 24, 48,
and 72 h, respectively, under normoxic condition. Whereas, under hypoxic condition,
plumbagin had a more potent inhibitory effect on cell viability (IC50 = 2.30±0.02 μM) (Table
1.). This result showed that plumbagin decreased cell viability in a concentration-dependent
manner.
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Figure 1. Plumbagin decreased cell viability in MCF-7 cell line at 24 h.
Data are means ± SEM compared with the vehicle control (n = 3) (*P < 0.05).
Table 1. IC50 values (μM) of Plumbagin in MCF-7 cell line at various time points.
Time
IC50 under normoxic condition
IC50 under hypoxic condition

24 h
2.63±0.01
2.30±0.02

48 h
2.86±0.01
-

72 h
2.76±0.01
-

To examine the effect of plumbagin on HIF-1α protein expression under hypoxic
conditions in MCF-7 cell line was determined by Western blotting. The cells were treated with
various concentrations of plumbagin for 24 h under 150μM CoCl2-induced hypoxic condition.
These chemical mimics hypoxia via inhibits the hydroxylation by prolyl hydroxylase (PHDs)
leading to HIF-1α stabilization, accumulation and translocate into nucleus.13 The results
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showed that CoCl2 significantly induced the expression of HIF-1α protein compared with
normoxic group. Moreover, HIF-1α protein expression level was significantly down-regulated
by plumbagin at the concentration of 4 μM (Figure 2A.). The relative quantity of HIF-1α protein
is shown in (Figure 2B.).
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Figure 2. Plumbagin down-regulated HIF-1α protein expression levels in MCF-7 cell line in
hypoxic conditions. Data are means ± SEM compared with the mimic hypoxia group without
treatment (n = 3) (*P < 0.05).
To determine whether the reduction of HIF-1α protein induced by plumbagin was
attributable to the decrease in transcription, HIF-1α mRNA expression levels were determined
by qRT-PCR. The cells were treated with various concentrations of plumbagin for 24 h under
150 μM CoCl2-induced hypoxia. The results revealed that CoCl2 significantly induced the
expression of HIF-1α mRNA compared to normoxic group. Furthermore, plumbagin at the
concentration of 2 and 4 μM significantly down-regulated HIF-1α mRNA expression levels
(Figure 3A.). In addition, plumbagin at the concentration of 4 μM also significantly downregulated the mRNA expression levels of HIF-1α target genes, VEGF-A (Figure 3B.).
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Figure 3. Plumbagin down-regulates HIF-1α and VEGF-A mRNA expression levels in MCF7 cell line under hypoxic condition. The relative mRNA expression was quantified and
normalized with GAPDH. Data are means ± SEM compared with the mimic hypoxia group
without treatment (n = 3) (*P < 0.05).
DISCUSSION
Plumbagin has been reported to exert cytotoxicity against various cancer cell lines,10,14and also exert antitumor and anti-angiogenic effects in several tumor cells through various
mechanisms under normoxic condition.16-18 However, under hypoxic conditions, HIF-1α
15
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expression is induced and this event promotes tumor growth and angiogenesis. Therefore, the
inhibition of HIF-1α may be a promising target for breast cancer. In this study, we demonstrated
that plumbagin reduced the viability of MCF-7 breast cancer cell lines. In particular, plumbagin
down-regulates HIF-1α mRNA, protein expression levels and HIF-1α target gene (VEGF-A)
under hypoxic condition. This result indicated that plumbagin acted as HIF-1α inhibitor at
mRNA and protein levels in MCF-7 breast cancer cells. However, the underlying mechanism
by which plumbagin affects HIF-1α expressions under hypoxic condition remains to be
investigated.
CONCLUSIONS
In conclusion, plumbagin, a natural compound, exerts anticancer activity on MCF-7
cells by blocking HIF-1α expressions. Plumbagin can be a promising HIF-1α inhibitor targeted
HIF-1α overexpression in hypoxic environment of human breast cancers. This study provides
new insights into anticancer mechanisms of plumbagin in breast cancer.
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ABSTRACT
INTRODUCTION: Lung cancer, non-small cell lung cancer subtype, is one of the major
causes of death worldwide. Failure of current chemotherapeutic treatments leads to the cancer
pathology recurrence and mortality in lung cancer patients. Luteolin (3',4',5,7tetrahydroxyflavone) is a flavonoid compound that possesses anti-cancer effects. However, its
effect on lung cancer is not well understood.
OBJECTIVES: The presents study aimed to investigate the effects of luteolin-induced
apoptosis in non-small lung cancer cell line A549.
METHODS: Cytotoxicity of luteolin (0-80 M) was evaluated by 3-(4,5-dimethylthiazol-2yl)-2,5 diphenyltetrazolium bromide (MTT) assay against A549 human lung cancer cell lines
and the morphological changes were observed using a phase-contrast microscope. Cells
apoptosis was determined by Hoechst 33342 staining after treatment with various
concentrations of luteolin (0-80 M) at 24 hours. Thereafter, intracellular reactive oxygen
species (ROS) and mitochondrial membrane potential (MMP) changes were also determined.
RESULTS: Luteolin treatment significantly decreased cell viability at the dose of 80 µM,
while treatment of the cells with luteolin at 0-50 µM caused no significant toxic effect. Hoechst
33342 staining assay confirmed that apoptosis was not detectable in the luteolin-treated cells
at 0-20 µM. The apoptotic cells with fragmented or condensed nuclei were observed in the
cells treated with 40, 50 and 80 µM luteolin. Additionally, ROS production and MMP changes
were significantly increased in response to luteolin (40 and 80 M) treatment in a
concentration-dependent manner.
CONCLUSIONS: These results reveal that luteolin induced lung cancer cells apoptosis
through enhancing ROS production and MMP changes which could develop as an anti-cancer
therapeutic agent.
Keywords: A549, apoptosis, intracellular reactive oxygen species, mitochondrial membrane
potential, lung cancer
INTRODUCTION
Lung cancer is one of the leading causes of death worldwide, and the incidence of nonsmall cell lung cancer (NSCLC) is approximately 80 % among other subtypes.(2) Chemotherapy
efficiency is often attended by a number of side effects including nausea and vomiting,
neurotoxicity, renal toxicity, and also the recurrence of malignancies.(12,14) Accordingly, drug
developments are needed for higher efficacy with fewer side effects. An abundant number of
anti-cancer agents developed from herbal sources have been found to be effective in the
treatment and prevention of cancers.(4,6)
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Luteolin, 3’,4’,5,7-tetrahydroxyflavone, is a natural flavonoid presented in several
plants including carrots, broccoli, onion leaves, parsley, celery, sweet bell peppers, and
chrysanthemum flowers.(13) It has been recorded to display various pharmacological effects for
example anti-inflammation(9), anti-oxidant(18), anti-diabetic(3) cardioprotection(15) and
neuroprotection.(1) Recently, luteolin has been noted as a promising class of anti-cancer agents
against many types of malignancies and cancer including melanoma, liver, lung, breast, colon,
brain, prostate and epidermal cancer.(7) However, its effect on lung cancer is not well
understood. The present study aimed to investigate the effects of luteolin-induced apoptosis in
non-small cell lung cancer cell line A549.
MATERIALS AND METHODS
Chemicals and reagents
Luteolin,
dimethylsulfoxide
(DMSO),
3-(4,5-Dimethylthiazol-2-yr)-2,5diphenyltetrazolium bromide (MTT), 2’,7’-dichloro-fluorescein diacetate (DCFH-DA), Nacetylcysteine (NAC) and Hoechst 33342 were purchased from Sigma Chemical, Inc. (St.
Louis, MO, USA). Tetramethyl rhodamine ethyl ester (TMRE) was purchased from Abcam
(MA, USA). Luteolin was dissolved in DMSO and treated to the cells at a final concentration
of 5-80 μM. DMSO concentration in culture medium was always less than 0.1% (v/v) thereby
it was not toxic to the cells.
Cell culture
Human non-small cell lung cancer A549 cells were provided from Cell Lines Service
(CLS, Eppelheim, Germany) and cultured in DMEM/Ham's F-12 medium containing 2 mM Lglutamine, 10% fetal bovine serum, 100 units/ml penicillin and 100 µg/ml streptomycin, at 37
ºC with a 5 % CO2 incubator atmosphere.
Cell viability assay
Cell viability was measured using MTT colorimetric assay. A549 cells (104 cells/well)
were grown into each well of a 96-well plate and incubated for 24 h. Then, cells were exposed
to different concentrations of luteolin (0-80 μM) for 24 h. After incubation, the medium was
discarded and added with MTT solution for 2 h at 37 °C. Formazan product was solubilized
with 100 μL DMSO, and then the intensity was detected at 570 nm using a microplate reader
(Biotek, Winooski, VT, USA).
Nuclear staining assay
A549 cells were grown at a density of 5 × 104 cells/well in 24-well plates and treated
with luteolin at various concentrations (0-80 μM) for 24 h at 37 °C. Then, the cells were
incubated with 10 μg/ml Hoechst 33342 for 30 min at 37 °C. The apoptotic cells with
condensed chromatin and fragmented nuclei were taken by using a fluorescence microscope
(Olympus IX70) supplied with a DP73 digital camera system (Olympus, Tokyo, Japan).
Determination of intracellular ROS production
The intracellular ROS generation was determined using a DCFH-DA method. A549
cells were plated and then treated with luteolin (40 and 80 μM) for 24 h prior to incubation
with 20 µM DCFH-DA for 1 h in a dark condition. The fluorescent 2’, 7’-dichlorofluorescein
(DCF), which was converted from DCFH to DCF by the ROS inside the cells, was determined
by a fluorescence microplate reader (BioTek, Highland Park, USA) at excitation 485 mn and
emission 530 nm.
Measurement of mitochondrial membrane potential (MMP) change
The changes of MMP were evaluated by TMRE mitochondrial membrane potential
assay kit. Cells were treated with or without luteolin and then incubated with TMRE for 20
min at 37º C in the dark. MMP was quantified under fluorescence microplate reader using
549/575 nm wavelength (BioTek, Highland Park, USA).
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Statistical analysis
All results are presented as mean ± standard error of the mean (SEM, n = 4). The data
were analyzed by one-way ANOVA. Statistically significant differences from the control were
created when p < 0.05.
RESULTS
Effect of luteolin on cell viability and apoptosis in A549 cells
To evaluate the cytotoxicity of luteolin, the cells were seeded and treated with various
concentrations (0-80 μM) of luteolin for 24 h, and cell viability was evaluated by MTT assay.
Figure 1 shows that 80 µM of luteolin causes significant cytotoxic effects on A549 cells.
Morphological observation of cell death after treatment with luteolin was examined in this
study by both phase contrast and fluorescence microscopy. Phase contrast microscopy revealed
that luteolin induced cell death in A549 cells in comparison to the untreated control (Figure
2A). Distinctive morphological alterations including the loss of cell processes, more rounded
morphology, and reduction of viable cells were detected in various concentrations of luteolin
(20-80 µM). In addition, fluorescence microscopy was used to examine the nuclear staining
and found that the apoptotic cells were not detected in the cells treated with luteolin at 0-20
μM, whereas 40-80 μM luteolin promoted an increase in apoptotic cells, illustrated by
condensed and fragmented nuclei (Figure 2B).

Figure 1. Effect of luteolin on A549 cell viability assessed by MTT assay after 24 h treatment.
Percentage of cell viability after treatment with various concentrations are shown as mean ±
SEM of four independent experiments. *p < 0.05 versus the control.
Effect of luteolin on intracellular ROS production
We investigated whether luteolin could generate intracellular ROS which is known to
activate biochemical changes including apoptosis in the A549 cells. Figure 3 demonstrated that
40 and 80 µM luteolin significantly increased the percentage of ROS generation in A549 cells
in a concentration-dependent manner compared to the untreated control group (p < 0.05).
Furthermore, we found that 5 mM NAC caused a significant reduction of ROS after luteolin
treatment as shown in Figure 3 (p < 0.05). These results support the evidence that intracellular
ROS production play an important role in luteolin-induced apoptosis in A549 cells.
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Figure 2. The alterations of cell morphology and apoptosis of A549 cells after treatment with
luteolin for 24 h. (a) Inverted microscope evaluated cell morphology on A549 after exposure
with 0-80 μM luteolin. (b) Fluorescence staining of Hoechst 33342 examined apoptotic nuclei
on A549 after exposure with 0-80 μM luteolin. Scale bar: 50 µm

Figure 3 Effect of luteolin on intracellular ROS production in A549 cells by DCFH-DA assay.
Data are shown as mean ± SEM of four independent experiments. *p < 0.05 versus the control,
** p < 0.05 versus 80 μM luteolin.
Effect of luteolin on MMP changes
The disruption of MMP plays a crucial role in the mechanism of apoptosis thus we
evaluated, by TMRE assay, whether luteolin is able to induce A549 cell death via the
mitochondrial pathway. As shown in Figure 4, luteolin exposure showed a significant loss of
mitochondrial membrane potentials in comparison to the control group (p < 0.05), indicating
the presence of luteolin mediated the distress of mitochondrial metabolic activity.
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Figure 4 Mitochondrial membrane potential upon treatment with luteolin. A549 cells were
exposed to the 0, 40 and 80 µM luteolin. Data are shown as mean ± SEM of four independent
experiments. * p < 0.05 versus the control.
DISCUSSION
Luteolin is a flavonoid found in fruits, vegetables and medicinal herbs.(13) Although
luteolin is known to induce apoptosis in various types of cancers,(16,8,10) the precise mechanism
of luteolin-induced apoptosis via MMP pathway is not well clarified. This study investigated
the effects of luteolin-induced apoptosis in human A549 cells.
We first determined the anti-proliferative effect of luteolin on human lung cancer A549
cell lines and found that luteolin exhibited cytotoxic effect against A549 lung cells. Our
experiments were in line with previous reports on gastric cancer, hepatoma, and colon cancer
cells proliferation which have been inhibited by luteolin.(16,8,10)
Further observation elucidated the significance of luteolin on the initiation of apoptosis
cell death in A549 cells by both morphological and biochemical assays. Following the
apoptosis cell death process, the apparent morphological characteristics of apoptotic cells
display nuclear fragmentation and chromatin condensation. Consequently, the apoptotic
nucleus further condenses in the late stage and eventually breaks up.(19) The microscopic
investigation of the staining assay revealed the alterations in the morphological structures of
luteolin exposed cells, when compared to the control.
It is known that various anticancer agents negotiate apoptotic properties by stimulating
ROS generation in order to target cancer cells.(11) Findings from our study showed that
treatment of A549 cells with luteolin augmented the production of intracellular ROS. These
results were in good agreement with previous findings which reported an increase of ROS after
treatment with luteolin in gliomablattoma, non-small cell lung cancer and myeloma.(5,17,20,)
Even though these results differ from some published study which were tested on colon cancer
cell(8), this might be associated with the difference type of cell and the concentration of luteolin
exposed to the cells.
Mitochondria, the main source of ROS generation, are often recognized as important
coordinators of cell death. The changes of MMP lead to an increased of ROS production, and
the release of cytochrome C and other apoptogenic proteins. In order to assess the mitochondria
function, we used the tetramethylrhodamine ethyl ester (TMRE) fluorescence probe to label
the active mitochondria. As shown in Figure 4, the MMP of A549 cells exposed with luteolin
was greatly diminished in comparison to the untreated control. This result indicted that MMP
changes might be associated with upregulated in ROS production and apoptosis in the cells.
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CONCLUSIONS
Our present findings suggest that luteolin suppresses the growth of human A549 cells
presumably by ROS-mediated mitochondrial apoptosis pathway. However, further
investigations are still needed to explore the specific molecular mechanism as additional
information for the anti-cancer activity of luteolin.
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