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Structural characterization and biological activities of a novel
polysaccharide from Phyllanthus emblica
Zihan Zeng1,*, Wenjie Lv2,*, Yongshuai Jing2, Zhiyan Chen3, Liyan Song2,3, Ting Liu3,
Rongmin Yu2,**
1

Pharmaceutical Department, the First Affiliated Hospital of Jinan University, Guangzhou, Guangdong Province, China;
Biotechnological Institute of Chinese Materia Medica, Jinan University, Guangzhou, Guangdong Province, China;
3
Department of Pharmacology, Jinan University, Guangzhou, Guangdong Province, China.
2

Summary

A novel water-soluble polysaccharide named PEPW80-1, with a molecular mass of 4.7 kDa,
was isolated from the pulp tissues of Phyllanthus emblica, and purified by sephadex G-100
column and sephacryl S-300 HR chromatography. The structural features of PEPW80-1 were
investigated by a combination of acid hydrolysis, periodate oxidation-Smith degradation,
methylation analysis, gas chromatography-mass spectrometry, scanning electron microscope,
Fourier transform infrared spectroscopy, and nuclear magnetic resonance spectroscopy. The
results showed that PEPW80-1 had a specific optical rotation of
(c = 0.5 mg/mL)
and its backbone composed of (1,3)-linked-β-L-rhamnose and (1,3,6)-linkage-β-D-galactose,
with two branch chains of (1,4)-linked-α-D-galactose and (1,6)-linked-β-D-galactose and
terminated with 1-α-L-arabinose. The antioxidant assays showed that PEPW80-1 possess
2,2-diphenyl-1-picrylhydrazyl radical-scavenging activity and hydroxyl radical-scavenging
activity, enhancing reductive power. The results of immunomodulatory assays in vitro showed
that PEPW80-1 could promote the proliferation of mouse splenocytes. Those proposed that
PEPW80-1 might be developed as a potential value-added product with the activities of
immunomodulator and free-radical inhibitors.
Keywords: Phyllanthus emblica, polysaccharide, structure characterization, antioxidant activities,
immunomodulatory activity

1. Introduction
In recent years, polysaccharides extracted from plants,
animals and microorganisms have attracted increasing
attention due to their unique biological activities (1),
such as antioxidant activity (2), hepatoprotective
activity (3), antitumor activity (4), immunomodulatory
activity (5) and interferon-inducing activity (6).
Many studies have demonstrated that botanical
polysaccharides have the potential to activate cells

Released online in J-STAGE as advance publication April 25,
2017.
*These authors contributed equally to this works.
**Address correspondence to:
Dr. Rongmin Yu, Biotechnological Institute of Chinese Materia
Medica, Jinan University, Guangzhou 510632, Guangdong
Province, China.
E-mail: tyrm@jnu.edu.cn

involved in innate immunity (7). Interestingly, the
botanical polysaccharides have also been proven to
possess high antioxidant activities (8). Literature also
indicates that the herbal antioxidants concurrently
exhibit significantly immunomodulatory activities
(9). It is therefore of great interest to investigate
immunomodulatory effects of herbal polysaccharides
that exhibit antioxidant activity with low toxicity.
Oxidation is essential to many organisms for the
production of energy to fuel biological processes.
However, reactive oxygen species are often overproduced under pathological conditions, resulting in
oxidative stress (10). There are many kinds of reactive
oxygen species (ROS), such as hydrogen peroxide (H2O2),
hydroxyl radical and singlet oxygen (11). Although
ROS at physiological concentration may be required
for normal cell function, excessive amount of ROS can
damage cellular components such as lipids, proteins and
DNA. Many diseases such as cancer, cardiovascular
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diseases, rheumatoid arthritis, and atherosclerosis are
believed to be related to the production of excessive
amounts of ROS in the body (12). The free radical
theory of aging suggests that the damage produced
by the interactions of such free radicals with cellular
macromolecules results in cellular senescence and aging.
Although almost all organisms possess antioxidant and
repair systems to protect them against oxidative damage,
these systems are insufficient to prevent the damage
entirely (13).
There is increasing evidence that many kinds of
polysaccharides isolated from plants, fungi and bacteria
are associated with immunostimulatory properties
without significant side effects (14). The spleen combines
the innate and adaptive immune system in a uniquely
organized way, which has been the most important
organ for antibacterial and antifungal immune reactivity.
Therefore, the spleen has been an ideal tissue in immune
research (15).
Phyllanthus emblica is extensively distributed in
subtropical and tropical areas of China, India, Indonesia,
and Malaysia and well known by consumers for its
unique taste. The fruit of P. emblica, which has been
used widely for thousands of years in Chinese and
Indian traditional medicinal systems (16), was reported
to have lipid-lowering (17) and hypoglycemic activities
(18). It acts as not only an important constituent of
many hepatoprotective formulations available (19),
but also an antimicrobial (20,21), anticancer (22,23)
and antiinflammatory agent (24,25), improving metalinduced clastogenic effects (26).
In the present study, we report for the first time
the extraction, purification, structural characterization
and ultrastructure of PEPW80-1 from the pulp
tissues of P. emblica and evaluate its antioxidant and
immunomodulatory activities in vitro.
2. Materials and Methods
2.1. Materials and reagents
Kunming mice (male, 8-12 weeks old, 18.0-20.0 g,
License No. SCXK, 2011-0029) were purchased from
Experimental Animal Center of Sun Yat-sen University,
Guangzhou, Guangdong province, China. All mice were
kept at the animal facilities under specific pathogenfree condition until used. Sterile food and water were
supplied.
The fresh fruits of P. emblica, at the commercially
mature stage, were purchased from Jieyang, Guangdong
province, China. The material was identified by Professor
R.M. Yu, College of Pharmacy, Jinan University, China.
The fruit was dried at 55°C, and the pulp tissues were
carefully removed from the seeds.
Diethylaminoethyl (DEAE) cellulose-52 was
obtained from Whatman Ltd. (England). Sephadex G-100
and Sephacryl S-300 HR was purchased from Amersham

Biosciences (Swenden). Ascorbic acid (vitamin C,
Vc), H2O2, ferrous sulfate (FeSO4), and sulfate acid
(H 2SO 4) were obtained from Guangzhou Chemical
Reagent Co., Guangzhou, Guangdong province, China.
All other reagents were obtained from Sigma Chemical
Co. (USA) and all reagents were of analytical grade.
Dimethylsulfoxide (DMSO), 3-(4,5-dimethylthiazol-2y1)-2,5-diphenyltetrazolium- bromide (MTT), trypan,
concanavalin A (Con A), penicillin G and streptomycin
were obtained from Sigma Chemical Co. (St. Louis, MO,
USA).
2.2. Preparation and isolation of polysaccharides
Preparation of the crude polysaccharide (PEPW80)
from P. emblica was performed by water extraction
and ethanol precipitation (27). P. emblica powder was
extracted with 95% ethanol and then with distilled
water for 2 h at 80°C three times. The water extracts
were combined, filtered, concentrated, and then
precipitated by addition of four-fold-volume of 95%
ethanol. The precipitate was collected by centrifugation
and dissolved by distilled water. The solution was
deproteinated by a combination of papain enzymolysis
and Sevag method, then dialyzed against tap water and
distilled water, each for 48 h and lyophilized to obtain
PEPW80. The obtained polysaccharide was applied to
DEAE-52 cellulose column (1.6 × 50 cm) equilibrated
with distilled water. The polysaccharide was fractionated
and eluted at 0.7 mL/min of distilled water and sodium
chloride (NaCl) solutions (0-0.8 mol/L), respectively. The
main fractions were combined according to the total
carbohydrate content quantified by the phenol-sulfuric
acid method. Then one of fractions PEPW80-b was
further fractionated with size-exclusion chromatography
on a sephadex G-100 column (1.6 × 50 cm) and eluted
at the flow rate of 0.3 mL/min with deionized water.
The fraction was collected, concentrated, dialyzed
and lyophilized to obtain a puriﬁed polysaccharide
(PEPW80-1). The PEPW80-1 was then stored in bottle
desiccators at room temperature for further study.
2.3. Measurement of molecular weight of PEPW80-1
Molecular weight of PEPW80-1 was determined by gel
permeation chromatography on a column of sephacryl
S-300 HR (2.6 × 80 cm) with water as the eluant at a
flow rate of 0.3 mL/min. The column was calibrated
with glucose, standard T-series dextran and blue dextran,
respectively. Elution volume of polysaccharide was
plotted in the same graph, and then the molecular weight
of PEPW80-1 was determined.
2.4. Analysis of monosaccharide composition
PEPW80-1 (5.0 mg) was hydrolyzed with 2.0 M
trifluoroacetic acid (TFA, 10 mL) at 100°C in a reaction
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tube for 6 h. Excess acid was removed by evaporation on
water bath at 60°C and co-distilled with methanol after
the hydrolysis was completed. The hydrolysate (1.0 mg)
was dissolved in pure water (1.0 mL) and used for the
ion chromatographic analysis by high performance anion
exchange chromatography-pulsed amperometric detector
(HPAEC-PAD) on the Dionex ICS-2500 system, eluted
with a mixture of water and 200 mM sodium hydroxide
(NaOH) in the volume ratio of 92:8 (28).

water, each for 48 h. After dialysis, the retentate was
freeze-dried, hydrolyzed with 2 M TFA (1 mL) at 120°C
for 2 h, reduced by sodium borohydride (NaBH4),
acetylated with pyridine (0.5 mL) and acetic anhydride
(0.5 mL) at 90°C for 1 h and then analyzed for sugar
composition by gas chromatography (GC). GC was
performed on a Shimadzu GC-14C instrument equipped
with a hydrogen flame ionization detector and an Rtx2330 column (0.32 mm × 15 m, i.d. 0.2 μm).

2.5. Partial acid hydrolysis of PEPW80-1

2.7. Fourier transform infrared spectrophotometer (FTIR) analysis

Fractions 1 and 2 were hydrolyzed with 2 M TFA,
after excess TFA in the fraction was removed by codistillation with methanol (1 mL × 3), and fraction 3
was tested by HPAEC-PAD, respectively (Figure 1).
2.6. Periodate oxidation‒Smith degradation
The periodate oxidation analysis was performed as
described in reference (29). The sample (25 mg) was
dissolved in 0.015 M sodium periodate (NaIO4) (25 mL)
and the solution was kept at 4°C in dark. The A223 nm
of the reaction solution was measured every 6 h with
a spectrophotometer. After the oxidation reaction was
completed (96 h), the excess NaIO4 was decomposed
with ethylene glycol (1 mL). The amount of NaIO 4
consumption was calculated according to the decrease
in absorbance at 223 nm. Formic acid production was
determined by titration with 0.01 M NaOH. The reaction
mixture was dialyzed against tap water and then distilled

FT-IR spectrum of the sample was determined using a
Fourier transform infrared spectrophotometer (Nexus
5DXC FT-IR, Thermo Nicolet, America). The sample
was grounded with spectroscopic grade potassium
bromide (KBr) powder and then pressed into a 1 mm
pellet for FT-IR measurement in the frequency range of
4,000-400 cm−1 (27).
2.8. NuclearMagneticResonance (NMR) analysis
The freeze-dried polysaccharide was kept over
phosphoric anhydride (P2O 5) in vacuum for several
days. The deuterium-exchanged polysaccharides (30
mg) were put in a 5-mm NMR tube and dissolved in 0.5
mL 99.96% deuterium oxide (D2O). 13C NMR spectrum
was recorded with a Bruker AM 500 MHz spectrometer
(Bruker, Rheinstetten, Germany), operating frequencies
100.61 MHz for 13C NMR at 30°C. Chemical shift was

Figure 1. Procedure of partial acid hydrolysis of PEPW80-1.
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expressed in ppm. Tetramethyl-silane was used as an
internal standard.

2.10.3. Ferric-reducing antioxidant power

2.10. Determination of antioxidant activities in vitro of
PEPW80-1

Ferric-reducing antioxidant power (FRAP) potential of
PEPW80-1 was determined according to the modiﬁed
method by Nakajima (31). Different concentrations (0.13.2 mg/mL) of PEPW80-1 was mixed with 2.5 mL of
0.2 M phosphate buffered saline (PBS) (pH 6.6) and
2.5 mL of 1% potassium ferricyanide (K3[Fe(CN)6]).
The mixture was incubated at 50°C for 20 min. Aliquots
(2.5 mL) of 10% trichloroacetic acid were added to the
mixture, which was then centrifuged for 10 min at 1,500×
g. The upper layer of solution (2.5 mL) was mixed with
2.5 mL of distilled water and 0.5 mL of 0.1% FeCl3, and
the absorbance was measured at 700 nm using UV-vis
spectrophotometer (UV-2450, Shmadzu, Japan).

2.10.1. DPPH radical-scavenging assay

2.11. Measurement of immunomodulatory activity

2,2-Diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity was measured using the method with
slight modiﬁcation (28). The solution of DPPH radical
(0.1 mM) in methanol was prepared and 1.0 mL of this
solution was added to 3.0 mL of the polysaccharide of
different concentrations (0.1-3.2 mg/mL) in water. The
mixture was shaken and incubated at 25°C for 30 min
in the dark, and then the absorbance was measured at
517 nm against a blank (water instead of test sample
and DPPH radical solution). Lower absorbance of
the reaction mixture indicates higher free-radical
scavenging activity. The percent scavenging activity
was calculated by the following formula:

2.11.1. Cells and animals

2.9. Scanning electron microscopy analysis
Specimen was glued on specimen stubs using silver
conducting tape and coated with gold–palladium using
a sputter coater (BAL-TEC SCD 500, Liechtenstein).
Scanning electron micrographs were obtained using an
environmental scanning electron microscopy (SEM)
(XL 30 ESEM, Philips, Holland) with the parameters
HJ: 20 kV, resolution ratio: 3.4 nm, and spot: 4.

Scavenging rate (%) = [1 − (A1 − A2)/A0] × 100
where A0 is the absorbance of the control (water instead
of test sample solution), A1 is the absorbance of the
sample. A 2 is the absorbance of the sample under
identical conditions as A1 and with water instead of
DPPH radical solution.
2.10.2. Hydroxyl radical-scavenging (HOSC) assay
Hydroxyl radicals were generated using an innovative
method (30). Sodium phosphate buffer (3 mL, 150
mM, pH 7.4), which contained 10 mM ferrous sulfate
(FeSO 4 ), 2 mM sodium salicylate, 6 mM H 2 O 2 ,
and different concentrations (0.1-3.2 mg/mL) of
polysaccharide, were incubated at 37°C for 1 h. The
absorbance was detected at 510 nm, and Vc was used
as a positive control. The percent scavenging activity of
hydroxyl radicals was calculated as follows:
Scavenging rate (%) = [(As − A0)]/[(A − A0)] × 100
where A s is the absorbance in the presence of the
sample, A 0 is the absorbance of the control in the
absence of the sample, and A is the absorbance without
the sample and Fenton reaction system.

Splenocytes were prepared from mice as described
by Kim (6). The cells were freed of red blood cells by
treatment with lysis buffer (0.15 M ammonium chloride
(NH 4Cl), 0.01 M potassium bicarbonate (KHCO 3),
and 0.1 mM sodium ethylene diamine tetracetate
(Na2EDTA), pH 7.4). To remove adherent cells such
as macrophages, splenocytes were incubated for 2 h in
Petri dishes at a concentration of 5 × 106 cells/mL. The
suspended cell populations were collected and used as
the splenocytes populations.
2.11.2. Splenocytes proliferation
The splenocytes proliferation was assessed by using
MTT-based colorimetric assay as previously described
(32). An aliquot of 100 μL of splenocytes was seeded
into 96-well flat bottom microtitre plates, thereafter the
polysaccharide (final concentration 25, 50, 100, 200 and
400 μg/mL) was added, giving a final volume of 200
μL. Con A was used for reference purposes at a final
concentration of 10 μg/mL. After incubation at 37°C in
a humid atmosphere with 5% carbon dioxide (CO2) for
48 h, 50 μL of MTT solution (1 mg/mL) was added to
each well and incubated for another 6 h. The plate was
centrifuged on 1,000× g for 5 min and the supernate was
discard, and then 150 μL DMSO was added per well.
Absorbance at 570 nm was measured on a microplate
reader (Multiskan Spectrum, Thermo Scientific
Instruments).
2.12. Statistical Analysis
All experiments were repeated three times. Results are
presented as the mean ± the standard error of the mean
(SEM). Comparison of the data was performed using
the single-factor analysis of variance (ANOVA) test.
Significance was defined as a p value of < 0.05.
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3. Results
3.1. Fractionation of PEPW80-1
Two fractions consecutively eluted by 0-0.8 mol/L NaCl
through an anion-exchange column were respectively
coded as PEPW80-a and PEPW80-b. The yield of
PEPW80-a and PEPW80-b respectively accounted for
5.08% and 56.02% of the crude polysaccharide extract,
while the ratio of their peak areas was 3.07:35.02,
indicating that PEPW80-b was the major component.
PEPW80-b was further purified on a Sephadex G-100
(GE Health Care Biosciences AB, Uppsala, Sweden)
gel filtration column (600 × 16 mm), and then the
collected fraction was checked by sephacryl S-300
HR column which showed a single, symmetric, and
sharp peak, named PEPW80-1, indicating nearhomogeneity, with purity of 98.4% (data not shown).
Surface and clear shape of refined polysaccharides
could be observed with SEM. SEM analysis of the
membrane sample provides a qualitative indication of
the nature of polysaccharides. As shown in the Figure
2, the amber-colored loose powder PEPW80-1 was
smooth and regular. In addition, PEPW80-1 contained
no protein and nucleic acid, as evidenced by the lack of
absorbance near 260 and 280 nm.
3.2. Structural elucidation of PEPW80-1
PEPW80-1 was consisted of rhamnose, arabinose and
galactose (3.02:1.00:4.23). Its initial structural features
were analyzed by partial acid hydrolysis, methylation,
FT-IR and 13C NMR.
The average molecular weight of the PEPW801 was determined to be 4.7 kDa by gel permeation
chromatography (GPC) technique on a Sephacryl S-300
HR column. Calibration was performed with dextran
molecular weight standards. In the FT-IR spectrum
of PEPW80-1, the strong band at 3,425.4 cm -1 was
attributed to the hydroxyl stretching vibration of the
polysaccharide, and that at 2,926.6 cm-1 was due to the
C-H stretching vibration absorption. The absence of
any bands at 1,735.0 cm-1 confirmed that there was no
uronic acidic in this fraction. The band around 1,624.7
cm-1 was due to the bound water. The absorption band at
890.0 cm-1 indicated that PEPW80-1 contained a β-type
glycosidic linkage in its structure and the characteristic
bands at 1,000.0-1,100.0 cm-1 suggested the presence of
pyranose form of the glucosyl residue.
The analysis results of fractions 1 and 2 showed that
the branched structure of PEPW80-1 was composed
of galactose and terminated with arabinose, and that
of fraction 3 indicated that rhamnose, galactose could
be the backbone of the structure of PEPW80-1. The
periodate oxidized products were fully hydrolyzed
and analyzed by GC after 2M TFA hydrolysis. The
results showed that there were galactose, rhamnose in

Figure 2. PEPW80-1 of imaged by SEM. a: 2.00 KX, b:
10.00 KX, c: 30.00 KX.

the oxidation products. The presence of rhamnose and
galactose indicated that some residues of rhamnose
and galactose were 1,3-, 1,2,3-, 1,2,4-, 1,3,4-, 1,3,6- or
1,2,3,4-linked, which cannot be oxidized. At the same
time, a part of galactose were 1,4- and 1,6-linkage,
which might be oxidized to produce erythritol and
glycerol.
NMR spectroscopy has been the most powerful
technique for the structure analysis of carbohydrates
(33). The data (δ, ppm) of 13C NMR of PEPW801 was shown in Figure 3, and five signals appeared
in the anomeric region, suggesting the presence of
five different linkage patterns. The data of 13C NMR
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Figure 3. 13C-NMR spectrum of PEPW80-1.
Table 1. Assignment of 13C NMR chemical shifts of PEPW80-1
Sugar residue
ɑ-L-Araf(1→
→3)-β-L-Rhap(1→
→6)-β-D-Galp(1→
→3,6)-β-D-Galp(1→
→4)-α-D-Galp(1→

Chemical shifts (ppm)
C1

C2

C3

C4

C5

C6

109.2
108.3
103.7
103.3
97.21

81.5
78.9
74.1
73.2
70.3

76.5
83.8
76.1
77.0
69.8

83.8
76.7
71.4
69.9
78.9

64.0
74.1
75.1
76.7
68.8

64.0
68.8
61.3

identified the signals as 1,6-β-D-galactopyranose (δ
103.7), 1,3,6-β-D-galactopyranose (δ 103.3), 1,3-β-Lrhamnopyranose (δ 108.3) 1,4-α-D-galactopyranose (δ
97.2) and 1-α-L-arabino- furanose (δ 109.2) terminal
residues. The result also proposed that the backbone
was composed of 1,3,6-β- D -galactopyranose and
1,3-β- L -rhamnopyranose residues, with two branch
chains of (1,4)-linked-α-D-galactose and (1,6)-linkedβ-D-galactose and terminated with 1-α-L-arabinose (3435,28). The assignment of the carbon atom signals was
shown in Table 1.
According to above elucidation, PEPW80-1 could be
proposed as a heteropolysaccharide, with a backbone of
1,3-β-L-rhamnose and 1,3,6-β-D-galactose, two branch
chains of 1,6-β-D-galactose and 1,4-α-D-galactose based
on the experimental results. The terminal residue was
1-α-L-arabinose. On the basis of above discussion, the
structure of PEPW80-1 might be assigned as Figure 4.
3.3. Methylation analysis by GC-MS
Methylation analysis by GC-MS was used to provide

CH3
16.4

Figure 4. The proposed structure of PEPW80-1.

more structural information for PEPW80-1. The results
shown as 2,4-Me 2 -Rha, 2,3,6-Me 3 -Gal, 4,6-Me 2 Gal, 2,3,4-Me 3-Gal, 2,3,4-Me 3-Ara in a molar ratio
of 4.03:1.07:1.05:1.00:1.15 (Table 2). Therefore, it
suggested that the repeating unit of PEPW80-1 consisted
of 1,3-linked galactose, 1,4,6-linked galactose, 1,6-linked
galactose, 1,3-linked rhamnose and 1-linked glucose.
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Table 2. Glycosidic linkage composition of methylated PEPW80-1
Methylation sugar
2,3,6-Me3-Gal
2,4-Me2-Gal
2,3,4-Me3-Gal
2,3,4-Me3-Ara
2,4-Me2-Rha

Molar ratio
1.07
1.05
1.00
1.15
4.03

Mass fragments (m/z)
43, 59, 72, 118, 233
43,86, 117, 129, 189
43, 71, 101, 129, 161, 189, 233
43, 45, 71, 87, 101, 117, 129, 161
43, 59, 69, 75, 85, 99, 101, 117, 129

Linkage type
1→4
1→3,6
1→6
1→
1→3

Figure 6. Effects of PEPW80-1 promoted splenocyte
proliferation. Values are means ± SD of three separate
determinations.

3.4. Antioxidant activity of PEPW80-1
3.4.1. Scavenging activity to the DPPH radical
As shown in Figure 5a, the results of scavenging
activity to the DPPH radical indicated that PEPW80-1
showed obvious scavenging activity on DPPH radical
in a concentration-dependent manner at relatively low
concentration (0.0-0.8 mg/mL). The maximum value of
PEPW80-1 reached 69.2% that of Vc. The IC50 values
of PEPW80-1 was 0.5 mg/mL.
3.4.2. Scavenging effects on hydroxyl radicals
Removing hydroxyl radical is important for the
protection of living systems. The results of hydroxyl
radical scavenging (HOSC) activities of the PEPW80-1
and Vc were given in Figure 5b. The scavenging effect of
PEPW80-1 was enhanced significantly with the increase
of sample concentration ranging from 0 to 1.6 mg/mL.
After that, the scavenging activity increased slowly with
the increase of sample concentration. The IC50 value of
PEPW80-1 was 2.0 mg/mL. The maximum value of
PEPW80-1 reached 51.7% that of Vc.
3.4.3. Ferric-reducing antioxidant power (FRAP)

Figure 5. Antioxidant activities of PEPW80-1. a: DPPH
radical-scavenging activity, b: Hydroxyl radical-scavenging
activity, c: Ferric-reducing activity. Values are means ± SD of
three separate experiments.

The molar ratio of these residues agreed overall with the
monosaccharide composition of PEPW80-1 described
above.

The antioxidant capacity of PEPW80-1 was shown in
Figure 5c and compared with Vc. The reducing capacity
ascended with increasing concentration from 0 to1.6
mg/mL. The maximum value of PEPW80-1 reached
57.8% that of Vc.
3.4.4. In vitro immunomodulatory activity of PEPW80-1
MTT assay was used to evaluate splenocyte proliferation
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induced by Con A or PEPW80-1 in vitro. Spleen cells
increased with the increase of sample concentration,
and the polysaccharide significantly promoted the
proliferation of splenocytes. At a lower concentration (25
μg/mL) PEPW80-1 could significantly enhance induced
lymphocyte proliferation (p < 0.01) as compared with
that of the normal control group (Figure 6).
4. Discussion
Polysaccarides, consisting 10 or/over 10 monosaccarides
joined by glycosidic linkages, are considered as active
compounds in plants and animals (36-38). Nowadays,
many studies demonstrated that botanical polysaccharides
had antioxidant activity (2) and immunomodulatory
activity (5). As there was no study in polysaccharides
of P. emblica, it attracted our interest to know if it had
any polysaccharide with biological activities. PEPW801 was isolated and characterized from the pulp tissues
of P. emblica, which contained rhamnose, arabinose and
galactose (3.02:1.00:4.23).
Although antioxidant activity was usually associated
with low molecular weight compounds such as phenols
and carotenoids, increasing evidence indicated that
polysaccharides from different sources might also
possess strong antioxidant properties without concerns
of cytotoxicity and could be developed as novel dietary
antioxidants (39). Therefore, the DPPH radical, HOSC
and FRAP assays were further evaluated for PEPW80-1.
It is well accepted that DPPH radical scavenging by
antioxidants is due to their hydrogen-donating ability.
The method of scavenging DPPH radical is based on
the reduction of DPPH radical ethanol solution in the
presence of a hydrogen-donating antioxidant, resulting
in the formation of the non-radical form DPPH-H.
DPPH radical is a stable radical and could accept
an electron or hydrogen radical to become a stable
diamagnetic molecule. Therefore, the antioxidant
activity of a substance might be expressed as its ability
in scavenging the DPPH radical. The results of DPPH
radical scavenging test showed that the maximum
value of PEPW80-1 reached 69.2% that of Vc and the
IC50 values of PEPW80-1 was 0.5 mg/mL. PEPW801 had greater DPPH radical scavenging ability than
polysaccharide from Panax japonicus (40) with a value
IC 50 of 3.0 mg/mL. These results indicated that the
PEPW80-1 could act as an electron or hydrogen donator
to scavenge DPPH radical.
Hydroxyl radical can easily cross cell membranes,
readily react with most biomolecules including
carbohydrates, proteins, lipids, and DNA in cells, and
cause tissue damage or cell death (41). The IC50 value
of PEPW80-1 was 2.0 mg/mL, which was less than the
polysaccharide from Panax japonicus (5 mg/mL) (40).
The maximum value of PEPW80-1 reached 51.7%
that of Vc. The antioxidant mechanism might be due to
the supply of hydrogen by the polysaccharide, which

combines with radicals and forms a stable radical to
terminate the radical chain reaction. The other possibility
is that polysaccharide could combine with the radical
ions which are necessary for radical chain reaction, and
the reaction is terminated.
The FRAP assay treats the antioxidants contained in
the samples as reductants in a redox linked colorimetric
reaction, and the value reflects the reducing power of
antioxidants. It has been reported that there was a direct
correlation between antioxidant activity and reducing
capacity (42). The antioxidant potential of PEPW80-1
was estimated by its ability to reduce the ferric complex
to the ferrous complex. The maximum value of PEPW801 reached 57.8% that of Vc. It suggested that PEPW801 was electron donors and could react with free radicals
to convert them into more stable products and terminate
the radical chain reactions. Our experimental results
demonstrated that there might be a direct correlation
between antioxidant activity and reducing capacity.
Immunoregulation was one of the basic functions
associated with polysaccharides (43). The spleen
is the body's largest immune organ, capable of
producing a large number of lymphocytes. Splenocyte
proliferation is a crucial event in the activation cascade
of both cellular and humoral immune responses.
Immunomodulatory effect of the PEPW80-1 was
investigated, and the results showed that PEPW80-1
could significantly induce lymphocyte proliferation at
a low concentration (25 μg/mL), which is greater than
the polysaccharides from the swollen culms of Zizania
latifolia (200 and 400 μg/mL) (44).
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Summary

Clove oil is used in fish anesthesia and expected to have a mechanism via glutamic receptor.
The present study explores the activities of clove oil and its major compound, eugenol,
in comparison with L-glutamic acid on glutamic receptor of silkworm muscle and fish
anesthesia. It was found that clove oil and eugenol had similar effects to L-glutamic acid
on inhibition of silkworm muscle contraction after treated with D-glutamic acid and
kainic acid. Anesthetic activity of the test samples was investigated in goldfish. The results
demonstrated that L-glutamic acid at 20 and 40 mM could induce the fish to stage 3 of
anesthesia that the fish exhibited total loss of equilibrium and muscle tone, whereas clove oil
and eugenol at 60 ppm could induce the fish to stage 4 of anesthesia that the reflex activity
of the fish was lost. These results suggest that clove oil and eugenol have similar functional
activities and mechanism to L-glutamic acid on muscle contraction and fish anesthesia.
Keywords: Clove oil, eugenol, glutamic acid, kainic acid, silkworm

1. Introduction
Clove oil, an essential oil obtained from buds of clove
tree (Syzygium aromaticum), has been traditionally used
as topical anesthetic for toothaches, headaches, joint
pain. It is also used as an alternative fish anesthetic (1,2),
according to its ease of obtaining and inexpensiveness
as well as safety for both fish and human (3).
The major component of clove oil is eugenol,
which is about 90-97% of total oil. Both clove oil
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and eugenol have been used to anesthetize rainbow
trout (Oncorhynchus mykiss) (4), red pacu (Piaractus
brachypomus) (5), beluga (Huso huso) (6), nile tilapia
(Oreochromis niloticus) (7), and flowerhorn fish
(Amphilophus labiatus × Amphilophus trimaculatus)
(8). Furthermore, eugenol can be used in other aquatic
animals such as Indian shrimp (Fenneropenaeus indicus)
(9), whiteleg shrimp (Litopenaeus vannamei) (10), and
the amphibians as African clawed frog (Xenopus laevis)
(11), as well as mammals like rat and mouse (12,13).
Even both compounds are widely used for
anesthesia of aquatic animals, the anesthetic mechanism
pathway of clove oil or eugenol is unclear in fish, but
a hypothesis is expectedly via gamma-aminobutyric
acid (GABA) and glutamate receptors (14). Invertebrate
animal models are preferable choice for drug-screening
and used instead of vertebrates. They offer a great
potential for cost-effective due to culture conditions
fulfill the requirements for large-scale screens, less
ethical concern, and fundamental biological mechanisms
of invertebrates correlate with mammals (15). In case
of signal transmission, the receptor of invertebrate
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animals such as cricket (Gryllus domestica) and
fruit fly (Drosophila melanogaster) on presynaptic
nerve terminals or muscle membranes have a similar
pharmacological profile as 5-HT like receptor subtype
(16,17). Furthermore, silkworm (Bombyx mori) was
discovered that the neurotransmitters of glutamic
acid functions acted on their neuromuscular junction.
D-glutamic acid and kainic acid as glutamate receptor
agonists could induce muscle contraction in silkworm
after injected into hemolymph, meanwhile, L-glutamic
acid presented as antagonist to the activities of
D-glutamic acid and kainic acid. Hence, after injection
these glutamate receptor agonists, muscle contraction
would be inhibited by injection of L-glutamic acid (18).
It was suspected whether the mechanism of action
of clove oil as anesthetic agent was involved in
glutamic acid functions. We hypothesized that clove
oil and eugenol might have anesthetic activity as
glutamate receptor antagonist, and should inhibit muscle
contraction induced by both D-glutamic acid and kainic
acid.
2. Materials and Methods
2.1. Materials
Clove oil was purchased from Thai-China Flavours
& Fragrances Industry (Nonthaburi, Thailand).
Eugenol was from Sigma-Aldrich (Steinheim,
Germany). L-glutamic acid, D-glutamic acid, sodium
hydroxide, and ethanol were from Wako Pure Chemical
Industries (Osaka, Japan). Kainic acid was from
Abcam (Cambridge, UK). Saline was from Otsuka
Pharmaceutical (Tokyo, Japan).
2.2. Silkworm larvae muscle contraction assay
The assay was performed according to the method
previously described by Sekimizu et al. (18). The
5th instar larval stage silkworms, body weight of 4-6
g, were prepared and their heads were cut off with
scissors, then peritrophic membranes and silk glands
were removed. Each specimen was tied with strings
and attached with load of 29-30 g. The test samples of
this study, included 20-80 mM L-glutamic acid, 0.990% ethanol (as vehicle), clove oil containing 6-600
mM eugenol (namely 6-600 mM clove oil), and 6-600
mM pure eugenol, were dispersed in saline and filled in
a 1-mL syringe attached to a 27-gauge needle (Terumo,
Tokyo, Japan). Then, the test samples (50 µL) were
injected into the silkworm specimens, followed by an
injection of 40 mM D-glutamic acid or 0.2 mM kainic
acid (50 µL). The intensity of muscle contraction was
expressed as the contraction value calculated by the
following equation; (x ‒ y)/x. Where x and y are the
maximum length (mm) of each individual specimen
before and after injection, respectively.

2.3. Fish anesthetic experiment
Twenty-four goldfish (Carassius auratus) with
an average length of 3.97 ± 0.33 cm were stocked
separately in 20-L tank and supplied with running and
aerated water for 1 week under control conditions. The
fish were not fed for 24 h prior to testing.
For the determination of the anesthetic activity,
8 fish were netted and transferred individually to 8
plastic experimental tanks filled with 2 L of water from
a similar source. Clove oil and eugenol were diluted
with ethanol to obtain the desired concentrations. The
fish were placed into each tank containing 60 ppm
clove oil, 60 ppm (or 0.36 mM) eugenol, 540 ppm
ethanol (as a vehicle control), and 0.4, 4, 20, and 40 mM
L-glutamic acid. The tank without any test sample was
used as a control tank. Induction time, recovery time,
and mortality were estimated, as described by Iversen
et al. and Iwama et al. (19,20). The induction time is
the period from the moment a fish is exposed to the
samples until it exhibits anesthesia which can be divided
based on fish behavior into 4 stages as followings;
no reaction to external stimuli (stage 1), partial loss
equilibrium (stage 2), total loss equilibrium and muscle
tone (stage 3), and loss of reflex activity (stage 4). After
10-sec stay in stage 4, the fish were transferred into the
identical tank without any anesthetic agent and were
observed to determine recovery time or mortality. The
recovery time is the time that an anesthetized fish takes
in order to regain full equilibrium from the moment it
is placed in a recovery tank. The recovery is divided
into 3 stages as followings; fish begin to have opercular
movement (stage 1), recovery of equilibrium and body
movement (stage 2), and full recovery similar to preanesthesia (stage 3). The recovery and induction times
were recorded for each fish individually. After recovery,
the fish were transferred into the maintenance tanks (20
L) and the adverse effects were observed for one week.
Each sample was tested in triplicate.
2.4. Statistical analysis
Statistical evaluation of anesthetic induction and
recovery times in fish experiment was performed by oneway ANOVA (Bonferroni test). Data were presented as
mean ± SD. The value of p < 0.05 was considered to
indicate significant differences.
3. Results
3.1. Effect of eugenol on D-glutamic acid-induced
muscle contraction in silkworm
We re-examined the inhibitory effect of L-glutamic acid
on D-glutamic acid followed the established silkworm
muscle contraction experiment. D-glutamic acid is
an amino acid existed in silkworm hemolymph and
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Figure 1. The effect of L-glutamic acid on D-glutamic acid
induced silkworm muscle contraction (n ≥ 2).

Figure 3. Contraction value of silkworm injected with clove
oil (A) and eugenol (B) followed by D-glutamic acid (n = 2).

Figure 2. The effect of ethanol on D-glutamic acid induced
muscle contraction in silkworm (n ≥ 2).

thought to regulate the muscle contraction in silkworm.
A single injection of D-glutamic acid in decapitated
silkworm caused muscle contraction with a contraction
value of 0.25 within 1 min. After 3 min of this
contraction, slightly muscle relaxation was observe and
fully relaxation was found in 30 min. Pre-injection with
L-glutamic acid showed inhibition on the D-glutamic
acid induced muscle contraction as shown in Figure 1,
as previously reported (18).
We next examined the action of ethanol, which
was used to dissolve clove oil and eugenol to the
desired concentrations before dispersing in water for
fish anesthesia. The ethanol did not show any effect on
D-glutamic acid induced muscle contraction, as presented
in Figure 2. Pretreatment of the muscle specimen with
clove oil and eugenol showed inhibition of the muscle
contraction induced by D-glutamic acid, similar to the
pretreatment with L-glutamic acid. However, there
was some difference in this inhibitory effect. Silkworm
larvae injected with clove oil and eugenol followed
by D-glutamic acid firstly showed a short spasmodic
contraction for about 2 sec with a contraction value of
0.18 and then fully muscle relaxation was observed. In
contrast, L-glutamic acid suddenly showed the inhibitory
effect on D-glutamic acid induced muscle contraction,
so that the entire muscle relaxation in silkworm larvae
was observed. However, after 10 min, the inhibitory
activity of L-glutamic acid was disappeared and some
slight muscle contraction was observed. Figure 3 showed
that the inhibitory activity of clove oil and eugenol on
D-glutamic acid induced muscle contraction was dose

dependent. From these results, percent inhibition of 6-600
mM clove oil and eugenol could be calculated and it
was found to be 57-79% and 25-65%, respectively. It is
concluded that clove oil and eugenol possessed inhibitory
effect on D-glutamic acid-induced muscle contraction.
3.2. Effect of eugenol on kainic acid-induced muscle
contraction in silkworm
Kainic acid, a glutamate receptor agonist, can also
induce muscle contraction of decapitated silkworm.
Its activity is stronger than D-glutamic acid. A single
injection of kainic acid in decapitated silkworm caused
muscle contraction with a contraction value of 0.27
within 1 min. After 5-10 min of this contraction, slightly
muscle relaxation was observed and fully relaxation
was found in 30 min. Ethanol displayed no effect on
the contraction by kainic acid. Prior injection of clove
oil and eugenol into silkworm larvae inhibited muscle
contraction induced by kainic acid in dose-dependent
manner, similar to that induced by D-glutamic acid.
However, the inhibitory action resulted from clove oil
and eugenol on muscle contraction induced by kainic
acid was lower than that induced by D-glutamic acid.
This might be due to the stronger activity of kainic
acid than D-glutamic acid. Silkworm larvae injected
with clove oil and eugenol followed by kainic acid
firstly showed a slight spasmodic contraction for
about 5-10 sec with a contraction value of 0.15 and
then fully muscle relaxation was gradually observed.
The results in Figure 4 confirmed that clove oil and
eugenol inhibited muscle contraction induced by kainic
acid. The inhibition was found to be 37-70% and 2459%, respectively, slightly lower than that induced
by D-glutamic acid. From this experiment, it could
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be concluded that clove oil and eugenol possessed
the inhibitory effect on kainic acid-induced muscle
contraction.
3.3. Fish anesthetic effect of L-glutamic acid
Clove oil and eugenol at 60 ppm induced goldfish
anesthesia to stage 4 of anesthetic induction within 6
min, and the fish recovered within 10 min. L-glutamic
acid at 20 and 40 mM also induced goldfish anesthesia
but to stage 3 within 35 and 25 min, respectively, and the

fish could not recover but died. The goldfish received
20 and 40 mM L-glutamic acid significantly showed
longer induction and shorter recovery times than those
received clove oil and eugenol. Moreover, the fish which
received L-glutamic acid at these concentrations were
anesthetized to only stage 3, whereas those received
clove oil and eugenol could be anesthetized to stage 4 of
anesthesia. The recovery behavior was also different. The
anesthetized fish which received L-glutamic acid could
recover to only stage 2 and then died after that, whereas
those received clove oil and eugenol could fully recover
to stage 3. Furthermore, it was found that L-glutamic
acid at a concentration of 4 mM could induce anesthetic
effect in goldfish within 5 min but only to stage 1, after
that the fish fully recovered, as exhibited in Figure 5. The
obtained results indicated that L-glutamic acid has slight
anesthetic effect on fish.
4. Discussion

Figure 4. The effect of clove oil (A) and eugenol (B) on the
kainic acid-induced silkworm muscle contraction (n = 2).

Figure 5. Anesthetic induction and recovery time of control,
ethanol, clove oil and eugenol (A), L-glutamic acid (B) (n
= 3). A1 to A4 represented the anesthetic induction stage 1 to
stage 4, respectively and R1 to R3 represented the recovery at
stage 1 to stage 3, respectively. *p < 0.05 compared to clove oil
and eugenol groups.

This study demonstrates that clove oil and its main
component, eugenol, can inhibit muscle contraction
induced by D-glutamic acid and kainic acid in silkworm
larvae, similar to the inhibitory effect of L-glutamic acid.
Eugenol has been reported to inhibit the nociceptive
response caused by glutamate, α-amino-3-hydroxy-5methyl-4-isoxazolepropionic acid, and kainite in mice
(21). In addition, eugenol showed the inhibitory effect
against acetylcholine esterase, an enzyme for hydrolysis
the acetylcholine, which can induce paralysis in rice
weevil (Sitophilus oryzae) (22).
The chemical structure of eugenol and L-glutamic
acid are completely different which the eugenol is a
phenylpropene, whereas L-glutamic acid is an amino acid
containing amine and carboxylic acid functional groups,
as seen in Figure 6. This point leads to some different
results between these two compounds that the silkworm
muscles after L-glutamic acid injection presented the
delayed muscle contraction after relaxation by inhibiting
D-glutamic acid and kainic acid action. It is possible that
silkworm bodies have enzyme to degrade glutamic acid,
which preferably degrades L-glutamic acid to D-glutamic

Figure 6. The chemical structure of eugenol (A) and
L-glutamic acid (B).
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acid. Therefore, L-glutamic acid is eliminated faster than
D-glutamic acid. Then, the remained D-glutamic acid or
kainic acid could show their action of muscle contraction
again after L-glutamic acid elimination.
Most of insects have an open circulatory system.
The body cavity is filled with hemolymph that bathes
the internal organs (23). Our study demonstrates that
injection of clove oil and eugenol into silkworm bodies
can induce muscle relaxation, and has inhibitory effect on
muscle contraction activity of kainic acid and D-glutamic
acid which are agonists of glutamate receptor expressed
on larval body wall muscles (18,24). The results indicate
that clove oil and eugenol have some effects on silkworm
glutamate receptor, supporting the effect of these
compounds tested in vitro and in vivo in mice (21,25).
In contrast to silkworm, fish can receive the test
samples which were dispersed in the water tank for fish
via the expected organ like gill. The gill is an important
organ for respiratory and circulating system for reoxygenated of blood. After that the blood with active
substances flows to the other organs including brain
(26), and to the expected GABA subtype A receptors as
predominate receptor responds for anesthetic mechanism
in fish (27).
The present study firstly demonstrated that L-glutamic
acid, a biological agonist excitatory neurotransmitter in
the nervous system, had anesthetic effect in fish. It is
possible that glutamate receptor also responded on this
effect, contributed to mechanism of eugenol. In case
of fish, 0.8-1 mM L-glutamic acid induced transient
excitation followed by suppression on the isolated
Plotosus electroreceptor, contrast with lower dose (0.20.3 mM) induced a sustained excitation (28). Meanwhile,
D-glutamic acid induced fictive swimming in the isolated
Lamprey spinal cords that closely matches the in vivo
swimming pattern, analogous to isolated mammalian
spinal cords (29).
However, the goldfish which received L-glutamic
acid could not recover. It has been hypothesized
that glutamic acid is advantaged substance in
hyperammonemic conditions, ammonia was detoxified
by glutamic acid and then generated glutamine in
astrocyte. However, the excess of glutamine could exert
osmotic effects and contribute to brain swelling (30).
The prior study showed that glutamine can directly
exert toxic effects on cultured astrocytes by increasing
reactive oxygen species production and by inducing the
mitochondrial permeability transition (31).
This is the first paper to use silkworm larvae for
testing fish anesthetic agents and comparing the action of
clove oil, eugenol, and L-glutamic acid in both animals.
The further investigation is required to challenge with
other fish anesthetic agents. It might be possible to use
silkworm as model animals for screening new anesthetic
agents for fish, since the use of silkworm is low cost,
easy breeding, simple handle, and reproducible obtained
results (32).
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In conclusion, these results suggest that clove oil and
eugenol have inhibitory effect on the D-glutamic acid
and kainic acid-induced silkworm muscle contraction
similar to L-glutamic acid effect. Moreover, L-glutamic
acid induced dose dependent anesthetic effects in
goldfish similar to clove oil and eugenol.
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Summary

In the present study, the fractionated extracts of Sesbania grandiflora bark were prepared
and evaluated for their biological activities. The ethyl acetate fractionate (EAF) showed high
antioxidant activity along with free radical scavenging and reducing mechanisms. The free
radical scavenging antioxidant activity of EAF was 69.3 ± 3.6% where its Trolox equivalent
antioxidant capacity was 13.6 ± 0.7 mM/mg. EAF exhibited the reducing power equivalent
to ferrous sulfate at 152 ± 2 mM/mg and equivalent to gallic acid at 1.05 ± 0.01 mM/mg. In
addition, EAF presented high potential on inhibition of bacterial growth with the minimum
bactericidal concentration less than 1 mg/mL. Further isolation of EAF using normal-phase
open column of silica gel 60, showed that the fractions eluted with the mixture of chloroform
and methanol at the ratios of 4:1, 3:2, and 2:3 possessed antibacterial activity. The recovery
activity of total different active fractions was 5% EAF, 20 times less than that of EAF. The
chromatogram of EAF from a high-performance liquid chromatography was compared with
caffeic acid, catechin, coumaric acid, ellagic acid, gallic acid, quercetin, syringin, naringic acid,
trans-cinnamic acid, and vanilic acid. The result demonstrated that one major compound of
EAF was gallic acid. These results suggest that the fractionated extracts of S. grandiflora bark
contained antioxidant and antibacterial activities.
Keywords: Sesbania grandiflora, antioxidant activity, antibacterial activity, bark extract, HPLC
fingerprint

1. Introduction
Sesbania grandiflora (L.) Pers., family Fabaceae,
is commonly found in Thailand and many Asian
countries. Its leaves and flowers have been reported to
possess anticancer (1), antioxidant (2), anxiolytic (3),
anticonvulsant (3) and antimicrobial activities (4,5). Its
bark has been used as traditional medicine for treatment
of inflammation (6), ulcers (7) and wound-healing (8).
It is known that inflammation and oxidation are related
mechanisms in the body. Excess endogenous oxidation
causes an increase in the formation of the radical oxygen
Released online in J-STAGE as advance publication April 30,
2017.
*Address correspondence to:
Dr. Siriporn Okonogi, Department of Pharmaceutical Sciences,
Faculty of Pharmacy, Chiang Mai University, Chiang Mai,
Thailand.
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species (ROS) and radical nitrogen species (RNS). The
overproduction of ROS and RNS is responsible for
damage at inflammatory sites (9). In addition, these
reactive species play important roles in inflammation by
being trigger elements or by being signaling messenger
molecules which regulate the expression of key cytokines
(10). Wounds are injuries that affect in an opening or
breaking of the skin, and also disrupting the soft tissue.
This symptom is hazard to be occurred inflammation
and infection. Contraction and closure of the injury and
restoration of functional status of the skin is necessary in
treatment of wounds (11). Wound healing is interrelated
with reactive oxygen species and bacterial infection (12).
Therefore, antioxidants are necessary for prevention of
tissue damage and encourage wound healing process.
Furthermore, infection prevention is one of the most
important to enhance wound healing (13). It was
previously reported that the combination of plant extracts
possessing antioxidant and antibacterial activities can
efficiently enhance wound healing (14). Although S.
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grandiflora has been applied for treatment in many
diseases, the study deeply on which a potential extract
of this plant having both antioxidant and antibacterial
activities has not been reported. Our previous study
reported the comparison of antibacterial activity among
different parts such as leaf, branch, stem bark, and
stem core of the plant. It was found that the bark of S.
grandiflora possessed the strongest antibacterial activity
against different pathogenic strains (15). Therefore, the
bark of this plant was selected to use in the current study.
Using medicinal plants for treatment of many
diseases is an interesting alternative way (16) as there
are many phytochemical compounds which enable to
relieve ailment (17). The pharmacological activities of
several plants are from metabolite products existed in the
plants (18). Most studies reveal that the phytochemical
compounds having health promoting properties are
phenolic compounds. Thus, these compounds have
been widely used for treatment and management of
disorders, also explored as model systems of plant
research due to ubiquitous in plants of different areas
(19). The phenolic compounds generally found in plant
extracts are phenolic acids, flavonoids, and tannins
(20,21). However, pre-clinical studies of estimating
the phytochemical, toxic, and biological properties of
the plant extracts are important before administrating
in the clinical studies. It is very essential to know the
biomarker of the extracts before establishing further
efficacy scientific models in clinical trials. The identical
analysis of phytochemical compounds as biomarkers of
plant extracts can be primary done by comparing with
standard compounds (22).
The purpose of the present study is to evaluate
antioxidant and antibacterial activities of S. grandiflora
bark extracts against pathogenic bacteria. Isolation of the
most potential extract on antibacterial activity was done
in order to search for the bioactive marker existing in
the extract. Different standard phenolic compounds were
subjected to high-performance liquid chromatography
(HPLC) to obtain HPLC chromatograms for comparing
with the tested extract.
2. Materials and Methods
2.1. Chemicals and reagents
Butylatedhydroxytoluene (BHT), vitamin-E (Vit-E),
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox), 2,2-diphenyl-1-picrylhydrazil (DPPH),
2,4,6-tri(2-pyridil)-S-triazine (TPTZ), ferrous sulfate,
ferric chloride, sodium chloride, sodium carbonate,
dimethyl sulphoxide (DMSO), caffeic acid, catechin,
coumaric acid, ellagic acid, gallic acid, quercetin,
syringin, naringic acid, trans-cinnamic acid, vanilic acid,
and methanol (HPLC grade) were from Sigma-Aldrich
(St. Louis, MO). Muller-Hinton broth (MHB) and
tryptic soy agar were from Becton Dickinson Labware

(Franklin Lakes, NJ). Vancomycin was from Shionogi &
Co., Ltd. (Osaka, Japan). Gentamicin was from Sankyo
Co., Ltd. (Tokyo, Japan). Organic solvents were from
Merck (Darmstadt, Germany) and Wako Pure Chemical
Industries (Osaka, Japan). Other chemicals were of
analytical grade.
2.2. Plant material
The bark samples of S. grandiflora were collected from
Chiang Mai province, a northern area of Thailand. The
plant species was identified and the voucher specimen
(No. 023207) was deposited at the Herbarium of the
Faculty of Pharmacy, Chiang Mai University, Chiang
Mai, Thailand.
2.3. Plant extract preparation
The bark samples of S. grandiflora were dried at 50°C
for 48 h and ground into powder. The dried powder
was sequentially macerated with organic solvents
started from hexane followed by chloroform, and ethyl
acetate, respectively. The maceration of each solvent
was performed for 24 h × 3 cycles at room temperature.
The filters from each solvent from the maceration was
removed under vacuum by using rotary evaporator
at 40°C. Dried fractionate extracts of hexane (HXF),
chloroform (CFF), and ethyl acetate (EAF) were kept
in the tight containers in the refrigerator for further
studies.
2.4. Antioxidant study
2.4.1. Free radical scavenging assay
This free radical scavenging assay was done using
DPPH as free radicals. The performance was according
to a method previously developed (23) with some
modification. Briefly, the extract was mixed with DPPH
in ethanol solution. The mixture was left in dark cabinet
at room temperature for 30 min. Then the absorbance
of the mixture was measured spectrophotometrically at
520 nm using microplate reader. BHT and Vit-E were
used as positive controls. The results were calculated
and expressed as percentage of radical scavenging
antioxidant activity (RSAA) and Trolox equivalent
antioxidant capacity (TEAC) for 1 mg extract (24,25).
2.4.2. Reducing power assay
Reducing power of the extracts was investigated using
a method to determine ferric reducing antioxidant
power (FRAP) described previously (26) with some
modification. Briefly, the FRAP reagent was firstly
prepared by mixing 10 mM TPTZ solution with 20 mM
ferric chloride and 300 mM sodium acetate buffer (pH
3.6) at a ratio of 1:1:10. The extract was added in the
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FRAP reagent solution and mixed. The absorbance of
the mixture was measured at 595 nm after standing 5
min by microplate reader. BHT and Vit-E were used
as positive controls. The result was calculated and
expressed as ferrous sulfate equivalent concentration
(EC) and gallic acid equivalent concentration (GAE)
for 1 mg extract (27).
2.5. Antibacterial activity study
The in vitro antibacterial activity of the extracts was
investigated by broth micro-dilution assay in order to
determine a minimum inhibitory concentration (MIC)
and minimum bactericidal concentration (MBC).
The extracts were dissolved in MHB containing 10%
DMSO. The stock suspensions of the tested extracts
were centrifuged at 14,000 rpm for 1 min for removing
undissolved matters. The supernatant was collected
and serially two-fold diluted with MHB. A 100-fold
dilution of bacterial suspension of standard strain of
Staphylococcus aureus ATCC 25923 at a concentration
equivalent to McFarland turbidity standard No. 0.5 was
added to each dilution of the extracts at the same volume.
The mixtures were incubated at 37°C for 24 h. Negative
controls were prepared without bacterial suspension,
whereas positive controls were received bacterial
suspension without the test samples. Acceptable, no
bacterial growth in the negative control and complete
growth, indicated by turbidity, in the positive control.
Comparing with the negative and positive controls,
the bacterial growth inhibition of the test samples was
visually observed. The lowest concentration of the
extracts which could inhibit the bacterial growth at this
step was indicated as MIC. Furthermore, the tested
broth which presented inhibitory action from MIC
assay were taken for MBC determination by streaking
on freshly prepared tryptic soy agar plates and further
incubated at 37°C for 24 h. After incubating, the bacterial
growth on surface of the agar plates was observed. The
lowest concentration of the samples which showed
no bacterial growth after this subculturing, indicating
the bacteria were completely killed, was recorded as
MBC. Vancomycin and gentamicin were used as control
antimicrobial agents.
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fractions were dissolved in sterile MHB and investigated
for antibacterial activity against S. aureus as mentioned
in section 2.5.
2.7. HPLC analysis
HPLC fingerprint of the extract which demonstrated the
strongest antibacterial activity and that of 10 standard
phenolic compounds including caffeic acid, catechin,
coumaric acid, ellagic acid, gallic acid, quercetin,
syringin, naringic acid, trans-cinnamic acid, and
vanilic acid was performed by HPLC using a Hypersil
ODS column (4.6 i.d. × 250 mm) and gradient eluent
of solvent A (1% acetic acid in water) and solvent B
(methanol). The eluent gradient program started from
100% of solvent A for 1 min then turned to 70% and
40% at 10 and 20 min, respectively. After that, the
eluent composition was put back to 100% of solvent
A at 25 min and held on 5 min. The extract and the
standard compounds were dissolved in methanol
(HPLC grade) and filtered through a 0.22 μm filter
membrane before injection. The HPLC condition was
operated with a mobile flow rate of 1 mL/min, an
injection volume of 10 µL, and running time of 30 min.
The eluent was monitored with UV/VIS detector at a
wavelength of 280 nm.
To confirm the major compound in the extract, the
HPLC fingerprint of the extract and the standard which
showed the same retention time to the extract was
performed again with different eluting ratios of solvent
A to solvent B; 90:10, 85:15, and 80:20, and detected
at 280 nm. Isocratic conditions were performed with a
flow rate of 1 mL/min, an injection volume of 10 µL,
and running time of 15 min.
2.8. Statistical analysis
All experiments were performed in triplicate and the
results are expressed as mean ± SD. The obtained
data were analyzed statistically by SPSS statistic 17.0
software. The mean were determined for significance at
p < 0.05 by ANOVA and Tukey's Multiple test.
3. Results

2.6. Isolation of the highest antibacterial extract

3.1. Yield and biological activities of the extracts

The fractionated extract which demonstrated the highest
antibacterial activity was selected for further isolation
using normal-phase column chromatography. The extract
was dissolved in chloroform and subjected to an open
column containing silica gel 60, then eluted with mixture
of chloroform and methanol with polarity increasing by
stepwise gradient of chloroform to methanol ratios of
5:0, 4:1, 3:2, 2:3, 1:4, and 0:5, respectively. Each fraction
was collected from the column and removed the solvent
using vacuum centrifugal evaporator. The obtained

It was found that sequential extraction of dried S.
grandiflora in powder by hexane, chloroform, and
ethyl acetate gave different yield of extracts as shown
in Table 1. The yield of CFF was the highest (1.45%)
followed by that of EAF and HXF, respectively.
The antioxidant activity of S. grandiflora in bark
extracts comparison with BHT and Vit-E as the positive
controls are presented in Figure 1. Among these three
different fractionated extracts; HXF, CFF, and EAF, it
was obviously seen that EAF possessed the highest free
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Table 1. The percentage yield and antibacterial activities
expressed as MIC and MBC values of different fractionated
extracts of S. grandiflora bark against S. aureus by broth
dilution method
Extracts

Yield (% w/w)

MIC (mg/mL)

MBC (mg/mL)

HXF
CFF
EAF

0.23
1.45
0.27

10.00
2.50
0.63

> 10.00
2.50
0.63

Table 2. The percentage yield and antibacterial activities
expressed as MIC and MBC values of EAF and different
fractions of EAF against S. aureus by broth dilution method
Sample
EAF

Yield (% w/w)
100

MIC (mg/mL)

MBC (mg/mL)

0.50

0.50

> 0.02
8.00
1.00
2.00
> 0.04
> 0.02

> 0.02
16.00
2.00
2.00
> 0.04
> 0.02

Isolated fraction
F1
F2
F3
F4
F5
F6

0.05
14.55
2.30
1.65
0.10
0.05

Figure 2. Recovery antibacterial activity of EAF and
different active fractions; fraction 2 (F2), fraction 3
(F3), and fraction 4 (F4), from the preparative column
chromatography.

by micro-dilution method demonstrated that EAF was
the strongest inhibitory activity against S. aureus with
the MIC and MBC values less than 1 mg/mL. The
control antimicrobial agents shows equal values of their
respective MIC and MBC. The MIC and MBC values of
vancomycin was 0.5 μg/mL whereas that of gentamicin
was 1 μg/mL.
Figure 1. Antioxidant activities expressed as RSAA (A),
TEAC (B), EC (C), and GAE (D) of HXF, CFF, and EAF in
comparison with BHT and Vit-E.

radical scavenging property with the RSAA value of
69.3 ± 3.6 % and TEAC value of 13.6 ± 0.7 mM/mg.
The TEAC values of BHT and Vit-E were found to be
0.9 ± 0.2 mM/mg and 9.4 ± 0.9 mM/mg, respectively.
Therefore, the antioxidant activity of EAF was
approximately 14 and 1.4 times higher than that of BHT
and Vit-E, respectively. EAF also showed the highest
reducing power with the EC and GAE values of 152 ±
2 mM/mg and 1.05 ± 0.01 mM/mg, respectively, which
was about 6.7 times higher than that of BHT, but was 0.9
times less than that of Vit-E.
The antibacterial activity of the extracts investigated

3.2. Isolation of the highest antibacterial extract
As EAF presented the highest antioxidant and
antibacterial activities, this extract was selected for
isolation using silica gel 60 column chromatography.
The percentage yield, MIC, and MBC values of each
fraction from the isolation and EAF were compared in
Table 2. Fraction 2 as eluted with chloroform:methanol
at a ratio of 4:1 showed the highest yield of 14.6% (w/w)
but less antibacterial activity whereas fraction 3 which
obtained by elution with chloroform:methanol at a ratio
of 3:2 gave the highest antibacterial activity with MIC
and MBC values of 1.00 and 2.00 mg/mL, respectively.
Considering the antibacterial activity in term of recovery
activity as shown in Figure 2, the results indicated
that the recovery activity of the sum of total different
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Figure 3. HPLC chromatograms of an individual standard quercetin (A), trans-cinnamic acid (B), ellagic acid (C),
naringic acid (D), coumaric acid (E), syringin (F), caffeic acid (G), vanilic acid (H), catechin (I), gallic acid (J) and EAF (K)
at 280 nm.

Figure 4. HPLC chromatograms of standard gallic acid (A) and EAF (B) using an eluting mixture containing 1% acetic
acid in water and methanol at ratios of 90:10 (left), 85:15 (middle), and 80:20 (right) at 280 nm.

fractions was only 5% of EAF which was 20 times less
than that of its original EAF (not isolated).
3.3. HPLC analysis
HPLC fingerprint of EAF was performed and compared
with that of 10 standard phenolic compounds in order to
identify the compounds existed in EAF. For this study,
the concentrations of each standard compound and the
extract were 100 μg/mL and 1 mg/mL, respectively.
It was found that the HPLC chromatograms of 10
standard compounds could be obtained using gradient
eluents of 1% acetic acid in water and methanol for
30 min run time and detected at 280 nm when each
of these compounds was observed individually. The
chromatograms of all standard phenolic compounds
in comparison with EAF were shown in Figure 3. The
retention time of standard quercetin, trans-cinnamic
acid, ellagic acid, naringic acid, coumaric acid, syringin,
caffeic acid, vanilic acid, catechin, and gallic acid were
21.944, 21.290, 19.005, 17.950, 15.693, 13.607, 13.378,
12.895, 11.361, and 6.188 min, respectively. The HPLC
fingerprint of EAF which obtained by elution with the
same gradient condition of those standard compounds
gave five distinct peaks at the retention times of 6.207,
7.815, 8.968, 10.470, and 13.416 min. It is noted that a

major peak of EAF exhibited at a retention time of 6.207
min. This peak resembled to the peak of standard gallic
acid which eluted at a retention time of 6.188 min at the
same detection wavelength.
To clarify the major compound existed in EAF
whether it is gallic acid, the extract was subjected in
various HPLC conditions and compared with HPLC
chromatograms of the standard gallic acid. The HPLC
chromatograms of EAF from various eluting ratios of
1% acetic acid in water and methanol detected at 280 nm
exhibited a major peak which conformed to the peak of
gallic acid in the same eluting conditions. As shown in
Figure 4, the peak of gallic acid eluted by the ratios of
90:10, 85:15, and 80:20 presented at 4.022, 3.487, and
2.883 min, respectively, whereas the major peaks of EAF
at the respective ratios were demonstrated at 4.053, 3.448,
and 2.885 min, respectively.
4. Discussion
Bioactive agents from plants is currently interesting
for alternative medicine (16). The research of effective
natural compounds from medicinal plants which are
potentiality, safety, and widely utilization has become
considerable issue all over the world (28,29). The current
study explores the antioxidant and antibacterial activities
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of the most potential extract of S. grandiflora. The
antibacterial activity of this plant is interesting because
the plant has been used traditionally in the treatment of
skin disorders and wound (30). In addition, the plant
has been reported to have some other activities which
related to antioxidant activity (1,3,31). Therefore, both
antioxidant and antibacterial activities of S. grandiflora
were investigated. In the antioxidant investigation,
the extracts was evaluated by two methods. One is the
determination of free radical scavenging activity using
DPPH as free radicals and the other is determination
of reducing power using FRAP methods. These two
different assays are the most potential methods to
determine antioxidant capacity of the plant extracts as
both of them show high reproducibility and provide
better understand the mechanism of action of a tested
antioxidant (26). Vit-E is natural antioxidant and it
is synthesized only by plant (32). Its mechanism of
action has been reported to be free radical scavenging
reaction (33,34). In the meanwhile, Vit-E in vivo has
been reported to have high efficient in transferring
a hydrogen atom to a lipid free radical like peroxyl,
alkoxyl, and carbon-centered radicals (35,36). Therefore,
Vit-E possesses both mechanisms of antioxidant action;
free radical scavenging and reducing properties whereas
the synthetic antioxidant BHT has been reported to
predominate in reducing mechanism (37). Both Vit-E and
BHT were used as positive controls in the current study.
Among the three fractions of S. grandiflora bark extracts,
EAF showed extremely high free radical scavenging
action which significantly higher than Vit-E, therefore,
the antioxidant activity of this extract was considered to
be majorly due to the free radical scavenging mechanism.
However, comparing to BHT which is the reducing
antioxidant, EAF showed extremely higher EC value
than BHT but slightly lower than Vit-E. Therefore, it was
considered that reducing action is the minor mechanism
of antioxidant action of the extract.
Many researchers report the use of phytochemicals
from plant sources as an interesting choice to treat
infectious diseases (38,39). EAF was therefore
investigated for antibacterial activity. The antibacterial
assay used in this study was a broth micro-dilution
assay. This assay is appropriate for in vitro antibacterial
activity investigation of plant extracts because it is higher
repetition than agar diffusion assay (40). The results
showed a great interest that among the tested extracts
from S. grandiflora bark, EAF possessed the highest
inhibitory activity against the tested pathogenic bacteria.
Therefore, EAF was further isolated by preparative
column chromatography. The results notified that the
activity of each fraction was not strong inhibitory action.
The recovery activity of the sum of total different
fractions was only 5% of EAF while that of EAF as
original extract (not isolated) was 100%. This low
recovery might be due to an inactivation or simple loss
of materials during the purification process. Moreover,

synergistic effect was also one of the possibilities. Many
previous studies have shown that the combination of
phytochemical compounds in natural products revealed
synergistic effect (41,42). The synergistic effect indicate
that associating of several compounds in the plant could
give the stronger activity than the individual active
compound for that activity (43-45). The antibacterial
potency of EAF that significantly higher than the sum
of total different fractions might be explained by the
synergistic effect of many compounds existing in the
extract.
The results of HPLC fingerprints informed that EAF
consisted several elements. One of all constituents in the
extract presented the major peak as a main compound
which corresponded to a standard phenolic compound
of gallic acid. Gallic acid was reported to have an
inhibitory action against human pathogenic bacteria,
such as S. aureus and Corynobacterium accolans, human
pathogenic yeast such as Candida albicans (46), and also
other pathogenic microorganisms (47,48). From these
activities of gallic acid and in accordance with the HPLC
consequences, it is considered that the major compound
as a bioactive marker of EAF is gallic acid.
In conclusion, EAF of S. grandiflora bark possessed
the highest biological actions of antioxidant and
antibacterial activities. HPLC study confirmed that
there are many compounds existed in EAF. Synergistic
effect on antibacterial activity of EAF might be
occurred from the combination of several compounds
existed in EAF. The major bioactive compound in S.
grandiflora bark possessing an antibacterial activity is
gallic acid.
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Summary

High-level vancomycin resistance among Staphylococcus aureus poses a grave threat to global
health as the treatment options for this pathogen are very limited. A detailed evaluation of
the genetic background of vancomycin-resistant S. aureus (VRSA) is expected to facilitate
the understanding of its origin and pathogenicity. In this study, we performed the genetic
analysis of the clinical VRSA isolates and identified the genetic basis of resistance to multiple
antibiotics among these strains, based on the available draft genome sequences. In addition,
we generated the draft genome of the strain VRS3b, which was considered to be same as
VRS3a based on its isolation from the same patient. We found that strain VRS3b did not
harbor the genes responsible for tetracycline and gentamicin, which was further confirmed
by the sensitivity towards these antibiotics. Our results suggest that the strains VRS3a and
VRS3b are different from the view of antibiotic resistance and highlight the possibility of
generation of two distinct VRSA strains from the same patient.
Keywords: Staphylococcus aureus, resistance, vancomycin, methicillin, genomics

1. Introduction
Staphylococcus aureus, a gram-positive bacterium, can
reside in the human body both as a commensal or as an
opportunistic pathogen and accounts for the majority of
the deaths and hospitalization globally. Staphylococcal
infections caused by methicillin-sensitive S. aureus
can easily be cured with penicillins or cephalosporins
(1). Resistance to methicillin (defined as minimum
inhibitory concentration (MIC) of oxacillin ≥ 4 µg/
mL) (2), mediated mainly by the mecA gene, was
observed shortly after the introduction of methicillin
(3). Since then, methicillin-resistant S. aureus (MRSA)
developed itself as a leading cause of death and major
clinical threat with more than 60% S. aureus isolates
becoming resistant to methicillin (4). Vancomycin, a
glycopeptide antibiotic produced by Amycolatopsis
orientalis, has been the mainstay of treatment against
Released online in J-STAGE as advance publication April 30,
2017.
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infections caused by methicillin-resistant S. aureus
(1). In 1996, S. aureus with reduced susceptibility to
vancomycin (MIC 8 µg/mL), referred as vancomycinintermediate S. aureus (VISA), was isolated in Japan (5).
The first case of vancomycin-resistant S. aureus (VRSA)
was first isolated in 2002 in the USA and following
it, at least 14 cases of VRSA have been identified in
the United States, and the first case in Europe was
reported in 2013 (6). vanA type vancomycin resistance
is the most prevalent vancomycin resistance and has
been associated with the synthesis of an alternative,
vancomycin-resistant pentatdepsipeptide peptidoglycan
precursor (7). Genomic analysis of the strains resistant
to vancomycin is critical to understand the genetic
background and identify the difference between the
strains, thus facilitating the development of novel antiVRSA drugs.
S. aureus VRS3b was co-isolated with S. aureus
VRS3a from nephrostomy tube exit site of a 64year old female in New York, USA. As these two
strains were isolated from the same patient, they were
considered to be identical, and the characterization
has been performed mainly for VRS3a. However,
the vancomycin-resistant phenotype of VRS3b is
more stable than VRS3a (8). Recently, the genome of
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multiple VRSA strains has been sequenced (9) and the
study excluded the strain VRS3b considering it to be
same as the strain VRS3a. In this study, we sequenced
and analyzed the draft genome of VRS3b strain to
reveal the genetic basis of drug resistance and its
difference with the strain VRS3a.
2. Materials and Methods
2.1. Draft genome sequences of VRSAs
Strain VRS3a and VRS3b were obtained from BEI
Resources and grown at 37°C aerobically in tryptic
soy broth containing 6 µg/mL vancomycin. Genomic
DNA was isolated using Qiagen DNA-blood Mini Kit
(Qiagen, Hilden, Germany) (10,11). One hundred ng
of the DNA was subjected to fragmentation using Ion
Xpress Plus Fragment Library Kit (Thermo Fisher
Scientific, Waltham, MA, USA) to prepare 400 bp reads
according to manufacturer's recommended protocol.
The libraries were then enriched in an Ion Chef
(Thermo Fisher Scientific) and subsequent sequencing
was performed in Ion PGM System (Thermo Fisher
Scientific). The reads were first assembled in the Ion
Torrent Server (Thermo Fisher Scientific) and then
analyzed in the CLC Genomics Workbench ver 9.5.3.
(CLC bio, Aarhus, Denmark). The draft sequences
were downloaded from NCBI using following
GenBank accession numbers AHBK00000000 – VRS1;
AHBL00000000 – VRS2; AHBM00000000 – VRS3a;
NBCP00000000 – VRS3b; AHBN00000000 – VRS4;
AHBO00000000 – VRS5; AHBP00000000 – VRS6;
AHBQ00000000 – VRS7; AHBR00000000 – VRS8;

AHBS00000000 – VRS9; AHBT00000000 – VRS10;
AHBU00000000 – VRS11a; AHBV00000000 –
VRS11b; and JICL00000000 – BR-VRSA.
2.2. Genomic analysis of VRSAs
2.2.1. Sequencing typing
The draft genomes (9,11) were analyzed in the CLC
Genomics Workbench. For multi locus sequence
typing (MLST), the sequence of seven housekeeping
genes: arcC (carbamate kinase); aroe (shikimate
dehydrogenase); glpf (glycerol kinase); gmk (guanylate
kinase); pta (phosphate acetyltransferase); tpi
(triosephosphate isomerase); and yqil (acetyl coenzyme
A acetyltransferase) was collected and trimmed to
extract the seven loci by using the standard sequence
of a typical S. aureus. The trimmed sequences were
then concatenated and submitted to clustalW for the
generation of phylogenetic tree and to the MLST server
(http://saureus.beta.mlst.net/#) for sequence typing.
The trimmed sequence used for MLST can be found in
the supplementary information (Supplementary Data,
http://www.ddtjournal.com/action/getSupplementalData.
php?ID=10).
2.2.2. Analysis of resistance genes
The recent database to find resistance was downloaded
from the server (12). The database consisted of 2,156
genes known to be involved in the resistance against
multiple antibiotics. The presence of resistance gene on
the draft genome was scanned with a minimum identity

Figure 1. Multi locus sequence typing (a), and phylogenetic tree (b) of vancomycin-resistant Staphylococci. N/A: not
analyzed. The arcC locus of strain VRS4 could not be analyzed as the size of the allele was different from standard allele size of
465. The distance scale of 0.001 in the phylogenetic tree indicates 0.1% differences between the groups. The nine strains from
ST5 group had a highly similar concatenated sequence used for the tree construction.
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spc
spc
aac(6')-aph(2'') aac(6')-aph(2'')
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BR-VRSA

Genes conferring resistance: methicillin – mecA; vancomycin – van genes; aminoglycosides – aadD, spc, aac(6')-aph(2''), ant(6)-Ia, aph(3')-III; beta lactams – blaZ; erythromycin – erm genes, msr(A) ; streptogramin B –
msr(A); macrolide – mph(C); tetracycline – tet genes; trimethoprim – dfrG. *: part of the gene was detected in VRS3b.

mecA

USA300

MRSA

Staphylococcus aureus strain

Table 1. Genes involved in antibiotic resistance present in clinical isolates of VRSAs
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Table 2. Minimum inhibitory concentrations of various antibiotics against VRS3a and VRS3b
MIC (µg/mL)

Strain

Vancomycin

Tetracycline

Kanamycin

Gentamicin

> 128
> 128
1

16
< 0.125
< 0.125

128
128
4

128
0.5
0.5

VRS3a
VRS3b
MSSA1

Table 3. List of the genes present in VRS3b that did not map in the VRS3a reads
Contig

ORF ID

Putative function

22

B6A35_13980
B6A35_13985
B6A35_13990
B6A35_13995

Arsenical efflux pump membrane protein ArsB
ArsC
Lactococcin 972 family bacteriocin
Bacteriocin associated protein

23

B6A35_14125

Hypothetical protein

38

B6A35_14765
B6A35_14770
B6A35_14775
B6A35_14780

Arsenic transporter
ArsC
Lactococcin 972 family bacteriocin
Bacteriocin associated protein

43

B6A35_14855
B6A35_14860
B6A35_14865

Hypothetical protein
Hypothetical protein
Hypothetical protein

44

B6A35_14870

Hypothetical protein

of 98% and minimum length of 60% in the CLC
Genomics Workbench.
2.3. Determination of minimum inhibitory concentration
The MIC was determined by broth microdilution
assay (13-15). Briefly, Staphylococci were grown with
aeration in 50-mL falcon tube containing 5 mL Tryptic
Soy Broth (TSB; Becton Dickinson and Company,
Franklin Lakes NJ, USA) in a shaker maintained at
37°C. The medium was supplemented with 6 µg/mL
vancomycin as required. The overnight culture was
diluted with cation-adjusted Muller-Hinton Broth
(MHB; Becton Dickinson and Company) to have
approximately 5 × 104 colony forming units (CFU) per
100 µL in each well in a round bottom 96-well plate.
Serial dilutions of antibiotics were added to each well to
obtain a final concentration of 128 µg/mL to 0.0125 µg/
mL. The plates were further incubated at 37°C for 20
h and MIC was determined as the lowest concentration
that did not allow visible growth of cell.
3. Results
3.1. The phylogeny of VRSAs
We found that the 14 VRSAs were categorized among
five sequence types (STs): ST5, ST8, ST85, ST231,

and ST371. ST5 was the most predominant group with
eight VRSAs falling within this group (Figure 1a). The
strain VRS4 could not be typed as the arcC locus in this
strain had a deletion of a nucleotide and the trimmed
length was different from the standard length. Previous
reports have characterized the strain VRS4 as ST5 (9).
Further, we constructed a phylogenetic tree based on
the sequences used for sequence typing and found that
VRS4 clustered with other VRSAs of ST5 group. The
strain BR-VRSA was categorized to be ST8, same as
the methicillin-resistant, vancomycin-sensitive strain
USA300 strain and based on the phylogenetic tree, it
also claded with the USA300 rather than other VRSAs
(Figure 1b).
3.2. Presence of antibiotic resistance genes in VRSAs
When checked for the presence of antibiotic resistance
genes, we found that all the strains of VRSAs harbored
mecA gene, involved in resistance to methicillin.
Further, multiple genes involved in the resistance
against clinically used antibiotics such as vancomycin,
aminoglycosides, streptogramins and macrolides were
identified in the draft genome (Table 1). This finding,
in fact, indicated the complexity of VRSA treatment
in the clinic. Interestingly, the drug resistance genes
were not the same among these strains. This difference
might reflect the clinical setting where most of the
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patients from whom these VRSAs were isolated had
a history of several underlying conditions and were
exposed to multiple antibiotics during isolation. Among
the VRSAs, VRS3a and VRS3b were considered to be
same as these two strains were isolated from the same
patient source. Our analysis indicated that antibiotic
resistance genes were not the same among these two
strains.

We found that VRS3b did not harbor the putative
genes that conferred resistance to tetracycline and
aminoglycosides such as kanamycin and gentamicin.
To confirm this, we determined the MIC of these two
strains and found that VRS3a was resistant to these
antibiotics whereas VRS3b was sensitive to tetracycline
and gentamicin but resistant to kanamycin (Table 2).
Resistance to kanamycin but not to gentamicin in S.
aureus might be ascribed to aph(3')-III gene (16). Given
that the sequence we generated was a draft genome,
we performed a blast search for this gene in all contigs
generated from the VRS3b sequence. We found a part
of aph(3')-III at the terminal position of a contig less
than 1,000 bp suggesting that this might be responsible
for resistance to kanamycin but not gentamicin in
VRS3b. These results further suggested that these
two strains were different. To confirm this notion, we
mapped the reads obtained from de novo sequencing of
VRS3a against the VRS3b contigs. We found that some
of the genes present in VRS3b were missing from the
VRS3a reads (Table 3).
3.4. Comparative analysis of Tn1546
Transposon Tn1546, obtained from vancomycinresistant Enterococcus (17), has been shown to be one
of the responsible elements of vancomycin resistance
in VRSAs (7). The analysis of the genome indicated
that all the VRSAs but VRS3a, VRS3b, and BR-VRSA
harbored complete sets of genes from Tn1546. To
further confirm this result, we independently mapped
the reads from strains VRS3a and VRS3b and found
that these strains did not harbor transposase and part of
resolvase from Tn1546 (Figure 2).
4. Discussion
The clinical isolates of MRSA with decreased
susceptibility to vancomycin (VISA) and high-level
vancomycin resistance (VRSA) pose a serious threat
to public health. Comparative genomic analysis
of the clinical isolates of VRSA will facilitate our
understanding of how these strains acquired the
antibiotic resistance gene. Successful growth of these
isolates in mixed culture and their ability to overcome
the continuous antibiotic selection pressure in the
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Figure 2. Mapping of VRS3a and VRS3b reads against transposon Tn1546 reference sequence.

3.3. Comparative analysis of strains VRS3a and VRS3b
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hospital further highlights the importance of this issue.
Here, we showed that the genes conferring resistance
to methicillin, vancomycin and erythromycin were
common in all the VRSAs and the genes conferring
resistance to other antibiotics such as beta lactams,
macrolide and tetracycline were distributed. Besides,
we found that the strain VRS3b was typically different
from VRS3a. Furthermore, we demonstrated that some
of the genes present in VRS3b were missing in VRS3a.
Although we could not precisely predict whether
these two strains independently acquired vancomycinresistance trait or diverged after the acquisition of the
vancomycin resistance, our results suggested that these
two strains acquired vancomycin-resistance in a similar
manner. Our findings highlighted the possibility of
generation of two different VRSA strains from the same
source.
Acknowledgements

3.
4.

5.
6.

9.

10.

12.

13.

14.

References

2.

8.

11.

This work was supported by Grant-in-Aid for scientific
research (S) (JP15H05783) and Drug Discovery Support
Promotion Project from Japan Agency for Medical
Research and Development, AMED to KS; and in part
by Takeda Science Foundation to HH. Staphylococcus
aureus, Strain VRS3a and VRS3b were provided by the
Network on Antimicrobial Resistance in Staphylococcus
aureus (NARSA) for distribution by BEI Resources,
NIAID, NIH.

1.

7.

Rayner C, Munckhof WJ. Antibiotics currently used in
the treatment of infections caused by Staphylococcus
aureus. Intern Med J. 2005; 35:S3-S16.
Clinical and Laboratory Standards Institute. M100-S16
Performance standards for antimicrobial disk
susceptibility testing; Sixteenth international supplement.
Wayne, PA, 2006.
Jack Benner E, Kayser FH. Growing clinical significance
of methcillin-resistant Staphylococcus aureus. The
Lancet. 1968; 292:741-744.
National Nosocomial Infections Surveillance System.
National Nosocomial Infections Surveillance (NNIS)
System Report, data summary from January 1992 through
June 2004, issued October 2004. Am J Infect Control.
2004; 32:470-485.
Hiramatsu K. Vancomycin-resistant Staphylococcus
aureus: A new model of antibiotic resistance. Lancet
Infect Dis. 2001; 1:147-155.
Melo-Cristino J, Resina C, Manuel V, Lito L, Ramirez

15.

16.

17.

M. First case of infection with vancomycin-resistant
Staphylococcus aureus in Europe. The Lancet. 2013;
382:205.
We r n e r G , S t r o m m e n g e r B , Wi t t e W. A c q u i r e d
vancomycin resistance in clinically relevant pathogens.
Future Microbiol. 2008; 3:547-562.
Weigel LM, Donlan RM, Shin DH, Jensen B, Clark
NC, McDougal LK, Zhu W, Musser KA, Thompson
J, Kohlerschmidt D, Dumas N, Limberger RJ, Patel
JB. High-level vancomycin-resistant Staphylococcus
aureus isolates associated with a polymicrobial biofilm.
Antimicrob Agents Chemother. 2007; 51:231-238.
Kos VN, Desjardins CA, Griggs A, et al. Comparative
genomics of vancomycin-resistant Staphylococcus
aureus strains and their positions within the clade most
commonly associated with methicillin-resistant S. aureus
hospital-acquired infection in the United States. mBio.
2012; 3:e00112-12.
Panthee S, Hamamoto H, Suzuki Y, Sekimizu K. In silico
identification of lysocin biosynthetic gene cluster from
Lysobacter sp. RH2180-5. J Antibiot. 2017; 70:204-207.
Panthee S, Paudel A, Hamamoto H, Sekimizu K. Draft
genome sequence of vancomycin-resistant clinical isolate
Staphylococcus aureus VRS3b. Genome Announc. 2017;
DOI: 10.1128/genomeA.00452-17
Jia B, Raphenya AR, Alcock B, et al. CARD
2017: Expansion and model-centric curation of the
comprehensive antibiotic resistance database. Nucl Acids
Res. 2017; 45:D566-D573.
Clinical and Laboratory Standards Institute. Methods for
dilution antimicrobial susceptibility tests for bacteria that
grow aerobically; approved standard – ninth edition (CLSI
document M07–A9). Clinical and Laboratory Standards
Institute, Wayne, PA, 2012.
Paudel A, Hamamoto H, Panthee S, Kaneko K,
Matsunaga S, Kanai M, Suzuki Y, Sekimizu K. A novel
spiro-heterocyclic compound identified by the silkworm
infection model inhibits transcription in Staphylococcus
aureus. Front Microbiol. 2017; 8:712.
Paudel A, Kaneko K, Watanabe A, Shigeki M, Motomu K,
Hamamoto H, Sekimizu K. Structure-activity relationship
study of novel iminothiadiazolo-pyrimidinone
antimicrobial agents. J Antibiot. 2013; 66:663-667.
Freitas FIS, Guedes-Stehling E, Siqueira-Junior JP.
Resistance to gentamicin and related aminoglycosides
in Staphylococcus aureus isolated in Brazil. Lett Appl
Microbiol. 1999; 29:197-201.
Arthur M, Molinas C, Depardieu F, Courvalin P.
Characterization of Tn1546, a Tn3-related transposon
conferring glycopeptide resistance by synthesis of
depsipeptide peptidoglycan precursors in Enterococcus
faecium BM4147. J Bacteriol. 1993; 175:117-127.
(Received April 14, 2017; Revised April 20, 2017;
Accepted April 23, 2017)

www.ddtjournal.com

84

Drug Discoveries & Therapeutics. 2017; 11(2):84-90.

Original Article

DOI: 10.5582/ddt.2017.01006

Investigation of antiaromatase activity using hepatic microsomes
of Nile tilapia (Oreochromis niloticus)
Tanongsak Sassa-deepaeng1, Wasana Chaisri2, Surachai Pikulkaew2,*, Siriporn Okonogi3,*
1

Nanoscience and Nanotechnology Program, the Graduate School, Chiang Mai University, Chiang Mai, Thailand;
Department of Food Animal Clinic, Faculty of Veterinary Medicine, Chiang Mai University, Chiang Mai, Thailand;
3
Department of Pharmaceutical Sciences, Faculty of Pharmacy, Chiang Mai University, Chiang Mai, Thailand.
2

Summary

Microsomal aromatase enzymes of humans and rats have been used in antiaromatase assays,
but enzyme activity is species-specific. The current study extracted hepatic microsomes of
Nile tilapia (Oreochromis niloticus) to investigate and compare the antiaromatase activity of
chrysin, quercetin, and quercitrin. This activity was evaluated using a dibenzylfluorescein
(DBF) assay. Results revealed that the age and body weight of Nile tilapia affected the yield
of extracted microsomes. Extraction of hepatic microsomes of Nile tilapia was most effective
when using a reaction medium with a pH of 8.0. A DBF assay using Nile tilapia microsomes
revealed significant differences in levels of antiaromatase activity for chrysin, quercetin, and
quercitrin. Chrysin was the most potent aromatase inhibitor, with an IC50 of 0.25 mg/mL. In
addition, chrysin is an aromatase inhibitor that also inhibits the proliferation of cancer cells.
Hepatic microsomes of Nile tilapia can be used to investigate and compare the antiaromatase
activity of different compounds.
Keywords: Aromatase inhibitor, Nile tilapia, microsome, chrysin, pH effect

1. Introduction
Aromatase, a cytochrome P-450 enzyme consisting of a
polypeptide chain of 503 amino acids, is key to estrogen
biosynthesis (1,2). Aromatase is an essential component
of the process of conversion of C-19 androgens to
C-18 estrogens. Excessive aromatase activity can cause
excessive synthesis of estrogen in breast tissue and lead
to the development of breast cancer and increase the
ability of immature breast tissue cells to strongly bind
to carcinogens, decreasing their DNA repair capacity
(3). Several recent studies have reported that a high
concentration of estrogen promotes breast cancer (4-6).
Therefore, inhibition of aromatase activity is a potential
Released online in J-STAGE as advance publication March 19,
2017.
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approach to the treatment of breast cancer (7,8).
Aromatase is involved in sex differentiation and
ovarian development in many species of animals
(9,10) since the enzyme plays a key role in estrogen
biosynthesis. Estrogen influences ovarian differentiation
in non-mammalian vertebrates, including amphibians
(11), reptiles (12), birds (13), and fish (14). In
aquaculture, aromatase is involved in sex control.
Sex control in fish is important because one sex may
grow faster than the other (15). Efforts to control
unwanted breeding have focused on male fish rather
than female fish because of their faster growth rate
and more distinctive coloration. Therefore, research on
mechanisms of fish reproduction has sought to develop
agents with potent anti-aromatase activity, i.e. aromatase
inhibitors, in order to decrease estrogen synthesis and
masculinize fish to complete the sex shift to males (16).
Many aromatase inhibitors used in the treatment
of breast cancer (17) and in the process of producing
only male fish in aquaculture (18) have different levels
of potency. Antiaromatase activity can be evaluated in
order to search for potent aromatase inhibitors using
a dibenzylfluorescein assay; microsomal aromatase
enzymes are usually extracted from human placenta
(19,20), the rat liver (21), or the rat ovaries (22).

www.ddtjournal.com

85

Drug Discoveries & Therapeutics. 2017; 11(2):84-90.

However, the applications of those enzymes are limited
by animal species because the microsomes of each
species are specific to certain animals. Nile tilapia
(Oreochromis niloticus) is an economic teleost fish
cultured in Thailand, and Nile tilapia has garnered
attention worldwide as a food source. Male fish of this
species have received greater attention than female fish
because of their faster growth rate and larger size at the
same age. Aromatase from Nile tilapia microsomes is
therefore an essential component of a search for potent
aromatase inhibitors. To the extent known, no study
has used Nile tilapia microsomes for this purpose. The
current study extracted microsomal aromatase from the
liver of Nile tilapia and it tested compounds for their
anti-aromatase activity. The effects of body weight and
age of Nile tilapia on microsome yield and the effect of
pH on the aromatase activity of the microsomes obtained
were investigated. Three active compounds, chrysin,
quercetin, and quercitrin, were previously reported
to have antiaromatase activity (23,24). However, the
antiaromatase activity of these compounds has yet to
be compared. The current study is the first to examine
the antiaromatase potency these compounds and to
investigate their inhibition of the proliferation of breast
cancer cells.
2. Materials and Methods
2.1. Materials
Chrysin, quercetin, quercitrin, dibenzylfluorescein,
and thiazolyl blue tetrazolium blue (MTT) were
purchased from Sigma-Aldrich (St. Louis, MO, USA).
Potassium chloride (KCl) and methanol were obtained
from Merck (Darmstadt, Germany). Acetic acid was
obtained from RCI Labscan (Bangkok, Thailand).
4-(2-Hydroxyethyl)-1-piperazineethanesulfonic acid
(HEPES) was purchased from AMRESCO (Solon, OH,
USA). Nicotinamide adenine dinucleotide phosphate
(NADPH) was obtained from Tocris (Ellisville, MO,
USA). Antibiotic-antimycotic Dulbecco's modified
Eagle's medium (DMEM) and fetal bovine serum (FBS)
were obtained from Gibco BRL Life Technologies
(Grand Island, NY, USA). Dimethyl sulfoxide (DMSO)
was obtained from Amresco (Salon, OH, USA). All
solvents were of analytical grade. Ninety-six-well
plates were obtained from Costar (Cambridge, MA,
USA). Ultra-clear centrifuge tubes were purchased
from Beckman Coulter Inc. (Brea, CA, USA).
2.2. Microsome preparation
This study was approved by the Animal Experimentation
Committee, Faculty of Veterinary Medicine, Chiang
Mai University, Thailand. Hepatic microsomes from
Nile tilapia were prepared as previously described (25)
with some modifications. Briefly, female fish were

anesthetized by hypothermic shock in an ice bucket
and then killed by decapitation. The liver was quickly
removed and placed in 1.15% KCl solution. The liver
was then chopped into small pieces and flash frozen
in liquid nitrogen. The three volumes (w/v) of chilled
1.15% KCl solution was added to a homogenizer for
30 min. Homogenized liver samples were pooled and
centrifuged at 10,000× g, 4°C for 30 min. The lipid
layer was removed and the supernatant was subjected
to ultracentrifugation at 105,000× g, 4°C for 1 h. The
liquid solution containing microsomes was lyophilized
for further experiments.
2.3. Scanning electron microscopy (SEM)
SEM was performed to observe the morphology of fish
microsomes after lyophilization. Samples were placed in
a standard sample holder and examined under a scanning
electron microscope (Phenom Pure Desktop SEM,
Phenom-World BV, Eindhoven, Netherlands).
2.4. Protein determination
Total protein content of the obtained microsomes was
determined using NanoDrop™ 2000 (Thermo Scientific,
USA). The instrument was first calibrated using distilled
water and then 2 μL of a 2-fold serial dilution of the
sample was placed on the pedestal. The proteins contain
aromatic side chains that influence light absorption at
280 nm. The protein concentration was automatically
calculated with the NanoDrop™ 2000 software.
2.5. Effect of pH on the aromatase activity of fish
microsomes
The aromatase activity of hepatic Nile tilapia microsomes
was quantified by measuring the fluorescent intensity of
fluorescein, a dibenzylfluorescein product, in black 96well microplates as described previously (26) with some
modifications. Briefly, Nile tilapia microsomes were
resuspended in water and adjusted with HEPES at a pH
of 7.2, 7.4, 7.6, 7.8, or 8.0 to obtain a microsomal protein
concentration of 350 µg/mL. Precisely 100 µL of the
mixture was added to a 96-well plate (Corning™ 96-Well
Black, Costar, Cambridge, MA, USA), and the plate was
incubated at room temperature for 60 min. Afterwards,
10 µL of dibenzylfluorescein was added, and the plate
was further incubated for 30 min at room temperature.
Precisely 10 µL of 0.3 mM NADPH was added to the
mixture and dibenzylfluorescein was allowed to generate
a fluorescent product. The signal was measured at 485
nm (excitation) and 530 nm (emission). The experiment
was performed in triplicate.
2.6. Antiaromatase activity assay
An antiaromatase activity assay was performed in the
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similar manner as described in Section 2.5. Briefly,
Nile tilapia microsomes were resuspended in water and
adjusted to the desired microsomal protein concentration
with HEPES at a pH of 8.0. Precisely 10 µL of the test
compound (chrysin, quercetin, or quercitrin) at the
desired concentration was added to 96-well plates preincubated with 100 µL of 350 µg/mL microsomal protein
for 60 min at room temperature. Afterwards, 10 µL of
dibenzylfluorescein was added and plates were further
incubated for 30 min at room temperature. Precisely
10 µL of 0.3 mM NADPH was added to the mixture
and dibenzylfluorescein was allowed to generate a
fluorescent product. The signal was measured at 485 nm
(excitation) and 530 nm (emission). The experiment was
performed in triplicate. Concentrations of the aromatase
inhibitors used were varied to generate dose response
curves and IC50 values were calculated.

the homogenized liver is shown in Figure 1(a) and
1(b), respectively. After the first centrifugation at
10000× g, the fractions of unbreakable cells, nuclei,
and mitochondria were precipitated while the soluble
enzymes and fragmented endoplasmic reticulum
containing microsomes remained in the supernatant.
After ultracentrifugation at 105,000× g, the microsomes
appeared as a gel-like mass at the bottom of the tube
that was reddish color, as shown in Figure 1(c). Under
SEM, fish microsomes had an irregular shape as shown
in Figure 1(d). The yields of microsomes are shown in
Table 1. Results suggested that a higher yield of fish
microsomes can be extracted from adult fish with a
heavier weight.

2.7. Anti-proliferative activity assay

The aromatase activity of Nile tilapia microsomes at
different pHs was examined. As shown in Figure 2,
results indicated that fish microsomes dissolved in a

Two cancer cell lines, HepG2 human hepatoma and
MCF-7 human breast cancer cells from the American
type Culture Collection (Rockville, MD, USA),
were cultured in a 75-cm2 sterile flat-bottomed bottle
containing DMEM supplemented with 10% FBS
and 10% of antibiotic-antimycotic in a humidified
atmosphere of 5% CO 2 at 37°C until confluent. An
anti-proliferative activity assay was performed using
the method previously described (27) with some
modifications. Cells (5 × 105 cells/well) were seeded
in 96-well plates (Thermo Scientific™ Nunc™
MicroWell™ Plates with Nunclon™ Delta Surface,
Nunc™, Nalge Nunc, Denmark). Various concentrations
of the tested sample were added and the plates were
incubated at 37°C for 20 h. DMSO was used as a vehicle
control. Afterwards, the medium was drained and 100
μL of (5 mg/mL) MTT was added to each well. Plates
were further incubated at the same temperature for 4 h.
Finally, the cells were dissolved by adding DMSO before
measuring the absorbance of the resulting purple solution
at 570 nm with a microplate reader (Tecan Sunrise,
Software Magellan V.5.00, Switzerland). Absorbance at
630 nm served as a reference. All treatments were done
in quadruplicate.
2.8. Statistical analysis
The experiment was performed in triplicate. Data are
presented as the mean ± S.D. Statistical analysis was
performed using ANOVA and p values less than 0.05
were considered significant.
3. Results
3.1. Microsome preparation and SEM images
The outer appearance of the liver of Nile tilapia and

3.2. Effect of pH on the aromatase activity of Nile tilapia
microsomes

Figure 1. The outer appearance of (a) the liver of Nile
tilapia, (b) homogenized liver of Nile tilapia, (c) extract
from the liver of Nile tilapia microsomes, and (d) SEM
image of Nile tilapia microsomes.
Table 1. Effects of age and body weight of Nile tilapia on the
yield of microsomes (n = 3)
Body weight (g)
150-160
170-180
190-200
220-230
240-250
300-320
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Age (month)

Extracted microsomes (mg)

3-4
3-4
3-4
5-6
5-6
5-6

0±0
0±0
0±0
27 ± 6
41 ± 16
198 ± 33
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medium with a pH of 7.2-7.8 had significantly less
aromatase activity than microsomes dissolved in a
medium with a pH of 8.0. At microsome concentrations
of 21.9-175 μg/mL, the activity of the enzyme was
independent of its dose. Dose-dependent activity was
noted only when the enzyme was in medium with a pH
of 8.0.

treatment with chrysin for 20 h dramatically decreased
the viability of cancer cells as the concentration of
chrysin increased. The anti-proliferative activity of
chrysin against both types of cancer cells differed
slightly. The IC50 of chrysin with respect to HepG2 cells
was 8.76 ± 0.79 µg/mL while its IC50 with respect to
MCF-7 cells was 9.77 ± 1.21 µg/mL.

3.3. Antiaromatase activity

4. Discussion

Three active compounds, chrysin, quercetin, and
quercitrin, were used in the current study because they
have similar structures, as shown in Figure 3. Results
indicated that all 3 assayed compounds inhibited the
aromatase activity of Nile tilapia microsomes in a dosedependent manner. However, that level of inhibition
differed, as shown in Figure 4. Chrysin had the most
potent antiaromatase activity, with an IC50 of 0.25 mg/
mL. This activity was approximately 2 times that of
quercetin (0.44 mg/mL). Quercitrin had the lowest
activity, with an IC50 that could not be detected.

During sex differentiation, overexpression of estrogens
or androgens in genetically male or female individuals,
respectively, is known to transform the sexual phenotype
to the opposite gender (9,10). In fish, aromatase enzymes
can irreversibly convert androgens into estrogens

3.4. Anti-proliferative activity
Chrysin was chosen to determine whether it inhibited
the proliferation of HepG2 human hepatoma and MCF-7
human breast cancer cells. Results indicated that chrysin
significantly inhibited the proliferation of both types of
cells in a dose-dependent manner. As shown in Figure 5,
Figure 4. Inhibition of aromatase by the tested compounds.

Figure 2. Effect of pH on aromatase activity of Nile tilapia
microsomes measured with fluorescence intensity.

Figure 3. Chemical structure of (a) chrysin, (b) quercetin,
and (c) quercitrin.

Figure 5. Anti-proliferative activity of chrysin against (a)
HepG2 and (b) MCF-7 cancer cells.

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2017; 11(2):84-90.
(14). Hence, aromatase is essential to establishing the
final sex phenotype of fish. A high level of expression
of aromatase enzymes is associated with ovarian
differentiation while a low level is associated with
testicular differentiation. Male Nile tilapia grow at a rate
20% faster than female fish (15). Therefore, male fish
need to be produced when aquaculturing Nile tilapia.
For years, aromatase inhibitors have been used as sex
inversion agents to produce all-male populations of fish
since they can significantly reduce the biosynthesis of
estrogen (16,18). The antiaromatase activity of different
compounds should be compared in order to search for
the most potent aromatase inhibitor. Microsomes of
some fish species such as rainbow trout (Oncorhynchus
mykiss), carp (Cyprinus carpio), and seabream
(Sparus aurata) have previously been used to assay
antiaromatase activity (28,29). However, Nile tilapia
microsomes have not been used for this purpose. The
current study therefore sought to investigate whether the
hepatic microsomes of Nile tilapia could be a source of
aromatase enzymes and whether they would be suitable
for testing or comparing the antiaromatase activity of
different compounds.
Microsomes are vesicle-like fractions of the
endoplasmic reticulum (ER) found in healthy living cells.
Microsomes can feasibly be isolated when eukaryotic
cells are dissolved and centrifuged (30). Many organs
of fish have been used to extract microsomes. However,
the parts that are normally rich in microsomes are the
liver (28), brain (31), and ovaries (32). The liver was
selected for the source of microsomes in the current
study because of its larger size and ease of isolation. To
the extent known, the current study is the first to extract
hepatic microsomes of Nile tilapia for use in an assay of
antiaromatase activity.
As expected, results indicated that the hepatic
microsomes of Nile tilapia obtained were reddish in
color due to the presence of heme (33). Fish of two age
groups, 3-4 months and 5-6 months, were compared.
Results clearly indicated that the older fish yielded more
microsomes. Moreover, fish in the same age group but
with different weights yielded different amounts of
microsomes. Fish with a heavier weight yielded a larger
amount of microsomes. Based on the fish body weight,
the percent yield from fish with the lightest average
weight (225 g) was only 0.12% whereas that from the
heaviest average weight (310 g) was 0.63%. Thus, the
percent yield was almost three times greater. The yield of
hepatic microsomes from Nile tilapia was influenced by
the age and body weight of fish.
The pH of fish blood is reported to fluctuate due to
species variation, environment, electrolytes, temperature,
and stress (34). Moreover, the pH of a reaction medium
occasionally plays a key role in many reactions (35,36).
The current study found that pH played an important role
in the aromatase activity of Nile tilapia microsomes. The
pH of the medium was adjusted to 8.0, which was the
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most effective pH, since aromatase enzymes behaved in
a dose-dependent manner. Therefore, this pH was chosen
for further study of the antiaromatase activity of different
compounds.
Three compounds, chrysin, quercetin, and
quercitrin, were tested for their antiaromatase activity.
These compounds have the same core structure of 5,7
dihydroxy flavone as is found in chrysin. Addition
of two hydroxyl groups to chrysin at C3' and C4'
yields quercetin, which is the aglycone part of many
important flavonoid glycosides. Substitution of deoxy
sugar rhamnose at C3 of quercetin yields quercitrin, a
glycoside. Comparison of the antiaromatase activity
of these three compounds in hepatic microsomes from
Nile tilapia revealed different levels of antiaromatase
activity. Results also indicated the effects that the
structure-activity relationship of the compounds had.
Substitution of OH group to chrysin, such as in quercetin
molecule, caused significant decrease in antiaromatase
activity. In addition, consideration between a flavonoid
quercetin and its glycoside formed from deoxyrhamnose
substitution, quercitrin, resulted that the aglycone
quercetin possessed higher activity than its corresponding
glycoside, quercitrin. Since the active site of aromatase
is highly hydrophobic (37), the compounds with alkyl or
higher hydrophobic aromatic groups could have higher
affinity to this enzyme leading to a higher efficiently
block enzyme activity. Substituting OH groups or sugar
moieties in chrysin can decrease its hydrophobicity.
Chrysin had the highest hydrophobicity and most potent
antiaromatase activity, so chrysin was investigated for its
inhibition of the proliferation of cancer cells.
A study has reported that estrogen-dependent breast
carcinogenesis can be treated by blocking estrogen
activity using aromatase inhibitors (38). Recent studies
have indicated that some aromatase inhibitors inhibit
the proliferation of cancer cells as well (39,40). Chrysin
had the most potent antiaromatase activity among
the compounds tested in the current study, so chrysin
was selected to investigate its ability to inhibit the
proliferation of MCF-7 human breast cancer cells. To
confirm a compound's ability to inhibit the proliferation
of cancer cells, HepG2 human hepatoma cells were also
used. Results indicated that chrysin efficiently inhibited
the growth of both cancer cell lines but at different levels.
Chrysin has been reported to have anti-inflammatory
action (41). The current study used hepatic microsomes
from Nile tilapia as a novel source of test enzymes.
Results indicated that chrysin inhibited the proliferation
of MCF-7 and HepG2 cancer cells and that it had potent
antiaromatase activity.
In conclusion, the current study indicated that
hepatic microsomes from Nile tilapia are a high specific
means of investigating the activity of aromatase
inhibitors in vitro. The age and body weight of Nile
tilapia significantly affected the yield of the extracted
microsomes. The aromatase activity of Nile tilapia
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microsomes was influenced by the pH of the reaction
medium. A pH of 8.0 is the most effective pH at which to
assay the antiaromatase activity of different compounds.
The antiaromatase activity of chrysin, quercetin,
and quercitrin differed. Chrysin was the most potent
aromatase inhibitor. Results confirmed that chrysin is an
aromatase inhibitor and indicated that chrysin inhibits the
proliferation of cancer cells as well.
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Summary

Human saliva is a potential diagnostic fluid and any alteration in body might be reflected in
saliva so that saliva is considered as "mirror of the body". Variations in salivary hormone
level, ultra structure, pH, flow rate, buffering capacity and electrolytes level are found
during menstrual cycle in regard to ovulation. Thirty healthy volunteers were used for the
assessment of physico-chemical changes in saliva. Reproductive cycle was categorized as
pre-ovulation phase (5 to 12 days), ovulation phase (13 or 14 days) and post-ovulation phase
(15 to 25 days) according to salivary arborization test and hormonal analysis. Estradiol and
luteinizing hormone was gradually increased and attained peak at the level of 2.28 ± 0.20
pg/mL and 1.35 ± 0.41 mIU/mL respectively during the ovulation phase. The electrolytes
result clearly indicates that the influx of common electrolytes is important for crystallization
and help to induce clear ferning pattern in ovulation phase. Sodium (Na) and chloride (Cl)
were found to be high during ovulation phase only. Average salivary pH was 7.5, 7.1, and 7.3
during ovulation, pre- and post-ovulation phases respectively. Buffering capacity of saliva
was normal during pre- and post- ovulation phases. In contrast, in ovulation phase the
buffer capacity was slightly higher. At the first time, the scanning electron microscopy (SEM)
studies revealed the ultra structure difference of saliva during menstrual cycle. During
ovulation phase a compact network-shaped mesh was appeared; such structure was not
appeared in pre- and post ovulation phases. Additionally, we observed the saliva is arrayed
as a fine mosaic-like structure during ovulation. Based on physico-chemical properties and
hormonal levels may lead to develop a detection kit/sensor for detecting the ovulation phase
in human.
Keywords: Buffer capacity, SEM, luteinizing hormone, estradiol, electrolytes

1. Introduction
Saliva is secreted from three paired extrinsic salivary
glands in humans such as parotid, submandibular,
and sublingual glands under the control of both the
parasympathetic (PNS) and sympathetic nervous
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systems (SNS) (1). Parotid glands and submandibular
glands are contributing around 25% and 70%, whereas
the sublingual glands account for only 5% of total
salivary output (2,3). In recent years, more blood borne
substances have been detected in saliva, which leads to
saliva as an essential, noninvasive diagnostic medium.
On the other hand, saliva is composed of 95% water
and 5% of various minerals, electrolytes, hormones,
enzymes, immunoglobulins, cytokines, etc. (4).
Ovulation is a complex mechanism in which mature
ova is likely to respond to surge of luteinizing hormone
(LH) and rupture to release fertilizable oocytes. The
LH-induced transition of ovarian tissue is prerequisite
for the process of ovulation which is caused by
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multi-gene and multi-step process. Particularly, LH
surge initiates a cascade of proteolytic events that
control ovulation. Mainly, the LH gene activates the
progesterone receptor (5). During ovulation numerous
cell types get altered namely granulosa, theca cells,
fibroblasts and endothelial cells, as well as the ovarian
surface epithelium (6). Additionally, various protease
enzymes mediate the ovulation during LH surge;
for instance, proteins are thought to be mediators of
ovulation such as: plasminogen activators (PAs), matrix
metalloproteinases (MMPs), kallikreins and tissuespecific inhibitors of MMPs (TIMPs) (7).
Recently, attention has been paid to the development
of noninvasive methods for ovulation detection (8,9).
Saliva is a good investigative tool for various diagnostic
purposes. It is reported that the sympathetic nervous
system, parasympathetic nervous system, hypothalamicpituitary-adrenal axis and immune system are response
to change their biomolecules in saliva due to stress
(10). Ovulation has been linked to an inflammatorylike response (11) and well considered as stress to
women. Perhaps, one or more salivary proteins would
serve as a potential non-invasive biomarker that would
be characterized to predict ovulation (12). Report
revealed that, uridine diphosphoacetylglucosamine
pyrophosphorylase (UDP)-N-acetylglucosamine
pyrophosphorylase was found to be a specific protein
differentially expressed in human saliva during the
ovulation phase (13). Most recently, the salivary protein
expression differs particularly the high 14.5 kDa
protein expression were high in ovulation phase (14).
In general, LH assay in serum and ultrasonography
methods are used to predict the ovulation time, even
though, these methods are invasive, high cost and needs
technically skilled persons. In the present scenario,
the time of ovulation in women is highly essential to
avoid unwanted pregnancy and in vitro fertilization
to effective implementation of assisted reproductive
technology (ART). However, presently there is no
reliable, cost effective indicator for detection of
ovulation in women accurately. As of now, there is an
increasing demand to promote cost effective method
or tool to predict fertile period in women. The present
study was undergone to analyze LH and estradiol
levels, pH, buffer capacity, flow rate, and electrolytes
during the phases of menstrual cycle. Furthermore, for
the first time the ultra-structure of saliva in different
phases of menstrual cycle was spotted using scanning
electron microscopy.
2. Materials and Methods
2.1. Ethics statement
Sample collection from local women volunteers
and all experimental protocols were approved by
Institutional Ethical Committee (IEC) (Approval
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No: DM/2014/101/38), Bharathidasan University,
Tiruchirappalli, India. All the methods were carried
out in accordance with the Indian Council for Medical
Research (ICMR, New Delhi) approved guidelines
and regulations. Volunteers were duly informed and
subsequently given a written consent.
2.2. Volunteer's inclusion criteria
Thirty healthy female volunteers (ranges from 18-30
years) without any chronic diseases of oral system,
infectious diseases, systemic illness, cardiac, renal,
respiratory or hepatic failure, ovarian dysfunction or
any medications known to alter sex hormone levels
were selected. Volunteers were excluded from the study
if they did not meet the above criteria.
2.3. Saliva sampling and process
The saliva samples were collected without any
stimulus in the morning (8.00 to 9.00 a.m.) from
female volunteers. The volunteers were instructed to
brush the teeth 30 min before the collection of saliva.
Further, all subjects abstained from eating or drinking
for a minimum of 1 h before saliva collection. The
saliva samples were collected by expectorating into
polypropylene tubes within 5 min according to the
protocol followed by Navazesh (15). The samples were
centrifuged at 16,000 g for 15 min to remove insoluble
materials and cells, if any. The samples were stored at
‒80˚C until further use.
2.4. Confirmation of ovulation
The saliva samples were assigned among the three
phases, preovulatory (day 6 to 12), ovulatory (days
13 or 14) and postovulatory (day 15 to 26) phases
according to the salivary hormone concentrations and
fern pattern analysis (13). In addition, the ovarian
follicle status was assessed with ultrasonography
to validate the day of ovulation. The concentration
of hormones such as estradiol, LH (luteinizing
hormone), and FSH (follicle-stimulating hormone)
were determined by enzyme immunoassay (EIA) using
commercial kits (Pathozyme Oestradiol OD477 EIA
kits, Omega House, Scotland, UK).
2.5. pH, buffer capacity and flow rate
Saliva pH was measured using a pHTestr® 30 (Thermo
Scientific Eutech products, Ayer Rajah Crescent,
Singapore). To measure buffering capacity of saliva,
after measuring pH, 1 mL of 0.1 N HCl was added to 1
mL of saliva and pH was recorded (16). Buffer capacity
was calculated according to changes in pH. For flow
rate, the sample tubes were first weighed and reweighed
with tubes containing saliva samples.
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2.6. Electrolytes measurement
Electrolytes (Na, Cl, K and Ca) were analyzed in
Atomic Absorption Spectrophotometer (AAS)
(AAS iCE 3000 series, Thermo Fischer, Waltham,
Massachusetts, USA) after calibrating for each element
using standard solution of known concentration
2.7. Scanning electron microscopy analysis
Saliva samples were fixed in 3% glutaraldehyde
solution in 0.25 M cacodylate buffer at 4°C for 48 h.
After the fixation period, the specimens were washed
twice in a 0.25 M cacodylate buffer for 30 min each
time, to remove the remaining fixer. Then they were
dehydrated in an ascending gradient in acetone
concentration. For this, the specimens went through
30%, 50%, 70%, 90% and 100% (v/v) concentration
acetone solutions, remained in each solution for 120
min as described in Barros et al. (17). Followed by auto
gold coating, the samples were examined at 10.00K
x magnification at 10 kV. SEM Observations were
made with a ZEISS FE-SEM (Carl Zeiss NTS Ltd,
Oberkochen, Germany) scanning electron microscope.
2.8. Energy-dispersive X-ray spectroscopy
Energy-dispersive X-ray spectroscopy (EDX) analysis

was applied to the area nearest to the smear surfaces of
the samples. EDX analysis was performed using ZEISS
FE-SEM instrument equipped with EDX.
2.9. Statistical analysis
All data represented as mean ± SE and analyzed using
one-way analysis of variance (ANOVA) with LSD
post-hoc comparisons. A p value ≤ 0.05 was considered
statistically significant. All statistical analysis was
performed using the software package Statistical
Package for Social Sciences (SPSS) for Windows,
version 16.0 (SPSS Inc., Cary, NC, USA).
3. Results
3.1. Hormones level in saliva
The levels of salivary estradiol and LH during various
phases of menstrual cycle were shown in Figure 1.
A peak LH was observed during menstrual cycle at
12th day, whereas, the mean concentration of estradiol
began to increase after LH shut down and reached
its peak level during 14 th day of cycle (Figure 1).
The FSH concentration also differed in a significant
level (p < 0.05) during the menstrual cycle which was
highest during the ovulatory phase. The concentrations
of hormones varied in preovulatory, ovulatory and
postovulatory phases according to their physiological
condition. The mean level of salivary estradiol, LH are
during ovulation phase 2.35 ± 0.15 pg/mL and 1.34 ±
0.04 mIU/mL respectively.
3.2. pH, buffer capacity and flow rate

Figure 1. Salivary LH and estradiol level during menstrual
cycle. The daily pattern of LH and estradiol level was recorded
in subject's saliva sample (n = 30). The timing of LH and
estradiol peak were appears around 12 th and 14 th day of
menstrual cycle respectively. Data are presented as mean ± SD (p
< 0.05).

The results show that the pH was significantly (7.53
± 0.073, p = 0.01) increased during ovulation phase
as compared to pre- and postovulation phases (Figure
2A, Table 1). Normal buffer capacity was observed
in phases of menstrual cycle but a slight change was
found in ovulation phase (2.21 ± 0.23) as compared to
other phases, but the difference was not significant (p
= 0.145) (Figure 2B, Table 1). The mean value of flow
rate was decreased significantly in ovulation phase
(2.09 ± 0.18 mL/5 min, p = 0.01) as compared to preand postovulation phases are 2.23 ± .09 mL/5 min and
2.47 ± 0.01 mL/5 min respectively (Figure 2C, Table
1). A significant positive correlation was found between

Table 1. Physico-chemical properties during ovulation phase
Physico-chemical properties
pH
Buffer capacity
Flow rate (ml/5 min)
*

Pre-ovulation
7.18 ± 0.08
2.13 ± 0.20
2.23 ± 0.09

Ovulation
7.53 ± 0.07*
2.21 ± 0.23
2.09 ± 0.18*

Differences (p < 0.05) with pre- and post-ovulation phases. Data are presented as mean ± SE.
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Post-ovulation

p value

7.35 ± 0.07
1.65 ± 0.20
2.47 ± 0.06

0.01
0.00
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Figure 2. Physico-chemical properties of saliva. A) pH level
of saliva during different phases of menstrual cycle, B) Buffer
capacity of saliva, C) Flow rate of saliva, D) Correlation slope
for saliva between pH and flow rate.

Figure 3. Major salivary electrolytes level. Bar diagram
shows that level of Na, Cl, K, Ca electrolytes in saliva during
menstrual cycle. The Na and Cl level were significantly
high during ovulation and post-ovulation phase respectively
compared to other phases using Fisher's least significant
difference post-hoc comparisons (*p < 0.05). Data are presented
as mean ± SE.

salivary pH and flow rate (r = 0.751 and r2 = 0.565, p <
0.05) (Figure 2D).

3.5. SEM-EDX analysis

3.3. Major electrolytes level
The salivary electrolytes were observed around
the menstrual cycle (Figure 3). The concentrations
of sodium in saliva significantly increased during
ovulation phase (0.27 ± 0.08 mmol/mL, p = 0.002),
whereas the chloride concentration was significantly
less during preovulation phase and rapidly increased
during ovulation phase (0.045 ± 0.010 mmol/mL, p =
0.05) and reached maximum in postovulation phase
(0.062 ± 0.009 mmol/mL, p = 0.008). The mean
potassium and calcium level in saliva did not alter
during the phases of menstrual cycle. The potassium
and calcium levels during ovulation phase were
observed as 0.05 ± 0.005 mmol/mL, p = 0.292 and 0.003
± 0.001 mmol/mL, p = 0.195.
3.4. Scanning electron microscopy analysis
The ultra-structure of saliva revealed by SEM analysis
and a significant structural change were observed in
different phases of menstrual cycle. Three different
saliva structures were found in saliva such as, micro
globules, compact network-shaped mesh and networkshaped mesh with pores at 10 K X magnification. The
micro globules were exclusively found in pre-ovulation
phase saliva with 2 µm scale (Figure 4A). Likewise,
the ovulation phase saliva shows a unique compact
network-shaped mesh structure, which is recorded as
the highest relative abundance (Figure 4B). In postovulation, the network-shaped meshes denatures and
pores were developed (Figure 4C), which indicates
that mesh structure started to lose their structural
arrangement due to decrease the ion content.

In saliva, the presence of elements was recorded using
EDX analysis. The following elements were detected
namely: calcium, sodium, chloride, potassium and
magnesium. Interestingly, the Cl element was appeared
exclusively during ovulation phase and it may have
vital role in crystals formation during ovulation phase
(Figures 4D-4I).
4. Discussion
This is the first approach to investigate the salivary
physico-chemical properties and ultrastructure in
relation to the ovulation phase during menstrual cycle.
Ovarian hormones cause the cyclic changes in the
endometrium of uterus; particularly, estradiol produced
by a mature ovarian follicle which triggers a surge
release of GnRH (gonadotropin-releasing hormone)
from the hypothalamus through positive feedback
mechanism. Saliva samples have been demonstrated
to enable differentiation between the follicular and
luteal phase by assessing progesterone (18) and
estradiol (19). Chatterton et al., (20) found that the
mean estradiol 2 level in the follicular phase across
three consecutive cycles was 22.1 ± 2.7 pmol/L while
mean luteal phase progesterone was 436 ± 34 pmol/
L. Similarly, the present study confirms the variation
in hormonal level around the menstrual cycle with
peak concentration for estradiol (2.28 ± 0.20 pg/mL)
and LH (1.35 ± 0.41 mIU/mL) during ovulation phase.
Comparing our results with previous findings estradiol
and LH are found to be equal concentrations in saliva
during ovulation phase (8,21). It is well reported that
the ferning pattern in women saliva was formed due to
NaCl (sodium chloride), which is cyclically increased
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Figure 4. Scanning electron microscopic and SEM–EDX analysis of saliva during menstrual cycle. SEM analysis of A) preovulation phase shows microglobules, B) Compact network-shaped mesh of ovulation phase, C) Network-shaped mesh with
formation of pores of post-ovulation phase, at 10.00 K X in magnification and Bar = 2 µm. D, G) EDX electrolytes analysis of the
pre-ovulation phase. E, H) EDX electrolytes analysis of ovulation phase. F, I) EDX electrolytes analysis of the post-ovulation phase
saliva.

under the influence of estrogen (22-24). Barbato et
al. (25) reported that the strong relationship is found
among salivary ferning pattern and physiological
condition during menstrual cycle.
A previous study revealed that the sodium and
chlorine concentration level increased in sweat and
saliva of cystic fibrosis (CF) patients (26,27). Likewise,
a decreased potassium concentration level was found in
rheumatoid arthritis patients (28). Recently, the level of
sodium, potassium, chloride, calcium and phosphorus
were identified as higher in Down syndrome patients
saliva compared to healthy individuals (29). The
concentration of sodium (Na), potassium (K) and
chloride (Cl) ions in saliva was higher in diabetic
patients when compared to that of non-diabetic patients
those are having dental caries (30). In the present study,
higher levels of sodium and chloride were found in
saliva during ovulation phase compared to that of other
phases. Our previous report showed that the salivary
electrolytes are responsible for fern pattern formation
during the ovulation phase (23), the present study
further affirms the elevated level of salivary electrolytes
during the ovulation phase.
The results obtained in this study indicated that
significant difference was recorded in salivary pH and

buffer capacity during ovulation phase compared to
other phases of menstrual cycle. Preethi et al., (31)
showed that the buffering capacity of the saliva was
lower in children having caries as compared to healthy
children. According to our data, salivary flow is lesser
in ovulation phase of women, which may lead to oral
dryness seen in females (32). It is found that women
have a low saliva flow rate than men for stimulated
and un-stimulated parotid saliva (33). Possibly
female sexual hormones, specifically estrogen, have a
significant role in the suppression of saliva flow (31,34).
Recently, it is reported that individuals with increased
inorganic salivary calcium, phosphate, pH and increased
flow rate may chance for periodontitis formation (35).
Additionally, findings from the present study suggest
that the sexual hormones may influence the changes
in salivary flow rate and pH during ovulation phase.
Electrolyte level, pH, buffer capacity, flow rate and
ultra structure have been studied in saliva in reference
to several diseases and physiological conditions (2630,33,36-42). The present study revealed the difference
in the electrolytes, pH, buffer capacity and flow rate of
saliva during the ovulation phase. Likewise, the salivary
protein expressions are varies in regard to ovulation
phase (14).
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Commonly, the typical endocrine pattern of the
menstrual cycle controls the functions of the cervix
and, thereby controls the biophysical properties of
the cervical mucus (38). At earlier period the mesh
type morphology was demonstrated in cervical mucus
during ovulatory phase (43). Even though, in the
human salivary ultra structure is not yet studied during
menstrual cycle in regard to ovulation phase. Now, the
SEM-EDX study reveals the difference in elements
concentration during ovulation phase as compared to
other phases.
On the basis of our findings, we suggest that human
saliva has distinctive variation in physico-chemical
properties during ovulation phase, which would help
to set a reference for the identification of fertile period
in women. Further, studies are required to understand
the composition of saliva during the fertile period in
women. In conclusion, micro and macro molecules
which involved in the ultra structural variation and
electrolytes would lead to the development of biosensor
for ovulation detection.

9.
10.

11.
12.
13.

14.

Acknowledgements

15.

G.S. thanks the Indian Council of Medical Research
(ICMR-New Delhi, India; File No. 45/5/2014-BIO/
BMS) for the award of Senior Research Fellowship.
The facility availed from Bharathidasan University,
ICAR-National Fund, DST-FIST-Phase-I (StageII) and UGC-SAP-DRS-II is greatly acknowledged.
Authors thank Dr. A.S. Rao, Honorary Professor,
Department of Biotechnology, Bharathidasan
University, Tiruchirappalli-620024 for critical reading
of manuscript.

16.
17.
18.

19.

References
1.
2.
3.
4.
5.

6.
7.

8.

Marieb EN, Hoehn K. Human anatomy & physiology (8th
ed.). Benjamin Cummings, San Francisco, USA, 2010.
Martini FH, Nath JL. Fundamentals of Anatomy and
Physiology (8th ed.). Pearson/Benjamin Cummings, San
Francisco, USA, 2009.
Farnaud SJ, Kosti O, Getting SJ, Renshaw D. Saliva:
physiology and diagnostic potential in health and
disease. ScientificWorldJournal. 2010; 10:434-456.
Edgar WM. Saliva: its secretion, composition and
functions. Br Dent J. 1992; 172:305-312.
Robker RL, Russell DL, Yoshioka S, Sharma SC, Lydon
JP, O'Malley BW, Espey LL, Richards JS. Ovulation: a
multi-gene, multi-step process. Steroids. 2000; 65:559570.
Espey LL, Lipner H. Ovulation. In: The Physiology of
Reproduction (Knobil E, Neill JD, eds.). Raven Press,
New York, 1994; pp. 725-780.
Nothnick WB, Keeble SC, Curry TE Jr. Collagenase,
gelatinase, and proteoglycanase messenger ribonucleic
acid expression and activity during luteal development,
maintenance, and regression in the pseudopregnant rat
ovary. Biol Reprod. 1996; 54:616-624.
Alagendran S, Archunan G, Prabhu SV, Orozco BE,

20.

21.
22.
23.

24.
25.
26.

96

Guzman RG. Biochemical evaluation in human saliva
with special reference to ovulation detection. Indian J
Dent Res. 2010; 21:165-168.
Martinez AR. Prediction and detection of the fertile
phase of the menstrual cycle: an overview. Adv
Contracept. 1997; 13:131-138.
Khaustova S, Shkurnikov M,Tonevitsky E, Artyushenko
V, Tonevitsky A. Noninvasive biochemical monitoring of
physiological stress by Fourier transform infrared saliva
spectroscopy. Analyst. 2010; 135:3183-3192.
Espey LL. Ovulation as an inflammatory reaction-a
hypothesis. Biol Reprod.1980; 22:73-106.
Saibaba G, Archunan G. Does salivary protein(s) act
an ovulation indicator for women? A hypothesis. Med
Hypotheses. 2015; 84:104-106.
Alagendran S, Saibaba G, Muthukumar S, Rajkumar R,
Guzman RG, Archunan G. Characterization of salivary
protein during ovulatory phase of menstrual cycle
through MALDI-TOF/MS. Indian J Dent Res. 2013;
24:157-163.
Saibaba G, Rajesh D, Muthukumar S, Sathiyanarayanan
G, Padmanabhan P, Akbarsha MA, Gulyás B, Archunan
G. Proteomic analysis of human saliva: An approach to
find the marker protein for ovulation. Reprod Biol. 2016;
16:287-294.
Navazesh M. Methods for collecting saliva. Ann N Y
Acad Sci. 1993; 694:72-77.
Tulunoglu O, Demirtas S, Tulunoglu I. Total antioxidant
levels of saliva in children related to caries, age, and
gender. Int J Paediatr Dent. 2006; 16:186-191.
Barros C, Arguello B, Jedlicki A, Vigil P, Herrera E.
Scanning electron microscope study of human cervical
mucus. Gamete Res. 1985; 12:85-89.
Choe JK, Khan-Dawood FS, Dawood MY. Progesterone
and estradiol in the saliva and plasma during the
menstrual cycle. Am J Obstet Gynecol. 1983; 147:557562.
Gröschl M, Rauh M, Schmid P, Dörr HG. Relationship
between salivary progesterone, 17-hydroxyprogesterone,
and cortisol levels throughout the normal menstrual
cycle of healthy postmenarcheal girls. Fertil Steril. 2001;
76:615-617.
Chatterton RT Jr, Mateo ET, Hou N, Rademaker AW,
Acharya S, Jordan VC, Morrow M. Characteristics
of salivary profiles of oestradiol and progesterone in
premenopausal women. J Endocrinol. 2005; 186:77-84.
Gandara BK, Leresche L, Mancl L. Patterns of salivary
estradiol and progesterone across the menstrual cycle.
Ann N Y Acad Sci. 2007; 1098:446-450.
Alagendran S, Archunan G, Achiraman S. Prediction of
ovulation in women through the occurrence of salivary
fern prototype. ICFAI J Life Sci. 2007; 1:7-15.
Alagendran S, Archunan G, Bonnila Armando EO,
Guzman RG. Evaluation of salivary electrolytes during
normal menstrual cycle with special reference to
ovulation. Am J Appl Sci. 2010; 7:1066-1072.
Fernando RS, Regas J, Betz G. Ovulation prediction
and detection with the CUE Ovulation Predictor. Hum
Reprod. 1988; 3:419-424.
Barbato M, Pandolfi A, Guida M. A new diagnostic
aid for natural family planning. Adv Contracept. 1993;
9:335-340.
Di Sant'agnese PA, Darling RC, Perera GA, Shea E.
Abnormal electrolyte composition of sweat in cystic
fibrosis of the pancreas; clinical significance and

www.ddtjournal.com

97

Drug Discoveries & Therapeutics. 2017; 11(2):91-97.

relationship to the disease. Pediatrics. 1953; 12:549-563.
27. Jiménez-Reyes M, Sánchez-Aguirre FJ. Sodium and
chlorine concentrations in mixed saliva of healthy and
cystic fibrosis children. Appl Radiat Isot. 1996; 47:273277.
28. Syrjänen S, Lappalainen R, Markkanen H. Salivary
and serum levels of electrolytes and immunomarkers in
edentulous healthy subjects and in those with rheumatoid
arthritis. Clin Rheumatol. 1986; 5:49-55.
29. Singh V, Arora R, Bhayya D, Singh D, Sarvaiya B,
Mehta D. Comparison of relationship between salivary
electrolyte levels and dental caries in children with Down
syndrome. J Nat Sci Biol Med. 2015; 6:144-148.
30. Hegde MN, Tahiliani D, Shetty SS, Devadiga D.
Salivary electrolyte as a biomarker in caries active type
II diabetes-A comparative study. Nitte Uni J Health Sci.
2014; 4:85-89.
31. Preethi BP, Reshma D, Anand P. Evaluation of flow rate,
pH, buffering capacity, calcium, total proteins and total
antioxidant capacity levels of saliva in caries free and
caries active children: An in vivo study. Indian J Clin
Biochem. 2010; 25:425-428.
32. Sreebny LM. Saliva in health and disease: an appraisal
and update. Int Dent J. 2000; 50:140-161.
33. Lukacs JR, Largaespada LL. Explaining sex differences
in dental caries prevalence: saliva, hormones, and "lifehistory" etiologies. Am J Hum Biol. 2006; 18:540-555.
34. Temple DH. Variability in dental caries prevalence
between male and female foragers from the Late/Final
Jomon period: Implications for dietary behavior and
reproductive ecology. Am J Hum Biol. 2011; 23:107-117.
35. Rajesh KS, Zareena, Hegde S, Arun Kumar MS.
Assessment of salivary calcium, phosphate, magnesium,
pH, and flow rate in healthy subjects, periodontitis, and

dental caries. Contemp Clin Dent. 2015; 6:461-465.
36. Brunelli R, Papi M, Arcovito G, Bompiani A, Castagnola
M, Parasassi T, Sampaolese B, Vincenzoni F, De Spirito
M. Globular structure of human ovulatory cervical mucus.
FASEB J. 2007; 21:3872-3876.
37. Ceric F, Silva D, Vigil P. Ultrastructure of the human
periovulatory cervical mucus. J Electron Microsc (Tokyo).
2005; 54:479-484.
38. Elstein M. Cervical mucus: its physiological role and
clinical significance. Adv Exp Med Biol. 1982; 144:301318.
39. Gipson IK, Moccia R, Spurr-Michaud S, Argüeso P,
Gargiulo AR, Hill JA 3rd, Offner GD, Keutmann HT. The
Amount of MUC5B mucin in cervical mucus peaks at
midcycle. J Clin Endocrinol Metab. 2001; 86:594-600.
40. Muthukumar S, Rajkumar R, Karthikeyan K, Liao CC,
Singh D, Akbarsha MA, Archunan G. Buffalo cervicovaginal fluid proteomics with special reference to estrous
cycle: heat shock protein (HSP)-70 appears to be an estrus
indicator. Biol Reprod. 2014; 90:97.
41. Vigil P, Cortés ME, Zúñiga A, Riquelme J, Ceric F.
Scanning electron and light microscopy study of the
cervical mucus in women with polycystic ovary syndrome.
J Electron Microsc (Tokyo). 2009; 58:21-27.
42. Wentz AC, McCranie WM. Circulating hormone levels in
a case of granulosa cell tumor. Fertil Steril. 1976; 27:167170.
43. Menárguez M, Pastor LM, Odeblad E. Morphological
characterization of different human cervical mucus types
using light and scanning electron microscopy. Hum
Reprod. 2003; 18:1782-1789.
(Received January 29, 2017; Revised March 25, 2017;
Accepted April 3, 2017)

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2017; 11(2):98-103.

Original Article

98
DOI: 10.5582/ddt.2016.01081

Comparison of three acute stress models for simulating the
pathophysiology of stress-related mucosal disease
Bhagawati Saxena1, Sanjay Singh2,*
1
2

Department of Pharmacology, L. J. Institute of Pharmacy, Ahmedabad, Gujarat, India;
Division of Pharmacology and Toxicology, Department of Pharmaceutics, Indian Institute of Technology (Banaras Hindu
University), Varanasi, U.P., India.

Summary

Stress-related mucosal disease (SRMD) is highly prevalent in intensive care patients
leading to increasing treatment cost and mortality. SRMD is a disease elusive of ideal
treatment. Evaluation of drugs is very pertinent for the efficient and safe treatment of
SRMD. It relies mainly on in vivo screening models. There are various stress models, and
till date, none of them is validated for simulating the SRMD pathophysiology. The present
study aims to choose the best model, which reproduce pathophysiology of SRMD, among
previously established stress models. This study evaluates ulcer index, hexosamine content,
microvascular permeability, and gastric content in three acute stress models (cold-restraint,
restraint, and water immersion restraint). Macroscopic pictures of the ulcerogenic stomach
explain that in contrast to other models, cold-restraint stress (CRS) exposure produced
marked ulcers on the fundic area of the stomach. Results of the present study depicted
that each stress model significantly increased ulcer index, microvascular permeability
and decreased hexosamine level, however, the maximum in the case of CRS-exposed rats.
Total acidity and pH of the gastric content remains unchanged in all the stress models.
On the contrary, the gastric volume significantly decreased only in case of CRS, while
unchanged in other stress models. The overall results revealed that the CRS resembles the
pathophysiology of SRMD closely. It is the best and feasible model among all the models to
evaluate drugs for the treatment of SRMD.
Keywords: Mucosal barrier, microvascular permeability, gastric mucosal blood flow, restraint
stress, cold-restraint stress, water immersion restraint stress

1. Introduction
Stress-related mucosal disease (SRMD) commonly
known as stress ulcer is described as continuum
conditions ranging from superficial mucosal damage
to deep focal mucosal damage (1). SRMD is observed
in critically ill patients during a serious illness such
as surgery, trauma, sepsis, severe burns, etc., within
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twenty-four hours of their admittance to intensive
care unit (ICU) (2,3). SRMD is a considerable reason
of morbidity in addition to mortality in critically
ill patients in ICU (4). Upper gastrointestinal (GI)
bleeding observed in SRMD patients places critically
ill patients at a high risk of death (5,6). SRMD in
the ICU patients also adds to the cost of treatment
by increasing the stay of patients at the hospital
(2,7). Therefore, due to the above reasons, SRMD
prophylaxis has become a regular practice in ICU
(8). The primary goal of clinical therapy of SRMD
is to prevent bleeding. Current preventive treatment
strategies use histamine-2 receptor antagonists
(H2RAs), proton pump inhibitors (PPIs) and sucralfate.
H2RAs and PPIs suppress acid secretion. Sucralfate
provides a protective barrier against the acid in the GI
tract. These drugs have their limitations (9). H2RAs,
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PPIs, and sucralfate are also commonly prescribed for
the treatment of the peptic ulcer.
Peptic ulcer and SRMD are dissimilar in several
aspects. Ordinary peptic ulcers are found mainly
in the gastric antrum and the duodenal bulb, while
SRMD is found majorly in acid producing area of
the stomach like fundic mucosa and corpus (1).
Primary pathological factor for peptic ulcer is mostly
considered to be the increased acid output, and thus
gastric mucosa is exposed to a very low intraluminal
pH. Hyperacidity is not a primary pathological factor
of SRMD, as normal or slightly decreased gastric acid
volume is seen in affected patients. Rather, ischemia
is considered as a major pathological factor of SRMD
(1,10,11). It is reported that even without intragastric
hydrochloric acid, ischemia followed by reperfusion
caused histologic mucosal injury in the stomach (12).
These findings suggest that the pathology of SRMD is
probably related to a reduction in gastric mucosal blood
flow, which leads to ischemia. The breakdown of the
mucosal defensive barrier by ischemia and reperfusion
allows offensive factors (low acid secretion) to produce
gastric ulceration.
Treatment of SRMD remains a major challenge to
health professionals and represents a disease elusive
of ideal treatment. Therefore, evaluation of drugs
leading to the efficient and safe treatment of SRMD is
very pertinent. The improvement of new therapeutics
for the treatment of SRMD relies mainly on in vivo
screening models. From the experimental point of view,
the selection of a model for producing SRMD in the
stomach is highly required. Pyloric ligation, ethanol,
aspirin, indomethacin-induced ulcer models are among
several models frequently used for screening antiulcer
action of drugs. However, these models are based on the
aggravation of offensive factor, while the weakening
of defensive barrier is a primary pathological factor of
SRMD. Additionally, these are local models, whereas,
the model that needs to reproduce the SRMD pathology
should be central. SRMD have been developing in
critically ill patients secondary to physiological stress
(8). Currently, various stress models are available like
restraint stress (RS), cold-restraint stress (CRS), water
immersion restraint stress (WRS), food deprivation
stress, activity wheel stress, chronic unpredictable
stress, chronic foot shock stress, etc. SRMD is an
acute stress condition. WRS, RS, and CRS models
are acute stress models while food deprivation stress
(13), activity wheel stress (14), chronic unpredictable
stress (15), and chronic footshock stress (16) models
are chronic stress models for ulcer formation. Till now,
none of the existing acute stress models are studied
for simulating the SRMD pathophysiology. Therefore,
this study aims to select a model that imitates the
pathological condition of SRMD, among previously
established three acute stress models (CRS, RS, and
WRS).

2. Materials and Methods
2.1. Materials
Evans blue and D-glucosamine hydrochloride were
acquired from Sigma-Aldrich (St. Louis, MD, USA).
All the other solvents and chemicals were purchased
from Loba Chemie (Mumbai, Maharashtra, India).
2.2. Animals
Experimentations were conducted on male Wistar
albino rats (180-220 g). Animals were issued from the
Central Animal House, Institute of Medical Sciences,
Banaras Hindu University. The animals were kept in
polypropylene cages. The temperature of 25 ± 10ºC,
relative humidity of 45-55%, and a 12:12 h light/dark
cycle was maintained. The rats were fed commercial
food pellets (Doodh dhara pashu ahar, India) as well
as water ad libitum. Institutional Ethical Committee
approved all the experimental methodology. All
experimental procedures were conducted as per
committee for the purpose of control and supervision of
experiments on animals (CPCSEA).
2.3. Stress models
2.3.1. Cold-restraint stress
In a cold-restraint stress (CRS) model, the rats (n =
6) fasted overnight and immobilized by tying the fore
and hind limbs separately on a wooden block with an
adhesive tape. Finally, all the rats were kept at 4-7ºC
for two hours (17).
2.3.2. Restraint stress
In a restraint stress (RS) model, the rats (n = 6) were
immobilized for four hours in restraint cages (5 × 5 ×
20 cm3) after overnight of fasting at room temperature
during the early phase of the light cycle (18).
2.3.3. Water immersion restraint stress
In a water immersion restraint stress (WRS) model, rats
fasted overnight and immobilized similar to RS then
immersed vertically up to the xiphoid in the water bath
(20-25ºC). The body was wiped dry after four hours
of stress, and the rats were then returned to their home
cages (19).
2.4. Estimation of ulcer index and hexosamine content
Rats (n = 6) were randomly assigned to control and
three stress groups (CRS, RS, and WRS). Except for
control group, other groups were exposed to CRS, RS,
and WRS, respectively. Lastly, all the animals were
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killed by cervical dislocation, and their stomachs were
taken out for estimation of ulcer index and hexosamine.
Hexosamine is an index of mucosal content.
2.4.1. Ulcer index
Ulcer scoring was done as per Sanyal (20). The scoring
as per the severity of the ulcer has been explained in
Table 1. The score of the ulcers as per severity was
determined by a person unaware of the experimental
protocol. Ulcer index is the summation of the number
of ulcers multiplied by their score per stomach. Ulcer
index = 1 X (No. of ulcer of score 1) + 2 X (No. of
ulcer of score 2) + 3 X (No. of ulcer of score 3) + 4 X
(No. of ulcer of score 4).
2.4.2. Hexosamine estimation
The content of hexosamine was estimated as per Dische
(21) with slight modification. Briefly, 0.5 mL of the
scrapped mucosa of the stomach was taken, and mixed
with 0.5 mL of acetylacetone reagent. Then 0.1 mL of
sodium carbonate (0.5 N) was added to 1 mL of the
mixture. The mixture was kept on boiling water bath
for 20 min and then cooled to room temperature. 1.5
mL of glacial acetic acid (90%) was added to above
mixture. The absorbance was measured after 30 min by
the spectrophotometer at 530 nm (λmax). Distilled water
was used as blank. A standard curve was prepared by
using D-glucosamine hydrochloride and concentration
of hexosamine was expressed in mg/g of tissue.
2.5. Estimation of microvascular permeability
The microvascular permeability was measured by
injecting Evans blue (10 mg/kg) intravenously through
the tail vein under light halothane anesthesia. Animals
of all groups except control were exposed to CRS,
WRS, RS, respectively. Finally, all the rats were killed
by cervical dislocation. Dye from the gastric tissue
was extracted, and measured as per method adopted by
Katayama (22).
Briefly, the gastric content was soaked overnight in
2 mL of 3.5 N KOH. Then, 18 mL of a mixed solution
of 4 N H3PO4 and acetone (1.75:16.25) was added to
make the volume up to 25 mL. The tube was shaken
vigorously and centrifuged at 3,000 rpm for 15 min.
The color intensity of the supernatant was measured at
620 nm (λmax) by the spectrophotometer. The amount of
dye recovered from the gastric contents was expressed
as µg/g of gastric tissue.
2.6. Estimation of gastric volume, acidity and pH of
gastric content of pyloric ligated rats
Rats were randomly divided into four groups (control,
CRS, RS, and WRS) of six animals each. In all the
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Table 1. Score and severity of ulcer
Score Features
0
1
2
3
4

No ulcer
Pin point ulcer and changes limited to superficial layers of mucosa
Ulcer less than 1 mm in size
Ulcer more than 1 mm but less than 2 mm in sizes.
Ulcer more than 2 mm or perforation of ulcer.

animals, pyloric ligation was done as per Debnath (23).
Briefly, animals were anesthetized by intraperitoneal
injection of pentobarbitone (35 mg/kg). The abdomen
of the anesthetized rat was opened, and a knot of the
thread was tied around the pyloric sphincter. The
stomach was put back carefully, and the abdomen
wall was closed with interrupted sutures. The skin was
cleaned from any blood spots and bleeding, and the
collodion was applied over the wound. The rats were
kept in a separate cage and allowed for recovery. All
the pyloric ligated (PL) rats of all groups except control
were exposed to CRS, WRS, RS, respectively.
Lastly, all the animals were killed by cervical
dislocation and evaluation of acidity, volume, and pH
of gastric content was done. The gastric content was
collected in a centrifuge tube and centrifuged for ten
mins at 1,000 rpm. The volume was noted as gastric
volume. The pH of this solution was recorded with the
help of a pH meter. 1 mL of supernatant was pipetted
out and diluted up to 10 mL with distilled water. The
solution was titrated with NaOH (0.01 N) using Topfer's
agent and phenolphthalein as an indicator. Titration was
done until the solution turns to pink color. It is used
for detection and estimation of hydrochloric acid and
total acidity in gastric fluids. The volume of NaOH was
noted. Acidity (μEq/mL) can be expressed as: Acidity =
(Vol. of NaOH in mL × Normality × 1,000).
2.7. Statistical analysis
The values were expressed as mean ± SEM. GraphPad
Prism 5 (San Diego, CA, USA) was used to analyze
the data. Statistical signiﬁcance of all the experimental
data were analyzed by one-way ANOVA followed by
Tukey test. A p-value less than 0.05 was considered to
be statistically significant in all the analysis.
3. Results
3.1. Effect of CRS, RS, and WRS on ulcer index and
hexosamine content
The macroscopic analysis and ulcer index in control,
CRS, RS, and WRS models, respectively are
represented in Figures 1 and 2. Macroscopic pictures
of the ulcerogenic stomach illustrate that in contrast to
other models, CRS exposure produced marked ulcers
on the fundic area of the stomach. One-way ANOVA

www.ddtjournal.com

101

Drug Discoveries & Therapeutics. 2017; 11(2):98-103.

Figure 1. Macroscopic analyses showing ulcerogenesis in
the stomach of rats in different stress models. Macroscopic
pictures of stomach of (A) rat without stress and rats exposed
to (B) CRS, (C) RS, and (D) WRS.

Figure 4. Microvascular permeability in control, CRS,
RS, and WRS exposed rats. Results are expressed in each
column as the mean ± SEM (n = 6). *p < 0.05 and @p < 0.05
compared to control and CRS group, respectively (one way
ANOVA followed by Tukey's test).

revealed significant differences in ulcer index among
the groups [F (3, 23) = 536.7, p < 0.0001]. All the stress
models (CRS, RS, and WRS) increased ulcer index
significantly in comparison to control. However, the
ulcer index is maximum in the CRS-exposed rats.
The content of hexosamine in three stress models,
as well as in control is demonstrated in Figure 3. Oneway ANOVA revealed significant differences in the
hexosamine content among the groups [F (3, 23) =
39.02, p < 0.0001]. All the stress models (CRS, RS,
and WRS) significantly decreased hexosamine level in
comparison to control. Hexosamine content decreased
maximum in CRS model.
Figure 2. Ulcer index in control, CRS, RS and WRS
exposed rats. Results are expressed in each column as the
mean ± SEM (n = 6). *p < 0.05 and @p < 0.05 compared
to control and CRS group, respectively (one way ANOVA
followed by Tukey's test).

3.2. Effect of CRS, RS, and WRS on microvascular
permeability
Figure 4 elucidates the microvascular permeability
measured in all the groups. One-way ANOVA aptly
demonstrated significant differences in microvascular
permeability in terms of the Evans blue concentrations
among the groups [F (3, 23) = 28.29, p < 0.0001].
All the stress models (CRS, RS, and WRS) increased
microvascular permeability significantly in comparison
to control. Microvascular permeability increased
maximum in CRS model.
3.3. Effect of CRS, RS, and WRS on gastric content of
pyloric ligated rats

Figure 3. Hexosamine content in control, CRS, RS, and
WRS exposed rats. Results are expressed in each column as
the mean ± SEM (n = 6). *p < 0.05 and @p < 0.05 compared
to control and CRS group, respectively (one way ANOVA
followed by Tukey's test).

The effect of CRS, RS, and WRS on acidity, pH, and
volume of gastric content in PL rats is shown in Figure
5. No significant difference in acidity and pH of gastric
content among the groups were found. However, gastric
volume decreased significantly only in PL rats exposed
to CRS (p < 0.05).

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2017; 11(2):98-103.

Figure 5. Effect of different stress models on gastric
content of pyloric ligated rats. Bar diagram representing (A)
acidity, (B) pH and (C) gastric volume of gastric content of
pyloric ligated (PL) rats in different stress models (CRS, RS,
and WRS). Results in each column are expressed as the mean
± SEM (n = 6). *p < 0.05 and @p < 0.05 compared to control
+ PL and CRS + PL group, respectively (one way ANOVA
followed by Tukey's test).

4. Discussion
Results of the present study demonstrated that the CRS
exposure produced marked ulcers on the fundic area of
the stomach, contrary to other stress models. Each of
the stress models significantly increased ulcer index and
microvascular permeability while decreased hexosamine
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level. However, these stress-induced changes in ulcer
index, microvascular permeability and hexosamine
occurred to a greater extent in the case of CRS model.
Total acidity and pH of the gastric content remains
unchanged in all the stress models. The gastric volume
significantly decreased in case of CRS while unchanged
in other stress models.
Macroscopic pictures elucidate that significant ulcers
were clearly visible in the fundic area of the stomach of
CRS-exposed rats. The well known characteristic feature
of SRMD is that the ulcers are found in the fundic area
of the stomach (1). Hexosamine level declined in all
the stress models. Hexosamine level decreased is the
maximum in the CRS model. Hexosamine is the marker
of the mucosal barrier. Thus, the mucosal barrier is
considerably damaged in the CRS. Decreased mucosal
blood flow results in the decreased mucosal secretion
(10), which is the ultimate cause of decreased mucosal
content.
Results depict that all the stress models lead to an
increase in microvascular permeability. Earlier it was
reported that stress decreased gastric mucosal blood flow
(24). Decreased blood flow results in ischemia followed
by reperfusion. Ischaemia followed by reperfusion
increased gastric microvascular permeability (25).
Microvascular permeability increased maximum in the
case of CRS model. The gastric blood flow was markedly
influenced by the exposed temperature (26). Therefore,
cold exposure to immobilized rats might decrease the
mucosal blood flow greater than other immobilization
stress. Thus, a remarkable increase in microvascular
permeability in the CRS ulcer may be the result of
ischemia followed by reperfusion. As ischemia followed
by reperfusion is an important pathological factor of
SRMD, CRS model emulates the pathophysiology of
SRMD.
In the present study, the pylorus ligated rats were
exposed to CRS, RS, and WRS. Stress-exposer to
PL rats results in hemorrhagic ulcers in the stomach.
The gastric volume significantly decreased in case of
CRS-exposed PL rats, while unchanged in other rats.
However, the total acidity, as well as pH of the gastric
content in all the stress models remained unchanged.
The above observations represent that gastric secretion
is lowered in the CRS-exposed rats without affecting
the acidity and pH of released acid. The acid secretion
is not a primary characteristic feature of SRMD
pathology. Contrary to the patients with severe burn
and head injury, in most of the critically ill patients acid
secretion in the GI tract is normal or low (9). Thus, as
decreased gastric volume was observed in CRS-exposed
rats, it can be predicted that CRS model simulates the
SRMD pathophysiology in this aspect also.
The overall results of the present study illustrated
that the CRS resembles the pathophysiology of SRMD
closely. It is the best and feasible model among all the
models to evaluate drugs for the treatment of SRMD.
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1,2,3-Triazolyl esterization of PAK1-blocking propolis ingredients,
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Summary

Artepillin C (ARC) and caffeic acid (CA) are among the major anti-cancer ingredients
of propolis, and block the oncogenic/melanogenic/ageing kinase PAK1. However, mainly
due to their COOH moiety, cell-permeability of these herbal compounds is rather limited.
Thus, in this study, in an attempt to increase their cell-permeability without any significant
loss of their water-solubility, we have esterized both ARC and CA with the water-soluble
1,2,3-triazolyl alcohol through Click Chemistry. We found that this esterization boosts the
anti-cancer activity of ARC and CA by 100 and over 400 folds, respectively, against the PAKdependent growth of A549 lung cells, but show no effect on the PAK1-independent growth
of B16F10 melanoma cells. Confirming this "selective" toxicity, these esters are still capable
of blocking the kinase PAK1 strongly in cell culture (with IC50 around 5 µM), and the antiPAK1 activity of 15A (ARC ester) and 15C (CA ester) appears to be 30-fold and 140-fold
higher than ARC and CA, respectively. The 15A and 15C are 8-fold and 70-fold more cellpermeable (through the multi-drug resistant cell line EMT6) than ARC and CA, respectively.
These data altogether suggest that both 15A and 15C would be far more useful than propolis
for the treatment of a wide variety of PAK1-dependent diseases/disorders such as cancers,
Alzheimer's diseases (AD), hypertension, diabetes (type 2), and hyper-pigmentation.
Keywords: PAK1, artepillin C, caffeic acid, click chemistry, triazolyl esters

1. Introduction
The bee product called "propolis", an ethanol extract
of bee cumb, has been well known to be among potent
antibiotics effective against both bacteria and viruses
since the ancient Egyptian era. Around the late 1980s,
it was discovered as a potent anti-cancer herb (1). The
anti-cancer ingredients of propolis depend on the areas
where each propolis is harvested. For instance, the
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major anti-cancer ingredient in Brazilian green propolis
is artepillin C (ARC), whereas those in Europian, US,
Far-East, and Oceanian propolis are caffeic acid (CA)
and its ester called caffeic acid phenethyl ester (CAPE)
(1,2). Interestingly, both ARC and CA as well as CAPE
block the oncogenic/melanogenic/ageing kinase PAK1
(3,4). Most interestingly, Okinawa propolis, based on
nymphaeols A, B and C that inhibit the kinase PAK1
directly, extends the healthy lifespan of C. elegans (5).
However, IC50 of ARC, CA and CAPE against the
growth of A549 lung cancer cells are 25, 100 and 10
µM, respectively. The major reason for the relatively
high IC50 of ARC and CA is their COOH moiety, their
negative charge which prevents their permeability
through negatively charged phospholipid-based plasma
membranes. In support of this notion, CAPE, a natural
ester of CA, is 10 times more potent to inhibit the
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cancer growth than CA. More recently, 1,2,3-triazolyl
esterization of PAK1-blocking compounds ursolic acid
(UA) and ketorolac boosts their anti-cancer activity by
200-fold and 500-fold, respectively (6,7). Accordingly,
in this study, through the same Click Chemistry, we have
esterized both ARC and CA with 1,2,3-triazolyl alcohol,
in an attempt to boost their cell-permeability without loss
of their water-solubility.
2. Materials and Methods
2.1. Cell lines and reagents
Human lung cancer (A549) and murine melanoma
(B16F10) cell lines were obtained from American Type
Culture Collection (Rockville, MD, USA), and mouse
breast cancer cell line (EMT6) supplied by Dr. Shinichiro Masunaga, Kyoto University, Kyoto, Japan.
Artepillin C (ARC) was synthesized by us as previously
described (8). Caffeic Acid (CA) was purchased from
Tokyo Chemicals (Tokyo, Japan), while propargyl
alcohol and 2-azidoanisole were obtained from SigmaAldrich (St. Louis, MO, USA).
2.2. Synthesis of 15A from artepillin C (ARC) and 15C
from caffeic acid by Click Chemistry
2.2.1. Preparation of 1,2,3-triazolyl derivative of
artepillin C (ARC) (15A or PRC-15A)
Step a: To solution of compound 1 (ARC, 161 mg, 536
µmol) in propargyl alcohol (6 mL) at 0°C, EDC (100 µL,
567 µmol) and DMAP (17 mg, 139 µmol) were added.
The reaction mixture was stirred at room temperature and
monitored by TLC till its completion in around a day.
The crude mixture was then evaporated. The residue was
purified through flash silica gel column chromatography
(n-hexane:EtOAc = 3:1) to give pure 2 (100 mg, 295
µmol, 55% yield ) as a pale yellow solid. 1H-NMR (400
MHz, CDCl3) δ = 7.66 (d, J = 15.9 Hz, 1H), 7.17 (s, 2H),
6.29 (d, J = 15.9 Hz, 1H), 5.30 (t, J = 7.30 Hz, 2H), 4.79
(d, J = 2.27 Hz, 2H), 3.33 (d, J = 7.14 Hz, 4H), 2.49 (t, J
= 2.44 Hz, 1H), 1.77 (d, J = 8.76 Hz, 12H).
Step b: To solution of compound 2 (52 mg, 154 µmol) in
t-BuOH:H2O (2:1, 4 mL), sodium ascorbate (6 mg, 30.3
µmol) and CuSO4 (4 mg, 25.1 µmol) were added at room
temperature. To this mixture, 2-azidoanisole (0.5 M
solution, 310 µL, 155 µmol) was added and the reaction
mixture was sonicated at 42°C till its completion around
7 h, monitored by TLC. The crude mixture was extracted
with ethyl acetate (3 × 20 mL) and organic layer was
washed with water and brine, then dried over sodium
sulfate and purified through flash silica gel column
chromatography (n-hexane:EtOAc = 3:1) to give pure
3 (52 mg, 107 µmol, 69% yield) as a pale yellow solid.
1
H-NMR (400 MHz, CDCl3) δ = 8.20 (s, 1H), 7.77 (d, J

= 7.79 Hz, 1H), 7.63 ( d, J = 16.1, 1H), 7.42 (t, J = 7.78Hz,
1H), 7.15 (s, 2H), 7.12-7.07 (m, 2H), 6.30 (d, J = 15.6
Hz, 1H), 5.42 (s, 2H), 5.28 (t, J = 6.49 Hz, 2H), 3.89(s,
3H), 3.32 (d, J = 7.27 Hz, 4H), 1.76 (d, J = 7.27, 12H).
HRMS calcd for C29H34N3O4 (M+H)+ m/z 488.2549,
found m/z 488.2586.
2.2.2. Preparation of 1,2,3-Triazolyl derivative of
caffeic acid (CA) (15C or PRC-15C)
Step c: To solution of compound 4 (CA, 382 mg, 2.12
mmol) in DMF (3 mL) at 0°C, EDC.HCl (423 mg, 2.21
mmol) and DMAP (72 mg, 589 µmol) were added. To
this solution, propargyl alcohol (400 µL, 6.87 mmol)
was added and the reaction mixture was stirred at room
temperature for 17 h. After quenching the reaction with
cooled HCl aq. (0.5 M, 20 mL), crude product was
extracted with ethyl acetate:n-hexane (1:1) three times.
Organic layer was washed with aqueous solution of
saturated sodium hydrogen carbonate and brine, and
then dried over sodium sulfate. This crude product was
purified through flash silica gel column chromatography
(n-hexane:EtOAc = 1:1) to give pure 5 (143 mg, 655
µmol, 31% yield) as a milky white solid. 1H-NMR (400
MHz, CDCl3) δ = 7.62 (d, J = 16.1 Hz, 1H), 7.07 (d, J =
2.08 Hz, 1H), 7.00 (d, J = 8.00 Hz, 1H), 6.87 (d, J = 8.30
Hz, 1H), 6.27 (d, J = 16.1 Hz, 1H), 4.80 (d, J = 2.60 Hz,
2H), 2.50 (t, J = 2.60 Hz, 1H).
Step d: To solution of compound 5 (130 mg, 595 µmol)
in THF:H2O (1:1, 4 mL), sodium ascorbate (61 mg,
308 µmol) and CuSO4 (17 mg, 107 µmol) were added
at room temperature. To this mixture, 2-azidoanisole
(0.5 M solution, 1.20 mL, 600 µmol) was added and
the reaction mixture was stirred at room temperature
till its completion around 5 h. The crude mixture was
extracted with ethyl acetate (3 × 20 mL). Organic layer
was washed with water and brine, and then dried over
magnesium sulfate. Without column chromatography, the
pure 6 (185 mg, 504 µmol) was obtained in 85% yield as
a milky white powder. 1H-NMR (400 MHz, CD3OD) δ =
8.37 (s, 1H), 7.64 (d, J = 8.04 Hz, 1H), 7.58 (d, J = 15.6
Hz, 1H), 7.50 (t, J = 7.92 Hz, 1H), 7.23 (d, J = 8.30 Hz,
1H), 7.12 (t, J = 7.79 Hz, 1H), 7.02 (d, J = 2.08 Hz, 1H),
6.93 (d, J = 8.04 Hz, 1H), 6.75 (d, J = 8.30 Hz, 1H), 6.28
(d, J = 15.6 Hz, 1H), 5.35 (s, 2H), 3.89 (s, 3H). HRMS
calcd for C19H18N3O5 (M+H)+ m/z 368.1246, found m/z
368.1250.
2.3. Assay for anti-cancer activity in cell culture
2.3.1. MTT and trypan blue assays for anti-cancer
activity against A549 lung cancer and B16F10
melanoma cells
The number of viable cells after treatment with ARC or
CA was measured by MTT assay as described previously
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(7,9). The number of viable cells after treatment with
"15A" or "15C" was measured by Trypan blue assay in
a hemocytometer as described previously (7,9), because
both "15A" and "15C" themselves interferes with MTTbased colorimetry, as they are converted to colored "azo"
dyes as is MTT by mitochondrial reductase. Briefly,
A549 or B16F10 cells (2 × 105 cells/well) were seeded
for 24 h, and then treated with either ARC, CA or their
esters ("15A" or "15C") at the indicated concentrations
for 96 h, to measure the number of viable cells by the
corresponding protocol. The number of viable cells from
non-treated samples was used as the negative control
for calculating the anti-cancer activity of each test
compound.

Table 1. Increase in anti-cancer activity of several herbal
acids by their esterization
Items			
			A549

3

EMT6 cells (2 × 10 cells/well) were treated with test
acids or esters such as "15A" and "15C" at various
concentrations for 24 h, and their viability/growth was
measured by crystal violet assay as previously described
(10) at the wavelength 570 nm.
2.4. Anti-PAK1 (kinase) assay in cell culture
The kinase activity of PAK1 in A549 cancer cells
treated with either "15A" or "15C", in comaparison
with those of ARC or CA was assayed according to the
procedure ("Macaroni-Western" ATP-Glo kinase assay)
previously described (9). Briefly, A549 cells (2 × 105
cells/well) were seeded for 24 h, and then treated with
"15A" or "15C" at two concentrations (1 and 5 µM), in
comaparison with ARC (100 and 300 µM) or CA (400
and 1200 µM), for 24 h. After the drug treatment, cells
were lyzed, and PAK1 was immune-precipitated (IP) with
anti-PAK1 antibody conjugated with protein A-beads,
and after each IP was washed with saline thoroughly, the
IP (PAK1) was incubated with ATP and MBP (myelin
basic protein), substrates for the kinase, for 60 min with
continuous shaking, and the resultant reaction mixture
was further incubated with ATP_Glo kinase assay kit
for 30 min, to measure the amount of remaining ATP by
fluorometry. PAK1 activity from the non-treated cells
was used as the negative control for calculating the antiPAK1 activity of four test compounds.
2.5. Uptake of herbal acids (ARC or CA) and their
esters into cells
To compare the uptake between acids and their esters
into cells, we have chosen the multi-drug resistant
(MDR) cancer cell line (EMT6) which could survive
30-100 µM of these PAK1-blockers at least for 12 h.
The IC50 of ARC and "15A" against the growth of this
cell line for 24 h were 169 µM and 22 µM, respectively,
indicating that this esterization boosts the toxicity

B16F10

EMT6

ARC			
15A (ester of ARC)		

25
0.25

ND
>1

170
22

CA			
15C (ester of CA)		

100
0.225

ND
>1

1,000
8

Ketorolaca			
15K (ester of Ketorlac)a

13
0.024

30
0.006

4,000
450

UAb			
13U (ester of UA)b		

20
0.10

ND
ND

a

2.3.2. Crystal violet assays for anti-cancer activity
against multi-drug resistant cancer cell line (EMT6)

IC50 (µM)

ND
ND

reference 7, b reference 6, ND: not determined.

towards EMT6 cells by 8-fold (see Table 1). The IC50
of CA and "15C" against the growth of this cell line
for 24 h were 1 mM and 8 µM, respectively, indicating
that this esterization boosts the toxicity towards EMT6
cells by 125-fold (see Table 1). To compare the uptake
between ARC and 15A or between CA and 15C, this
cancer cell line was treated with either ARC or 15A
at 100 µM for 24 h. However, to compare the uptake
between CA and 15C, this cancer cell line was treated
with either CA (100 µM) or 15C (30 µM) for 24 h,
simply because 100 µM of 15C is too toxic for even 12
h treatment of EMT6 cells. Their uptake into 1 × 105
cells mainly during the indicated hours was quantitated
by separation of the original herbal acids and their esters
taken by cells through HPLC column chromatography
as described previously (7), and the amount of each
compound was estimated by photometry at the
wavelength 322 nm (for detail, see the legend of Figure
S1). After 12 h, the cell content of these esters was
significantly reduced (see Figure 6), mainly due to both
their cytotoxicity and conversion to pigments (detected
at wavelength 500-600 nm) by mitochondrial reductase
which also converts the tetrazolium MTT to a formazan
product(s).
2.6. Statistical analysis
Data are expressed as mean values with their standard
errors. Statistical comparisons were performed by
oneway ANOVA followed by Duncan's multiple-range
test. Statistical analysis was conducted using SAS
(release 9.2; SAS Institute, Cary, NC, USA) and p < 0.05
was considered significant.
3. Results and Discussion
3.1. Preparation of 1,2,3-triazolyl esters from artepillic
C (ARC) and caffeic acid (CA) through Click Chemistry
Both Artepillin C (ARC) and caffeic acid (CA), the
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two major anti-cancer and PAK1-blocking ingredients
in propolis, have the carboxyl moiety that hampers
their cell-permeability. CAPE (caffeic acid phenethyl
ester), a natural ester of CA in propolis, is 10 folds
more potent than CA for inhibiting cancer cell growth.
However, CAPE is less water-soluble than CA or ARC.
Thus, in this study, we try to develop a far more cellpermeable and yet water-soluble ester of both ARC
and CA. 1,2,3-Triazolyl alcohol is a positively charged
water-soluble alcohol, and its esters with two acidic
PAK1-blockers called ursolic acid (UA, a triterpene
from rosemary leaves) and ketorolac (a synthetic painkiller) turned out to be both highly cell-permeable and
water-soluble, and strongly block PAK1 in cell culture
(6,7).
Similarly, as summarized in Figures 1 and 2, we
have synthesized the 1,2,3-triazolyl esters called 15A
and 15C from ARC and CA, respectively, through the
"two-step" Click Chemistry, with the relatively high
"over-all" yield (around 40% and 25%, respectively), in
an attempt to boost the cell-permeability of these two
herbal acids abundant in propolis.

than CA as the anti-cancer drug. Among the CA esters,
CAPE is the best known herbal compound abundant in
propolis, and inhibits the growth of cancer cells with
the IC50 around 10 µM (11). Recently a more potent
CA ester called 10C was developed, and 10C directly
inhibits the enzyme called AKR (aldo-keto reductase)
1B10 with the IC50 around 6 nM, while CAPE inhibits
AKR1B10 with the IC50 around 80 nM (11). However,
10C inhibits the growth of AKR-over-expressing
brain cancer cell line with the IC50 around 1 µM (11),
suggesting that its cell-permeability is still rather poor.
Thus, 15C is so far the most potent cancer-killing CA
ester.
As summaried in Table 1, however, either 15A
or 15C showed no significant effect on the PAK1independent growth of B16F10 melanoma cells up to
1 µM. Since this melanoma cell line is clearly 4-fold
more sensitive to 15K, the 1,2,3-triazolyl ester of

3.2. Increase in the anti-cancer activity of artepillic
C (ARC) and caffeic acid (CA) by esterization with
1,2,3-triazolyl alcohol
As summarized in Figure 3, ARC inhibits the growth
of A549 lung cancer cells with the IC50 around 25 µM,
while its 1,2,3-triazolyl ester called 15A inhibits the
growth of the same cancer cells with the IC50 around
250 nM. Thus, this esterization boosts the anti-cancer
activity of ARC by 100 folds.
CA inhibits the growth of the same cance cells with
the IC50 around 100 µM as previously published (11).
As shown in Figure 4, its 1,2,3-triazolyl ester called
15C inhibits their growth with the IC 50 around 225
nM, indicating that 15C is over 400 folds more potent

Figure 3. Increase in anti-cancer activity of artepillin C
(ARC) against A549 cancer cells by its esterization. A549
lung cancer cells were treated with either ARC or 15A at
indicated concentrations for 96 h, stained with trypan blue, and
the viable (non-stained) cells were counted. The IC50 of 15A is
around 250 nM, indicating that the esterization of ARC boosted
its anti-cancer activity by over 100 folds. The results are mean
± SE. Data have the statistical significance at p ≤ 0.01.

Figure 1. Click chemistry turning artepillin C (ARC) into
15A (or PRC-15A). (A) Propargyl alcohol, EDC•HCl, DMAP,
rt, 55% yield; (B) 2-Azidoanisole, sodium ascorbate, CuSO4,
THF:H2O (1:1), rt, 69% yield.

Figure 2. Click chemistry turning caffeic acid (CA) into
15C (or PRC-15C). (C) Propargyl alcohol, EDC•HCl, DMAP,
rt, 31% yield; (D) 2-Azidoanisole, sodium ascorbate, CuSO4,
THF:H2O (1:1), rt, 85% yield.

Figure 4. Increase in anti-cancer activity of caffeic acid
(CA) against A549 cancer cells by its esterization. A549 lung
cancer cells were treated with either CA or 15C at indicated
concentrations for 96 h, stained with trypan blue, and the viable
(non-stained) cells were counted. The IC50 of 15C is around
225 nM, indicating that the esterization of CA boosted its anticancer activity by over 400 folds. The results are mean ± SE.
Data have the statistical significance at p ≤ 0.01.

www.ddtjournal.com

Drug Discoveries & Therapeutics. 2017; 11(2):104-109.

Figure 5. Boosting the anti-PAK1 activity of ARC (A) and
CA (B) in cell culture by their esterization. After A549
cancer cells were treated with (A) ARC, (B) CA, (C) "15A"
or (D) "15C" at the indicated concentrations for 24 h, PAK1 in
cell lysates was IPed and its kinase activity was measured by
"Macaroni-Western ATP_Glo" kinase assay. IC50 of "15A" and
"15C" against PAK1 in cell culture is around 4.5 and 5.4 µM,
respectively, compared with that of ARC and CA (around 140
and 740 µM, respectively).

ketorolac, than A549 lung cancer cell line (7), these
observations altogether suggest that the anti-cancer
action of both 15A and 15C is highly specific for the
PAK1-dependent cell growth.
3.3. Anti-PAK1 activity of ARC ester (15A) and CA
ester (15C)
Both ARC and CA are known to inhibit the PAK1dependent growth of A549 lung cancer cells which
carry the oncogenic mutant of Ki-RAS by blocking the
oncogenic kinase PAK1 (12). Thus, we have examined
if their esters also are able to block PAK1 in cell
culture. As shown in Figure 5, both 15A and 15C block
the PAK1 activity in cell culture in a concentrationdependent manner with IC50 around 5 µM, confirming
that both 15A and 15C are still potent PAK1-blockers.
Furthermore, the anti-PAK1 activity of 15A and 15C
appears to be 30 and 140 fold higher than those of ARC
and CA (see Figure 5).
3.4. Uptake of 15A and 15C into cells compared with
artepillin C (ARC) and caffeic acid (CA)
Since esterization of these acids generally abolishes
their negative charge, their esters should be far more
cell-permeable than the orginal herbal acids. Thus,
here we have compared the cell-permeability between
ARC and its ester (15A) as well as between CA and
its ester (15C) using a drug-resistant breast cancer cell
line (EMT6). At the tested concentrations (100 µM of
ARC, CA and 15A or 30 µM of 15C), none of these
compounds causes any serious effect on the growth or
viability of this drug-resistant cell line for at least 12
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Figure 6. Increase in cell-permeability of ARC and CA by
their esterization. The changes in the amount of (A, top) ARC
and "15A" or (B, bottom) CA and "15C" taken into EMT6
cells during the first 12 h was monitored by HPLC analysis.
"15A" is 8 fold more cell-permeable than ARC for the first hr,
while "15C" is 20 fold more permeable than CA for 12 h. Data
are mean ± SEM.

h. However, 15C at 100 µM is significantly toxic for
this cancer cell line for 24 h (IC50 = 8 µM, see Table
1). Uptake of each compound into cells was monitored
by the HPLC-based analysis described previously (7)
using the photometry at the wave-length 322 nm. As
shown in Figure 6A, uptake of 15A is 8 folds faster
than ARC during the first hour. However, the uptake of
CA is rather slow, and that of 15C is over 20 fold (20-70
folds) more than CA during 12 h (see Figure 6B). Since
both 15A and 15C are converted to a colored azo dye(s)
by mito-chondrial reductase, as is the tetrazolium MTT,
uptake of both 15A and 15C rapidly reduced shortly
after 12 h treatment of cells with these esters.
Nevertheless, it is now clear that esterization of
both ARC and CA boosts significantly their cellpermeability, and it is most likely that the dramatic
increase in their anti-cancer activity is at least partly
due to the increase of their cell-permeability.
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Supllementary Materials

Figure S1. HPLC analysis of "15A" and "15C" compared with ARC and CA uptaken into cells. After treating EMT6 (1 ×
105 cells) with either "15A" (100 μM), "15C" (30 µM), ARC (100 µM) or CA (100 µM) for 1, 6, or 12 hrs, cells were washed twice
with PBS and then lyzed with 400 μL of 2% Triton. 10 μL of each lysate was injected into an analytical HPLC column (GL-Science
Inertsustain C18, 4.6 mm × 150 mm) equilibrated with 0.1% TFA in mQ water (A). The column was eluted with 1% acetonitorile (B)
for 5 min, then with a linear gradient from 1% to 100% B over 30 min, and finally 100% B for 10 min, at a flow rate 1.0 mL/min.
The eluate was monitored at wavelength 322 nm.
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Summary

A sulfated saponin called "Frondoside A" (FRA) from sea cucumber and ingredients from
Okinawa propolis (OP) have been previously shown to suppress the PAK1-dependent
growth of A549 lung cancer as well as pancreatic cancer cells. However, the precise
molecular mechanism underlying their anti-cancer action still remains to be clarified. In
this study, for the first time, we found that both FRA and OP directly inhibit PAK1 in vitro
in a selective manner (far more effectively than two other oncogenic kinases, LIMK and
AKT). Furthermore, at least two major anti-cancer ingredients of OP, nymphaeols A and C,
also directly inhibit PAK1 in vitro in a selective manner. To the best of our knowledge, FRA
is the first marine compound that selectively inhibits PAK1. Likewise, these nymphaeols are
the first propolis ingredients that selectively inhibit PAK1.
Keywords: Propolis, sea cucumber, frondoside A, nymphaeols, PAK1, cancers

1. Introduction
Since conventional chemotherapeutics such as DNA/
microtubule poisons cause serious side effects such as
hair-loss and suppression of immune response, recently
cancer patients, in particular those who suffer from
formidable pancreatic or lung cancers, started seeking an
alternative approach for cancer therapy by using natural
remedies that do not cause any serious side effect. A
bee product called "propolis" has been used as one of
these herbal cancer therapeutics for last three decades.
Two major propolis products available in the market
are ARC (artepillin C)-based Brazilian green propolis
(GP) and CAPE (caffeic acid phenethyl ester)-based
propolis called Bio 30 or Bio 100 from New Zealand (13). However, recently, propolis from subtropical regions
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such as Okinawa, Taiwan, and Hawaii has been studied
extensively, mainly because of its unique ingredients
such as geranylated flavonoids (nymphaeols) (4-6).
Very recently, we found that Okinawa propolis (OP) is
highly anti-angiogenic in ovo (fertilized eggs), clearly
several times more potent than GP as a herbal anti-cancer
remedy, and blocks the oncogenic/ageing kinase PAK1 at
least in cell culture (4,7). Furthermore, we confirmed that
OP is a potent elixir extending the healthy lifespan of C.
elegans (7).
In addition to these three distinct propolis products,
the potent anti-cancer activity of a sulfated saponin
called "frondoside A" (FRA) from an edible sea
cucumber (Cucumaria frondosa) has recently drawn
much attention of pancreatic and lung cancer patients.
According to previous studies by Thomas Adrian and
others, FRA inhibits the growth of A549 lung cancer and
pancreatic cancer cells with IC50 ranging 1-3 µM in cell
culture, and up-regulates the tumor-suppressor p21, an
inhibitor of CDKs (cyclin-dependent kinases) (8,9). In
vivo (xenograft in nude mice) FRA (1 mg/kg/day, i.p.)
significantly suppresses the growth of human pancreatic
cancer (9). We have shown previously that the expression
of p21 gene is suppressed by PAK1 (10). Furthermore,
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since both A549 lung cancer and pancreatic cancer cells
carry the oncogenic Ki-RAS mutant, and their growth
depends on PAK1, it would not be unreasonable for us
to suspect that FRA might block the oncogenic/ageing
kinase PAK1 somehow. Here, we have confirmed that
both OP and FRA as well as nymphaeols directly inhibit
PAK1 in vitro in a selective manner.
2. Materials and Methods
2.1. Chemicals and reagents
Human lung cancer cell line A549 was purchased from
Japanese Collection of Research Bioresources Cell Bank
(Osaka, Japan). Alcohol extract of Okinawa propolis (OP)
was prepared as previously described (7). Nymphaeols
were isolated from OP through HPLC as previously
described (4). Frondoside A (FRA) was purchased from
Sigma-Aldrich (St. Louis, MO, USA). Both recombinant
PAK1 and LIMK were obtained from SignalChem
Pharmaceuticals Inc. (Richmond, British Columbia,
Canada).
2.2. Assay for anti-cancer activity in cell culture
The number of viable cells after treatment with either
frondoside A or nymphaeols (see Figure 1 for their
chemical structures) was measured by Trypan blue

assay in a hemocytometer as described previously (11).
Briefly, A549 lung cancer cells (2 × 10 5 cells/well)
were seeded for 24 h, and then treated with various test
compounds at the indicated concentrations for 72 h, and
the number of viable (unstained) cells were counted
after Trypan blue staining.
2.3. In vitro anti-kinase (PAK1/LIMK/AKT) assay
The kinase activity of PAK1, LIMK, and AKT was
measured in vitro by ADP-Glo kinase assay kit (Promega,
Madison, WI, USA), according to the manufacturer's
instruction, as previously described (12). Briefly, the
recombinant human PAK1 (10 ng) or LIMK (10 ng) per
reaction was treated with either OP, FRA or nymphaeols
at the indicated concentrations in the presence of ATP,
with either myelin basic protein (MBP) for PAK1 assay
or cofilin for LIMK assay as their protein substrates,
during the 40 min in vitro kinase reaction. Then the
reaction was terminated with the ADP¬-Glo reagent. In
the case of AKT assay, instead of using the recombinant
AKT, A549 lung cancer cells were cultured for 48 h,
and cell lysates were immuno-precipitated (IP) with
anti-AKT IgG in the presence of protein A-agarose
beads (11), and the resultant AKT in IP was treated with
various test compounds at the indicated concentrations
in the presence of ATP and MBP during 40 min in vitro
kinase assay, which was then terminated with the ADP-

Figure 1. Chemical structures of nymphaeols A-C and frondoside A. (A) nymphaeol A; (B) nymphaeol B; (C) nymphaeol C; (D)
frondoside A.
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Glo reagent. To these reaction mixtures was added
the kinase detection reagent that converts ADP to ATP
which eventually generates a luciferin-luciferase based
fluorescence.
2.4. Statistical analysis
Data are expressed as mean values with their standard
errors. Statistical comparisons were performed by oneway ANOVA. Statistical analysis was conducted using
SPSS (release 16.0, Chicago, Illinois) and p < 0.05 was
considered significant.
3. Results and Discussion
3.1. Okinawa propolis (OP) and its major ingredients
directly inhibit PAK1 in vitro
3.1.1. Okinawa propolis (OP) directly inhibits PAK1 in
vitro
We have previously found that Okinawa propolis (OP)
inhibits the PAK1-dependent growth of A549 lung cancer
cells with IC50 around 12 µg/mL, while it blocks PAK1 in
the same cell culture with the apparent IC50 around 6 µg/
mL as judged by "Macaroni-Western" ATP-Glo kinase
assay (7). Generally speaking, when a compound blocks
PAK1 by inhibiting an upstream activator of PAK1 such
as RAC, instead of directly inhibiting PAK1, the apparent
anti-PAK IC50 value is usually 3-4 times higher than the
anti-cancer IC50 value (11). Since the outcome with OP
is clearly opposite, the possibility rose that OP might
directly inhibit PAK1. Here we have confirmed this
notion. As shown in Figure 2, OP directly inhibited the
recombinant PAK1 in vitro with IC50 around 10 µg/mL.

Figure 2. Okinawa propolis (OP) directly inhibits PAK1 in
vitro. Recombinant PAK1 from SignalChem was treated with
OP at the indicated concentrations in vitro. The experiments
are conducted with twice, and the results are mean ± SE. IC50
of OP against PAK1 is around 10 µg/mL. Asterisks on each
bar indicate significant differences between treatment and
control. * 0.01 ≤ p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.
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3.1.2. Anti-cancer activity of nymphaeols A and C from
OP
The major anti-cancer ingredients in OP are geranylated
flavonoids called nymphaeols A-C (5), and at least
nymphaeol A has been shown to inhibit the PAK1dependent angiogenesis in ovo (fertilized eggs) (4),
suggesting that it could block PAK1 somehow. Here,
we have tested the anti-cancer activity of nymphaeols
A and C. As shown in Figure 3, nymphaeols A and C
inhibit the growth of A549 cancer cells with the IC50 = 4
µM and 7 µM, respectively.
3.1.3. Anti-PAK1 activity of nymphaeols A and C in
vitro
The next, we have tested the anti-PAK1 activity in vitro.
As shown in Figure 4, like OP, both nymphaeols A and
C directly inhibited PAK1 with IC50 around 10 µM.
3.1.4. Kinase specificity of nymphaeols
In order to determine how selective the direct action of

Figure 3. Anti-cancer activity of nymphaeols against the
growth of A549 lung cancer cells. A549 cells were treated
with either nymphaeols A (left) or C (right) at the indicated
concentrations for 72 h, and the number of the viable cells
was counted by Trypan blue staining. The results are mean
± SE of two independent experiments. IC50 of nymphaeols A
and C are around 4 and 7 µM, respectively. Asterisks on each
bar indicate significant differences between treatment and
control. * 0.01 ≤ p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.
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nymphaeols towards PAK1 is, we have tested their antiLIM kinase (LIMK) and anti-AKT activity in vitro as
well. As summarized in Table 1, both nymphaeols A
and C inhibited LIMK and AKT, but with the far higher
IC50 (160 µM and 170 µM against LIMK, and 42 µM
and 74 µM against AKT, respectively), confirming their
specificity towards PAK1.
3.2. Anti-PAK1 activity of frondoside A (FRA)
Extracts of several distinct sea cucumbers have been

Figure 4. Nymphaeols directly inhibit PAK1 in vitro. PAK1
was treated in vitro with either nymphaeol A (left) or C (right)
at the indicated concentrations. IC50 of both nymphaeols A and
C is around 10 µM. Asterisks on each bar indicate significant
differences between treatment and control. * 0.01 ≤ p ≤ 0.05,
** p ≤ 0.01, *** p ≤ 0.001.

shown to suppress the growth of cancer cells including
A549 lung cancer and pancreatic cancer cell lines
which carry the oncogenic Ki-RAS mutant (8,9).
In most cases, anti-cancer ingredients derived from
sea cucumbers belong to sulfated saponins. Among
these saponins, frondoside A (FRA) from Cucumaria
frondosa is the most potent so far, inhibiting the PAK1dependent growth of A549 cancer cells with IC 50
around 2.5 µM for 24 h (9), but under our own culture
conditions (72 h), the IC50 against A549 is around 0.6
µM (see Table 1). However, the precise molecular
mechanism underlying its anti-cancer action still
remains to be clarified.
A few previous observations raised the possibility
that FRA might inhibit PAK1 directly (or indirectly):
(i) FRA inhibits the PAK1-dependent growth of A549
cancer cells, (ii) FRA up-regulates p21 (CDK inhibitor)
whose expression is suppressed by PAK1 (8-10), and
(iii) nymphaeols from OP directly inhibits PAK1 in
a selective manner (see Figure 4 and Table 1). Thus,
we were prompted to test in vitro if FRA could inhibit
PAK1 and a few other kinases as well. As shown in
Figure 5, FRA directly inhibits PAK1 in vitro with
IC50 around 1 µM, but both LIMK and AKT with IC50

Figure 5. Frondoside A (FRA) directly inhibits PAK1 in
vitro. PAK1 was treated in vitro with FRA at the indicated
concentrations. The IC50 of FRA against PAK1 is around 1
µM. Asterisks on each bar indicate significant differences
between treatment and control. * 0.01 ≤ p ≤ 0.05, ** p ≤ 0.01,
*** p ≤ 0.001.

Table 1. Anti-cancer activity and anti-kinase specificity of frondoside A and Okinawa propolis (OP) ingredients
(nymphaeols)
Items
Frondoside A
Okinawa propolis
Nymphaeol A
Nymphaeol C
Curcumin

Anti-cancer (IC50)

Anti-PAK1 (IC50)

Anti-LIMK (IC50)

Anti-AKT (IC50)

0.6
12
3.6
6.5
23

1.2
10
9.6
9.8
16

60
39
161
171
30

59
30
42
74
44

IC50 value is in μM, except for Okinawa propolis (OP) in μg/mL.
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around 60 µM (see Table 1), clearly indicating that
FRA is indeed a potent PAK1-inhibitor, and its PAK1specificity is even far more profound than that of
nymphaeols.
To the best of our knowledge, OP is the very first
propolis that has been proven to directly inhibit PAK1.
All other propolis products in market such as ARCbased GP and CAPE-based Bio 30 block PAK1 only
indirectly (by down-regulating RAC or other activators
of PAK1).
Back in 2003, we found a rare potent marine poison
called ST-2001, a 3-OH derivative of Staurosporine
(ST), which directly inhibits PAK1, PKC and several
other kinases with IC50 around 1 nM (13), but its antikinase mode of action is clearly "non-specific". Thus, to
the best of our knowledge, FRA is the very first PAK1specific inhibitor of marine origin. Currently, we are
testing if FRA also could extend the healthy lifespan of
C. elegans, as does OP (7).
Regarding the structure-function relationship of
nymphaeols (see Figure 1 for chemical structures),
either the position of geranyl side chain in nymphaeols
or an extra short side chain in nymphaeol C does not
seem to affect either their anti-PAK1 activity or kinasespecificity. In an attempt to determine the specific
role of geranyl side chains in either anti-cancer/cellpermeability or anti-PAK1 activity/kinase specificity if
any, we are planning to study the potential anti-cancer
and anti-PAK1 activity of far simpler flavonoids such
as naringenin and sakuranetin which contain no geranyl
side chain.
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Summary

Levetiracetam and topiramate are newer anticonvulsants, which is why international data
on overdoses of these drugs are lacking. Only a few mild adverse reactions have been noted.
These anticonvulsants have been the drug of choice for neurologists. Despite their wide
usage, there is a dearth of literature on symptoms and signs of their toxicity. Presented here
is the case of a 21-year-old female who overdosed twice on levetiracetam and topiramate.
The woman was admitted and discharged after the first overdose. Ten days later, she took
multiple tablets of both drugs and was seen again. Amazingly, the woman went home after
the incident with no complications at all.
Keywords: Anticonvulsants, toxicity, seizures, gastrointestinal decontamination, activated
charcoal

1. Introduction
Levetiracetam entered the market in 2000 when it was
approved by the US Food and Drug Administration
(FDA) (1). Levetiracetam is currently being used
for partial seizures and as an adjunctive therapy
for generalized tonic-clonic convulsions (1-3). The
mechanism of action of levetiracetam involves its effect
on the intraneuronal concentration of calcium and
amelioration of the inhibition of gamma-aminobutyric
acid (GABA) and glycine channels. Additionally,
levetiracetam has a favorable pharmacokinetic profile
with quick absorption through oral intake, superb
bioavailability, rapid attainment of steady-state
concentrations, linear kinetics, and minimal plasma
protein binding (2). Levetiracetam is not metabolized
by the cytochrome P450 system but by the enzymatic
degradation of its acetamide group (1,2). If it is
administered orally, its absorption is not affected by
food material. Less than 10% of levetiracetam binds to
plasma proteins and levetiracetam has a bioavailability
of 95%. Its half-life is 6-8 hours. The recommended
Released online in J-STAGE as advance publication March 19,
2017.
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adult dose is 1 g/day and can be increased to 3 g/day at
2 weeks (2).
Topiramate, a sulfamate-substituted monosaccharide,
is a relatively new anticonvulsant agent. It is indicated
as a monotherapy or adjunctive therapy to alleviate
partial seizures, generalized tonic-clonic seizures, and
Lennox-Gastaut syndrome. Topiramate is also being
used in the treatment of migraines, cluster headaches,
essential tremors, binge eating disorders, acute mania,
Tourette's syndrome, neuropathic pain, bipolar disorder,
alcohol dependence, excess body weight, and smoking
(4,5). Structurally, topiramate is unrelated to other
anticonvulsants and acts by multiple neurostabilizing
processes (6,7). The recommended adult dosage ranges
from 200-400 mg/day. Topiramate peaks 2-3 hours after
oral administration and its plasma elimination half-life is
18-24 hours (6,8). Its excretion is primarily (55-66%) via
the kidneys (7).
2. Case Report
A young woman 21 years of age who was thin and lean
(43.7 kg) and who had been an epileptic since the age
of 5 was brought to the ER following ingestion of 40
tablets of levetiracetam 1 g and 60 tablets of topiramate
25 mg nearly 1.5 hours prior. This means she took 60
g of levetiracetam (20 times the maximum dose) and
1.5 g of topiramate (4 times the maximum dose). Her
epilepsy was partially controlled and her last seizure
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occurred nearly a year prior. She was fully active
and conscious in the ER. No drowsiness or difficulty
breathing was observed. There were no complaints
of any abdominal discomfort, nausea, or vomiting.
Results of a general physical examination were normal.
Gastrointestinal decontamination was done with 50
g of activated charcoal. The patient began vomiting
and vomitus showed streaks of white material along
with tiny fragments of tablets. A complete blood count
(CBC), urea levels, creatinine levels, urinary calcium
excretion (UCE), amylase levels, results of a liver
function test (LFT), and an electrolyte and coagulation
profile were all normal. An electrocardiogram (EKG)
showed normal sinus rhythm. An examination of
levetiracetam and topiramate levels in the blood was
not possible at this facility. The woman was admitted to
the general ward and closely monitored and observed.
The next day, she was behaving normally and there
were no complaints. She ate a full meal and her status
was completely normal, so was discharged after 24
hours.
Ten days later the woman was seen again after she
took multiple tablets of the same drugs 1 hour prior.
At the time, she had taken 30 tablets of levetiracetam
1 g and 7 tablets of topiramate 25 mg. As in the
previous incident, she was hemodynamically stable,
fully active, and conscious. She had no gastrointestinal
complaints. No drowsiness or lethargy was observed.
She started vomiting after ingesting activated charcoal.
Small pieces of tablets and white streaks were found
in vomitus. Levels of the 2 drugs in blood could not
be measured, but baseline values for the CBC, UCE,
LFT, amylase, the electrolyte and coagulation profile,
and arterial blood gases revealed no abnormalities. The
patient was kept under close observation in the general
ward. The next day, she was completely normal,
eating, chatting, and roaming around normally. She
was discharged 24 hours after admission in healthy
condition.
3. Discussion
Topiramate is a newer anti-epileptic and is used as
a monotherapy or in combination with other agents
(8). It is also indicated in the treatment of psychiatric
illnesses. Several cases of an accidental overdose in
children or an intentional or suicidal overdose in older
individuals have been reported (6,9). At therapeutic
levels, topiramate is benign, and the most prevalent
adverse reactions are dizziness, somnolence, and
ataxia. However, acute psychosis, hepatic failure
accompanied by encephalopathy, hyperthermia,
hyperchloremic metabolic acidosis, nephrolithiasis,
and parasthesia have also been reported (5,8,10,11).
Beer et al. reported a death following an overdose of
topiramate and other drugs (6). A retrospective study
of anticonvulsant overdoses by Wills et al. indicated
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that 43% of patients had no symptoms and 34% had
mild symptoms, while only 2o patients (4%) were
severely affected (10). The patient reported by Lynch
et al. was brought in unresponsive after intoxication
(8). However, the current patient was brought in fully
conscious and remained conscious on both occasions.
Ozer and Altunkaya noted high anion gap metabolic
acidosis 7 days after a topiramate overdose (11). Three
of the 6 patients reported by Wisniewski et al. had
metabolic acidosis after a topiramate overdose (5). In
the current case, however, a metabolic imbalance was
not noted when the patient was brought in the second
time. Christian et al. and Anand et al. reported seizures
after a topiramate overdose (4,9), but the current patient
remained absolutely normal.
Levetiracetam has recently been approved and is
used as adjunctive therapy for the treatment of adult
patients with partial seizures with or without secondary
generalization that are refractory to other antiepileptic
drugs (12). A multicenter, double-blind, and randomized
trial clearly indicated that levetiracetam significantly
reduces the frequency of partial seizures. A study
by Harden et al. found it well-tolerated and without
risks (13). According to Wills et al., patients only had
some gastrointestinal (GI) problems and levetiracetam
appeared to have the lowest toxicity (10). This may be
due to the fact that levetiracetam is mostly excreted asis in urine, although 24% is hydrolyzed to an inactive
metabolite in the blood (2). The patients reported
by Vellinga et al. and Barrueto et al. experienced
respiratory distress after intoxication and needed
endotracheal intubation, though they did recover in 24
hours (2,14). In contrast, the current patient overdosed
twice within a short period of time but her condition
remained completely normal throughout observation
and she was discharged safely and in healthy condition.
4. Conclusion
To the extent known, there are no reported cases of
overdoses involving both topiramate and levetiracetam.
The striking feature of the current case is that the
patient heavily overdosed twice with these two
antiepileptic agents in a short span of time. Amazingly,
the patient had no lasting effects and her condition
returned to normal after both incidents. She experienced
no psychological or biochemical complications, but a
few cases of respiratory distress that ultimately required
definitive airway protection have been reported. The
bottom line is that strict vigilance is mandatory several
hours after overdoses involving both topiramate and
levetiracetam.
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