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ABSTRACT e From this study, we concluded that (-)-epicatechin will be useful to treat
Background: Hepatitis is a health problem affecting millions of people hepatotoxicity in rats.
worldwide and it is the major risk factor for liver cirrhosis. In India, many o
plants are used to treat hepatitis. But little is known about the effects of ”@m i
(-)-epicatechin a bioactive compound of Phyllanthus niruri (PN) in hepatitis

rats. Objective: The present study was designed to explore the antioxidant
property of (J-epicatechin isolated from PN in D-Galactosamine (D-GalN)
induced hepatitis rats. Materials and Methods: The rats are divided into
five groups as per the experimental design. (-)-Epicatchin pretreatment was
given to the hepatitis rats for 21 days and biochemical analysis was carried
out. The hepatic antioxidant enzymes like superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), and glutathione reductase
(GR), glutathione S-transferase (GST), reduced glutathione (GSH), and
malondialdehyde (MDA) and serum markers aspartate aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), albumin,
and bilirubin are estimated. Results: All the antioxidant enzymes activities
and albumin levels are depleted in hepatitic rats. Whereas GST, ALR AST,
ALT activities and MDA, and bilirubin levels are elevated in hepatitis rats,
(9-epicatechin pretreatment increased all the antioxidant enzymes and
decreased the GST, ALR AST, ALT, and MDA levels in hepatitis rats. However, L o )
histopatholoigic studies also proves that (J)-epicatechin pretreatment Abbreviations ) used:. Phylianthus  niruri (PN), D-Galactosamlne
decreased the tissue damage in hepatitis condition. This is the first report  (0-GalN),superoxide dismutase  (SOD), catalase  (CAT), ~glutathione
on the antioxidant enzymes and hepatoprotective effect of (J-epicatechin in ~ Peroxidase  (GPx), and glutathlqne reductase (GR), ; glutathione s
hepatitis rats. Conclusion: From this study, we conclude that ()-epicatechin  ransferase (GST), reduced glutathione (GSH) and malondialdehyde (MDA)
aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline

phosphatase (ALP), World Health Organisation (WHO), Indian Institute

treatment decreased the oxidative damage in hepatitis rats.
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markers dinucleotide phosphate (NADPH), thiobarbituric | Access this article online
acid reactive substances (TBARS), Website: www.phcog.com
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Hepatitis may be induced by virus, alcohol, lipid oxidation products,
and various drugs.”! D-Galactosamine (D-GalN) is a hepatotoxicant,
causing liver injury, which is closely related to human viral hepatitis due
to their similarities in morphologic and functional features of hepatitis.
Liver damage induced by D-GalN generally reflects in disturbance
of liver cell metabolism, which leads to characteristic changes in the
serum enzyme activities. It has been reported that GalN induces
damage in rat hepatocyte, which results in increased production of
reactive oxygen species.

Phyllanthus niruri (PN) Linn has been used in Ayurvedic medicine
for over 2000 years and has been used in wide number of traditional
ailments such as jaundice, gonorrhea, frequent menstruation, diabetes
and liver-related disorders.” In PN many phytochemical constituents
like flavonoids, alkaloids, terpenoids, lignans, polyphenols, tannins,
coumarins, and saponins are seen. The bioactive compounds of
Phyllanthus are astragalin, catechin, (+),(-)-epicatechin, catechin-3-o-
gallate, epicorilagin, quercetin, geraniin, phyllnirurin, cymene, estradiol,
fraternusterol, gallocatechin, limonene, lupeol, niranthin, mirphyllin,
phyllanthin, hypophyllanthin, and so on.

(-)-Epicatechin is a flavan-3-ol, a secondary plant constituent belonging
to the group of flavonoids and found in berries, grapes, apples, red wine,
tea, cocoa, and phyllanthus.¥ (-)-Epicatechin has antidiabetic, anticancer,
antilipidemic, antineoplastic, cardio protective, anti-inflammatory, and
antioxidant properties.’>®

The present investigation was designed to explore the antioxidant and
hepatoprotective effect of (-)-epicatechin in D-GalN-induced hepatitis
in rats. There were no reports available on the effect of (-)-epicatechin
on antioxidant defense system enzymes in hepatitis in rats. To the best of
our knowledge, this is the first reported data on the antioxidant activity
and hepatoprotective effect of (-)-epicatechin during hepatitis condition.

MATERIALS AND METHODS
Chemicals

All chemicals used in the present study are obtained from Sigma
(St. Louis, MO, USA), Fisher Scientific (Pittsburg, PA, USA), Merck (Mumbai,
India), Ranbaxy (New Delhi, India), and Qualigens (Mumbai, India).

Isolation of bioactive compound (-)-epicatechin

Fresh plants of PN were locally collected in the months of October and
November 2014 from seven hills of Tirupati, Andhra Pradesh, India,
identified, and authenticated by botany taxonomist, Dr. Madhava Chetty,
Department of Botany, S.V. University. A voucher specimen No. 2151
was retained in the Department of Botany, S.V. University, Tirupati. The
bioactive compound of PN i.e., (-)-epicatechin was extracted by different
methods. PN was grinded and ethanol added. The mixture was filtered
and dried by using a rotary evaporator. The mixture is then washed with
hexane. All other experimental work was carried out by using thin layer
chromatography (TLC) and high-performance liquid chromatography
(HPLC) and isolated pure bioactive compound (-)-epicatechin.”

Induction of hepatitis

The rats are given D-GalN to induce hepatitis. Hepatitis was confirmed
by estimating AST, ALT, and ALP in serum. AST, ALT, and ALP
activities increased in rats, our results are similar with those from
hepatitis subjects.

Animals and experimental design

This experiment was carried in male Wistar rats (3 months old,
weighing 180 + 200 g) obtained from Indian Institute of Science
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(IISC), Bangalore. The animals were kept under standard laboratory
conditions (temperature (27 + 2°C), natural light dark cycle
(photoperiod of 12-h light and 12-h dark), and humidity of 55-60%.
The rats were given standard pellets diet (Lipton Rat Feed Ltd., Pune)
and water ad libitum throughout the experimental period. The study
design was approved by the animal ethical committee (Resolution No.
10/08/a/CPCSCA/TAEC/SVU/09-10/Z0O0OL/KRS/Dt.25.09.2009).
After 7 days of acclimatization, animals were divided into five groups
of six rats each.

Group I normal control (NC): These rats received saline for 21 days and
served as normal control.

Group II (-)-epicatechin compound control treatment (Et): These rats
received pretreatment of bioactive compound of PN (epicatechin 50 mg/kg
body weight) for 21 days.

Group IIThepatitis control (Ht): A single injection of D-GalN (800 mg/kg
body weight) was given intraperitoneally for the induction of hepatitis
48 h before sacrifice.

Group IV hepatitis + (-)-epicatechin - 50 mg/kg body weight)
treatment (H-+Et): Hepatitis rats received pretreatment of bioactive
compound ((-)-epicatechin) orally for 21 days.

Group V hepatitis + Silymarin treatment (H+St): Hepatitis rats
received pretreatment of standard drug Silymarin (100 mg/kg body
weight) orally for 21 days.

After 21 days of treatment, all the rats were sacrificed. Blood samples
were collected in sterile plastic tubes and serum was separated by
centrifugation at 3000 rpm for 10 min at 4°C. Liver tissue was quickly
removed, washed in ice cooled 0.9% NaCl, and immersed in liquid
nitrogen and immediately stored at -80°C for further biochemical
analysis. Liver tissue was also used for histopathologic studies.

Isolation of mitochondria

The isolation of mitochondria was done by using the methods of Kaushal
et al.®l The liver was placed in beakers containing chilled (-4°C) isolation
media, which contained 0.25 M sucrose, 10 mM Tris-HCI buffer, pH 7.4,
1 mM EDTA, and 250 ug BSA/mL. The tissues were minced and washed
repeatedly with the isolation medium to remove adhering blood and
10% (w/v) homogenates were prepared using homogenizer. The nuclei
and cell debris were sedimented by centrifugation at 650¢ for 10 min
and discarded. The supernatant was subjected to a further centrifugation
at 7500¢ for 10 min. The resulting mitochondrial pellet was washed
by suspending gently in the isolation medium and by re-sedimenting
at 7500¢ for 10 min. Finally, the mitochondrion was suspended in the
isolation medium.

Measurement of antioxidant enzymes

SOD activity in liver was measured by the method of Misra and
Fridovich.”! The absorbance was read at 340 nm for 4 min and the activity
was expressed as the amount of enzyme that inhibits the oxidation of
epinephrine by 50%, which is equal to one unit. Whereas CAT activity
was determined in the liver as described by Aebi"® using Triton X-100 by
measuring the absorbance at 240 nm for 60 s on a UV-Spectrophotometer
(Hitachi U-2800).

GPx activity was estimated by Flohe and Gunzler.'!! GR activity was
measured by the method of Carlberg and Mannervik®?! by monitoring
the oxidation of nicotinamide adenine dinucleotide phosphate (NADPH)
at 340 nm for 3 min. However, the levels of reduced glutathione (GSH) in
liver was measured as described by Akerboom and Sies.!"¥ GST activity
was assayed by the method of Habig et al.l'! Protein content in liver was
determined by the method of Bradford.™!
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Determination of the thiobarbituric acid reactive
substances

The extent of liver lipid peroxidation in term of thiobarbituric acid
reactive substance (TBARS) formation was measured as described by
Ohkawa et al.l'!

Estimation of serum markers

AST, ALT, ALP, albumin, and bilirubin are estimated in serum by kit
methods.

Free radical scavenging activity of PN

The free radical scavenging activity, i.e., DPPH of PN was determined
spectrophotometrically by the method of Brand-Williams et al.!'”!

The H,O, free radical scavenging activity of PN is estimated by the
method of Ruch et al.'®

The reducing power was determined according to the method of Oyaizu.!!

Histopathologic studies

The liver tissues were fixed for 48 h in 4% paraformaldehyde, dehydrated
by passing them successively in different mixtures of ethyl alcohol-water,
cleaned in xylene, and embedded in paraffin. Sections of liver (3 thick)
were prepared, stained with hematoxylin and eosin (H&E 10x), and
mounted using neutral (DPX) mountant for microscopic observation.

Statistical analysis

Results are expressed as means + standard deviation (SD). Variance
analysis was done with Duncan’s multiple comparison tests on data using
the SPSS (Version 15, SPSS Inc., Chicago, IL, USA) and MS Office, Excel
software for the significance of the main effects (factors), and treatments
along with their interactions. Statistical significance was set at P less than
0.05. The P values are presented with the obtained data.

RESULTS

Free radical scavenging activity of PN

The free radical scavenging activity of PN was assessed by using
DPPH, hydrogen peroxide, and reducing powers shown in Figure 1 .
Interestingly, DPPH, hydrogen peroxide, and reducing power activity
of PN demonstrated remarkable free radical scavenging effects with
significant activity when compared with standard antioxidants. DPPH,
hydrogen peroxide, and reducing powers of PN were increased with
increase in the concentration levels. This shows that PN possess free
radical scavenging activity [Figure 1].

Effect of (-)-epicatechin on the antioxidant
enzymes, SOD, CAT, GPx, GR, GST, and GSH

Figure 2 depicts the activities of antioxidant enzymes. When compared
with normal control, the activities of all the liver antioxidant enzymes
(SOD, CAT, GPx, GR, and GSH) are significantly decreased in hepatitis
rats. However, (-)-epicatechin pretreatment in hepatitis rats SOD, CAT,
GPx, GR, and GSH activities are increased. GST activity was increased
in hepatitis condition. However (-)-epicatechin supplementation
reverted back the GST activity to near normal in hepatitis rats. Our
results showed that (-)-epicatechin pretreatment brought back all the
antioxidant enzymes near to normal in hepatitis rats. Silymarin drug also
showed a considerable effect in reverting the effects of hepatitis treated
rats for all the enzymes.
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Figure 1: Free radical scavenging activity (DPPH, H,O

,0,, reducing power) of
PN and ascorbic acid as standards

Impact of (-)-epicatechin on MDA levels

Oxidative tissue damage marker MDA levels significantly (P < 0.05)
increased in D-GalN-induced hepatitis control rats than in normal
control. However, (-)-epicatechin pretreatment progressively
reduced (P < 0.05) oxidative tissue damage by decreasing the MDA
levels compared with hepatitis control rats, which suggests that
(-)-epicatechin could be able to retarded the hepatic tissue damage
under D-GalN-induced hepatitis. Silymarin drug also showed the
same effect in hepatitis rats [Figure 3].

Effect of (-)-epicatechin on serum markers in
hepatitis rats

Serum AST, ALT, ALP, bilirubin, and albumin are used as biochemical
markers of hepatic tissue damage. Serum AST, ALT, ALP, and bilirubin
levels significantly increased (P < 0.05) and albumin levels decreased in
hepatitis rats over normal rats. However, pretreatment of (-)-epicatechin
depleted AST, ALT, ALP activities, and bilirubin levels in hepatitis rats. But
albumin levels elevated in hepatitis rats. (-)-Epicatechin supplementation
prevented the hepatic tissue damage in hepatitis rats. Hence, all the serum
markers levels are came back to near normal levels [Table 1].
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Figure 2: Effects of (-)-epicatechin and Silymarin on SOD, CAT, GR, GPx, GST activities, and GSH levels in the liver tissues of normal and hepatitis rats

Effect of (-)-epicatechin on histopathologic changes
of liver in D-GalN-induced hepatitis rats

In the present study, we observed degeneration of central vein,
hepatocytes, and sinusoids in D-GalN-induced hepatitis control rats.
Free radical production under hepatitis condition is more, hence in this
condition, hepatic cell damage is seen. However, with (-)-epicatechin
pretreatment, we observed regeneration of central vein, hepatocytes, and
sinusoids in hepatitis rats. Which further confirms the hepatoprotective
effect of the (-)-epicatechin. (-)-Epicatechin alone and Silymarin

Pharmacognosy Magazine, January-March 2017, Vol 13, Issue 49 (Supplement 1)

treatments did not show any change in the architecture of the liver as
compared with normal control [Figure 4].

DISCUSSION

Free radical production causes extensive damage to tissues and
biomolecules leading to various disease conditions like diabetes, hepatitis,
and cancer. Herbal treatment protects tissue damage against many
diseases. Hence, an alternative solution to the problem is to consume
natural antioxidants from food supplements and traditional medicines.
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In the present study, we carried out the free radical scavenging activity of
DPPH, H,0,, and reducing power of PN. These free radical scavenging
assays have provide a good method to know the antioxidant activity. In
this study, DPPH, H,O, and reducing powers of PN showed good free
radical scavenging activity [Figure 1].

Oxidative damage due to oxidative stress is the failure of the cell’s defense
against the deleterious effects of harmful agents. In our study, D-GalN
decreased the activities of SOD and CAT enzymes in hepatitis rats. The
inhibition of SOD activity in hepatitis rats may be attributed to inefficient
scavenging of ROS, which might be implicated to oxidative inactivation
of SOD.?I CAT is a heme protein, which decomposes hydrogen peroxide
and protects the tissues from highly reactive hydroxyl radicals. Our
findings are supported by the previous studies, decline of SOD and
CAT activity in D-GalN-induced hepatitis rats. However, pretreatment
of (-)-epicatechin remarkably increased the SOD and CAT activity
in D-GalN-induced hepatitis, it was indicated that (-)-epicatechin
significantly prevents the superoxide anions and hydrogen peroxide
radicals by SOD and CAT in D-GalN-intoxicated rats [Figure 2].

In our study, we observed the depleted activities of GR and GPx in
hepatitis rats. D-GalN decreased the GPx and GR activities due to the free
radicals, which led to interaction with these proteins and modulation of
their action. GPx reduced the H,O, to water in the presence of GSH and
GR reduce the oxidized glutathione into reduced glutathione, which is
essential for defense against free radicals. However, pretreatment of PN
bioactive compound (-)-epicatechin substantially enhanced the GPx and
GR activity either may be synthesis of GSH levels or may be decreased
the free radicals by their antioxidant activity. Our results show the strong
evidence of hepatoprotective effect of (-)-epicatechin that significantly
reduces hepatic tissue damage in hepatitis rats [Figure 2].

GST plays a vital role in the detoxification of electrophiles produced by
ROS via catalyzing the conjugation of electrophiles with GSH. In the
current study, we reported that GST activity was increased in hepatitis
rats. GST can remove free radicals, and their levels can reflect the
antioxidant capacity of the tissue. Excessive oxidation in cells that causes
reduction in GSH/GSSG may also affect other cellular events, hence
GST activity was increased.?!! However, (-)-epicatechin pretreatment
decreased GST activity in hepatitis rats. (-)-Epicatechin supplementation
may decrease the production of toxic free radicals in hepatitis rats, so
GST activity may decrease [Figure 2].

Glutathione is an important protein thiol that protects the cells against
cytotoxic agents such as reactive oxygen species. GSH profoundly appeared

25 7 MDA
*
5 -
5 Y 2 P
22
° a %y
o *® 2%t BNC
> o €%
< c 15 - LI
o = 1 L6t
Ty < s OECt
= N
e Tl
=
5§ 2%t OHt
= o ,",‘
e ; :‘:‘
£ o Be MH+ECt
4 v £
o ; ":’1
£ I B H+St
3 25,0
:‘:‘
s

Ht
Treatment

Figure 3: Effects of (-)-epicatechin and Silymarin on MDA levels in the liver
tissues of normal and hepatitis rats. Data are expressed as means + SD
(n = 6). *The values are significant compared with the following: control
(*P < 0.001) and hepatitic (*P < 0.01) (Dunnett’s multiple comparison test)

S60

in liver tissue, thus the liver has highly sophisticated protection from free
radicals. However, in our study, GSH levels significantly decreased under
D-GalN intoxication, indicating that GSH is highly vulnerable to toxic
free radical mediated tissue damage. These results are in accordance with
those of the earlier investigations that noticed that the tissue antioxidant
status was being operated at diminished level in D-GalN-induced
hepatitis, which may be due to either increased degradation or decreased
synthesis of glutathione.’” PN bioactive compound (-)-epicatechin
increased the GSH levels in D-GalN-induced hepatitis rats. Pretreatment
of (-)-epicatechin significantly defense the free radicals induced by
D-GalN due to its free radical scavenging activities which reflected either
decreased the utilization of GSH or may be enhance the synthesis the
GSH by increasing the activity of GR.

Oxidative stress has been reported as one of the major causes of GalN-
induced liver damage.”” Excessive production of free radicals resulting
from oxidative stress can damage lipids.?! Increased lipid peroxidation in
the organism is attenuated by the enzymatic antioxidant system and small
molecule antioxidants. In the current experiment, we observed higher
levels of MDA in hepatitis rats than normal control rats. The current
data are in agreement with previously reported data.?**! However,
D-GalN intoxication promotes to increase the free radical production
in liver tissue, which can lead to tissue damage. These higher levels may
due to the decreased activities of antioxidant enzymes in hepatitis rats.
(-)-Epicatechin supplementation decreased the MDA levels in hepatitis
rats. (-)-Epicatechin pretreatment may decrease the production of
free radicals in hepatitis rats, this may cause downregulation of MDA
levels. Thus, (-)-epicatechin had shown a potent chain breaking agent,
which may prevent reaction between free radical and cell membranes
interactions and protect the liver tissue under D-GalN intoxication.

AST, ALT, and ALP are the most common liver marker enzymes. AST
is present in both the cytoplasm and mitochondria of hepatocytes,
whereas ALT is present only in the cytoplasm. ALP is an enzyme that
transports metabolites across cell membranes. ALT, AST, and ALP are
also aminotransferases that could act as liver biomarkers. Many reports
reported that under disease conditions, serum marker levels increases
due to tissue damage and oxidative stress.?”) In hepatitis condition, AST,
ALT, and ALP activities increased in serum.?”! In our results, similar
consequences are observed, AST, ALT, and ALP activities elevated
in serum due to D-GalN intoxication. (-)-Epicatechin pretreatment
significantly reduces the elevated serum AST, ALT, and ALP activities
in hepatitis rats. It was suggested that (-)-epicatechin possesses

Figure 4: Effect of (-)-epicatechin on liver tissue during hepatitis condition
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Table 1: Effect of (-)-Epicatechin on Serum markers in hepatitis rats

Groups AST ALT ALP AL BL
(IU/L) (lU/L) (/L) (G/dL) (mg/dL)
Group I 42213 41.843 151 3.1 1.0
(NC) (£4.921) (£1.620) (£9.826) (£0.492) (£0.2)
Group II 47.175 45,535 112 29 0.5
(Et) (£3.428) (+£3.050) (£11.124) (+0.21) (+0.106)
Group III 206.442% 131.642* 302% 1.2* 2.7*
(Ht) (£7.642) (£11.398)  (*+12.368) (+0.0.82) (£0.046)
Group IV 72.267* 67.348* 180* 2.7* 0.9*
(H+Et) (£2.165) (+£6.252) (£10.604) (+0.092) (+0.049)
Group V 66.731* 51.189* 151* 2.2% 0.8
(H+St) (+4.614) (£3.092) (+8.814) (£0.142) (+£0.063)

All the values are means + SD of six individual observations. * Significant at p <
0.001 with respect to normal control.

hepatoprotective activity in hepatitis rats [Table 1]. (-)-Epicatechin has a
great potential against hepatitis condition. So (-)-epicatechin can be used
as a health promoter for developing novel functional food ingredients
and pharmaceutical preparations.?*!

In the current investigation, we reported an upregulation of bilirubin
and a downregulation of albumin in the serum of hepatitis rats. During
hepatitis condition, liver functions abnormally, hence all the hepatic
markers are altered, which results in increased levels of bilirubin,
accompanied by decreased levels of albumin.” Our results are in
accordance with the previous studies showing that elevated levels of
bilirubin and depleted levels of albumin in D-GalN-induced hepatitis.*
However, (-)-epicatechin supplementation significantly declined the
bilirubin and increased the albumin in hepatitis rats when compared
with hepatitis control rats. (-)-Epicatechin pretreatment may suppressed
the D-GalN toxicity in hepatic tissue by reducing the free radicals
generation, which is reflected in the modulation of hepatic function as a
result. We observed a decline in bilirubin and increased levels of albumin
in hepatitis rats [Table 1].

Histopathologic studies of hepatitis liver showed disruption of sinusoids,
degeneration of central vein, and hepatocytes, proving that free radicals
production causes hepatic damage under hepatitis condition. When
hepatitis rats pretreated with (-)-epicatechin, sinusoids, central vein and
hepatocytes have regenerated. (-)-Epicatechin minimizes the production
of free radicals in hepatitis-treated rats and protects the liver tissue from
hepatitis-induced oxidative damage [Figure 4].

CONCLUSION

This is the first report on hepatoprotective and antioxidant effect of
(-)-epicatechin in hepatitis rats. From this study, we conclude that
(-)-epicatechin bioactive compound isolated from PN modulated the
antioxidant enzymes in hepatitis rats and also decreased the oxidative
damage. Hence, (-)-epicatechin can be used as hepatoprotective and
antioxidant agent against hepatitis. But more pharmacologic research
work is required to find out the exact mechanism of (-)-epicatechin for
its hepatoprotective activity in hepatitis condition.
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