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ABSTRACT

The continuous practice of traditional medicines provides scientific validation of the use of herbal medicines, which eventually
leads to widespread recognition among the socioeconomic healthcare systems. Anaphalis triplinervis, (Asteraceae) is native
species being used to prevent, treat, and cure the hepatic ailment, in Chinese and Indian traditional systems of medicine. we
investigated the hepatoprotective effect of 4. triplinervis extracted with hydroethanolic solvent (HEEAT) a potent natural
anti-oxidant against carbon tetrachloride-induced hepatic injury in rats and elucidate the inflammatory cascade leading to
apoptosis in adult rat liver. Adult Wistar rats were randomized into 6 groups and each group contains six animals, (n=6). Group
I: normal control; animals treated with vehicle. Group II: toxin control; rats administered with CCl,+Olive oil 1:1 i.p., Group
III: standard; silymarin (125 mg/kg), Group 1V, V, and VI administered with HEEAT 100, 200, 300 mg/kg up to 14 days. The
body weight and hematological assessment were performed further the antioxidant activity was determined by assay for catalase,
glutathione reductase, superoxide dismutase, and malondialdehyde in the hepatic tissue. Increased oxidative stress, cytokines
(TNF-alpha and IL-1beta), NF-kappa f3, and caspase-3 levels in CCl,-treated rats. Co-administration with HEEAT significantly
prevented all the biochemical and molecular alterations in the hepatic tissue of CCl,-treated rats in a dose-dependent manner.
The hepatoprotective effect was further confirmed by examining the liver organ weight and histopathological analysis using
H&E staining. Collectively the findings from the current study demonstrate the possible involvement of oxidative- stress-
mediated activation of inflammatory cascade and apoptosis in chronic CCl,-induced liver injury and suggest the effectiveness
of HEEAT in mitigating the liver toxicity associated with chronic CCl, administration. Further, our study using morphological,
hematological, biochemical, histopathological data analysis suggest that HEEAT may serve as an effective antioxidant and
hepatoprotective candidate.
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INTRODUCTION

The liver is a major organ for metabolizing nutrients, drugs,
medications including alcohol along with detoxifying different
systemic endogenous and exogenous toxins.! The hepatic
system may involve in the biotransformation of xenobiotics
by synchronizing the synthesis of various physiochemical and
physiological functions of the body.? The type I and type II
biotransformation reaction are well balanced by the liver.?
Not only, etiologically different microorganisms such as
Toxoplasma gondii, Staphylococcus, etc, are involved in the
development of liver infections* but also Ecological pollutants
are responsible for diverse sorts about the hepatic injury,

including liver destruction, alcoholic liver disease, fatty liver
encephalitis, hepatocellular carcinoma, etc.’

Oxidative stress along with reactive oxygen species
(ROS) and reactive oxygen nitrite (RON) system is one of
the main factors that contribute to various liver injuries
such as hemochromatosis and hemosiderosis.® The cellular
lipid peroxidation due to the generation of free radicals
precipitates hepatic fibrogenesis, notably via aldehyde
peroxidation on kupffer cells and lipocytes.” The literature and
scientific shreds of evidence disclose that many chemicals are
hepatotoxic in nature like carbon tetrachloride (CCl,), NSAIDS,
etc.®
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Here we have used the CCl, experimental paradigm for the
induction of liver injury while elucidating the cellular and
molecular mechanisms behind it.” For assessment of the
antioxidant effect and hepatoprotective role of drugs this
model is most popular and routinely used in the experimental
setup.'® At the cellular level, CCl, primarily forms the ROS
and RNS, which are metabolized in the liver. CCl, enhances
the production of fast generating trichloromethyl free radicals
(CCly) in the hepatic tissue, further the cytochrome P450
converts the free radicals into trichloromethyl peroxy radical
(CCL;,00) which via oxidative phosphorylation ultimately
leads to the hepatic injury."" The generated CCl,0 free radicals
disrupt the structural and functional integrity of hepatic tissue
and thus produce toxicity.!* Neutralization of free radicals by
antioxidants is an effective approach to restore liver physiology.

From age’s nature has been a source of a large number of
potent therapeutic herbs. Among various natural antioxidants,
polyphenolic-containing herbs are also the most important
signs. For example, 4. triplinervis DC belonging to the
family asteraceae, authenticated by Botanical Survey of
India, Dehradun, Uttarakhand having specimen no-115900.
The distribution of these medicinal herbs is widely in both
tropical as well as the temperate region of Asia especially
found in Uttarakhand, India. It is acknowledged underneath
the local name of pilijari in the garhwal region, naga guining
meadow rue, and mamira in the Kumaun region.!* Divergent
bioactive constituents are isolated from this plant. Major two
bioactive constituents benzylisoquinoline alkaloids with chloro
group, falisasumines A (1) and B (2), also including eight
major isoquinoline alkaloids (3—10) were isolated which has
significant pharmacological activity.!” With the help of basic
analysis including 1D and 2D NMR (COSY, HSQC, HMBC,
and NOESY) have been used to elucidate the structure of
these compounds based on the establishment of these finding,
we draw the inference these constituents is accountable
for protective profile for the liver disorder.!® This bioactive
constituent-rich medicinal plant is being traditionally used for
treating liver disorders such as jaundice and hepatitis.'®!” Other
uses of this plant are antipyretic, antimalarial,'® antivenom,
dyspepsia, febrifuge,'” and antimicrobial properties are
scientifically validated."” The present study was designed to
explore the mechanisms behind the CCl,-induced liver damage
and to investigate the therapeutic effect of HEEAT.

METHODOLOGY

Animals

Wistar rats (150220 g) of either sex were obtained from the
Animal House of Anand College of Pharmacy, Agra, Uttar
Pradesh India. Animals were purchased from Indian Veterinary
Research Institute Bareilly, India (IVRI). All experimental rats
were housed under specific conditions; room temperature 24
4+ 2°C and humidity 45-55% and 12:12 hours light/dark cycle.
The animals had free access to food (pallets purchased from
VRS Foods Limited, New Delhi, India) and water ad-/libitum.
All experimental protocol was designed to give minimum

pain to animals and the same were approved as per the norms
of Committee for Purpose of Control and Supervision of
Experiments on Animals (CPCSEA) (registration no 125/PO/
Re/s/10/CPCSEA). All experimental animals were randomized
to different groups.

Drugs and Chemicals

Silymarin as a standard drug was procured from Yarrow chem.
products, Mumbai, India. The biochemical kits were acquired
from Transasia BioMedical, Himachal Pradesh, India. All the
solvents and chemicals were of analytical grade. 4. triplinervis
was collected from the valley of Kedarnath, Uttarakhand, India
during the winter season. The collected plant was recognized
by Professor S. K. Srivastava, Department of Botanical Survey
of India, Dehradun, Uttarakhand, India. The account number
assigned is 115900. Furthermore, the whole plant of HEEAT
was dried (25°C) and extracted in the ratio of 40:60 distilled
water with ethyl alcohol (95% v/v) for 24 hours with the help
of hot soxhlation method and the extract was allowed to dry
on a water bath (50°C) and finally, the % yield was calculated.

LDg, Determination

Determination and conclusive statements for the acute toxicity
test study were done as per the OECD guideline No. 425 fixed-
dose procedure.?’ Ten experimental rats were assigned into
two groups; normal control and test group (5 females and 5
males). Animals received a HEEAT 2000 mg/kg per oral route
post 16 hours of fasting. The normal control group received
vehicle (sterile saline n = 5), test group received HEEAT
2000 mg/kg followed by clinical observation with different
periods (0.25, 0.5, 1, and 4 hours). Every sign of toxicity was
observed as well as recorded and registered. All animals were
kept under keen clinical observation for fourteen consecutive
days and body weighed was measured at different time
intervals (day 0, 7, and 14 post-treatment). Moreover, we have
distinguished parameters for assessing the toxicity including
the cumulative weight change (%) which was estimated based
on the initial weight. Also, we have calculated the mean food
and water consumption for rats. At the end of the observation
period, the blood samples were collected by retro-orbital
plexus. Blood samples were further processed for performing
hematological assessment and biochemical assays. The plasma
was separated by centrifugation at 8000 rpm. The mortality
rate was also observed in comparison to the vehicle-treated
rats. Finally, the animals were euthanized and an autopsy was
performed.?’

Experimental Design

The animals were randomly divided into six groups each group
containing 6 animals, Group I: normal control (NC). Group
II: Toxin control 1:1CCl,+Olive oil i.p. Inducing group. Group
[II: Positive Control (silymarin 125 mg/kg) p.o. +CCl,+ Olive
oil i.p. Group I'V: HEEAT (100 mg/kg) p.o. +CCl,+Olive oil
.p. Group V: HEEAT (200 mg/kg) p.o. +CCl,+Olive oil i.p.
Group VI: HEEAT (300mg/kg) p.o+CCl,+Olive oil i.p. for
14 days. At the end of the experiments (day 14'M), test and
standard drugs were administered; CCl, was given within 30
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minutes’ post-drug administration. All experimental rats were
anesthetized using thiopentone sodium (40 mg/kg i.p) and
sleeping time was recorded to its natural arousal, i.e., loss of
righting reflex to its recovery. After recovery the same animals
were anesthetized using ketamine (20 mg/kg) + xylazine
(80 mg/kg) for euthanasia.

Hematological Analysis

Parameters such as hemoglobin, complete blood counts (CBC)
were determined using an auto analyzer.

Biochemical Estimation

All the isolated liver samples were immediately washed with
normal saline, and each sample was homogenized in the PBS
(7.4) on ice to prevent tissue damage (w/v; 1 g tissue with 3
mL PBS) and centrifuged at 10000xg for 15 minutes, at 4°C.

Quantification of Liver Lipid Peroxidation (LPO)

The assessment of the lipid peroxidation was carried out by
estimating the amount of malondialdehyde (MDA) formed,
using the method described earlier.”! MDA is the end product
of lipid peroxidation which is the marker for free radical-
mediated damage and oxidative stress. The principle behind the
above-mentioned method includes the reaction between MDA
and thiobarbituric acid (TBA) under an acidic environment at
a temperature of 90—100°C to yield a pink color MDA-(TBA)
2 conjugate, which was quantified with a spectrophotometer
(530 nm). In the procedure, 0.5 mL of 20% TCA was added to
0.5 mL of the tissue homogenate, and then there was an addition
of I-mL of 0.67% TBA. The mixture was incubated at 100°C
for 15 minutes in a water bath, cooled, and then added with
4 mL of n-butanol and centrifuged at 3000 rpm for 15 minutes.
The absorbance of the clear pink supernatant was then read
against a blank at 532 nm spectrophotometrically. The
concentration of MDA is expressed in nmol/g of the tissue.??

Determination of Liver Reduced Glutathione (GSH):

Reduced glutathione was determined by the method described
previously.?? The assay is based on the oxidation of GSH by
5,5’-dithiobis (2-nitrobenzoic acid) (DTNB), DTNB, and
glutathione (GSH) react to generate 2-nitro-5- thiobenzoic acid
(TNB) which has a yellow color. Therefore, GSH concentration
can be determined by measuring absorbance at 412 nm. For this
assay, 50 puL of the tissue homogenate was taken and further
diluted with 10 mL of phosphate buffer (0.1 M, pH 8). To 3 mL
of the above-diluted mixture, 20 uL. of DTNB (0.01 M) was
also added and absorbance was taken at 412 nm, the blank was
prepared under the same conditions.

Quantification of Liver Superoxide Dismutase (SOD)

The assessment of the superoxide dismutase activity was
done via adopting the experimental protocol as described, the
xanthine-xanthine oxidase system was employed for generating
a superoxide flux, and nitro blue tetrazolium (NBT) was used
as a marker indicating production of superoxide. The activity
of SOD is a measure of the degree of inhibition of the reaction
unit of enzyme providing 50% inhibition of NBT reduction.
Results are further expressed in U/mg.?*

Quantification of Liver Catalase Activity

The catalase activity was quantified in the serum by employing
the protocol.® Briefly, we have taken a serum (10xL) in a test
tube that contains 2.80mL of 50mM potassium phosphate
buffer (pH 7.0). Furthermore, the reaction began after the
addition of 0.1 mL of fresh 30 mM hydrogen peroxide and the
decomposition rate of hydrogen peroxide was determined by
using a spectrophotometer with a wavelength of 240nm for
5 min. A molar extinction coefficient of 0.04l mM 'cm ! was
used for the estimation of catalase activity.

Quantification of Liver of IL-1 and TNF-alpha

The assay was performed on liver tissues homogenate as per
manufacturer instructions using R&D Systems Quantikine
Rat IL-1B and TNF-a ELISA Kkits.

Quantification of Liver of NF kappa f p65 unit
That assay was performed on liver tissues homogenate as per

manufacturer instruction using NF-kf/p65 Active ELISA
(Imgenex, San Diego, USA) ELISA Kkit.

Quantification of Liver Caspase-3 using a Colorimetric Assay

A colorimetric assay was performed for the estimation
of caspase-3 levels. The protease activity was measured
in tissue homogenates samples using a caspase-specific
peptide conjugated with a chromophore (p-nitroaniline). The
peptide cleavage done by caspase was analyzed by using the
spectrophotometric technique at 405 nm. The percentage of
control was taken as a measure to express the results.

Statistical Analysis

The statistical analysis was performed using GraphPad Prism
8.3.3 software (GraphPad, San Diego, CA). Results were
presented as mean = SD and the p <0.05 value was considered
as statistically significant. Hematological and biochemical data
were analyzed using two-way ANOVA, or repeated measures
one-way ANOVA where appropriate, followed by Turkey post
hoc test analysis.

RESULTS

Preliminary Phytochemical Screening

Hydroethanolic extract of Anaphalis contains different
chemical constituents such as saponins, carbohydrates,
alkaloids; glycoside and iso-flavonoid, etc. percentage yield
of the extract was found to be 11.37%.

Toxicity Studies for the HEEAT

We found no sign of toxicity in clinical observation of the test
group as compared to the normal control group. Our finding
reveals from the data of hematology, biochemical and organ
toxicity suggests that the dose up to 2000 mg/kg of HEEAT
can be regarded as a maximum LD, in comparison to the rats
treated with vehicle (normal control). This proofs the wide
margin of safety of HEEAT. The extract obtained from the
natural source was found to be in safer limits up to a dose of 2
gm/kg body weight. Further, the test drug doses were decided
which are 100, 200, and finally 300 mg/kg for conducting the
remaining studies.
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Body Weight

The CCl4 negatively affects the bodyweight of rats and a
significant decline in body weight was observed (Figure 1)
this decline in body weight was reversed significantly with
HEEAT at 100, 200, 300 mg/kg p.o. dose-dependently and
with silymarin (125 mg/kg p.o.).

Liver Weight

The weight of the liver in the CCl, control group was found
to be increased significantly (*p <0.01), as compared to the
normal control group. Moreover, the HEEAT and the silymarin
treated group showed significantly enhanced liver weight with
the comparison to CCl, treated rats as shown in Figure 2.

Hematological Parameters:

The complete blood analysis showed that hemoglobin
concentration, RBC, WBC, platelet count, MCV, MCHC%,
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Figure 1: The effect of hydroethanolic extract of A7 on CCl, induced
alteration in the bodyweight of rats: Values were expressed as mean
+ S.E.M n= 6 animals in each group. One-way ANOVA followed by
Tukey’s post-hoc analysis was used. **p < 0.001 represents CCl, treated
rats with compared to normal control group.

and RDW% were decreased in CCl4 group rats as compared to
the control rats. HEEAT 300 mg/kg and silymarin 125 mg/kg
respectively as shown in Table 1.

Biochemical Observations and Interpretation

The hepatic biochemical markers such as SGOT, SGPT,
cholesterol, ALP, triglycerides, total bilirubin, and direct
bilirubin in blood serum were found to be increased in CCl,
rats as compared to the control rats. These data indicate the
CCl, induced toxicity in the liver. Findings were shown in
Table 2. Serum glutamic-oxaloacetic transaminases (SGOT),
serum glutamic pyruvic transaminase (SGPT), alkaline
phosphatase (ALP), direct bilirubin (DB), total bilirubin (TB),
total protein (TP), albumin, triglycerides, and cholesterol were
determined using an auto analyzer.

Chronic HEEAT Treatment Enhances Liver Antioxidant
Enzymatic Activity in Rats with CCIl4 Administration

Chronic CCl, administration in rats significantly (p <0.05)
reduces the liver enzymatic activity of catalase as compared

157
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Figure 2: Effect of hydroethanolic extract of A7 on the liver weight
of CCl, administered rats. Values are presented as mean + S.E.M.,
n = 6 animals in each group. Symbols represent statistical significance.
One-way ANOVA followed by Tukey’s post-hoc analysis was used.
**n < 0.01 and *p < 0.001 groups compared to normal control group.

Table 1: Protective effects of HEEAT (100, 200, 300 mg/kg; oral gavage) on various hematological parameters in rats with CCl,-induced
hepatotoxicity on day 14. Values were expressed as mean £ S.E.M. (n=6-per group). Two-way ANOVA followed by multiple compassion analysis

was used.

Group 1 Group 11 Group 111 Group IV Group V Group VI

Normal CCl, treated Silymarin HEEAT HEEAT 200 HEEAT 300 mg/
Groups control rats treated rats 100 mglkg +CCl4  mg/kg +CCl4 kg +CCl4
Hemoglobin (gm/dL) 1335035 9.26+0.31" 14.73 £0.09 12.90 +£0.22 13.87+0.16 14.81 £0.17%*
WBC 10n3/uL 11.15+029 18.56+0.29""  13.77+0.33 8.92+0.19 12.77 £0.31 13.70 £ 0.45%*
RBC 10A6/ul 7.30+0.12 5.93+£0.12"" 11.06 +0.19%*  7.13+0.14 7.20 £ 0.04 10.03 £ 0.18**
Packed cell volume (HCT)% 40.82+£0.23 33.93+£0.677" 4048 £0.58**  37.32+0.76 38.28 £0.24 40.05 + 0.35%**
Mean corpuscular volume 54.45+£042 46.65+1.58"  52.32+£0.15%* 47.95+0.36 50.95+0.19 52.19 + 0.38%*
Mean corpuscular Hemoglobin  18.35+0.14  13.83£0.48""  17.30£0.19**  15.82 +0.38 17.58 £ 0.44 17.00 = 0.19**
Mean corpuscular Hemoglobin  32.90 £0.36  28.66 +0.68""  33.77 £0.52**  31.65+0.40 32.07 £ 0.98* 33.30 £ 0.58**
concentration %
RDW % 1341+£0.67 1141038 1418 £0.19**  11.58+0.32 12.05+£0.13* 12.05 £ 0.13**
Platelet count 10A5/UL 11.30£0.62 678 +0.19"" 11.43 +0.46%*  10.07+0.13 12.58 £ 0.24**  12.58 + 0.24**

**p < 0.001 represents as compared to the control group.*p < 0.01, **p < 0.01, ***p < 0.001 represents HEEAT (100, 200 and 300 mg/kg) as

compared to the CCl, treated rats.
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to the rats in the control group. A significant effect across the
groups was observed on catalase activity in the liver after
one-way ANOVA followed by Brown-Forsythe test [(F (5,24)
= 53.47; DF= 5, p < 0.0001) (Table 3). A similar trend was
observed in levels of other major anti-oxidant enzymes GSH
was shown in the liver was depicted in Table 3. A significant
effect across the groups was observed on GSH activity in liver
tissue after one-way ANOVA followed by Bartlett’s test [(F
(5,24) = 21; DF= 5, p < 0.0001). However, in the case of SOD
in the liver tissue after one-way ANOVA followed by Bartlett’s
test [(F (5,24) = 51; DF=5, p < 0.0001), was shown in Table 3.
Moreover, chronic treatment with HEEAT (100, 200, and 300
mg/kg) significantly reverses these enzymatic activities in the
liver of rats with CCl, administration (p <0.0001).

Chronic HEEAT Treatment Suppressed Liver LPO levels in
Rats with CCl, Administration

Rats administered with chronic CCl, were found to have a
significant (p <0.001 increase in lipid peroxidation in the liver
(3.57 fold) as compared to the control group rats. A significant
effect across the groups was observed on LPO activity in the
liver after one-way ANOVA followed by Bartlett’s test [(F
(5,24) = 75.44; DF= 5, p < 0.0001). The HEEAT treated (100,
200, and 300 mg/kg) rats were observed to have a significant

(p <0.001) reduction in lipid peroxidation in the liver tissue
of CCl, administered rats. (Table 3).

Chronic HEEAT treatment mitigates liver tumor necrosis

factor-alpha TNF-a in rats with CCl, administration

Chronic CCl, administration in rats significantly (p <0.05)
increased the liver (3.47 fold) TNF-a levels as compared to
the control group rats. A significant effect across the groups
was observed on TNF-a expression in the liver after one-way
ANOVA followed by Bartlett’s test [(F (5,24) = 320.8; DF= 5,
p <0.0001. The HEEAT (100, 200, and 300 mg/kg) treatment
decreases the TNF-a levels significantly (p <0.05) in the liver
of HEEAT (100, 200 and 300 mg/kg) CCl, administered rats
dose-dependently. (Figure 3).

Chronic HEEAT treatment suppressed liver interleukin-1p
(IL-1p) in rats CCl, administration

The IL-1p levels were significantly (p <0.05) increased in the
liver (4.33 fold) of rats with chronic CCl, administration when
compared to the rats in control. A significant effect across
the groups was observed on /L-1f expression in the liver
after one-way ANOVA followed by Bartlett’s test (F (8,24) =
326.8; DF=5; p <0.0001) respectively. Moreover, rats treated
with HEEAT (100, 200 and 300 mg/kg) showed a significant

Table 2: Protective effects of HEEAT (100, 200, 300 mg/kg; oral gavage) on various biochemical parameters in rats with CCl,_induced
hepatotoxicity on day 14. Values were expressed as mean = S.E.M. (n=6-per group). Two-way ANOVA followed by multiple compassion analysis

was used.

Group 1 Group 11 Group 111 Group IV Group V Group VI

Normal ccly, Silymarin 125 mg/kg HEEAT 100 mg/kg HEEAT 200 HEFEAT 300
Groups control treated rats treated rats +CCl4 mg/kg +CCl4 mg/kg +CCl4
Urea (mg/dL) 37.6+£0.84  58.82+2237"  40.97£3.17%** 57.8 £4.56%* 50.32 +2.53%* 39.97 £ 3.57***
Creatinine (mg/dL) 0.5+0.03 0.70 £ 0.12"+ 0.47 & 1.14%%** 0.7 £ 0.06* 0.60 + 0.09** 0.52 £ 0.04**
SGOT(U/L) 1483 +4.94 353.6+6.577"  153.15+10.95%* 184.5 + 5.47%* 182.97 + 6.59%* 149.32 £ 7.21%*
SGPT(U/L) 96.8+1.46  269.15+7.51"7" 124.9 £3.07*** 144.8 + 5.74%* 141.20 £ 4.05%* 122.65 £ 3.77%*
ALP (U/L) 76.0+£1.77  180.93£1.78"" 87.85+£2.12%*x* 101.0 £2.38%* 95.30 +2.48* 88.33 £2.53%**
Cholesterol (mg/dL) 748+3.80 14297 £3.877" 87.93 £4.8]%** 99.5 £ 1.07** 92.07 +3.27** 88.98 & 3.30***
Triglyceride (mg/dL) 123.8+8.52  180.85+2.437" 125.58 +4.04%* 162.3 £5.68** 139.73 + 7.45% 125.30 + 4.38**
Direct bilirubin (mg/dL) 1.1 +0.06 247 +0.177 1.16 + 0.04%** 1.6 +£0.09%* 1.35 +0.09* 1.17 £ 0.06%**
Total bilirubin (mg/dL)  2.2+0.16 437+0.18 2.09 + 0.10%** 3.0 £0.04* 2.62 +0.13%* 2.12 +0.16%**
Albumin (g/dL) 4.1+0.07 2.69+£0.177 6.10 £ 0.13** 4.4 +0.24* 5.44 +£0.17* 6.37 £ 0.12%**
Total protein (g/dL) 8.5+£0.32 525+0467 9.74 + 0.17*%** 7.8 +£0.58** 9.54 +0.21** 9.74 £ 0.16***

*p < 0.001 represents as compared to the control group. *p < 0.01, **p < 0.01, ***p < 0.001 represents HEEAT (100, 200 and 300 mg/kg) as

compared to the CCl, treated rats.

Table 3: Protective effects of HEEAT (100, 200, 300 mg/kg; oral gavage) on various antioxidant parameters in rats with CCl,_induced
hepatotoxicity on day 14. Values were expressed as mean = S.E.M. (n = 6-per group). Two-way ANOVA followed by multiple compassion analysis
was used. “p < 0.001 represents as compared to the control group.

Group 1 Group 11 Group 111 Group IV Group V Group VI
Silymarin HEEAT HEEAT 200 mg/  HEEAT 300 mg/kg
Groups Normal control ~ CCl, treated rats  treated rats 100 mg/kg +CCl4 kg +CCl4 +CCl4
SOD (U/mg protein) 75.12+1.34 46.60 £2.127° 67.82 4+ 1.90%*% 7191 +2.13%* 68.88 £ 2.34%** 6570 + 2.60%**
CAT (U/mg protein) 46.83 +1.10 25.66+0.657" 39.31 £ 1.91*%% 43,55+ 1.08%* 41.03 £ 0.63*** 3746 +£2.27%**
GSH (mg/g protein) 2.51+0.12 1.38£0.137 1.76 £ 0.12%* 1.64 £0.16%* 1.83 £ 0.06%** 1.60 £ 0.06%**
MDA (nmol/mg protein) 1.28 + 0.07 2.44+0.207 1.46 £ 0.08** 1.81 £0.17%* 1.55 £ 0.09%** 1.19 £ 0.08***

*p <0.01, **p < 0.01, ***p < 0.001 represents HEEAT (100, 200 and 300 mg/kg) as compared to the CCl, treated rats.
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El Normal Control

B CCl4 treated rats

B8 Silymarin 125 mg/kg

Bl HEEAT 100 mg/kg+CCl4
= HEEAT 200 mg/kg+CClg
[ HEEAT 300 mg/kg+CClg

TNF-o(pg/mgpr)

Figure 3: Effect of HEEAT (25, 50, 100 mg/kg; oral gavage) on TNF-a
level in rats chronically administered CCl,. Values were expressed
as mean + S.E.M. (n = 6-per group). One-way ANOVA followed
by Tukey’s post-hoc analysis was used. “#p < 0.001 represents as
compared to the control group. ***p < 0.001 represents HEEAT (100,

200 and 300 mg/kg) as compared to the CCl, treated rats.
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Figure 4: Effect of HEEAT (25, 50, 100 mg/kg; oral gavage) on IL-13
level in rats chronically administered CCl,. Values were expressed
as mean + S.E.M. (n = 6-per group). One-way ANOVA followed by
Tukey’s post-hoc analysis was used. ### p < 0.001 represents as
compared to the control group. ***p <0.00! represents HEEAT (100,
200 and 300 mg/kg) as compared to the CCl, treated rats.

(p <0.05) reduction in liver IL-1p levels. This effect was dose-
dependent (Figure. 4).

Chronic HEEAT treatment ameliorated liver nuclear factor
kappa beta (NF-kf) p56 subunit levels in rats with CCl,
administration

Rats administered with chronic CCl, were observed to have
significantly (p <0.05) elevated NF-kf p65 subunit levels in
the liver (7.62 fold) when compared to the control group. The
significant effect across the groups was observed on NF-xf8
expression in the liver after one-way ANOVA followed by
Bartlett’s test (F (8,24) = 98; DF=5; p <0.0001). Treatment with
HEEAT (100, 200, and 300 mg/kg) significantly (p <0.001)
reduced the liver NF-kf p56 subunit expression of chronic
CCl, administered rats and this effect was dose-dependent.
(Figure. 5).

Chronic HEEAT treatment suppressed liver caspase-3 levels
of rats with chronic CCl,administration

The rats administered with chronic CCl, were found to have
a significant (p <0.05) increase in caspase-3 level in the liver
(3.62 fold) as compared to the rats in the control group. The

150!

"
°
°

B Normal Control
B CCl4 treated rats

o
]

Bm Silymarin 125 mg/kg

B HEEAT 100 mg/kg+CClg
B HEEAT 200 mg/kg+CClg
[ HEEAT 300 mg/kg+CClq

NF-kB (pg/mgbr)

Figure 5: Effect of HEEAT (25, 50, 100 mg/kg; oral gavage) on NF-k3
level in rats chronically administered CCl,. Values were expressed
as mean + S.E.M. (n = 6-per group). One-way ANOVA followed
by Tukey’s post-hoc analysis was used. #p < 0.001 represents as
compared to the control group. ***p < 0.001 represents HEEAT (100,
200 and 300 mg/kg) as compared to the CCl, treated rats.

Hl Normal Control

Bl CCl4 treated rats

B Silymarin 125 mg/kg

B HEEAT 100 mg/kg+CClg
=1 HEEAT 200 mg/kg+CClg.
[ HEEAT 300 mg/kg+CCl4

Caspase-3 (%control)

Figure 6: Effect of HEEAT (25, 50, 100 mg/kg; oral gavage) on
caspase-3 level in rats chronically administered CCl,. Values were
expressed as mean + S.E.M. (n = 6-per group). One-way ANOVA

followed by Tukey’s post-hoc analysis was used. ### P < 0.001

represents as compared to the control group. ***p < (.001 represents
HEEAT (100, 200 and 300 mg/kg) as compared to the CCl, treated rats.

significant effect across the groups was observed on caspase-3
expression in liver after one-way ANOVA followed by
Bartlett’s test (F (5,24) = 3342; DF=5; p <0.0001). A significant
(p <0.05) reduction was observed with HEEAT (100, 200, and
300 mg/kg) in caspase-3 levels of the liver in a dose-dependent
mode. (Figure. 6).

Histopathological or Inferences of hepatocellular
necrosis/protection

Slide (A) Hepatic tissues of vehicle-treated rats, assign as
normal control shows normal histology architecture such as
portal triad, normal portal vein, hepatic artery, and biliary
canaliculi system (HXE 10 xs).

Slide (B) Fraction of the hepatic tissues of rats treated with
silymarin showing normal histology and portal triad showing
normal portal vein, hepatic artery, and bile duct. (HXE 10x).

Slide (C) Fraction of the hepatic tissues of CCl, treated
rats was showing significant necrosis in the central vein
as well as liver parenchyma cells also shows higher
necrosis among fatty acid vacuoles in sinusoids (HXE
10x).
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100mg/kg treated rats (E) HEEAT 200mg/kg treated rats (F) HEEAT 300mg/kg treated rats.
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Figure 8: Histopathological changes of hepatic tissue: (A-F) Interference diagram of the hepatocytes. G) Inflammation score H) Fibrosis score.
Values were expressed as mean + S.E.M. (n=6-per group). One-way ANOVA followed by Tukey’s post-hoc analysis was used. “p < 0.001
represents as compared to the control group. **p < 0.01; represents HEEAT (100, 200 and 300 mg/kg) as compared to the CCl, treated rats.

Slide (D) Fraction of the liver tissue of rats treated with
HEEAT at a dose of 100 mg/kg, shows no abnormalities in
the arrangement of hepatocytes parenchymal cells around the
portal vein and hepatic artery but little necrosis found in space
of disse (HXE 10x).

Slide (E) Fraction of the hepatic tissue of animals treated with
HEEAT at dose 200 mg/kg shows the normal arrangement of
the hepatocytes, and the absence of necrosis in portal veins and
bile duct but some fatty vacuoles necrosis found (HXE 10x).
Slide (F) Segment of the liver tissue of animals treated with
HEEAT at dose 300 mg/kg displays the normal arrangement of

the hepatocytes parenchymal cells and the absence of necrosis
in portal veins, biliary canaliculi as well as the absence of
fatty vacuoles necrosis (HXE 10x). All slides are depicted in
Figure 8.

DISCUSSION

This study explores the mechanisms behind the CCl,- induced
liver damage and to investigates the hepatoprotective effect and
elucidated the mechanism of HEEAT to prevent liver injury and
also deamination the therapeutic effect of HEEAT. HEEATDC,
a hepatoprotective agent reported in Ayurveda. Based on our
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finding of the biochemical estimation suggested that there was
an elevation of the serum enzyme, such as ALT, AST, ALP, TB,
DB, triglycerides, and cholesterol serves as a marker of cell
leakage and loss of functional integrity of the liver membrane.
Co-administration of HEEAT exerted its protective function
by decreasing the serum levels of ALT and AST towards their
respective normal value that is an indication of stabilization
of the plasma membrane as well as repair of hepatic tissue
damage caused by CCl,. On the other hand, ALP, TB, DB,
Triglycerides, and cholesterol act as a marker of pathological
alteration in the biliary flow. Elevation of serum ALP is in line
with high levels of serum bilirubin by the induction of CCl4.

Effective control of ALP and bilirubin levels in the
HEEAT treatment group points towards an early improvement
in the secretary mechanism of hepatocytes. Moreover,
histopathological tests have further confirmed these
biochemical results. CCl, produces experimental damage that
histologically resembles viral hepatitis.>® Toxicity begins with
the transitional change in the endoplasmic reticulum, along
with the loss of metabolic enzymes located in the intracellular
structures.?®

CCl, has contributed to a substantial increase in liver weight
as the secretion of hepatic triglycerides is blocked to plasma.?’
The decreased uric acid level is probably due to the increased
use of uric acid concerning rising free radicals’ production. The
toxic metabolite CCl; radical is also formed as well as further
converted into a trichloromethyl peroxy radical with help of
cytochrome P450 2E1 enzyme and it causes peroxidative cell
membrane degradation leading to necrosis of the hepatocytes
due to the binding nature of radical with macromolecules.?®
A rise in MDA levels, as demonstrated in our research,
indicates that enhanced lipid peroxidation contributes to tissue
damage and failure of antioxidant defense mechanisms to
prevent the development of excessive free radicals.”? HEEAT
treatment has dramatically reversed these changes. Moreover,
the administration of HEEAT produced a significant increase
in activities of enzymatic antioxidants, SOD and CAT as
well as a non-enzymatic biological antioxidant, GSH which
is present in the liver. This shows that HEEAT can scavenge
reactive free radicals, which can minimize oxidative damage
to the hepatic tissue and enhance the activity of hepatic
antioxidant enzymes. Desire and lead compounds derived from
medicinal plants display the vast potential as pharmaceuticals
due to a wide range in their major structural attributes and
activity,’® specifically antioxidant, hepatoprotective, and
anticancer drugs.’! The previous investigation along with a
literature survey of the Thalictrum genus indicated, it has
many secondary metabolites present such as isoquinoline
alkaloids and their dimers, particularly showing their activity
against yellow fever virus in hepatitis, anti-influenza virus,
another potential effect of this genus such as preventing platelet
aggregation.'® Pro-inflammatory cytokine levels are increased
with liver injury or pathological conditions. Activation of
inflammatory signaling in rats with CCl, administration
contributes to tissue damage. Recently a report suggested that

the CCl, treated rats showed persistent alterations of cytokine
levels and altered microglia morphology providing evidence of
CCl -induced inflammation.*? Other reports had demonstrated
that the CCl,-associated liver damage is linked with increased
11-1p and TNF-a levels in the liver of rats.*® The current study
is in line with previous findings, as we had observed the
significantly increased IL-1B and TNF-a levels in the liver of
chronic CCl, administered rats. Moreover, this elevation in
levels of IL-1B and TNF-a in the liver of CCl,-exposed rats
was significantly reduced with the chronic HEEAT treatment
dose-dependently. Activation of NF-kB unit stimulates the
enzymes that are responsible for ROS production such as
NADPH oxidase, NOS, and COX2. These ROS-producing
enzymes are also up-regulated in chronic CCl, exposure thus
there is a possible involvement of NF-kB activation leading to
these oxidative events.>* Moreover, our results from the present
study showed that the treatment with HEEAT significantly
suppressed the levels of NF«kp and caspase-3 in the rat’s liver
after CCl, was administrated. This plant is highly implicated
for treat jaundice and hepatitis as per traditional medicine of
the system of India. Hence, we are taking this plant extract
for hepatoprotective.®> Due to limited research available on
bioactive constituents of A7, only a few active constituents were
isolated and reported such as alkaloids including isoquinolines,
bisbenzylisoquinoline; protoberberine-derived, aporphine-
benzylisoquinoline, aporphine, and quaternary alkaloids.
Finally, this study strongly promotes the use of HEEAT as the
source of major antioxidants from nature and the same may
be brought into use as part of food supplement for the benefit
of the health of individuals, as these constituents from nature
possess excellent hepatoprotective activity.

CONCLUSION

In a nutshell, our study demonstrated the HEEAT treatment
prevents the development of chronic CCl,-associated
liver injury by suppressing the oxidative stress-dependent
facilitation of cell death signaling in the liver. Similar studies
are required further so more constituents from A. triplinervis
can be further explored for their therapeutic potential. Further,
the data obtained from the current study and the activities
reported would be more useful and pioneer for attracting the
major attention and focus of researchers for future studies.

ABBREVIATIONS

ALP, alkaline phosphatase; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; CCl,, carbon tetrachloride.
°C, degree Celsius, b.w, body weight CAT, Catalase, CPCSEA,
Committee for the Purpose of Control and Supervision of
Experiments on Animals, GSH: Glutathione, LPO: Lipid
peroxidation, MDA, malondialdehyd, ROS, Reactive
oxygen species, SGOT, serum glutamate oxaloacetate
transaminase, SGPT, Serum glutamate pyruvate transaminase,
SOD, Superoxide dismutase, TBARS, thiobarbituric acid
reacting substances, HEEAT, hydroethanolic extract of
A. triplinervis.
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