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Abstract

Purpose: To determine the hepatoprotective mechanisms of Heracleum candicans in rats with acute liver injury induced by
carbon tetrachloride (CCly).

Methods: Rats were intragastrically administered H candicans twice a day for 14 consecutive days and were intraperitoneally
challenged with CCl,. Alanine aminotransferase and aspartate aminotransferase were measured to indicate liver injury. Mal-
ondialdehyde antioxidant enzyme activity and tumor necrosis factor-alpha and interleukin 6 secretion were measured as liver
injury indicators. Histopathological tests were conducted to determine whether H candicans ameliorated liver injury.

Results: CCly-induced liver injury led to significant increases in liver injury biochemical indicators transaminase and mal-
ondialdehyde activities. H candicans pretreatments inhibited these increases. Pathological sections in pretreated samples exhibited
reduced vacuole formation, neutrophil infiltration, and necrosis.

Conclusion: H candicans increases the antioxidant capacity of the liver and maintains hepatocyte function in the face of CCl,-
induced injury.
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show that antioxidants protect oxidative stress-related liver
pathologies against CCly-induced injury by blocking deleter-
ious lipid peroxidation reactions.'* Some herbs and derived
chemical components have proven to be good sources of anti-
oxidants.'>!7

Introduction

The liver is an essential homeostatic organ that is involved in
detoxifying harmful drugs and chemicals. Liver injury may
arise from excessive alcohol intake or exposure to toxins and
can progress to severe liver diseases such as hepatitis, cirrhosis,
and liver cancer."? Producing harmful intermediate products
such as free radicals and redox-active reactants can induce
metabolic pressure.® The excessive production of reactive OXy-
gen species (ROS) induces oxidative stress and leads to degen-
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erative and pathological diseases.*® Liver injury is closely
correlated with oxidative stress.

Various toxic chemicals and drugs cause hepatocellular
damage.” Carbon tetrachloride (CCl,) is one such potent toxin.
CCly-induced liver injury models have been used to evaluate
the potential of medicines or foods to protect against hepato-
toxicity.®® CCl, metabolism occurs via the cytochrome P450
system and leads to the formation of trichloromethyl radi-
cals’”'? that attacks lipids and proteins, causing lipid peroxida-
tion of cell membranes and damaging liver tissue.''!* Studies
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The dry root of Heracleum candicans Wall. ex DC. is trans-
lated as “zhuga” in Tibetan. H candicans is distributed in Tibet,
Qinghai, Yunnan, Sichuan, and other provinces in China. It
grows at altitudes of 2000-4200 m and is commonly used as
folk medicine. It contains coumarins, volatile oils, and other
chemical compositions.'®!'® Pharmacological studies indicated
that H candicans exhibits biological effects, including analge-
sic, anti-inflammatory, anti-bacterial, and cardiovascular pro-
tective activities.'®?° However, studies have yet to report its
hepatoprotective effects. Therefore, we investigated the hepa-
toprotective antioxidant effects of H candicans on CCly-
induced acute liver injury in rats.

Materials and Methods

Chemicals and Reagents

H candicans was purchased from Ganlu Traditional Medicine
(Tibet, China) and was identified by the Shaanxi Chinese Med-
icine Institute. Bifendate (C,oH 309, DDB) (Cat#H44023176)
was purchased from Baiyunshan Xingqun Pharmaceutical Co.,
Ltd. (Guangzhou, China). Aspartate aminotransferase (AST)
kit (Cat# C010-2-1), alanine aminotransferase (ALT) kit (Cat#
C009-2-1), superoxide dismutase (SOD) kit (Cat# A001-3-2),
and malondialdehyde (MDA) kit (Cat# A003-1-2) were pur-
chased from Nanjing Jiancheng Bioengineering Institute
(Nanjing, China). ELISA kits (Rat tumor necrosis factor-
alpha (TNFa), Cat# ERA56RB; Rat interleukin 6 (IL-6), Cat#
ERA31RBXS5) were purchased from Thermo Fisher, USA.

Preparation of Plant Extract

We extracted 50 g H candicans with 600 ml ddH,O at 100°C
for 1 h twice, followed by filtration. The filtrates were concen-
trated using a vacuum rotary evaporator to 133 ml. The extracts
were stored at 4°C until further use. According to the Zhong
Guo Yao Dian, the clinical dosage of H candicans in humans is
14 g/70 kg body weight. The conversion factor between
humans and rats is 6.3. Therefore we calculated the normal
dosage of rat as follows: (14 g/70 kg body weight) * 6.3 =
1.26 g/kg body weight. We tripled this dose to determine the
concentration dose of 3.78 g/kg body weight. We used the
compound at 0.42 g/kg, 1.25 g/kg, and 3.75 g/kg body weight.

Animals and Treatments

Specific pathogen-free Sprague Dawley rats were obtained
from the Xian Jiaotong University Animal Center (Xian,
China). Rats were housed in the Xizang Minzu University
Laboratory Animal Center with a 12 h-12 h light-dark cycle
and regular chow and water provided ad libitum.

CCl, was dissolved in olive oil (50% V/V, 1 mL/kg). Bifen-
date (C,oH 3019, DDB) was used as a positive control. Rats
were randomly divided into 6 groups with 10 rats in each
group: (1) control with ddH,0; (2) CCly; (3) 2.7 mg/kg body
weight DDB + CCly; (4) 0.42 g/kg body weight H candicans +
CCly; (5) 1.25 g/kg body weight H candicans + CCly; and (6)

3.75 g/kg body weight H candicans + CCly. Rats in the control
and CCly groups were orally administered distilled water, and
those in the DDB group were orally administered DDB in dis-
tilled water. Rats in the H candicans group were intragastri-
cally administered H candicans twice a day for 14 consecutive
days. Two hours after the final administration, all rats except
those in the control group were intraperitoneally challenged
with CCl,. Rats were anesthetized with an intraperitoneal
injection of 1% pentobarbital sodium at 50 mg/kg body weight
24 h after CCly injections. Blood was collected by orbit punc-
ture in EDTA, serum was separated, and liver tissues were
removed for analysis.

Hematology Analysis

Blood samples collected by orbit puncture were analyzed using
a hematology analyzer (BC-2800Vet, mindray, Shenzhen,
China) immediately after rats were sacrificed.

Serum Biochemical Analysis

Blood samples were collected by eyeball puncture and centri-
fuged at 3000 rpm/min at 4°C for 30 min to separate the serum.
Serum AST, ALT, and SOD levels were measured using spec-
trophotometric diagnostic kits.

Hepatic Antioxidant Analysis

We collected 150 mg liver tissue samples, rinsed them in cold
phosphate-buffered saline, and centrifuged at 12,000 rpm/min
for 15 min at 4°C to separate the supernatants for measurement
of ALT, AST, MDA, SOD, nitric oxide (NO), and inducible
nitric oxide synthase (iNOS) activity.

Cytokine Analysis

According to the manufacturers’ instructions, the concentra-
tions of TNFo and IL-6 in liver tissue supernatant were mea-
sured using ELISA kits. The absorbance was recorded at 450
nm.

Histochemistry Analysis

Liver tissues were rapidly dissected and fixed in 4% parafor-
maldehyde (v/v) for 24 h before being embedded in paraffin.
We then sectioned and stained samples using standard histolo-
gical methods. Sections were stained with hematoxylin and
eosin (H&E), and pathological changes were examined using
light microscopy (Nikon, Tokyo, Japan).

Statistical Analysis

Data were expressed as means + SEM. One-way ANOVA
with Bonferonni’s post-test was used for multiple comparisons.
P < 0.05 was considered statistically significant.
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Figure |. H candicans attenuates the increase in inflammatory cells induced by CCl,. Rats were randomly divided into 6 groups: (1) control with
ddH20, (2) CCly, (3) 2.7 mg/kg body weight DDB + CCly, (4) 0.42 g/kg body weight H candicans + CCly, (5) 1.25 g/kg body weight H candicans
+ CCly, (6) 3.75 g/kg body weight H candicans + CCl,. (A) WBC and (B) neutrophils concentration were determined by routine blood test. *P <
0.05 vs control group, NS, not significant, #P < 0.05 and ##P < 0.01 vs CCl, group.

Results

H candicans Attenuates CCl-Induced Increases in
Inflammatory Cells

Leukocyte exudation is a typical feature of inflammation that
initiates immune responses. In response to acute injury or bacter-
ial infection, many neutrophils are produced. We performed
hematology analysis to determine the composition of inflamma-
tory cells. Hematology analysis was conducted immediately after
collection by an orbital puncture. White blood cells, especially
neutrophils, were significantly higher than those of the control
group. H candicans pretreatment inhibited these increases (Fig-
ure 1). These findings suggest that H candicans attenuates inflam-
matory cell infiltration in CCly-induced acute liver injury.

Effects of H candicans on ALT, AST, and SOD Activity

ALT and AST are liver function markers. After treatment, the
liver functions biochemical index changes in the serum of rats
in each group were examined. As shown in Figure 2A and B,
ALT and AST levels in the CCl, group were significantly
higher than in the control group. By contrast, the H candicans
appeared to prevent these increases.

In the liver, collagen synthesis participates liver fibrogenesis,
which is triggered by lipid peroxidation caused by oxidative stress,
suggesting that liver cell damage is correlated to oxidative
stress.>!*? Figure 2C shows that SOD activity was reduced in the
CCly group. H candicans administration appeared blunt this effect.

Effects of H candicans on Inflammatory Cytokines and
Antioxidant Enzymatic Activities in the Liver

The hepatoprotective effects of H candicans in rats with CCly-
induced liver injury are presented in Figure 3A and B. CCly
treatments significantly increased ALT and AST levels. Pre-
treatment with H candicans blunted these effects.
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Figure 2. Effects of H candicans on blood ALT, AST, and antioxidative
parameter SOD activities. Effects of H candicans on serum (A) ALT,
(B) AST, and (C) SOD levels in rats treated with CCl,. *P < 0.05 and
kP < 0.001 vs control group, NS, not significant, #p < 0.05, P < 0.0l
and ###p < 0.001 vs CCl, group.

Figure 3C shows that the activity of hepatic SOD was reduced in
the CCly group. H candicans administration appeared to improve
SOD activity, though not significantly. We measured MDA levels
to evaluate the degree of hepatic lipid peroxidation. We found that
MDA levels were significantly higher in the CCl, group, and those
in the H candicans groups were significantly lower (Figure 3D).
Hepatic NO levels and iNOS activity were lower in the CCl, group.
H candicans treatment blunted both effects (Figure 3E and F).

Figure 3G and H shows the levels of inflammatory cyto-
kines TNFa and IL-6 in CCly-induced acute liver injury. The
levels of these cytokines in the CCly group were significantly
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Figure 3. Effects of H candicans on inflammatory cytokines and anti-
oxidant enzymatic activities in liver. Effects of H candicans on the liver
(A) ALT, (B) AST, (C) SOD, (D) MDA, (E) NO, (F) iNOS, (G) TNFu,
and (H) IL-6 levels in rats treated with CCl,. *P < 0.05 and **P < 0.0 vs
control group, NS, not significant, *P < 0.05, ##P < 0.01 and P <
0.001 vs CCl, group.

higher than those in the control group. Treatment with H can-
dicans significantly reduced these levels, suggesting that H
candicans protects against CCly-induced liver damage.

H candicans Relieves CCl,-Induced Hepatotoxicity

Histopathological examinations revealed that the liver tissue of
the normal control group had normal liver architecture, includ-
ing distinct hepatocytes, sinusoidal spaces, and clear central
veins. The liver tissue of the CCly-treated group showed a high
number of necrotic cells, hepatocyte degeneration, and inflam-
matory cell infiltration. Rats administrated H candicans

g Heracleum candicans + CCl

CERATUIER

L4
|

Figure 4. H candicans improves hepatotoxicity induced by CCly.
Hepatic histological analyses of H candicans on CCls-induced acute
liver damage. Hepatocyte degeneration were indicated by green
arrow and inflammatory cell infiltration were indicated by blue arrow.
Liver tissues were subjected to H&E staining (400x).

Table I. Quantitative Summary of the Protective Effects of H candi-
cans on CCly-Induced Hepatic Damage.

Group means + SD
control 1.33 + 0.76
Cccl, 850 + 0.87**
2.7 mg/kg body weight DDB + CCl, 783 + 1.76
0.42 g/kg body weight H candicans + CCly 4,00 + 1.00%#
1.25 g/kg body weight H candicans + CCl, 3.17 + 0.58%#
3.75 g/kg body weight H candicans + CCl,4 6.00 + 2.29%

Note: **P < 0.01 vs control group, “P < 0.05 and *P < 0.01 vs CCl4
group.

showed reduced hydropic degeneration and fewer necrotic and
inflammatory cells (Figure 4 and Table 1).

Discussion

CCly-induced liver injury models are commonly used to inves-
tigate the hepatoprotective effects of natural medicine.
Changes in transaminase levels have been attributed to liver
damage.?**> We demonstrated that treatment with H
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candicans prevented increased AST and ALT levels in the
model, demonstrating that the extract prevents hepatocellular
damage.

Lipid peroxidation in liver cell membranes is an important
oxidative stress indicator. We detected increased levels of
MDA after CCly administration. This suggests liver cell dam-
age and the failure of antioxidants to handle excessive levels of
free radicals.?®?” By contrast, H candicans significantly
reduced MDA levels, suggesting that H candicans protects
against free radicals, protecting hepatocytes from hepatopathy.

Inflammation is initiated by CCly-induced hepatotoxicity,
followed by the release of inflammatory cytokines, including
iNOS, TNFaq, and IL-6. NO is an inflammatory mediator that
reacts with superoxide anions to form a robust cytotoxic oxi-
dant, causing lipid peroxidation and cellular damage.***°
TNFo and IL-6 are critical cytokines in inflammatory
responses, and their levels are elevated during liver damage.*°
We found that the production of TNFa and IL-6 were signifi-
cantly inhibited by treatment with H candicans.

Histological analyses indicated that hepatic cell injury was
accompanied by hydropic degeneration, inflammation, and
necrosis. The increasing permeability of the liver cell mem-
brane causes metabolic disorders, inhibits protein synthesis,
and produces necrosis-inducing cellular degradative enzymes.
The observed liver damage was significantly improved by
treatment with H candicans. These results suggest the hepato-
protective effect of H candicans on CCls-induced
hepatotoxicity.

The liver plays a vital role in metabolism.>'~*? Liver detox-
ification converts toxic materials into harmless metabolites that
are then excreted.’® Liver diseases can be caused by toxic
chemicals, drugs, and viral infiltration through ingestion or
infection. These toxins induce the production of ROS and cause
severe injuries.” Many medicinal herbs express a high antiox-
idant activity that reduces lipid oxidation and protects hepato-
cytes against chemically-induced liver carcinogenesis. Our
findings suggest that H candicans displays goods hepatopro-
tective effects. Nevertheless, additional studies should be con-
ducted to determine the mechanisms underlying these effects.
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