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Abstract

Allium tripedale (A. tripedale) is a species of wild Allium native to northwest Iran that its hepatoprotective
effects have not yet been confirmed. This study investigated the effect of A. tripedale plant against
acetaminophen (APAP)-induced acute liver damage. After preliminary studies, the A. tripedale methanol
fraction (ATMF) was selected for in vivo study. Thirty-six rats were divided into six groups of 6 each
and treated by gavage as follows: groups 1 and 2 received normal saline; group 3 received 400 mg/kg of
ATMF; and groups 4-6 were treated with 100, 200, and 400 mgkg of ATMF, respectively.
After two consecutive weeks, except groups 1 and 3, rats were administered with an oral single dose of
APAP (2 g/kg). After 48 h, blood and liver samples were collected for histological and biochemical
examinations. The results showed that APAP caused a significant increase in alanine aminotransferase,
aspartate aminotransferase, lactate dehydrogenase and alkaline phosphatase serum levels, lipid peroxidation
(all with P < 0.001) and hepatic nitric oxide (P < 0.01). In addition, APAP led to the depletion of
the total antioxidant capacity, total thiol group (both with P < 0.001), and structural alterations in the hepatic
tissue. Following administration of ATMF extract, a significant improvement was observed in the functional
and oxidative stress markers of hepatic tissue alongside histopathologic changes. In conclusion,
the present study showed that the administration of ATMF might prevent hepatic oxidative damage by
improving oxidant/antioxidant balance in animals exposed to APAP.
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INTRODUCTION

Acetaminophen (APAP) is one of the main
over-the-counter medicines, which is used for
its analgesic and antipyretic effects.
Overdose of APAP is one of the most common
causes of drug-related liver injury, whereas
its hepatotoxicity is a reason for liver
transplantation in  the world (1,2).
According to the National Poison Data System
annual report in 2016, APAP and its
combination products were listed as the fifth
and seventh highest causes of fatalities related
to substances poisoning (3).

In APAP overdose (more than 150 mg/kg),
increasing toxic metabolites like N-acetyl-
p-benzoquinone imine and subsequently

*Corresponding author: A. Nili-Ahmadabadi
Tel & Fax: +98-8138380031
Email: a.NiliAhmadabadi@umsha.ac.ir

decreasing hepatocellular glutathione levels
can lead to oxidative damages.
In  addition, mitochondrial  membrane
permeability transition pore opening, matrix
swelling, cessation of ATP production,
and DNA damage can be effective in acute
hepatic failure induced by APAP (1,2).

Allium is a large genus of onion or
garlic-scented bulbous herbs which belongs to
the Amaryllidaceae family. Several studies
have shown therapeutic effects of Allium on
various  pathologic  statuses such as
cardiovascular diseases, cancer, diabetes,
and hepatic failure (4-8).
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For instance, Obioha et al. showed
that onion could improve liver function
alongside increase the liver content of
glutathione in the cadmium-induced oxidative
damage in rats (7). Also, Ogunmodede et al.
found that onion exerts hepatoprotective
effects through improving oxidant/antioxidant
balance in diabetic rabbits (8). There are also
evidences in support of hepatoprotective
effects of other Allium species such as
A. hirtifolum, A. sativum, and A. tuberosum in
various animal models (9-11).

A. tripedale is a species of wild
Allium native to northwest Iran. The leaves
which have strong and somewhat unpleasant
taste are used as a spice vegetable by
local people (12). According to local evidence,
this plant traditionally is used for rheumatic
and joint pains, and treating bladder
and kidney stones in Lorestan province, L.R.
Iran. Additionally, few studies have proved its
antifungal and antibacterial activities (13,14).

The aim of the present study was to evaluate
the hepatoprotective effects of A. tripedale on
the hepatocellular oxidative damage induced
by APAP in the liver tissue of rats.

MATERIAL AND METHODS

All chemicals were purchased from
Merck (Darmstadt, Germany) unless otherwise
stated. APAP (99% purity, CAS#: 103-90-2),
2-thiobarbituric acid, Coomassie brilliant blue
G-250, and 5,5’-dithiobis (2-nitrobenzoic acid)
were obtained from Sigma-Aldrich Chemical
Company (St. Louis, MO, USA).

Collection and fractionation of
Allium tripedale plant

A. tripedale was collected in May 2018
from Sanandaj, Kurdistan province, western
Iran. The herb identified by a botanist
and a specimen (No. 404) was deposited
in the Hamadan Research and Education
Center for Agricultural and Natural Resources.
Fifteen g of the shade-dried plant was crushed,
extracted with ethanol 50%, and filtered
through a Whatman No.1 filter paper.
The solution was concentrated by rotary
evaporator under vacuum. The hydroalcoholic
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extract was suspended in methanol and filtered
using Whatman No.l filter paper for
separation of methanol soluble compounds.
The extract was fractionated on a silica gel
column eluted sequentially with hexane,
ethyl acetate, and methanol. The antioxidant
capacity of all fractions (hexane, ethyl acetate,
methanolic, and hydroalcoholic fractions)
was determined by ferric reducing antioxidant
power (FRAP) method to choose the best
fraction for further studies. High quantity of
selected fraction was prepared and kept at 4 °C
until in vivo studies.

Animal experiments

Thirty-six male albino rats (250-300 g)
were provided from the animal house of
Hamadan University of Medical Science, L.R.
Iran. They were kept in the animal laboratory
of Faculty of Pharmacy of Hamadan
University of Medical Science at 23 + 2 °C
and relative humidity 50% and 12/12-h
light/dark cycle for one week prior and during
the study. The study protocol was approved by

the Institutional Animal Ethics Committee
of Hamadan University of Medical
Science with the ethical number:

IR.UMSHA .REC.1396.491.

Preliminary studies

The possible acute toxicity of A. tripedale
methanol fraction (ATMF) was studied on rats
at doses of 5, 50, 300, 2000, and 4000 mg/kg.
After 24 h, liver function was evaluated
by measuring serum alanine aminotransferase
(ALT) and  histological  examination.
We observed no toxicity in all doses tested
in this study. Therefore, the maximum safe
dose of 400 mg/kg was selected as 1/10 of the
maximum acute dose (4000 mg/kg).
Subsequently, doses of 100, 200, and
400 mg/kg were selected as therapeutic doses.

Experimental protocol

Rats were divided into six groups of
6 animal each and treated with gavage for
14 days as follows: groups 1 and 2 received
normal saline; group 3 received ATMF
(400 mg/kg); groups 4-6 received 100, 200,
and 400 mgkg of ATMF, respectively.



Ghobadi et al. / RPS2019; 14(6): 488-495

After 14 consecutive days, except for groups
1 (control) and 3, animals were administered
with a single dose of APAP (2 g/kg).
Forty-eight h after administration of APAP,
the animals were anaesthetized by ether
and blood sample was taken through cardiac
puncture. The serum was separated and kept
at -20 °C for Dbiochemical analysis.
After isolation of liver, a portion of hepatic
tissue was homogenized in phosphate buffer
(10% w/v; pH = 7.4) and centrifuged at 3000 g
for 10 min at 4 °C. Then, its supernatant was
kept at -80 °C for biochemical analysis.
The other parts of liver tissue kept in formalin
10% for histopathological examinations.

Serum enzymes analysis

ALT, aspartate aminotransferase (AST),
alkaline phosphatase (ALP), and lactate
dehydrogenase (LDH) activities in serum
samples were determined using commercial
kits (Pars Azmoon, Tehran, I.R. Iran) (15).

Evaluation of hepatic oxidative damage

Lipid peroxidation (LPO) and total
antioxidant capacity (TAC) were respectively
determined by thiobarbituric acid reactive
substances and FRAP methods (16).
Total thiol groups (TTG) were determined
spectrophotometrically ~ with  5,5'-dithiobis
(2-nitrobenzoic acid) reagent, and the tissue
level of nitric oxide (NO) was determined
using Griess reagent (16).

Protein assay

Total protein content was assessed by
the Bradford method in the crude homogenate
of hepatic tissues. This method is based on
the absorbance shift of the dye Coomassie
brilliant blue G250 at 595 nm (17).

Histopathologic examination

Liver samples were fixed in formalin 10%
solution. After preparing paraffin-embedded
block by automatic tissue processor,
the tissue was cut into sections of 4-6 pum
thickness by a rotary microtome. The samples
were dyed with hematoxylin and eosin (H&E)
and pictured by the camera under a microscope
for histopathological examination.

Statistical analysis

Quantitative variables were analyzed by
Graph Pad Prism (version 6.0) and reported as
the mean =+ standard error of the mean
(SEM). One way ANOVA followed by
Tukey's post hoc was used for determination of
statistical differences between mean values.
A P-value < 0.05 was considered statistically
significant.

RESULTS

The effects of ATMF on the animal body and
tissue weight

According to our findings, gaining weight
was not significantly different between control
and treatment groups. The liver weight/body
weight index did not show significant changes
as compared with that of control (Table).

The effects of ATMF on liver biomarkers

The average serum ALT  activity
was determined to be 51.7 £ 6.3, 55.8 +£ 6.9,
50.7 + 8.3, 487 + 7.7, 614 + 87,
58.3 £ 6.1 U/L at doses of 0, 5, 50, 300, 2000,
and 4000 mg/kg, respectively. Average serum
ALT did not significantly differ amongst
various given doses. Mortality or pathological
changes in liver tissues were not observed up
to 4000 mg/kg in the animals.

Table. Body and liver weight changes in studied groups. Values are expressed as mean + SEM, n = 6 for each group.

Groups D:W D1aW WG LW LW/D1aW

Control 250.6 +3.6 285.5+3.1 348+22 11.5+£0.2 0.040 + 0.0007
ATMF (400 mg/kg) 256.7+3.3 288.1+3.5 314+4.1 12.1+0.3 0.042 £ 0.0011
APAP (2 g/kg) 2493 +6.3 285.6+5.2 36.3+3.5 125+ 0.6 0.044 +0.0018
APAP + ATMF (100 mg/kg) 253.9+3.9 282.1+7.7 282+6.5 12.1+04 0.046 % 0.0016
APAP + ATMF (200 mg/kg) 2533+4.7 289.5+7.1 36.2+6.1 13.0+£0.6 0.045 £ 0.0018
APAP + ATMF (400 mg/kg) 250.1£1.3 280.9+4.7 30.8+3.6 11.5£04 0.041 £0.0018

ATMEF, Allium tripedale methanol fraction, APAP, acetaminophen; D;W, day 1 weight; D14W, day 14 weight; WG,

weight gain; LW, liver weight.
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Fig. 1. Effects of ATMF (100, 200, 400 mg/kg) on hepatic serum enzymes levels, (A-D) LDH, ALT, AST,
and ALP, respectively, in APAP-exposed Wistar rats. Values are expressed as means + SEM, n = 6 for each group.
##P < 0.001 Indicates significant differences compared with control group; *P < 0.05, **P < 0.01 and ***P < 0.001
show significant differences vs APAP group. LDH, lactate dehydrogenase; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; ALP, alkaline phosphatase; APAP, acetaminophen (equal 2 g/kg); ATMEF,

Allium tripedale methanol fraction.

Our findings revealed that administration of
400 mg/kg of ATMF produced no sign of
toxicity after 14 consecutive days of treatment.
Administration of APAP could significantly
increase serum LDH (Fig. 1A), ALT (Fig. 1B),
AST (Fig. 1C), and ALP (Fig. 1D) activities in
comparison with the control (P < 0.001).
ATMF could improve the serum levels of
aminotransferase  enzymes (ALT, AST)
as well as ALP and LDH in animals exposed
to APAP.

The effects of ATMF on hepatic oxidative
damage

Following APAP administration, the levels
of LPO (Fig. 2A; P <0.001) and NO (Fig. 2B;
P < 0.01) were increased and TAC (Fig. 2C;
P < 0.001), as well as TTG (Fig. 2D;
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P < 0.001) levels were decreased in
liver tissues compared to those of control
group. In this study, a remarkable decrease
was observed in LPO and NO levels following
pretreatment with different doses of ATMF
compared to APAP group. In addition,
a concomitant improve was observed in TAC
and TTG hepatic levels.

The effects of ATMF on histopathological
changes

As shown in Fig. 3, pathological changes
such as necrosis, inflammation, hyperplasia of
kupffer cells, disruption of hepatocytes
sinusoidal dilatation, and infiltration of
mononuclear cells were observed in
liver tissues of APAP group. ATMF could
prevent some of these changes such as
necrosis and inflammation.
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Fig. 2. Effects of ATMF (100, 200, 400 mg/kg) on hepatic oxidative stress biomarkers (A-D) LPO, NO, TAC,
and TTG, respectively, in APAP-exposed Wistar rats. Values are expressed as means = SEM, n=6 for each group.
#P < 0.01 and #*P < 0.001 indicate significant differences Vs control group; *P < 0.05 and **P < 0.01 indicate
significant differences compared to APAP group. LPO, lipid peroxidation; NO, nitric oxide; TAC, total antioxidant
capacity; TTG, total thiol groups; APAP, acetaminophen (equal 2 g/kg); ATMF, Allium tripedale methanol fraction.

DISCUSSION

In this study, the possible effects of ATMF
in the dosage range 100-400 mg/kg were
evaluated, which confirmed the safety of
fraction at this dosage range. Previously,
Kiani et al. confirmed safety dose of
ATMF up to 4000 mg/kg, which indicates
the high safety of this fraction (18).

Hepatic aminotransferases such as ALT
and AST are known as critical markers
for hepatocellular damage. In addition,
ALP elevation is known to be related to
the impairment of biliary tract function
and raise of biliary pressure (16). Following
administration of APAP at 2 g/kg, levels of
hepatic serum enzymes ALT, AST, ALP,
and LDH were increased, which is in line with
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other reports (19,20). This is related to
disruption of liver cells integrity and leakage
of cytosolic contents into the blood circulation
(21). ATMF administration reduced the levels
of these enzymes as compared to the control
group, which may be due to stabilization of
cell membrane and repairing hepatic tissue
damage caused by APAP.

Since oxidative stress plays a key role in
APAP-induced hepatotoxicity, the
oxidant/antioxidant indices such as LPO, NO,
TAC, and TTG were measured in this study. A
remarkable increase in LPO and NO and a
significant decrease in TAC and TTG hepatic
levels were observed in the positive control
group, indicating the induction of oxidative
stress due to APAP toxicity (22).



Alliumtripedalein liver failure

Fig. 3. Photomicrographs of hepatic tissue in different groups using hematoxylin and eosin method. (A) Negative
control group, (B) APAP, (C) ATMF (400 mg/kg), (D) APAP + ATMF (100 mg/kg), (E) APAP + ATMF (200 mg/kg),

(F) APAP + ATMF (400 mg/kg). Original magnification of all images is x 40 (scale bar

100 pm).

APAP, acetaminophen (equal 2 g/kg); ATMF, Allium tripedale methanol fraction; Cv, central vein; Hp, hepatocyte;
Nec, necrosis; Sn, sinusoid; Kup, kupffer cells; Lym, lymphocyte.

In this regards, hepatic oxidative damage
induced by APAP has been reported in
several studies (1,2,22). Increased NO may be
associated with APAP-inducing effects on
the NO synthase (2). The excess NO reacts
with superoxide and produces a reactive
intermediate called peroxynitrite, which
leads to protein nitration in the absence of
glutathione (16). On the other hand,
peroxynitrite and hydrogen peroxide are
known as the most important causes of
lipid peroxidation (23). LPO is a radical
reaction that leads to the destruction of
polyunsaturated fatty acids in lipid membranes
and cell death (24). After administration of
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ATMF, LPO and NO hepatic levels decreased,
which may be related to the improvement of
the thiol molecules and the antioxidant
capacity of the liver tissues.

It seems that high levels of sulfur-containing
compounds in the Allium species play an
important role in the recovery of thiol groups
and prevention of APAP hepatic damages as
well, which explains the increase of TTG level
(23). There are several studies, which show
antioxidant effects of sulthydryl groups on
different animal models (25-27). In addition to
sulfur-containing compounds, the
phytochemical studies of A. tripedale plant
revealed the presence of natural compounds
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such as flavonoids, phenols, alkaloids, and
tannins, which might have protective effects
against liver oxidative injury (14,28).
However, more studies are still required to
evaluate the biological properties of the active
constituents of A. tripedale plant.

CONCLUSION

In conclusion, this data suggest that ATMF
can prevent hepatic APAP toxicity by
improving hepatic tissue oxidant/antioxidant
balance. Our findings may offer a new
approach for clinical trials using A. tripedale
as an herbal remedy for the treatment of liver
diseases.
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