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ARTICLEINFO Abstract

Article type: Background: A majority of people widely use acetaminophen as a sedative. Overusing the drug for

Original article prolonged periods of time can lead to acute liver damage. Mumijo, as a strong antioxidant and anti-
inflammatory drug, could possibly reduce some of the acetaminophen-induced side effects on the
liver. Thus, the aim of this study is to evaluate the effect of Mumijo on the liver damage caused by

Keywords: the use of acetaminophen.

Acetaminophen Methods: 40 male Wistar rats were randomly divided into five groups: sham, acetaminophen, low

Mumijo and high doses of mumijo, and vehicle. All groups except the sham group received a single dose of

Liver 500 mg/kg acetaminophen via ip injection. Then the groups that were under treatment received 150

Oxidative stress mg/kg (low dose) and 250 mg/kg (high dose) of mumijo, and the vehicle group received distilled

water as vehicle. After 24 hours, blood samples were taken for biochemical tests, and a part of the
liver was extracted for histopathological examination.

Results: acetaminophen increases the activities of functional liver enzymes including alanine amino
transferase (ALT), aspartate aminotransferase (AST), and gamma glutamine transferase (GGT). In
groups under treatment, values of the mentioned enzymes were significantly reduced in comparison
with the acetaminophen and vehicle groups (P <0.05), and on the other hand, malondialdehyde
(MDA), nitric oxide (NO), and protein carbonyl (PC) increase caused by acetaminophen were
reduced by mumijo. Furthermore, the amount of glutathione (GPX) was increased by mumijo (P
<0.05). From a histopathological point of view, necrosis and liver damage caused by acetaminophen
was decreased by mumijo.

Conclusion: The findings showed that mumijo is salient in preventing liver damage caused by
consumption of high doses of acetaminophen probably through reducing oxidant activities and also
through increasing anti-inflammatory and antioxidant activities.
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Introduction

Acetaminophen is one of the most widely used analgesic
and anti-fever drugs readily available to the public ().
Toxicity (overdose) of acetaminophen is a cause of liver
damage. After consuming this drug, a part of it is metabolized
by cytochrome isomers P450 (cyp450) includingCYP2EL,
CYP3A, and CYP1A2 (2). As a result, the toxic metabolite of
acetaminophen, N-acetylp-benzoquinonei mine (NAPQI),
which is detoxified by coupling of the glutathione under
natural conditions, is produced(2). In acetaminophen
overdose, after the removal of cellular glutathione, NAPQ is
attached to cellular macromolecules causing liver cell damage
and cell death (3). It has been reported that when the reserves
of glutathione is less than 30%, acetaminophen toxicity is
created in the liver (3). In this case, the toxic metabolite of
acetaminophen with mitochondrial and cytosolic proteins and
leads to dysfunction of mitochondria and consequently, cell
death (4, 5).

Among mechanisms through which acetaminophen
causes liver damage, one can name cytochrome P450,a
reactive metabolite that results in the removal of glutathione
and increased formation of active oxygen and nitrogen species
in liver cells. In addition, the use of acetaminophen may lead
to increased oxidative stress, altered calcium homeostasis,
immediate mitochondrial permeability, removal of membrane
potential of mitochondria, removal of the ability of
mitochondria to make ATP, and necrosis (1).

The main risk of acetaminophen toxicity is liver necrosis,
which is accompanied bya significant increase in serum levels
of AST, ALT and LDH 500 times above normal (6,7).

Herbal treatment is one of the basic methods in traditional

medicine and has been primarily used to prevent disease and
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to enhance health (8). It has been reported that the antioxidant
and anti-inflammatory substances, including the antioxidant
activity of Boerhaaviadiffusa leaf extract, whose
hepatoprotective role in acetaminophen-induced liver damage
has been determined, play a protective role in liver damage
(9). Natural mumijosubstance, under the scientific name of
Shilajit, is a light brownish material obtained from rocks in
some mountain ranges (10). According to recent reports,
Mumijohas a wvery strong anti-inflammatory (11-13),
antioxidant (14-16), and relaxing effects (10). It can cause an
increase in the activity of superoxide dismutase (SOD),
catalase (CAT) and glutathione peroxidase (GPX) in the
striatum and frontal cortex in rats (14). Our group's research
also showed that the substance has antioxidant and anti-
inflammatory effects on traumatic brain damage (17).

With regard to the above-mentioned points, compounds
that have antioxidant and anti-inflammatory properties could
possibly play a protective role in acetaminophen-induced liver
damage. Since mumijo has anti-inflammatory and antioxidant
effects and there are few studies on the possible protective
effects of this substance on the types of toxicity in the liver
disorders, the aim of this study is to investigate the effects of
mumijoon acetaminophen-induced liver damage and to

determine some of its mechanisms in male rats.

Materials and methods

In this experimental study, male Wistar rats weighing 250-
300 g were used. The animals were kept in natural conditions
for 12 hours of light and 12 hours of darkness with standard
diet at 25°C inthe animal house of Afzalipour Medical School.
There were 7 rats in each group, and they were randomly put

into 5 groups. This study was done in Kerman University of
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Medical Sciences under the permission of the Research Ethics
Committee (license number: kmu.REC.1394.314.)

1-Sham group (sh): the animals of this group received no
operation and they were normal.

2-Acetaminophen group (A): the animals of this group
were kept without food for 16 hours, and then they received a
single dose of 500 mg / kg acetaminophen via IPinjection
(18).

3. Vehicle group (V): rats that received a single dose of
500 mg/kg acetaminophen. After 2 hours, they received 0.5
ml of mumijo vehicle (distilled water), equal to the volume of
drugs, via IPinjection.

4. Low-dosemumijo group (L): after creating the liver
damage, the rats were treated with a dose of 150 mg/kg of
mumijo via IPinjection.

5 High-dosemumijo group (H): 2 hours after receiving
acetaminophen, the rats were treated with a dose of 250 mg/kg

of mumijo via IPinjection.

Liver damage by acetaminophen:

The animals were kept without food for 16 hours before
the damage (18). Water was freely available to them. For
creating liver damage, a single dose 500 mg/kg was injected
intra peritoneally (18).Two hours after the administration of
acetaminophen, 150 mg/kg and 250 mgkg of
mumijoweregiven to the test animals via IPinjection. 24 hours
after administration of acetaminophen, they were killed after
anesthesia with ether (18), and their blood samples were
collected through the carotid artery. To separate serum, the
blood samples were centrifuged for ten minutes at 3000 rpm,
and the separated serum was kept in a temperature of -70 °C

(18).
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Histopathology of Liver

After the laparotomy, a part of the liver was removed and
placed in 10% formalin and then embedded in paraffin. It was
stained usinghematoxylin-eosin, and the tissue condition was
examined. Tissue sections were examined in terms of
morphological changes including peri-portal necrosis, intra
lobular destruction, portal inflammation, and infiltration of

lymphocytes and Kupffer cells (18).

Biochemical analysis

Kits manufactured by Pars Azmoon (Iran) company and
kits of Zell bio (Germany) were used to measure the amount
of hepatic transaminase (ALT, AST, GGT) in the serum and
for evaluating the antioxidant agents (GPX, PC) of serum and
liver tissue, respectively. MDA was determined using the
method of Rao et al , in which MDA is evaluated by
thiobarbituric acid (TBA).Samples of light absorbance were
read at 534 nm wavelength by spectrophotometer, and MDA
concentration (mol/mg protein) was reported (19).

Nitric oxide (NO) determination was done by Griess
reaction for nitrite plus nitrate quantification using a two-step
procedure. First, the nitrate in the samples was reduced to
nitrite in a conversion buffer containing glucose-6-phosphate
(25 mM), glucose-phosphate  dehydrogenase  (final
concentration 400 U/), and NADPH-dependent nitrate
reductase (final concentration 200 U/l) in 14 mM sodium
phosphate buffer, pH 7.4, and a solution of NADPH (0.02
mM). After incubation, the proteins were precipitated with 3.5
M ZnSO4 solution and the supernatants were treated with
Griess reactive (equal parts of 0.1 g N-(1-naphthyl)-

ethylenediamine dihydrochloride in 100 ml water and 1
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gsulfanilamide in 100 ml orthophosphoric acid 5%. The
samples absorbance was read at 540 nm. The nitrite
concentration was calculated from a nitrite-standard curve and

expressed as nM/mg protein (20)

Statistical analysis

Values are expressed as mean+S.E.M. one-way analysis
of variance (ANOVA) followed by the Tukey’s test for post
hoc comparisons wereused for the statistical evaluation. P <

0.05 was considered to be statistically significant.

Results
Effect of Mumijo on oxidant indices

Changes in serum and liver tissue MDA are shown in Figs
1-A and 1-B. As shown in Figure 1-A, MDA levels of sham
group is 8 = 0.49 umol/L, which has increases significantly
with use of acetaminophen (17 * 1.03nmol/mgprotein,
P<0.05).Although there was no significant difference between
the vehicle and acetaminophen group, in the low- and high-
dose mumijo groups, the index showed a significant decrease

compared with the vehicle and acetaminophen groups

(P<0.01, P<0.05 respectively).
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Figurel-A.The mean serum malondialdehyde in the different groups

* Significant difference of the acetaminophen, vehicle and high-dose mumijo groups with the sham group p <0.05 24 hours after administration of acetaminophen. ** The

difference of the low-dose group with acetaminophen and vehicle groups p<0.01. Values are shown as Mean + SEM).Sh: sham, A: acetaminophen, V: vehicle, L: low-

dose, H: high-dose.

Changes in liver tissue MDA are displayed in Fig B-1. As
shown in this Fig, the value of this index in the sham group is
0.98+0.4 nmol/mgprotein, which significantly increased after
the consumption of acetaminophen (5.09+0.97nmol/mg

protein P<0.05). Although there was no significant difference
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between the vehicle and acetaminophen group, in the groups
treated with mumijo, the index showed a significant decrease
compared with the vehicle and acetaminophen groups

(P<0.05).
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Figure 1-B. The mean liver malondialdehyde in different groups

*Significant difference of acetaminophen and vehicle groups with low- and high-dose mumijo groups p<0.05. Values are shown as Mean + SEM. Sh: sham, A:

acetaminophen, V: vehicle, L: low-dose, H: high dose.

Mumijo impact on antioxidant indices
A-Glutathione

In Figure 2, the effect of different doses of mumijo on the
level of liver glutathione is shown. As you can see, this index
in the sham group is 27.22+ 1.5nmol/mgprotein, decreased by

acetaminophen 2.7 £ 0.57 nmol / mgprotein (p <0.01). As

with other antioxidant indices, this index does not affected by
the use of vehicles. Similar to the vehicle group, high dose of
mumijo did not block the reductive impact of acetaminophen.
However, mumijo low dose showed significant increase p

<0.05 in comparison with vehicle and acetaminophen group.
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Figure 2.The mean liver glutathione in the different groups

* P<0.05Significant difference of low-dose group with acetaminophen and vehicle groups 24 h after administration of acetaminophen. VValues are shown as Mean +SEM).

**P<0.01 significant difference of acetaminophen and vehicle groups with the sham group. Sh: sham A, acetaminophen, V: vehicle, L: low-dose, H: high-dose.
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B-NO metabolites

In Figure 3, changes in the level of liver NO are shown.
NO in the sham group is 1.3 £ 0.25 nmol/mg protein, and
increased to 16.8 = 3.1nmol/mg protein after consuming
acetaminophen (P<0.01). There was no significant difference
between the acetaminophen and vehicle groups; both doses of

mumijo decrease NO. This decrease was 1.48 + 0.16 nmol/mg

protein and 1.55 + 0.28 nmol/mg protein respectively for low
and high doses of mumijo, which shows a significant
difference with acetaminophen and vehicle groups (P<0.01).
Furthermore, there was no significant difference between the

treatment and sham groups.
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Figure 3.The mean liver NO in the different groups

** P <0.01 Significant difference of acetaminophen and vehicle groups with the sham group.## p <0.01significant difference of low- and high-dose mumijo groups with

the acetaminophen and vehicle groups24 h after administration of acetaminophen. Values are shown as Mean +SEM).Sh: sham, A: acetaminophen, V: vehicle, L: low-

dose, H: high-dose.

C- carbonil protein

In Figure 4, changes in the carbonil protein (PC) level are
shown in various groups. Consumption of acetaminophen
increased PC level to 22 + 8nmol/mg protein compared with
the sham group 4+0.63 nmol/mg protein (P<0.05). Vehicle

consumption cannot change the increase induced by
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acetaminophen. This index in the groups treated with low and
high doses was respectively 8+ 2 nmol/mg protein and 11 +
3nmol/mg protein, which is significantly less than it is in the

acetaminophen and vehicle groups P<0.01, P<0.05).
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Figure 4.The mean liver PC in the different groups
* P <0.05 significant difference of high-dose group sand acetaminophen and vehicle groups. # P <0.05 significant difference of acetaminophen and vehicle groups with
sham group. **P <0.01 significant difference of low-dose group with acetaminophen and vehicle groups24 h after the administration of acetaminophen. Values are shown

as Mean + SEM). Sh: sham, A: acetaminophen, V: vehicle, L: low-dose, H: high-dose.

Mumijo impact on liver enzymes
AST

Figure 5-A shows AST enzyme activity in liver in
different groups. Accordingly, after taking acetaminophen, the
activity of this enzyme increases to 505.33 + 10.941U/L,
which is more than the sham group (178.57+10.12 IUIL,

P<0.01). Using vehicle did not reduce this increase caused by

consumption of acetaminophen. Low and high doses of
mumijo significantly decreased AST 290.63+11.34Iu/L and
491.87+7.06 1U/L respectively as compared with the
acetaminophen group and the vehicle group (P<0.01 and

P<0.05).
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Figure 5-A.The mean serum AST activity in the different groups

* Significant difference between the high-dose group sand acetaminophen and vehicle groups (p <0.05), ** Significant difference between the low-dose group and the

acetaminophen and vehicle groups (p <0.01) 24 h after the administration of acetaminophen. Values are shown as Mean = SEM. Sh: sham, A: acetaminophen, V: vehicle,

L: low-dose, H: high-dose.
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ALT enzyme

Changes in ALT enzyme are shown in Fig. 5-B. Similar to
AST enzyme, the activity of this enzyme reached from 64 +
3.61 IU/L in the sham group to 160 + 855 IU/L in the

acetaminophen group afterusing acetaminophen (P<0.01).

Although this increase could not be blocked by using the
vehicle, both doses of mumijo decreased it significantly
compared with the vehicle and acetaminophen groups

(P<0.05).
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Figure 5-B. The mean serum AST activity in the different groups

* Significant difference of high- and low-dose groups with acetaminophen and vehicle groups (p <0.05) 24 h after the administration of acetaminophen. ** (p <0.01)

significant difference between acetaminophen andsham groups. \Values are shown as Mean £SEM. Sh: sham, A: acetaminophen, V: vehicle, L: low-dose, H: high-dose.

C-GGT enzyme

Figure 5-C shows GGT enzyme activity in liver in
different groups. The activity of this enzyme in the sham
group is 21.1+0.52 IU/L, which significantly increased to
40.9746.26 IU/L after taking acetaminophen (P<0.01).

Although using the vehicle did not inhibit theincrease caused
by the consumption of acetaminophen, the use of low and
high doses of mumijo significantly decreased GGT compared
with acetaminophen and vehicle groups (P<0.05). There was

no significant difference with the sham group.
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Figure 5-C. The mean serum GGT activity in the different groups
# Significant difference of high and low doses of momijo with acetaminophen and vehicle groups (p <0.01)24 h after the administration of acetaminophen.
*P<0.01Significant difference between acetaminophen and sham groups. Values are shown as Mean £SEM). Sh: sham, A: acetaminophen, V: vehicle, L: low-dose, H:

high-dose.
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Liver histopathology

Liver histopathology observations indicate that
hepatocytes in the sham group had normal nucleiand
cytoplasms. There were no signs of necrosis, inflammation
and accumulation of immune cells in the liver (Figure 6-C).

However, extensive necrosis and accumulation of immune

cells could be observed in the acetaminophen group (Fig. 6-
A). Necrosis was reduced in the low dose group, and only a
few scattered instances of apoptosis were observed.

Furthermore, accumulation of inflammatory cells was not

observed in this group (Fig. 6-B).

Figure 6 liver sample 24 hours after administration of 500 mg/kg of acetaminophen in the low dose group: no necrosis and accumulation of immune
cells was observed, and apoptosis was seen only sporadically. A: liver tissue sample fromthe acetaminophen group, 1- severe necrosis, 2- accumulation
of immune cells (macrophages and lymphocytes). B: sample of the liver fromthe low-dose group - AP: scattered apoptosis C: the liver sample fromthe
sham group

Discussion

In this study, for the first time, the effect of mumijo on
acetaminophen-induced liver damage and some of its possible
mechanisms in rats were studied.

The results of the study showed that consuming a certain
amount of mumijo reduced acute liver damage caused by
acetaminophen. It also reduced the increase in liver enzymes
AST, ALT, and GGT caused by high doses of
acetaminophen. In addition, mumijo use reduced hepatocyte
apoptosis and necrosis, and it also prevented the infiltration of
inflammatory cells in the liver. Since acetaminophen increases
oxidant factors (MDA, NO, PC) and reduces glutathione in
liver tissue, and consumption of mumijo decreases oxidant

factors and increases glutathione, it can be suggested that

mumijo's mechanism for protecting the liver is a result of its
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antioxidant properties. Therefore, oral consumption of mumijo
can be used as an effective treatment for reducing the acute
effects of hepatic toxicity caused by large doses of
acetaminophen.

Liver cells are subject to damage as a result of the effects
of various poisons, toxins, and infections with metabolic
origin (21).

In addition, cholestasis leads to damage and death of liver
cells, fibrosis, cirrhosis, and eventually liver failure (3). The
connection of cytochrome C to cytoplasmic scaffold apaf-1
and pro-caspas9 and the formation of complex
"apoptosome",which activates pro-caspase9 signaling (22),
the severe decrease of adenosine triphosphate in cells,
glutathione depletion, damage to cytochrome P450, and loss

of NAD and NADP are all among the causes of liver damage
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(23). Various types of nitrogen and oxygen (ROS/NOS) are
often involved in liver toxicity. By increasing the production
of ROS and NOS, inducing nitric oxide synthase enzyme,
increasing intracellular Ca*+ and provoking phagocytic
activity, toxic agents can cause liver damage. It has been
proved that Galactoseamin that initiates the activity of free
radicals also plays a role in liver toxicity (24).

Acetaminophen overdose is one of the major causes of
liver damage (2). It is known that the mechanism of liver
injury caused by acetaminophen is not due to acetaminophen
itself, but is because of its toxic metabolite i.e. N-Acetyl-p-
benzoquinonei mine, which is created through the cytochrome
P450 system (2). Naturally, glutathione reserves in liver
prevent liver cell damage via connection to toxicmetabolites
(1, 4, 5). The results of this study showed the reductive effect
of acetaminophen on the level of liver glutathione. Liver
toxicity is caused when glutathione reserves become less than
30% (3).Lipid peroxidation is also effective in liver damage
and cell death due to free radicals (21). In this study, MDA,
whichis a marker of lipid peroxidation, increased due to
acetaminophen increase. One of the risks of acetaminophen
toxicity is hepatic necrosis. With the significant increase in
levels of serum ALT, AST enzymes, and lactate
dehydrogenase, hepatic necrosis rises t0500 times above
normal (6, 7). These results are consistent with the results of
this study. These enzymes increase following the use of
acetaminophen. Therefore, in this study, toxicity caused by
this dose of acetaminophen emerged in the form of hepatic
necrosis, apoptosis, and increase in the above-mentioned
enzymes. Increased lipid peroxidation and reduced glutathione
introduced as the mechanism of action of

were

acetaminophen.
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It is reported that some anti-hepatotoxic agents can play a
protective role in liver by preventing activation of the enzyme
system associated with cytochrome P-450Metyrapone (25-
26), supplying glutathione or its precursors, creating an
antioxidant effect, and eliminating free radicals (26).

In this study, it was shown that mumijo treatment can
block the increase of MDA, NO, ALT, AST, PC, and GGT
caused by acetaminophen. It also prevents the decrease of
glutathione caused by taking too much acetaminophen.
Therefore, mumijo has anti-oxidant and anti-inflammatory
impacts that can prevent lipid peroxidation, accumulation of
free radicals, and oxidant and inflammatory agents in liver
tissue.

In line with the findings of this study, numerous studies
have shown that mumijo can inhibit lipid peroxidation and
increase glutathione content in hepatotoxicity induced by
cumenehydroperoxide (16). Mumijo probably increases the
potential for liver detoxification by increasing the activity of
glutathione transferase, which raises the level of hepatic
glutathione via disabling NAPQI toxic metabolites (2).
Mumijo also prevents lipid peroxidation induced by
cumenehydroperoxide and ADP/Fe2+ Complex in rat liver,
which is another mechanism for liver protection (16, 27). In
addition, numerous reports have shown that mumijo has anti-
inflammatory (11) and antioxidant (14) impacts. In the
striatum and frontal cortex in rats, this substance can increase
activity of superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPX) (14). In agreement with this
study,several other reports on the damage to other organs,
including Khaksari et al., who showed that this substance
reduces the antioxidant agents in brain trauma indicate

mumijo's anti-oxidant impact (17). Jouka et al. reported that
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mumijo decreased lipid peroxidation and increased
antioxidant capacity in damage to experimental myocarditis
(15). Such antioxidant effects of mumijo extract may be
mainly because of dibenzo-pyrones and Folvic acid in its
constituents (28).

Evidence has shown that hepatocyte apoptosis plays a
major role in inducing liver damage caused by acetaminophen
(29).

Apoptosis inhibition can prevent acute liver damage (30).
Accordingly, in another part of this study, the investigation of
histopathology showed that acetaminophen use may cause
hepatocyte apoptosis, and treatment of liver with mumijo
could significantly decrease cell apoptosis in liver.
Furthermore, mumijo inhibited the increase in AST, ALT, PC,
and GGT induced by acetaminophen. This could be another
potential mechanism for mumijo's detoxification action (30).

Previous studies also have reported anti-inflammatory
effects for mumijo (11), and it has been shown that in
response to hepatic damage, a series of toxic mediators such as
tumor necrosis factor-alpha (TNF-a), interleukin 1 (I1L-1), and
nitric oxide are released from macrophages (25). In this study,
we have shown that NO levels that significantly increased
after taking acetaminophen had a significant decrease as a

result ofusing mumijo.

Other studies conducted on a variety of other

inflammations correspond to the findings of this study. For
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example, it was reported that mumijo reduced carrageenan-
induced inflammation in rats (11). It was also reported that
administration of mumijo in Syrian rats reduced inflammation
and pain in the first phase of the formalin test and also in the
writing tests (13).

Histopathological analyses of the present study showed
decrease in the accumulation of inflammatory cells
(macrophages and neutrophils) in liver after using mumijo.
Since some studies have shown that macrophages are disabled
by dextran sulfate and Gadolinium, and this reduced the
hepatic toxicity of acetaminophen (31,32), reducing the
accumulation of inflammatory cells may be another
detoxification mechanism of mumijo in hepatic toxicity
induced by acetaminophen.

Observations of the present study show that consumption
of mumijo has a protective role in acetaminophen-induced
hepatic toxicity.

Given the multiple mechanisms of mumijo referred to in
the present study, it can be expected that mumijo disables
toxic metabolite of acetaminophen (NAPQI) and increases the
potential for liver detoxification through its antioxidant, anti-
inflammatory, and anti-apoptotic effects, and by improving
liver function. Thus, mumijo has a protective role in acute
hepatic damage caused by acetaminophen. There is a need for
further investigation on Mumijo's other possible mechanisms

and protective effects on hepatic damage.
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