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Abstract
Background: Arsenic trioxide (As2O3) has shown effectiveness 
in the treatment of leukemia, but it is also associated with 
hepatotoxicity. Given antileukemic drug-induced oxidative 
stress and toxicity, this study focused on the mitigatory role of 
eugenol, a monoterpene compound from clove oil, in the hepatic 
tissue of Wistar rats.
Methods: Twenty-four male Wistar rats (180–250 g) were 
randomly divided into 4 groups (6 rats per group): normal 
control rats, rats treated with As2O3 (4 mg/kg bwt), rats treated 
with eugenol (5 mg/kg bwt), and rats receiving co-treatment 
with As2O3 (4 mg/kg bwt) and eugenol (5 mg/kg bwt), all of 
which orally administered for a period of 30 days. The Tukey 
test (Origin version 7, Origin Lab Corporation, Northampton, 
USA) was applied to analyze the one-way analysis of variance 
(ANOVA) between the different groups. A P value less than 0.05 
was considered significant.
Result: Oral administration of As2O3 significantly induced 
hepatic damage, evident from increased levels of aspartate 
transaminase and alanine transaminase (P=0.01 and P<0.001, 
respectively). Moreover, a decrease in the activities of enzymatic 
and nonenzymatic antioxidants altered electrolyte concentration 
and increased the rate of lipid peroxidation (P=0.04) and 
the level of nitric oxide (P=0.01). Accumulation studies 
and histopathological analyses confirmed the biochemical 
variations. Co-treatment with eugenol (5 mg/kg bwt) exhibited 
hepatoprotective effects as manifested by the decreased rate of 
arsenic accumulation, lipid peroxidation, and nitric oxide level 
along with normalized levels of antioxidants and maintained 
histology of the liver.
Conclusion: Eugenol may be used in combination with arsenic 
trioxide in chemotherapy to reduce oxidative damage to the 
hepatic system.
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What’s Known

• Arsenic trioxide is a promising 
drug used for the treatment of acute 
promyelocytic leukemia (APL).
• Arsenic trioxide causes liver 
damage in experimental model rats.

What’s New

• Eugenol can be used to prevent 
hepatocellular injury caused by the ALP 
drug arsenic trioxide.

Introduction

Drugs and some chemical agents are known to induce 
hepatotoxicity in humans, which is of great concern to clinicians. 
Arsenic has been considered a poison for a long time. In the 
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1970s, arsenic trioxide (As2O3) was introduced 
into the treatment of acute promyelocytic 
leukemia (APL). In APL there is a chromosomal 
translocation, t(15;17), resulting in the creation 
of a fusion between the retinoic acid receptor–
alpha (RAR α) gene in chromosome 17 and the 
promyelocytic leukemia (PML) gene located in 
chromosome 15.1 The resulting PML–RAR α 
fusion protein blocks the expression of the genes 
required for normal myeloid differentiation.2 When 
arsenic trioxide is used in APL patients who have 
relapsed after trans retinoic acid treatment, it can 
induce differentiation.3 Oxidative damage has 
been deemed a key mechanism of the action of 
arsenic in the initial stage of apoptosis. Despite 
its broad therapeutic effectiveness, clinical trials 
of arsenic trioxide (Trisenox) are often limited 
because of its dose- dependent adverse effects 
on the heart, liver, and kidney. Mathews et al.4 

reported arsenic trioxide-induced hepatotoxicity 
during APL therapy. Our previous study also 
reported that arsenic trioxide was able to cause 
serious biochemical and histopathological 
changes in the liver.5

Combination therapy is a frequent strategy to 
improve the clinical efficacy of arsenic trioxide. 
Accordingly, we chose a naturally occurring 
antioxidant compound, eugenol, for the present 
study. Eugenol (4 allyl 2 methoxyphenol) is a 
natural monoterpene component of clove oil. 
Eugenol possesses various biological properties, 
including antioxidant, anti-inflammatory, analgesic, 
antipyretic, antibacterial, antifungal, and antitumor 
activities.6 Eugenol is generally recognized as safe 
by the Food and Drug Administration.7 In traditional 
medicine, eugenol has been used against many 
gastrointestinal diseases. In addition, it has been 
widely used as a fragment and flavoring agent in 
food and cosmetic products.8

The present work was undertaken with the 
main aim of evaluating the hepatoprotective 
property of eugenol over arsenic trioxide-
induced toxicity.

Materials and Methods

Animals and Ethics
Male Wistar rats were purchased from 

the Pharmacology Unit, Nagarjuna Herbal 
Concentrates Ltd., Thodupuzha, Idukki, Kerala, 
India, and were acclimatized for 6 days. 
The experiments were conducted as per the 
guidelines of the Committee for the Purpose 
of Control and Supervision of Experiments 
on Animals (CPCSEA), Government of India. 
The study protocol was approved by the 
Institutional Animal Ethics committee (IAEC), 
School of Biosciences, Mahatma Gandhi 

University, Kottayam, Kerala, India (Approval 
#B29122014/3).

Experimental Design
Twenty-four adult male rats were randomly 

selected for the study. Their body weight 
ranged between 180 and 250 g. Rats from the 
same species (Wistar) were selected and only 
healthy rats were subjected to treatment. They 
were maintained in the same atmospheric and 
nutritional conditions throughout the study. The 
rats were divided into 4 groups, each containing 
6 rats, in order to obtain statistically significant 
data. The study groups were classified as follows: 
Group I was treated as the normal control and 
was orally given autoclaved water and normal diet 
only, Group II received daily oral administration 
of a single dose of arsenic trioxide (4 mg/kg 
bwt), Group III received oral administration of 
eugenol (5 mg/kg bwt), and Group IV was taken 
as a combined group and given a single dose of 
arsenic trioxide (4 mg/kg bwt) and eugenol (5 mg/
kg bwt) every day for a period of 30 days.

Biochemical Analysis
After 30 days of experimental period, all the 

animals were euthanized and decapitated and 
their blood was collected and centrifuged at 
3000 rpm for 20 minutes. Thereafter, the clear 
serum obtained was used for the determination 
of serum enzymes. The liver was removed 
immediately, washed in ice-cooled 0.15 M of 
NaCl, and homogenized by using Tris HCl 
buffer (0.2 M, pH 7.4). The homogenate was 
used for further biochemical analyses. Total 
arsenic deposition in the liver tissue and tissue 
electrolytes (calcium, sodium, and potassium) 
were analyzed by standard inductively coupled 
plasma-optical emission spectroscopy (ICP-
OES) (Optima 2000 DV ICP-OES, Perkin 
Elmer, Inc., Waltham, Massachusetts, USA). 
The activity of serum aspartate transaminase 
(AST) and alanine transaminase (ALT) was 
assayed spectrophotometrically according to 
the standard procedures using commercially 
available diagnostic kits (Agappe Diagnostic 
Ltd., Ernakulam, Kerala, India).

Glutathione (GSH), a nonenzymatic 
antioxidant, was measured in the tissue 
homogenate according to the Ellman method.9 
Glutathione S-transferase (GST) was assayed 
by the method of Habig et al.10 and changes in 
optical activity were read at 340 nm for 5 minutes. 
The activity of glutathione peroxidase (GPx) was 
determined by the method of Rotruck et al.11 The 
color that developed was read at 412 nm against 
a reagent blank, and the results were expressed 
as µg of GSH consumed/mg protein. Catalase 
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activity in the sample was measured according to 
the method of Aebi12 by measuring the decrease 
in the absorbance of H2O2 at 240 nm. The 
activity of thiobarbituric acid reactive substances 
(TBARS) was estimated by the method of Beuge 
and Aust.13 The concentration of nitric oxide 
in the form of nitrate was determined using 
the Griess reagent, and the amount of nitrate 
present in various samples was measured at 
540 nm.14 Hematoxylin and eosin was employed 
to examine histopathological changes under the 
microscope (Phase contrast microscope [Inea, 
Olympus]). The microphotographs were taken 
using a Moticam-1000 camera at an original 
magnification of 100X.

Statistical Analysis
The data were analyzed using the statistical 

package program Origin, version 7 (Origin Lab 
Corporation, Northampton, USA). The statistical 
analyses between the different groups were 
performed with one-way ANOVA by Tukey 
test analysis. All the data were expressed as 
mean±standard deviation (SD). The results were 
considered significant at a P value less than 0.05.

Results

Figure 1 shows that treatment with As2O3 caused a 
significant increase in the concentration of arsenic 
in the hepatic tissue (P=0.01). Co-administration 
with eugenol significantly decreased the 
accumulation of arsenic (P=0.02). Figure 2 
indicates that the level of the tissue electrolyte 
calcium was increased in the arsenic-treated 
rats (P<0.001). Eugenol administration helped to 
maintain the normal range of calcium (P=0.01), 

whereas the concentrations of potassium 
(P<0.001) and sodium (P=0.01) were reduced in 
the arsenic-treated ones (figure 3). Co-treatment 
with eugenol significantly maintained the level 
of potassium (P=0.03) and sodium (P<0.001). 
Figure 4 shows that the oral administration of 
arsenic trioxide caused an abnormal liver function 
in the treated rats. The levels of liver marker 
enzymes such as AST and ALT were significantly 
increased during arsenic trioxide treatment, 
when compared with the control rats (P=0.01 
and P<0.001 for AST and ALT, respectively). 
Administration of eugenol (5 mg/kg) with arsenic 

Figure 1: Effects of eugenol on arsenic accumulation in the 
liver. Here the experimental group comprises normal control, 
arsenic trioxide (4 mg/kg bwt), eugenol (5 mg/kg bwt), and 
arsenic trioxide (4 mg/kg bwt)+eugenol (5 mg/kg bwt). 
Data are presented as mean±SD and n=6. ‘a’ indicates a 
significant difference between the normal control group and 
the arsenic trioxide group (P=0.01). ‘b’ indicates a significant 
difference between the arsenic trioxide group and the arsenic 
trioxide+eugenol group (P=0.02).

Figure 2: Effects of eugenol on the tissue calcium in the 
liver. Here the experimental group comprises normal control, 
arsenic trioxide (4 mg/kg bwt), eugenol (5 mg/kg bwt), and 
arsenic trioxide (4 mg/kg bwt)+eugenol (5 mg/kg bwt). 
Data are presented as mean±SD and n=6. ‘a’ represents 
a significant difference between the normal control group 
and the arsenic trioxide group. ‘b’ represents a significant 
difference between the arsenic trioxide and the arsenic 
trioxide+eugenol group. ‘a’ indicates P<0.001 and ‘b’ 
indicates P=0.01.

Figure 3: Effects of eugenol on tissue potassium and sodium 
levels in the liver. Here the experimental group comprises 
normal control, arsenic trioxide (4 mg/kg bwt), eugenol 
(5 mg/kg bwt), and arsenic trioxide (4 mg/kg bwt)+eugenol 
(5 mg/kg bwt). Data are presented as mean±SD and n=6. 
‘a’ represents a significant difference between the normal 
control group and the arsenic trioxide group (P<0.001 for 
potassium and P=0.01 for sodium). ‘b’ indicates a significant 
difference between the arsenic trioxide and the arsenic 
trioxide+eugenol (P=0.03 for potassium and P<0.001 for 
sodium).
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significantly normalized the level of these enzymes 
(P=0.03 for AST and P<0.001 for ALT). Here we 
compare the normal control group and the arsenic 
trioxide group represented as ‘a’ (P value indicated 
as “P1”) and the arsenic trioxide group and the 
arsenic trioxide+eugenol group represented as ‘b’ 
(P value indicated as “P2”). A significant decline in 
the level of GSH was noticed in the liver tissue 
of the arsenic-treated rats as compared to the 
controls (P1<0.001). A significantly decreased 
(P<0.05) activity of nonenzymatic antioxidants like 
GST (P1=0.04), GPx (P1<0.001), and catalase 
(P1<0.001) was also observed in the arsenic-
induced group. Co-treatment with eugenol and 
arsenic significantly restored the level of the 
nonenzymatic antioxidant GSH (P<0.001) and 
the enzymatic antioxidants GST (P2=0.01), GPx 
(P2<0.001), and CAT (P2<0.001) when compared 
with the group treated with arsenic alone 
(table 1). The rats treated with arsenic trioxide 
treatment showed a significant (P=0.04) rise in 
the hepatic lipid peroxidation marker, TBARS, 

as compared to the control group (figure 5). 
Treatment with eugenol caused a significant 
reduction in the TBARS level (P=0.03). Figure 6 
shows that arsenic administration resulted in a 

Table 1: Effects of eugenol on the hepatic antioxidant system
Parameters Normal 

Control
Arsenic 
Trioxide

Eugenol Arsenic 
Trioxide+Eugenol

GSH (µM/g tissue) 52.04±0.72 23.72±1.24a 40.92±0.81 42.38±0.18b
GST(µM of CDNB- GSH conjugate formed/min/mg 
protein)

2.54±0.56 1.49±0.99a 2.18±0.06 2.72±0.03b

GPx (µg of GSH consumed/min/mg protein) 12.16±3.22 7.38±0.87a 11.08±0.16 8.92±0.01b
CAT (µmoles of H2O2 consumed/min/mg protein) 39.66±0.14 16.07±0.51a 38.00±0.18 33.40±0.11b
GSH: Glutathione; GST: Glutathione S-transferase; GPx: Glutathione peroxidase; CAT: Catalase; Table 1 depicts the effects 
of eugenol on the hepatic antioxidant system. Here the experimental group comprises normal control, arsenic trioxide 
(4 mg/ kg bwt), eugenol (5 mg/kg bwt), and arsenic trioxide (4 mg/ kg bwt)+eugenol (5 mg/ kg bwt). Data are presented as 
mean±SD and n=6. ‘a’ indicates a significant difference between the normal control group and the arsenic trioxide group. 
‘b’ indicates a significant difference between the arsenic trioxide group and the arsenic trioxide+eugenol group.

Figure 4: Changes in the liver markers AST and ALT 
on arsenic-induced toxicity. Here the experimental 
group comprises normal control, arsenic trioxide 
(4 mg/kg bwt), eugenol (5 mg/kg bwt), and arsenic trioxide 
(4 mg/kg bwt)+eugenol (5 mg/kg bwt). Data are presented 
as mean±SD and n=6. ‘a’ represents a significant difference 
between the normal control and the arsenic trioxide (P=0.01 
for AST and P<0.001 for ALT). ‘b’ indicates a significant 
difference between the arsenic trioxide group and the arsenic 
trioxide+eugenol group (P=0.03 for AST and P<0.001 
for ALT). AST: Aspartate aminotransferase; ALT: Alanine 
aminotransferase

Figure 5: Effects of eugenol on the lipid peroxidation rate in 
the hepatic tissue. Here the experimental group comprises 
normal control, arsenic trioxide (4 mg/kg bwt), eugenol 
(5 mg/kg bwt), and arsenic trioxide (4 mg/kg bwt)+eugenol 
(5 mg/kg bwt). Data are presented as mean±SD and n=6. 
‘a’ represents a significant difference between the normal 
control and the arsenic trioxide (P=0.04). ‘b’ represents a 
significant difference between the arsenic trioxide group and 
the arsenic trioxide+eugenol group (P=0.03).

Figure 6: Effects of eugenol on the arsenic trioxide-induced 
nitric oxide level in the liver tissue. Here the experimental 
group comprises normal control, arsenic trioxide 
(4 mg/kg bwt), eugenol (5 mg/kg bwt), and arsenic trioxide 
(4 mg/kg bwt)+eugenol (5 mg/kg bwt). Data are presented 
as mean±SD and n=6. ‘a’ indicates a significant difference 
between the normal control group and the arsenic trioxide 
group (P=0.01). ‘b’ represents a significant difference 
between the arsenic trioxide group and the arsenic 
trioxide+eugenol group (P<0.001).
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drastic elevation in the hepatic nitric oxide level 
as compared to the corresponding controls 
(P=0.01). Eugenol therapy resulted in a significant 
decrease in the nitric oxide level in the combined 
group compared with the arsenic-treated one 
(P<0.001). The histopathological studies also 
supported the biochemical analysis. The liver of 
the control (figure 7A) and eugenol-administered 
(figure 7C) rats showed normal hepatic structures, 
characterized by polygonal-shaped hepatocytes 
with well-defined boundaries and slight staining 
acidophilic cytoplasms with large and centrally 
located nuclei. The hepatic tissue of the arsenic-
induced group (figure 7B) revealed that the normal 
architecture of the liver was completely lost in 
the rats treated with arsenic trioxide, with the 
appearance of hemorrhage, cholangio fibrosis, 
and focal necrosis. The liver of the eugenol- and 
arsenic-administered rats (figure 7D) exhibited 
restored normal hepatic architectures.

Discussion

The aim of the present investigation was to 
evaluate and explore the hepatoprotective role 
of eugenol, a monoterpene compound, against 
arsenic trioxide. The toxicity of a wide range of 
chemicals and drugs is associated with oxidative 
stress mechanism.15 Our previous studies revealed 
that eugenol had an excellent antioxidant activity.16

Our ICP-OES analysis revealed that arsenic 
trioxide treatment caused accumulation of arsenic 

in the hepatic tissue. Quatrehomme et al.17 
reported that arsenic was rapidly distributed to 
the organs or tissues that contained proteins with 
sulfhydryl groups and accumulated in the liver, 
kidneys, spleen, and adrenal glands. Methylation 
converts arsenic into less toxic elements and 
transforms it into the form of monomethyl arsonic 
acid and dimethyl arsonic acid.2 Nonetheless, 
co-treatment with the phenolic compound eugenol 
reduces the accumulation rate of arsenic in the 
hepatic tissue. The present study demonstrated 
that the level of the tissue electrolyte calcium 
was increased, while the potassium and sodium 
levels were decreased in the arsenic-treated 
group compared with the normal rats. Williams 
et al.18 reported that in the liver tissue, there was 
an alteration of electrolyte concentration during 
oxidative stress. Combination therapy with the 
natural phenolic compound eugenol showed a 
distinguished normalization of these electrolytes.

AST and ALT are the premier parameters that 
help to detect hepatic damage.19 During arsenic 
trioxide treatment, both AST and ALT levels rise 
in serum. In liver injury, the transport function 
of hepatocytes is disturbed, resulting in the 
leakage of the plasma membrane and elevation 
in the serum levels of AST and ALT.20 In human 
APL trials, toxicity has been mainly allied to 
serum hepatic enzyme changes.21 Normalization 
of the above-mentioned enzyme level in the 
rats treated with eugenol clearly established its 
hepatoprotective effects.

Hepatic GSH plays a crucial role in both 
scavenging reactive oxygen species and 
detoxification of drugs.22 Because the liver is rich 
in GSH, it is a major site of arsenic detoxification.23 
In the hepatic tissue, GSH stimulates arsenic 
detoxification processes by modulating arsenic 
methylation24 and increasing the activity of GPx.25 

Hepatobiliary excretion of arsenic is also processed 
through GSH.26 Yokota et al.27 reported that 
eugenol had the capacity to induce the antioxidant 
enzyme system for xenobiotic metabolism in the 
liver. GSH depletion may facilitate the promotion 
of oxidative stress and the initiation of the 
apoptosis signaling pathway.28 Arsenic trioxide 
was found to inhibit GST activity significantly 
in the liver and kidney.25 Uthus et al.29 observed 
that arsenic deprivation decreased hepatic GST 
activity. GPx plays a major role in the reduction 
of H2O2 and hydroperoxide to nontoxic products.30 

The decrease in the activity of GPx during the 
period of arsenic treatment in this experiment was 
an indication of the overproduction of peroxides. 
Catalase is a heme protein that catalyzes the 
reduction of H2O2, thereby protecting the cell from 
oxidative damage by H2O2 and OH.31 The activity 
of catalase was decreased in the arsenic-treated 

Figure 7: Effects of eugenol on arsenic trioxide-induced 
oxidative stress in the histology of the liver. (A) Hematoxylin 
and eosin (100×)-stained microscopic section of the liver of 
the normal control rats shows a normal hepatic morphology. 
(B) Hematoxylin and eosin (100X)-stained microscopic 
section of the hepatic tissue of the arsenic (4 mg/kg)-
treated rats shows the appearance of hemorrhage (

→

), 
cholangio fibrosis (←), and focal necrosis (→ ). (C) Eugenol 
(5 mg/kg)-administered rats show a normal hepatic structure 
and morphology. (D) Hematoxylin and eosin (100×)-stained 
microscopic section of the liver of the rats treated with a 
combination of eugenol (5 mg/kg) and arsenic trioxide (4 mg/
kg) shows a normal structure without any hepatic parenchymal 
degeneration, hyperplasia, and vascular lesions.

A B

C D
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group compared with the normal control rats. 
Combination therapy with eugenol maintained the 
level of catalase compared with the arsenic group. 
Our previous study report on eugenol established 
its antioxidant property.16

Lipid peroxidation plays an important role 
in oxidative stress injury to the liver, with the 
role being determined indirectly by evaluating 
the enhanced levels of malondialdehyde and 
reduced levels of GSH.22 In the current study, 
we observed a higher level of malondialdehyde 
and a lower level of GSH in the hepatic tissue 
of the arsenic-administered rats. Horton et al.31 
explained arsenic-induced lipid peroxidation by 
the depletion of GSH in the liver. The antioxidant 
properties of eugenol may be the core reason 
behind the lower hepatic lipid peroxidation rate 
and the increased amount of GSH in the liver. 
Our results revealed that the levels of nitric 
oxide in the rats’ hepatic tissue were significantly 
enhanced by arsenic trioxide. A previous report 
by Choi et al.32 showed that eugenol was able to 
suppress inducible nitric oxide synthase protein 
expression. Eugenol has nitric oxide scavenging 
properties in vitro.33 GSH also has the capacity 
to scavenge reactive nitrogen species.28 
Administration of eugenol effectively overcomes 
these problems during combination therapy.

Histological studies have also supported the 
curative effects of the monoterpenoid compound 
eugenol on arsenic-induced hepatotoxicity. This 
might be due to increased cellular activity and 
nuclear interruption in the mechanism of arsenic-
based xenobiotic metabolism. Hepatocyte necrosis 
due to arsenic exposure might indicate oxidative 
stress on the liver. Our previous study revealed that 
arsenic trioxide (4 mg/kg bwt) caused alterations 
in the hepatic system.5 Histopathological findings 
of the rats’ livers co-treated with eugenol (5 mg/kg) 
showed a well-preserved normal morphology 
of the hepatic system. Thus, eugenol protected 
the liver against damage caused by arsenic, 
inhibited lipid peroxidation, and conferred more 
potential to the antioxidant system. Indeed, our 
results illustrated a near-normal restoration of the 
architecture of the hepatic system. Our study had 
several limitations because the exact mechanism 
behind the hepatoprotective effects of eugenol 
has yet to be identified. Given the dearth of data 
on molecular markers in the hepatic system, we 
suggest that further research be conducted to 
determine the exact pathway and the involvement 
of molecular targets.

Conclusion

Administration of eugenol improved antioxidant 
status and reduced the lipid peroxidation 

rate and arsenic deposition in the hepatic 
tissue of the rats in the present study. This 
monoterpenoid compound helped to maintain 
tissue electrolytes, liver marker enzyme levels, 
and normal architecture of the hepatic tissue. 
Accordingly, our study reveals that eugenol 
treatment mitigates arsenic intoxication-related 
oxidative damage, which could be due its 
antioxidant nature that combines free radical 
scavenging and metal-chelating properties.
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