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Eugenol Administration Improves Liver Damage Induced by a

Fructose-Rich Diet

Abstract

Backgrounds: The prevalence of metabolic syndrome (MetS) is increasing in developing countries
that affects the liver in a variety of ways. This study was designed to investigate the protective
role of eugenol on liver damage caused by fructose-induced MetS. Materials and Methods: Thirty
male Wistar rats were randomly divided into five groups: 1: tap water (control), 2: fructose, 3:
fructose + eugenol solvent, 4: fructose + eugenol 50 mg/kg, and 5: fructose + eugenol 100 mg/kg.
At the end of the experiment, blood samples were taken for measurement fast blood glucose (FBG),
serum glutamic-oxaloacetic transaminase (SGOT), serum glutamic pyruvate transaminase (SGPT),
low-density lipoprotein, high-density lipoprotein, cholesterol, and triglyceride. Results: FBG
significantly increased in Group 2 compared to Group 1 (P < 0.001); however, it significantly
decreased in Groups 4 and 5 compared to Group 2 (P < 0.05). SGOT and SGPT levels significantly
increased in Group 2 compared to the control group (P < 0.001). However, SGOT and SGPT
levels significantly decreased in Groups 4 and 5. Malondialdehyde (MDA) and liver tissue damage
score (LTDS) significantly increased in Group 2 compared with the control group (P < 0.01), whereas
MDA and LTDS decreased in Groups 4 and 5 compared to Group 2 (P < 0.05). Conclusion: Eugenol
may ameliorate liver damage in a rat model of fructose-induced MetS, and these protective effects
may in part be mediated by improving antioxidant status and reducing oxidative stress and lipid
peroxidation. It may also reduce hepatic inflammation and fat accumulation as well as fibrosis of
liver cells.
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Introduction are responsible for the deposition of TGs
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The prevalence of metabolic syndrome n epg 3(]) CY'eS a prerequisite for hiepatocyte
. . . . . injury.*’! Signaling mechanisms, including

(MetS) is increasing in developing

. . . . . oxidative stress, free radicals, inflammatory
countries. This disorder is accompanied

with an increased risk of heart disease.
It is also associated with obesity and
insulin resistance. This disease is not
only associated with an increased risk
of Type 2 diabetes but also affects the
liver in a variety of ways. Nonalcoholic
fatty liver disease (NAFLD), a hepatic
manifestation of MetS, is characterized by
the accumulation of triglycerides (TGs) in
the hepatocytes, inflammation, and varying
degrees of liver damage.!

Despite significant advances in
understanding the pathogenesis of MetS
and related liver damage, many aspects
of it are still unknown. Various theories
have been proposed on the mechanism
of induction of liver damage, including
obesity, high-fat diet, and insulin resistance
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cytokines, and adipokines may stimulating
inflammatory responses and fibrogenesis.>*

The importance of oxidative stress in
inducing liver damage has been proven
by extensive studies. These patients show
increased levels of reactive oxygen species,
lipid peroxidation products, and decreased
concentrations of antioxidants, such as
glutathione.B#

It has been shown that consumption of
high fructose along with other sugars,
such as sucrose, increase the risk of
NAFLD and nonalcoholic steatohepatitis.
It is documented that people who have
consumed sugary drinks containing high
fructose for more than 6 months have
increased liver fat at the end of the study.
Increased fat accumulation in the liver
could be the result of hepatic fructose

How to cite this article: Niazi AA,
Kourkinejad Gharaei F, Saebinasab Z, Maleki M,
Maghool F, Fereidooni F, et al. Eugenol administration
improves liver damage induced by a fructose-rich diet.
Adv Biomed Res 2021;10:42.

Abbass Ali Niazi,
Fatemeh

Kourkinejad Gharaei',
Zahra Saebinasab’,
Maryam Maleki?,
Fatemeh Maghool?,
Fatemeh Fereidooni?,
Tahereh Safari*®

Department of Pathology, School
of Medicine, Zahedan University
of Medical Sciences, 'Student
Research Committee, Zahedan
University of Medical Sciences,
Zahedan, *Department of
Physiology, School of Medicine,
llam University of Medical
Sciences, llam, *Poursina Hakim
Digestive Diseases Research
Center; Isfahan University of
Medical Sciences, Isfahan,

P . .

Sehool of Viecheine: Suetan
University of Medical Sciences,
*Pharmacology Research Center,
Zahedan University of Medical
Sciences, Zahedan, Iran

Address for correspondence:
Dr. Tahereh Safari,
Department of Physiology,
School of medicine, Zahedan
University of Medical Sciences,
Zahedan, Iran.

E-mail: safaritahereh2@
gmail.com

Received: 28 September 2020
Revised: 18 October 2020

Accepted: 27 December 2020
Published: 26 November 2021

Access this article online

Website: www.advbiores.net

DOI: 10.4103/abr.abr_237_20

Quick Response Code:

© 2021 Advanced Biomedical Research | Published by Wolters Kluwer - Medknow




Niazi, et al.: Eugenol and nonalcoholic fatty liver disease

metabolism, which impairs fatty acid beta-oxidation and
increases de novo lipogenesis.*”!

Eugenol (4-allyl-2-methoxyphenol) is a phenolic compound
of (Eugenia caryophyllata) with several biological
activities.'¥ It is a powerful antioxidant compound, fivefold
higher than that observed for alpha-tocophero,” which
reduces lipid peroxidation to about 96.7%. Eugenol acts
as an effective free radical scavenger, and pharmacological
studies have shown that it has anticonvulsant, local
anesthetic, anti-stress, bactericidal, and antifungal
properties.®

Abd El Motteleb et al. have shown that low doses of
eugenol have a protective effect on ischemic damage/
hepatic reperfusion by reducing lipid peroxidation and
inflammatory factors and ultimately reducing apoptosis,
while high doses exacerbate it and cause liver damage. The
usage of low doses of eugenol reduced the level of lipid
and malondialdehyde (MDA) oxidation and also increased
the plasma antioxidant activity.['")

Based on the description above, this study was designed to
investigate the protective role of eugenol administration in
reducing liver damage caused by MetS.

Materials and Methods

For the present study, thirty male Wistar rats (200
t0250 g) were provided from the animal center under
controlled (12 h light and 12 h dark) situations,
temperature (23°C-25°C) and humidity (40%-45%), they
were held in the cages with free access to the normal rat
chow and drinking water (before the onset of experiment
protocols). The experiments were carried out based on
the committee for the purpose of control and supervision
of animal experiments. The Animals Ethics Committee of
Zahedan University of Medical Sciences, Iran, approved
the experiments (No#8997, Ethical Committee Approval
ID: IR.ZAUMS.REC.1399.257).

The animals in the control group received drinking
water (tap water), Group 2 fructosetwater (F) received
water containing fructose (10% weight/volume), and in
Groups 3, 4, and 5 animals supplied with water containing
fructose plus IP injection of sesame oil (as solvent for
eugenol) (F + V), Eugenol 50 mg/kg (F + E50), and
Eugenol 100 mg/kg (F + E100), respectively.!'"

Fructose regimens have been continued for 8 weeks to
induce MetS.!"?! On day 31, peritoneal injection of eugenol
was started in the treated groups. At the end of the
experiment, after 12 h fasting and under anesthesia with
ketamine 75 mg/kg and xylazine 10 mg/kg (IP),!**! blood
samples were taken from the heart for the measurement of
serum glutamic-oxaloacetic transaminase (SGOT), serum

glutamic pyruvate transaminase (SGPT), low-density
lipoprotein  (LDL), high-density lipoprotein (HDL),
cholesterol (Chol) fast blood glucose (FBG), and

2

triglyceride(TG). The liver was removed and weighed,
divided into two sections, one for biochemical
measurements (MDA and nitrite) and the other for tissue
damage surveying in 10% formalin. After preparation
and hematoxylin staining, the tissues were examined by
two blind pathologists. Liver tissue damage score (LTDS)
was determined based on the protocol of Veteldinen
et al. [Table 1].1'¥

The level of nitrite (stable NO metabolite) in supernatant
was measured using a colorimetric assay kit (Zellbio,
Germany) that involves the Griess reaction. MDA in the
supernatant of homogenized liver tissue was measured
based on the manual methodology.['>!”

Eugenol (cat #E-91791) and fructose (D-fructose >99%)
were obtained from Sigma and Syarikat System Malaysia
Company, respectively.

Statistical analysis

The data are reported as mean + standard error of the
mean. Data were analyzed using one-way analysis of
variance (ANOVA) followed by the LSD post hoc tests.
Histopathological results were evaluated by the Kruskal-
Wallis and Mann-Whitney U tests. The results were
considered statistically significant if P < 0.05.

Results

The comparison of mean weight of animals in
different groups showed a statistically significant
difference between the group receiving fructose
and the tap water group (P < 0.05). Treatment with
eugenol (50,100 mg/kg/day) significantly reduces body
weight compared to fructose group (P < 0.05), as shown

in Table 2. However, liver weight (g/100 g BW) showed

Table 1: Histopathology score of liver damage

Histological criteria Severity Description Score
Steatosis Absent <10% 0
Mild 10%-30% 1
Marked 31%-60% 2
Severe >60% 3
Inflammation None 0
Moderate Scattered® 1
Marked Foci® 2
Severe Diffuse? 3
Necrosis Absent 0% 0
Mild <10% 1
Marked 10%-50% 2
Severe >50% 3
Fibrosis® Absent 0
Mild 1
Marked 2
Severe 3

*Amount of inflammatory cells, "Mild: Moderately thickened
CLV, marked: Markedly thickened CLV, Severe: Cirrhosis,
CLV: Centrolobular vein
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no significant difference between the two treatment
groups received different doses (50 and 100 mg/kg/day)
of eugenol [Table 2].

As shown in Table 2, significant differences in fast blood
glucose (FBG) were observed among the treatment groups.
FBG significantly increased in Group 2. (fructose + water)
compared to tap water group (P < 0.001). However, FBG
significantly decreased in F + ES0 and F + E100 groups
compared to Group 2, fructose + water, (P < 0.05 and
P < 0.001) respectively. Furthermore, significant difference
in FBG (P < 0.05) was observed between F + E50 and
F + E100 groups.

The levels of SGOT and SGPT in the experimental
groups are illustrated in Table 3. SGOT and SGPT levels
significantly increased in Groups 2 (F) and 3 (F + V)
compared to the tap water group of rats (P < 0.001).
However, treatment with two different doses of eugenol (50
and 100 mg/kg) significantly decreased SGOT and SGPT
levels compared to that in Group 2 (F) (P < 0.05). There
was no significant difference in SGOT and SGPT levels
between Groups 4 and 5 (eugenol 50 and 100 mg/kg).

As shown in Table 3, Chol, LDL, and TG levels
significantly increased in Group 2 (fructose + water)
compared to that in the tap water group (P < 0.01).
Although treatment with both doses (50 and 100 mg/kg) of
eugenol did not changed the increase in Chol and TG, just
low dose (50 mg/kg) of eugenol declined LDL compared to
that in Group 2 (fructose + water).

Table 2: The Body weight (g), liver weight (g/100g BW)
and fast blood glucose, FBG (mg/dl) in each group

Groups Body Liver weight FBG (mg/dl)
weight (g) (g/100g BW) Mean+SEM
Mean+SEM Mean+SEM

Tap water 268+8.40 3.07+0.28 112.8+2.3

F 29249.61 3.02+0.11 157.66+10.52*
F+V 301+7.32 3.21+0.06 161.42+2.16%*
F+E S50 290+8.20 2.85+0.07 133.75£1.73%#
F+E100 29049.51 2.77+0.12 115.15+2.46*

The symbols indicate a significant difference, *from tap water group,
Sfrom fructose + eugenol 100 mg/kg group, *from fructose group
(P<0.05). Fructose, F; Fructose + vehicle, F + V; Fructose + eugenol
50 mg/kg, F + E50; Fructoseteugenol 100 mg/kg, F + E100

LDL levels had marked difference between Groups 4 and 5
compared to Groups 2 (fructose + water) (P < 0.001).

Figure la represents nitrite and MDA levels in different
experimental groups. MDA significantly increased in
Group 2 (fructose + water) compared to the tap water
group (P < 0.01), whereas it significantly decreased
in F + E50 and F + EI00 groups compared to
Group 2 (fructose + water) (P < 0.05). Furthermore,
significant difference in MDA (P < 0.05) was observed
both low and high treatment eugenol groups. On the other
hand, the mean level of tissue nitrite showed a decrease
following induction of MetS (fructose + water) compared
with tap water rats (P < 0.05). Treatment with both doses
of eugenol (fructose + eugenol 50 and 100 mg/kg groups)
increased nitrite levels significantly (P < 0.05), although
no difference in nitrite levels was seen between the two
eugenol-treated groups (F + E50 and F + E100) [Figure 1b].

The histopathology score showed a significant increase
in tissue damage, including steatosis, inflammation,
necrosis, and fibrosis in Group 2 (F) compared to
those in tap water rats. (P < 0.05). On the other hand,
the results show that treatment with eugenol 50 and
100 mg/kg/day reduced LTDS compared to the fructose
group (P < 0.001). However, there was no significant
difference in the amount of tissue damage between
the two groups receiving eugenol (50 and 100 mg/
kg/day), [Figure 1c]. These findings were compatible
with the liver pathological changes [Figure 2]

Discussion

This study showed that the use of eugenol at doses of 50
and 100 mg/kg improves lipid profile and liver function in
the experimental model of MetS. The effects of long-term
fructose consumption on the liver in the present study were
similar to the study results of Pardhe ef al., who reported
that high fructose diet increased liver enzymes and lipid
profile according to the NAFLD grade.

High fructose intake has been shown to cause fatty
liver, hepatotoxicity, and increased inflammatory
cytokines, which have played an important role in
the development of liver cell damage and NAFLD.!'®
Therefore, most previous studies were consistent with
our study.

Table 3: The SGOT (mg/dl), SGPT (mg/dl), LDL (mg/dl), Chol (mg/dl), TG (md/dl) and HDL (mg/dl) in each group

Groups SGOTmg/dl SGPT mg/dl LDLmg/dl Chol mg/dl TG mg/dl HDL mg/dl
Mean+SEM Mean+SEM Mean+SEM Mean+SEM Mean+SEM Mean+SEM
Tap water 159+9.49 79.40+1.28 106.00+1.26 153.41+1.07 138.00+0.70 34.60+1.40
F 249.51£18.61* 111.02+3.86* 117.17+0.70* 172.50+1.25* 156.83+2.54* 40.33+0.84
F+V 223.42+15.64%* 126.02+2.24* 116.14+1.43* 168.43+3.47* 157.43+£3.09* 37.71£1.71
F+E 50 129.37+6.55% 69.504+4.65% 110.75+1.32% 173.50+2.75 166.5+£5.47 40.75+1.91
F+E100 124.93+11.33% 71.25+10.93% 120.62+2.76 168.50+4.29 168.75+4.83 39.56+1.42

The symbols indicate a significant difference,*from tap water group, from fructose and fructose + vehicle groups. Tap Water, TW; Fructose,
F; Fructose + vehicle, F + V; Fructose + eugenol 50 mg/kg, F + E50; Fructose + eugenol 100 mg/kg, F + E100
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Figure 1: Evaluation of MDA (a) and nitrite (b) levels of liver and liver tissue
damage score LTDS (c).* Indicates significant differences compared to Tap
water group, & Indicates significant differences compared to fructose and
fructose + vehicle group, (P < 0.05). Tap Water, Fructose, F; Fructose +
vehicle, F + V; Fructose + eugenol 50 mg/kg, F+E 50; Fructose + eugenol
100 mg/kg, F+E 100

The development of steatosis, inflammation of the lobules,
and liver damage by fructose has been reported in other
studies, and concomitant treatment with eugenol by
reducing liver enzymes has improved its function, which is
confirmed by histological results.!*2%

Another study reported that doses of 50 and 200 mmol of
eugenol for 48 h reduced fat accumulation by affecting the
AMP-activated protein kinase-Sterol regulatory element
binding protein (AMPK-SREBP) signaling pathway,
suggesting that eugenol acts as an anti-fatty liver agent. They
have suggested that eugenol and the herbal compounds it
contains as a dietary supplement may have beneficial effects
on the treatment of fatty liver and hepatic fibrosis in the
early stages.”!! In this regard, Harb, Amani. et al. reported
that eugenol has reduced Chol, LDL, and the atherogenic

4
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Figure 2: The pathology images (magnification x 100) of liver
tissue in experimental groups. The groups received tap water
Fructose, F; Fructose + vehicle, F + V; Fructose + eugenol 50 mg/kg,
F + E50; Fructose + eugenol 100 mg/kg, F + E100

index, whereas it has no effect on HDL and TG. In addition,
it reduced steatosis, liver inflammation, and hepatomegaly,
as well as liver enzyme levels and improved superoxide
dismutase and catalase activity(CAT). Their study showed
that the hypercholesterolemic effects of eugenol are
not mediated by the inhibition of cholesterol synthesis.
According to this study, TRPV1 channel, a nonselective
cation channel that is highly permeable to calcium, may
play an important role in hyperlipidemia. This channel is
also increased in inflammatory and lipidemic conditions.
In fact, activation TRPV1 channel causes the accumulation
of fat in liver cells, whereas inhibition of this channel can
prevent the fat accumulation in the hepatocytes.

Associated studies have shown that eugenol prevents
the build-up of hepatic fat and improves its function by
reducing the TRPVI1 channel. They have suggested that
chronic use of eugenol has a protective effect against
hypercholesterolemia.?

Our study showed that eugenol has protective effects on the
liver damage induced by a fructose-rich diet. Eugenol may
improve hepatic injury by reducing the fat accumulation in
liver and lowering hypercholesterolemia. These observations
are supported by the finding that eugenol has anti-fatty
effects on the liver and as a dietary supplement improves
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hepatic steatosis and liver fibrosis. In this study, we showed
that eugenol improves liver enzymes. Our results are in
agreement with other studies that have reported eugenol
lowers liver enzyme levels in thioacetamid-induced
hepatotoxicity,*!! stereptozocin-induced diabetes,**! high-fat
diet-induced fatty liver disease,’!) and triton-induced
hypercholesterolemia.”™ The results also revealed that
eugenol has anti-inflammatory effects. Indeed, eugenol
has antioxidant properties that are partially mediated by
lowering the MDA and increasing the level of hepatic
nitrite. In confirmation of this result, it has been reported
that nitrite attenuates oxidative stress and maintains AMPK
activity in the mouse model. In addition, nitrite has been
shown to protect the liver against diet-induced steatosis.*®

Conclusion

Eugenol may ameliorate liver damage in a rat model
of fructose-induced MetS, and these protective effects
may in part be mediated by improving antioxidant status
and reducing oxidative stress and lipid peroxidation.
It may also reduce hepatic inflammation and fat
accumulation (steatosis), as well as fibrosis of liver cells.
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