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[XTE In this study, we investigated the effect of clove extract (Syzygium aromaticum) on liver cell damage
and oxidative stress caused by diabetes in adult rats.

For this study, 28 female rats were collected and divided into four groups: A: Control
group; B: Diabetic Control group (DC) which received 20% glycerol dissolved in normal saline as carriers;
C: Diabetic rats (DSA) treated with cloves hydroalcoholic extract (4 mg/kg); d) diabetic rats (DG) treated
with glibenclamide (5 mg/kg) as a standard drug.

[FiITTE The fasting blood sugar and serum triglyceride levels in the DC group increased significantly com-
pared to the control group (P<0.05). In DC, DG, and DSA groups, high-density lipoprotein, and serum
insulin levels decreased significantly compared to the control group (P<0.05). Also, in DG and DSA groups,
high-density lipoprotein and serum insulin levels increased significantly compared to the DC group.
[T Cloves can affect fasting blood sugar, serum insulin levels, serum fat profile levels, and prevent
liver tissue damage in diabetic rats caused by streptozotocin.
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English Version insulin secretion from these cells is impaired [4]. Typically,
less than 10% of diabetic patients have type 1 diabetes [5].
The number of diabetics in 2003 reached 194 million be-
tween the ages of 20 and 79 years. An increase of up to
50% is expected in 2010, most of which are new patients
found in Africa and Asia [6]. The prevalence of type 2 dia-

betes is also a public health concern and accounts for about

1. Introduction

iabetes Mellitus (DM) is a chronic meta-
bolic disease characterized by high blood
sugar, vascular problems, neurological
problems [1], and high blood glucose
levels due to decreased insulin excretion

10 million chronic diseases and a significant percentage of
deaths worldwide each year. It is estimated that about 5%

or insulin resistance or both [2, 3]. There are two types of
diabetes: type 1 and type 2. In type 1 diabetes or insulin-
dependent diabetes, pancreatic beta cells are destroyed and
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to 8% of adults in the world have diabetes. The Internation-
al Diabetes Association reported 285 million people with
type 2 diabetes worldwide in 2010 and predicts that it will
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reach 438 million by 2030 [7]. People with diabetes are at
risk for advanced cardiovascular diseases because of high
blood glucose levels [4]. Evidence suggests that oxidative
Stress plays a major role in the pathogenesis of both types of
diabetes. An unusual increase of free radicals and a simul-
taneous decrease of antioxidant defense mechanisms can
damage cellular organelles, increase lipid peroxidation, and
develop insulin resistance [8, 9]. Chronic hyperglycemia
can cause extensive and irreversible damage to the eyes,
nerves, kidneys, heart, and blood vessels, and other parts
of the body. Liver is one of the organs that is damaged in
diabetes [10]. It is an effective organ in maintaining nor-
mal blood glucose levels, and hyperglycemia leads to an
imbalance in oxidation-reduction (redox) reactions within
hepatocytes Thus, hyperglycemia causes the production of
free radicals by increasing the production of advanced gly-
cation end products by disrupting the production of super-
oxide scavengers such as reactive oxygen species (ROS),
endogenous Superoxide Dismutase (SOD), and Catalase
(CAT). Thus, it is clear that diabetic liver damage is caused
by several factors and cannot be controlled only by inhibit-
ing hyperglycemia [11].

In diabetic animals, the activities of SOD, CAT, and glu-
tathione are reduced [9]. CAT and SOD are the most im-
portant known oxidative enzymes. SOD, which is present
in most aerobic organisms and converts superoxide to hy-
drogen peroxide and oxygen in the cytoplasmic space, may
protect DNA and intracellular organelles from damages
caused by ROS [12]. Recent evidence suggests using tra-
ditional herbal remedies for diabetes. Herbs often contain
significant amounts of antioxidants, including tocopherols
(vitamin E), carotenoids, ascorbic acid (vitamin C), flavo-
noids, and tannins. It has been suggested that the antioxi-
dant action of these plants may be an essential and impor-
tant property of herbal medicines used to treat diabetes [4].

Cloves (Syzygium aromaticum) is a fragrant sprout plant
commonly used in Africa, Asia, and other parts of the
world. Syzygium aromaticum (DSA) has several therapeu-
tic effects, including antibacterial, antifungal, and kidney
strengthening effects, and has traditionally been used as a
preservative and antimicrobial in food [8, 13]. In a study,
the effect of DSA on lowering glucose levels and increasing
serum insulin, the levels of SOD and CAT enzymes were
investigated [8]. Also, the antioxidant effects of DSA and
its ability to reduce malondialdehyde (MDA) have been
studied [14]. This study aimed to evaluate the effect of
DSA on liver cell damage and oxidative stress caused by
diabetes in adult rats.
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2. Materials and Methods

For this study, 28 female mice weighing an average of
200-250 g were used. The animals were purchased from
the Razi Institute of Mashhad, Mashhad city, Iran, and kept
in standard conditions (temperature 25°C, and 12:12 hours
of light:dark cycle). During the experiment, rats had free
access to water and food. All research stages of this study
were performed following the instructions related to the
care and use of laboratory animals of Gonabad University
of Medical Sciences.

Rats were randomly divided into one healthy control
group (n =7) and three experimental groups (n = 21). To
induce diabetes in the experimental groups, a single in-
traperitoneal injection of 50 mg/kg streptozotocin (STZ)
(Sigma) dissolved in 5 mm of 0.1 M citrate buffer (pH =
4.5) was performed [6]. In the control group (normal), the
same amount of citrate buffer was injected as a single dose
instead of STZ. About 72 hours after the injection, rat blood
glucose was measured to confirm diabetes (blood glucose >
250 mg/dL was considered diabetic).

Diabetic rats were divided as follows: a) the healthy con-
trol group, b) the diabetic control group (DC) that received
normal saline as a solvent, ¢) diabetic rats treated with 50
mg/kg of hydroalcoholic extract of DSA, d) diabetic rats
(DQG) treated with 5 mg/kg glibenclamide (GBC) as a stan-
dard drug. Treatment was performed once a day for 21 days
for all groups by intraperitoneal injection. After a treatment
period of 21 days, the rats were anesthetized and their blood
samples were taken and their kidneys, pancreas, and liver
were frozen at -70°C. Blood samples were used to test for
glucose, insulin, lipid profiles, some oxidative stress mark-
ers, and antioxidant enzymes. Their serum samples were
Stored at -70°C.

To extract the hydroalcoholic extract of DSA, we first pul-
verized the dried clove buds that were prepared and mixed
in absolute alcohol and distilled water at a rate of 50% and
shaken by a shaker for 48 hours. It was then filtered and
centrifuged at 1000 rpm. After evaporating water and al-
cohol, we dissolved the powder obtained as an extract in
normal saline and used it at a dose of 4 mg/kg.

SOD activity was measured using the RANSOD (UK) kit
method. MDA was measured by placing plasma in a test
tube containing glacial acetic acid, to which 1% thiobarbi-
turic acid in 2% NaOH was added. An equal volume (600
UL/L) of glacial acetic acid and thiobarbituric acid solutions
was added to 40 pL of plasma. The test tube containing the
mixture was then placed in boiling water for 15 minutes.
After cooling, the adsorption was read at 532 nm. MDA

Pourlak T, et al. Extracts of Cloves (Syzygium aromaticum) on Hepatic Cell Damage and Oxidative Stress. The Horizon of Medical Sciences. 2020; 26(4):432-447.
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level was calculated using the MDA-TBA absorption coef-
ficient (e=1.56 x105 cm-1M-1) [13, 15].

Serum glutathione peroxidase (GPx) level was measured
using the Pars Test Kit (Iran) method. Finally, the data
obtained from this experiment were analyzed by 1-way
analysis of variance, and Tukey’s post hoc test was used to
determine the groups with significant differences (P<0.05).
In this study, the data were presented as Mean+SEM form.

Autumn 2020. Vol 26. Issue 4

a significant decrease compared to the DC group (P<0.05)
(Figure 1).

In the DC, DG, and DSA groups, serum insulin levels sig-
nificantly decreased compared to the healthy control group
(P<0.05). Also, in the DG and DSA groups, insulin levels
increased compared to the DC group. This increase was sig-

nificant in the DSA group (P<0.05) (Figure 2).
3. Results

Serum cholesterol level

Fasting Blood Sugar (FBS) level in the DC group in-
creased significantly compared to the healthy control group
(P<0.05). Also, FBS levels in DG and DSA groups showed

The serum cholesterol level in the DC group was signifi-
cantly higher than that in the healthy control group (P<0.05).

Table 1. Results of serum lipid profile presented as Mean+SEM

Mean+SEM
Group ~ 1R ]
o den:;ti\'/‘ pESR High-density Lipoprotein Cholesterol Triglyceride

Healthy control 19.4807+0726* 34.8412+0.57* 64.0150£2.23* 38.5965+1.58*
Diabetic control 25.2614+1.26 27.8700+1.13 8.1617+2.13 62.374843.58

D'aZEFr;:tDSA 13.8968+2.09* 43.6900+1.62* 59.0191+3.97* 44.654145.14*

Diabetic+GBC 8.6100+2.57* 30.9222+0.67* 72.9426+3.65* 40.6709+0.835*
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Healthy control group: The healthy group treated with normal saline (for 20 days), diabetic control group: diabetic rats treated with normal
saline (for 20 days), diabetictDSA extract: diabetic group treatment with DSA extract at 4 mg/kg (for 20 days) Diabetic+GBC: Diabetic
group treated with glibenclamide extract at 5 mg/kg (for 20 days). * Significantly different from the diabetic control group.

Table 2. Results of serum oxidative stress markers presented as MeantSEM

MeantSEM
Group
Superoxide dismutase Glutathione peroxidase Malondialdehyde
Healthy control 2.407+0.11 321.35+1.57* 0.11+1.478
Diabetic control 1.029+0.22 1.13+95.80 0.29+2.272
Diabetic+DSA extract 2.351+0.17%* 2.56+226.10* 0.11+1.643*
Diabetic+GBC 2.179+0.21* 1.48+180.22* 0.20+1.859*
uarterly of
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Healthy control group: The healthy group treated with normal saline (for 20 days), diabetic control group: the diabetic group treated with
normal saline (for 20 days), diabetic+tDSA extract: the diabetic group treated with 4mg/kg DSA extract (for 20 days) DiabetictGBC:
Diabetic group treated with GBC extract 5 mg/kg (for 20 days). * Significantly different from the diabetic control group.
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Figure 1. Chart of fasting serum glucose levels in study groups

Healthy control group: healthy group treated with normal sa-
line (for 20 days), diabetic control group: diabetic group treat-
ed with normal saline (for 20 days), diabetictDSA extract:
diabetic group treated with 4mg/kg DSA extract (for 20 days)
Diabetic+GBC: Diabetic group treated with GBC extract 5
mg/kg (for 20 days). * Significantly different from the diabetic
control group.

Figure 3. Examination of liver histological results (magnification, x100)
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Figure 2. Graph of serum insulin levels in study groups

Healthy control group: healthy group treated with normal sa-
line (for 20 days), diabetic control group: diabetic group treat-
ed with normal saline (for 20 days), diabetictDSA extract:
diabetic group treated with 4mg/kg DSA extract (for 20 days)
Diabetic+GBC: Diabetic group treated with GBC extract 5
mg/kg (for 20 days). * Significantly different from the diabetic
control group.
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1: Tissue section image related to the healthy control group; 2: Tissue section image related to the diabetic control group; 3: Tissue

section image related to the diabetic group treated with DSA extract; 4: Tissue section image related to the diabetic group receiv-

ing GBC. The black arrow indicates the areas of tissue bleeding. The red arrow indicates the dilated sinusoid. The orange arrow

indicates the central vein.
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Also, cholesterol levels in DG and DSA groups decreased
significantly compared to the DC group (P<0.05) (Table 1).

Levels of low-density lipoprotein (LDL)

The serum level of Low-Density Lipoprotein (LDL) in-
creased slightly in the DC group compared to the healthy
control group (P<0.05). Also, the LDL level in the DG and
DSA groups decreased significantly compared to those in
the DC group (P<0.05).

Serum levels of high-density lipoprotein (HDL)

The serum level of High-Density Lipoprotein (HDL)
in the DC group significantly decreased compared to the
healthy control group (P<0.05). Also, HDL significantly in-
creased in DG and DSA groups compared to the DC group
(P<0.05). On the other hand, HDL levels in the DSA group
were significantly higher than the healthy control group
(P<0.05) (Table 1).

Serum triglyceride (TG) levels

The serum triglyceride (TG) level in the DC group signif-
icantly increased compared to that in the healthy control
group (P<0.05). Besides, TG mean level in the DSA group
significantly decreased compared to that in the DC group
(P<0.05) (Table 1).

Oxidative stress markers

Table 2 presents serum levels of glutathione peroxidase
GPx, SOD, and MDA. The activity of GPx and SOD
enzymes in the diabetic control group was significantly
lower than those in the healthy group (P<0.05); however,
treatment with clove extract increased the serum activity
of GPx and SOD in comparison with the control diabetic
group (P<0.05). In the diabetic control group, serum MDA
level increased significantly compared to that in the healthy
group (P<0.05). On the other hand, in the groups treated
with clove extract, MDA significantly reduced compared to
that in the control diabetes group (P<0.05) (Table 2).

Histopathology of the Liver

The liver tissue obtained from the healthy group was his-
tologically normal. Histological studies have shown that
diabetes leads to degenerative changes such as edema,
rupture, bleeding in the central arteries, dilation of the si-
nusoids, and pyknotic nuclei. However, the degenerative
changes mentioned in the treatment groups decreased (Fig-
ure 3).
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4. Discussion

Streptozotocin (STZ) is a compound commonly used to
induce type 1 diabetes in rats [16]. STZ causes diabetes by
rapidly decreasing pancreatic beta cells, which ultimately
leads to decreased insulin secretion. Glibenclamide (GBC)
has been shown to cause hypoglycemia by increasing insu-
lin secretion from beta cells in the pancreas. The compound
is active in moderate STZ-induced diabetes (some beta
cells are still healthy), while in severe diabetes it inactivates
STZ (which is lost in almost all beta cells) [17]. Our results
showed that GBC reduced FBS levels in hyperglycemic
animals, so the diabetic status of the animals was moderate.
The hypoglycemic effects of plant extracts depend on the
extent to which pancreatic beta cells are destroyed. Treat-
ment of moderate diabetic rats with medicinal plant extract
resulted in the activation of beta cells and increased insulin
production [18]. The antihyperglycemic activity of DSA
was associated with an increase in plasma insulin, indicat-
ing that the antihyperglycemic activity of DSA may be due
to the insulin-producing activity of this extract. The increase
in insulin levels observed in the present study showed that
the extract of DSA can lead to insulin secretion from the
remnants of beta cells or regenerated beta cells. Also, the
results of this study showed that the extract of DSA signifi-
cantly reduced FBS due to increased insulin secretion [19].

Diabetes affects several metabolic pathways, including
lipid metabolism. Insulin deficiency (type 1 diabetes) or
low insulin function (type 2 diabetes) leads to decreased
glucose uptake by tissues that need insulin (such as the
liver) as well as increased glucose production by increas-
ing gluconeogenesis, which ultimately leads to a decrease
in blood sugar level. Because of the increase in glucose and
a decrease in insulin levels in the blood plasma, the hepatic
regulation of lipid metabolism is greatly altered. Insulin is
an important regulator of many enzymes involved in lipoly-
sis and lipogenesis, so its deficiency causes major changes
in the activity of these enzymes and thus affects the overall
metabolism of fats and fat profiles in various tissues [20].

In STZ-induced diabetes, elevated blood sugar levels are
usually associated with elevated plasma cholesterol, tri-
glycerides, and LDL but decreased HDL [21]. The activa-
tion of hormone-sensitive lipase during insulin deficiency is
associated with the release of free fatty acids (FFAs) from
adipose tissue [22]. Thus, excess fatty acids produced by
STZ-induced diabetes in plasma enhance the conversion of
excess fatty acids to phospholipids and cholesterol in the
liver. These two substances along with excess triglycerides
formed in the liver may be excreted into the blood as lipo-
proteins [16].

Pourlak T, et al. Extracts of Cloves (Syzygium aromaticum) on Hepatic Cell Damage and Oxidative Stress. The Horizon of Medical Sciences. 2020; 26(4):432-447.
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Our observations showed that DSA extract alone and in
combination with GBC significantly reduced plasma cho-
lesterol, triglycerides, and LDL compared to the diabetic
control group. Also, DSA extract increased HDL compared
to the diabetic control group (Table 1). DSA extract may
restore plasma lipid status to normal by controlling lipid
metabolism. These results were in agreement with the re-
sults of previous studies [23, 24].

Our observations showed that carnation caused a signifi-
cant increase in GPx and SOD compared to the healthy con-
trol group (Table 2). Glutathione (GSH) is one of the cyto-
plasmic scavengers of radicals that can reduce free radicals
[25]. Tt is generally believed that the protective effect of
GSH against the oxidative degradation of lipids is achieved
through GPx by reducing the endogenously formed hy-
droperoxides of polyunsaturated fatty acids (PUFA) and
converting them to hydroxyl derivatives [26]. GSH can
inhibit the production of free radicals by temporarily form-
ing metal catalysts, breaking chain reactions, reducing the
concentration of Reactive Oxygen Species (ROS), and in-
creasing the levels of enzymes involved in the antioxidant
system (SOD, CAT, GPx, and GST) [27, 28].

Selenium is an important cofactor for the SOD enzyme
[29] and the use of DSA extract in rats increases selenium,
reduces oxidative stress, and liver damage. Similar results
were observed in the study of Adefegha et al. [8], which
showed that the Fenton reaction is a combination of H202
and Fe2+, which is frequently used to induce lipoxygen-
ase (LPO) reactions [30]. LPO releases hydrogen, the most
powerful oxidant in the biological system, from PUFA and
hydroxyl radicals, and it can use hydrogen released from
PUFA to increase oxidative stress [29].

The antioxidant activity of DSA may be due to phenolic
compounds such as eugenol, eugenol acetate, and thymol
[31]. DSA can prevent cell damage by scavenging free
radicals, chelating temporary metal ions, inhibiting oxidant
enzymes, or by repairing a-tocopherol from the o-tocofoxyl
radical [32]. Also, flavonoids can scavenge O,, OH, and
peroxyl radicals and inhibit LPO activity [33]. DSA can
increase SOD, GPx, and GSH and decrease MDA [34].

Hyperglycemia and hyperlipidemia in diabetic patients
are associated with increased oxidative stress [35] and in-
creased MDA levels in type 2 diabetic rats. This indicates
that increased lipid peroxidation leads to tissue damage and
the inability of antioxidant defense mechanisms to prevent
the free radical attack, which may lead to leakage of en-
zymes and metabolites into the bloodstream [36]. Elevated
levels of enzymes such as alanine transaminase (ALT),
Aspartate Transaminase (AST), markers of liver damage,
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and evaluation of AST and ALT indicate liver status and
necrotic cells, respectively [37]. Abnormal levels of alka-
line phosphatase (ALP) in the blood can also indicate liver
or bone problems [38]. In the present study, AST, ALT, and
ALP levels were significantly higher in the diabetic group
compared to the healthy control group. Also, in the group
treated with DSA, a significant decrease in AST and ALT
levels was observed compared to the diabetic group. In pre-
vious studies, an increase in ALT and AST enzymes was
observed in diabetic patients [39, 40]. Nyblom et al. report-
ed that in patients with progressive alcoholic liver disease,
liver enzymes such as AST and ALT would increase [41].
DSA can reduce liver damage by increasing enzymes in
the antioxidant system (SOD, CAT, and GPx) and reducing
oxidative $tress [42, 43]. Also, the results of liver histology
in this study showed that DSA extract reduces liver tissue
damage caused by diabetes.

5. Conclusion

The results of this study showed that DSA extract has
beneficial effects in lowering blood sugar, oxidative stress,
plasma cholesterol, triglycerides, and LDL level. DSA also
increases blood insulin levels and improves liver tissue
damage and has beneficial effects in reducing tissue dam-
age caused by diabetes. Therefore, because of these ben-
eficial effects of clove plant, it can be used as an effective
herbal medicine in reducing and treating the complications
of diabetes on liver tissue.
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