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LABORATORY STUDY

Effects of pomegranate seed oil on oxidative stress markers, serum
biochemical parameters and pathological findings in kidney and heart of
streptozotocin-induced diabetic rats

Hamid Mollazadeha, Hamid R. Sadeghniaa,b, Azar Hoseinic, Mehdi Farzadniad and
Mohammad Taher Boroushakia,c

aDepartment of Pharmacology, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran; bNeurocognitive Research
Center, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran; cPharmacological Research Center of Medicinal
Plants, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran; dCancer Molecular Pathology Research Center,
Ghem Hospital, Faculty of Medicine, Mashhad University of Medical Sciences, Mashhad, Iran

ABSTRACT
Purpose: Oxidative stress due to hyperglycemia is a major cause of diabetes complications. The
aim of this study was to evaluate the effects of pomegranate seed oil (PSO) on serum biochemical
parameters, cardiomyopathy and nephropathy induced by diabetes mellitus.
Method: W/A adult rats were divided into four groups (12 each): group 1, received saline
(1 mL/kg), group 2, received streptozotocin (STZ, 65 mg/kg, a single dose as i.p.), groups 3 and 4,
received STZþ PSO (0.4 and 0.8 mL/kg, daily by gavage, respectively). After three weeks, six rats of
each group and one week later the remaining animals were anesthetized, blood samples were
taken for measuring serum biochemical parameters. Sections of heart and kidneys were used for
histopathological studies and the remaining tissues were homogenized for measuring malondial-
dehyde (MDA) and total sulfhydryl groups.
Results: Significant elevation of serum creatinine and urea, LDL, triglyceride, glucose levels as well
as urine markers, MDA levels in tissue homogenates and a significant decrease in total thiol con-
tent and serum HDL were observed in STZ-treated group as compared with control group. PSO
treatment resulted in a significant decrease in tissue MDA content, serum creatinine and urea lev-
els as well as urine markers as compared with STZ-treated group. Lipid profile was ameliorated
with PSO treatment. PSO also significantly reversed STZ-induced depletion in thiol content and
histological abnormality. Effect of PSO was more specific at 28th than 21th days of study.
Conclusion: The results showed that PSO has a protective effect against diabetes complications in
rats.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disease
portrayed by serum glucose elevation and higher gly-
cated hemoglobin (HbA1C) as well as protein, resulting
from defects in action or secretion of insulin, or both.1

Nowadays, about 285 million people are affected with
DM in the world and it is estimated that by the year
2030, 439 million people are relied upon to experience
from the disease along with its serious complications.2

Chronic hyperglycemia is associated with reactive oxy-
gen species (ROS) production and induced long-term
pathological damage, dysfunction, and failure of differ-
ent organs, especially the kidneys, eyes, nerves, blood
vessels, and heart due to increasing oxidative stress.
Also biochemical parameters are severely affected by

oxidative stress, which result in damages to DNA and
cellular proteins.3,4

Higher mortality rate in diabetic patients is related to
the complications including cardiovascular diseases
(CVDs) and diabetic nephropathy. Dyslipidemia is an
important risk factor for CVDs.5 Enhanced oxidative
stress due to chronic hyperglycemia is a fundamental
reason for next events including endothelial dysfunction
and decreasing synthesis and releasing of nitric oxide
by endothelial cells that tends to microvascular compli-
cations. Adverse effects of dyslipidemia due to insulin
resistance including lipoprotein oxidation, production of
triglyceride-rich VLDL particles (fasting hypertriglyceride-
mia) and transient hypertriglyceridemia and changing in
lipoprotein metabolism are the other reasons of dia-
betes complications.5–7
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Pomegranate, Punica granatum L., as a fruit native
to Middle East, has therapeutic effects including anti-
oxidant,8 anti-inflammatory,9 anti-cancer and anti-
microbial.10 Pomegranate seed oil (PSO) made of
12–20% of total seed weight is a rich source of conju-
gated octadecadienoic fatty acids.11 Antioxidant and
anti-inflammatory activities are the main features of
PSO due to its content of conjugated linolenic acids
especially punicic acid.12 Nephroprotection,13,14 anti-
osteoporosis,15 beneficial effect on serum lipid profile,16

neuroprotective effect of PSO,17 reducing peripheral
insulin resistance11 and hepatoprotection18 are the
other beneficial effects of PSO.

Oxidative stress has a role in the etiology of DM
complications; therefore, progression of therapeutic fac-
tors with antioxidant effects is considered.19 Medicinal
plants as an alternative source of therapeutic com-
pounds are interested to the researchers for use as
complementary medicine.20 In this study, protective
effects of PSO on oxidative stress markers, serum bio-
chemical parameters and pathological findings in kid-
ney and heart tissues of STZ-induced diabetic rats is
investigated

Material and methods

Animals

Forty-eight adult male Wistar rats (Animal House,
Faculty of Medicine, Mashhad University of Medical
Sciences, Mashhad, Iran), weighing 235–275 g, were
used for all experiments. These animals were housed in
a clean rodent room under a 12:12-h light–dark cycle,
with ad libitum access to food and water and main-
tained at a temperature of 24 ± 1 �C. The rats were fed
standard diet having the following composition: fat,
2–3%; starch, 55%; protein, 20–21%; crude fiber, 6%;
NaCl, 5%; and trace elements and amino acids. All ani-
mal procedures were approved by the Mashhad
University Ethics Committee and were in compliance
with National Laws and with National Institutes of
Health guidelines for the use and care of laboratory
animals.

Chemicals

DTNB (2,20-dinitro-5,50-dithiodibenzoic acid), n-butanol,
Na2EDTA (ethylenediaminetetraacetic acid disodium
salt), TBA (2-thiobarbituric acid), Trizma base
[Tris(hydroxymethyl)aminomethane], KCl, HCl, phos-
phoric acid ((1%), TCA (trichloroacetic acid) and metha-
nol were purchased from Merck (Darmstadt, Germany).
PSO d¼ 0.81 g/mL at 25 �C was purchased from

Sarouneh Institute. (Uromeya, Iran). STZ (streptozotocin),
ketamine, and xylazine were obtained from Sigma
Aldrich (St. Louis, MO).

Experimental design

Experimental design and induction of STZ model of
diabetes

After acclimatization, animals were randomly divided
into four groups (12 each) and individually put in the
metabolic cages. Group 1, control group, received
saline (1 mL/kg) orally, once a day. Groups 2, 3 and 4
were injected with a single dose of STZ (65 mg/kg), dis-
solved in 0.1 M citrate buffer (pH: 4.5) and used by sin-
gle i.p. injection 3 days before PSO treatment to
induce DM. The development of DM in rats was con-
firmed by blood glucose evaluation after 48 h. After
overnight fasting, blood samples were taken from tail-
vein, the animals with blood glucose higher than
250 mg/dL, which was detected by a strip-operated
blood glucose meter (Accu-Check Compact Plus, Roche
Diagnostics, Germany) were considered as diabetic and
were selected for further studies. Groups 3 and 4 were
treated daily with PSO, 0.4 and 0.8 mg/kg orally,
respectively. The doses of PSO and STZ were selected
based on the previous studies.14,20 All procedures were
performed between 10 and 12 am. Twenty-four-hour
urine samples were collected from six animals of each
group for measuring protein and glucose concentra-
tions, one day before surgery at the 20th day of onset
of protocol. After overnight fasting, animals were
immediately anesthetized by injection of ketamine
(60 mg/kg) and xylazine (10 mg/kg). After opening the
chest cavity, blood samples were collected by cardiac
puncture to measuring serum biochemical parameters.
The serum was separated after centrifugation at 1800 g
for 10 min and stored at �20 �C. Kidneys and heart
were quickly excised for histopathological studies, and
biochemical parameters were measured (malondialde-
hyde and total thiol content), and stored at �70 �C.
One week later, the six remaining animals in each
group were killed and the samples were taken as
described.

Homogenization protocol

The left kidney and heart were scissors minced,
washed with normal saline (0.9%) and homogenized in
ice shower containing 4 mL of 0.2 M phosphate buffer
(pH 7.4). Homogenates were centrifuged at 3000 g for
15 min at 4 �C to remove tissue remnants. Supernatant
was restored at �70 �C until measuring the
parameters.
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Biochemical methods

Lipid profile, glucose and C-reactive protein assay
method

The level of triacylglycerol was determined, using
enzymatic kits (Ziest Chem Diagnostic kits, Iran) with uti-
lizing glycerol as a standard. Also total cholesterol, HDL
and LDL levels were determined based on enzymatic
methods by diagnostic kits (Ziest Chem, Iran), with utiliz-
ing cholesterol as a standard. Serum glucose and
C-reactive protein (CRP) were determined using the
Hitachi 7070 automatic biochemical analyzer (Hitachi
Ltd., Japan).

Creatine kinase and lactate dehydrogenase

Serum creatine kinase (CK) and lactate dehydrogenase
(LDH) activities were measured spectrophotometrically
(UV-160, Shimadzu) in a blinded manner by an auto-
matic biochemistry analyzer using a commercially avail-
able kit. The absorbance of the solution for LDH was
detected at 492 nm and for CK at 340 nm.

Urea and creatinine measurement

Urea concentration was determined colorimetrically with
urea kit (Man Lab Company, Tehran, Iran). Creatinine
concentration was measured by Jaffe’s method.21

Urine glucose and protein measurement

Urine protein concentration was measured by the tur-
bidimetric method and glucose concentration was eval-
uated by the enzymatic assay (glucose oxidase).22,23

Measuring MDA content in tissue homogenates

The lipid peroxidation level of the kidney and heart tis-
sues was measured by MDA, which is the end product
of lipid peroxidation and reacts with TBA as a thiobarbi-
turic acid reactive substance (TBARS) to produce a red-
colored complex which has peak absorbance at
532 nm.24

Briefly, 3 mL phosphoric acid (1%) and 1 mL TBA
(0.6%) were added to 0.5 mL of homogenate in a centri-
fuge tube and the mixture was heated for 45 min in a
boiling water bath. After cooling, 4 mL of n-butanol was
added to the mixture, vortexed for 1 min. After centrifu-
gation (900 g, 10 min), TBARS was determined by the
solution absorbance at 532 nm.

Measuring of total thiol groups

Total SH groups were measured using DTNB as the
reagent. One milliliter of Tris–EDTA buffer (pH 8.6) was

added to 50 mL tissue homogenate in 2 mL cuvettes
and absorbance was read at 412 nm against Tris–EDTA
buffer alone (A1). Then, 20 mL DTNB reagent (10 mM in
methanol) was added to the mixture, and after 15 min
the sample absorbance was read again (A2). The absorb-
ance of DTNB reagent was also read as a blank (B). Total
thiol concentration (mm) was calculated from the fol-
lowing equation:25

Thiol concentration mmð Þ ¼ A2� A1� Bð Þ � 291:04

Histological method

The right kidney and a transverse section of septum of
heart and ascending aorta were washed by saline
(0.9%), then fixed in formalin (10%), processed, and
embedded in paraffin, sectioned and stained by hema-
toxylin and eosin (H&E) for histopathological assay.

Statistical analysis

Data were expressed as mean ± SEM. Statistical analysis
was performed using one-way analysis of variance
(ANOVA) followed by the Tukey–Kramer post hoc test
for multiple comparisons. p values <0.05 were consid-
ered as statistically significant.

Results

Biochemical parameters

Animal’s body weight

Initial and final body weights of rats are shown in
Table 1. A significant decrease in the final body weights
was observed in all groups (p< 0.01, in group II and
p< 0.05, in groups III and IV), compared to control
group. Diabetic animals showed a significant increase in
the heart/body weight ratio level compared to control
group after 4 weeks of study. PSO treated groups
showed no changes in the heart/body weight ratio com-
pared with STZ-treated group.

Lipid profile, serum glucose and CRP values

The alterations of lipid profile, serum glucose, CRP and
number of mortality in each group are shown in
Table 2. STZ-treated animals resulted significant eleva-
tion in serum glucose (p< 0.001), serum triglyceride
(p< 0.05, after 3 weeks), serum LDL (p< 0.01, after 3
weeks). PSO-treated groups resulted in a significant
reduction in the serum glucose level compared to STZ-
treated group (371.3 ± 31.5 vs. 468.2 ± 29.5 mg/dL
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after 3 weeks and 366.2 ± 27.5 vs. 466.2 ± 32.5 mg/dL
after four weeks, p< 0.01 for group 3 and 315.6 ± 30.9
vs. 468.2 ± 29.5 mg/dL after 3 weeks and 308.2 ± 35.4 vs.
466.2 ± 32.5 mg/dL after 4 weeks, p< 0.01for group 4,
respectively). There was no significant difference in total
cholesterol level between PSO-treated and STZ-treated
groups except in group III after 4 weeks (p< 0.05).

Serum LDL level was significantly decreased in all
treated groups (except in group IV after 4 weeks) com-
pared to STZ-treated group (p< 0.01 in group III and
p< 0.05 in group IV). Serum HDL level was also signifi-
cantly increased by treatment with PSO only in group IV
(p< 0.05). Serum TG level was significantly decreased in
all PSO-treated groups (p< 0.01). CRP level was positive
only in STZ-treated group after 4 weeks and in this
group there was one mortality.

CK and LDH activity

The serum CK and LDH activity are also reported in
Table 3. As shown, there were a significant increase in
LDH activity in STZ-treated group compared to control
group (p< 0.001) and a significant reduction in PSO-
treated groups compared to STZ-treated groups
(p< 0.05 in group III after 4 weeks and p< 0.01 in group
IV). CK activity was significantly increased in STZ-treated

group compared with control group (p< 0.001).
Treatment with PSO decreased CK activity in two groups
at two times significantly (p< 0.001).

Serum urea and creatinine

STZ caused a marked reduction in renal function, as
characterized by significant increases in serum urea and
creatinine levels when compared with the control group
(p< 0.001). Treatment with PSO significantly reduced
serum creatinine (p< 0.01, after 3 and 4 weeks); but
reduction in serum urea was not significant (p> 0.05)
(Figure 1(A,B)).

Table 2. The serum level of CRP, glucose, lipid profile, and number of mortality in rats.
Parameters

Groups Glucose (mg/dL) TG (mg/dL) Chol (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) CRP Mortality

Con (3 weeks) 87.2 ± 12.4*** 87.1 ± 7.2 55.2 ± 6.1* 32.2 ± 3.8 15.8 ± 2.1** All � Non
Con (4 weeks) 85.3 ± 13.2*** 81.9 ± 6.9* 77.1 ± 5.8 31.5 ± 3.9 16.1 ± 2.1 All � Non
STZ Group (3 weeks) 468.2 ± 29.5 90.3 ± 6.8 77.1 ± 4.9 30.1 ± 3.5 28.8 ± 3.5 All � Non
STZ Group (4 weeks) 466.2 ± 32.5 101.2 ± 9.8 69.2 ± 7.1 29.5 ± 3.6 19.8 ± 2.4 2 þ 1
PSO (0.4 mL/kg, 3 weeks) 371.3 ± 31.5** 56.3 ± 4.5** 60.3 ± 5.9 29.6 ± 2.7 14.6 ± 2.2 All � Non
PSO (0.4 mL/kg, 4 weeks) 366.2 ± 27.5** 54.2 ± 5.1** 58.8 ± 6.2* 29.3 ± 2.9 14.4 ± 2.8** All � Non
PSO (0.8 mL/kg, 3 weeks) 315.6 ± 30.9** 46.9 ± 4.3** 72.1 ± 7.1 34.4 ± 4.1* 20.6 ± 1.9* All � Non
PSO (0.8 mL/kg, 4 weeks) 308.2 ± 35.4** 41.7 ± 4.5** 68.8 ± 6.8 34.2 ± 3.8* 20.2 ± 2.3 All � Non

Data expressed as mean ± SD (n¼ 6).
*p< 0.05;
**p< 0.01;
***p< 0.001 compared with STZ-treated group at the same time.

Table 3. Serum level of CK and LDH activity.
Parameters

Groups LDH (mu/L) CK (mu/L)

Con (3 weeks) 578.2 ± 24.9*** 1438.1 ± 152.2***
Con (4 weeks) 613.6 ± 32.6*** 1285.1 ± 144.2**
STZ Group (3 weeks) 3352.5 ± 257.9 4944.5 ± 368.2
STZ Group (4 weeks) 2464.9 ± 195.6 2001.8 ± 206.3
PSO (0.4 mL/kg, 3 weeks) 3072.3 ± 223.3 1072.9 ± 95.6***
PSO (0.4 mL/kg, 4 weeks) 2720.4 ± 212.5* 969.5 ± 85.6***
PSO (0.8 mL/kg, 3 weeks) 1240.5 ± 145.2** 738.3 ± 104.5***
PSO (0.8 mL/kg, 4 weeks) 1155.2 ± 188.5** 698.5 ± 112.3***

Data expressed as mean ± SD (n¼ 6).
*p< 0.05;
**p< 0.01;
***p< 0.001 compared with STZ-treated group at the same time.

Table 1. Initial and the final body weight and the weight of heart in all groups.
Parameters

Groups Initial body weight (g) Final body weight (g) Weight of heart (g) Weight of heart/body

Con (3 weeks) 245.7 ± 9.05 253.2 ± 12.18 0.63 ± 0.02 0.0025
Con (4 weeks) 245.7 ± 9.05 263.9 ± 11.14 0.65 ± 0.01 0.0025
STZ Group (3 weeks) 271.1 ± 14.12 217.8 ± 11.54** 0.65 ± 0.08 0.0029
STZ Group (4 weeks) 271.9 ± 14.12 212.3 ± 11.05** 0.69 ± 0.07 0.0032*
PSO (0.4 mL/kg, 3 weeks) 258.1 ± 4.55 206.3 ± 3.22** 0.67 ± 0.1 0.0032*
PSO (0.4 mL/kg, 4 weeks) 258.1 ± 4.55 203.5 ± 9.88** 0.68 ± 0.08 0.0033*
PSO (0.8 mL/kg, 3 weeks) 259.7 ± 6.33 224.4 ± 7.62* 0.72 ± 0.09 0.0032*
PSO (0.8 mL/kg, 4 weeks) 259.7 ± 6.33 219.1 ± 6.32* 0.74 ± 0.11 0.0033*

Data expressed as mean ± SEM (n¼ 6).
*p< 0.05;
**p< 0.01; compared with control group at the same time.
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Urine volume, glucose and protein

The urine volume, glucose and protein levels are shown
in Table 4. STZ caused a marked reduction in renal func-
tion, as characterized by significant increases in urine
volume, glucose and protein levels when compared to
control group (p< 0.001). PSO treatment resulted in a
significant decrease in urinary protein (p< 0.05, after
3 and 4 weeks). Non-significant decrease in urinary glu-
cose compared with STZ-treated group was seen in
group III (p> 0.05, at two times of study), but significant
decrease was seen in group IV (p< 0.05, at two times of
study). Significant decrease in urine volume was seen
after treatment with PSO (p< 0.05, at two times of
study).

Total thiol content and MDA in tissue homogenates

Total thiol content in tissue homogenates was
decreased significantly in STZ-treated group compared
to control group (p< 0.01, after 3 and 4 weeks). STZ
caused significant elevation in tissue MDA compared to
control group (p< 0.01, p< 0.001 in heart and kidney

respectively after 3 and 4 weeks). PSO restored total
thiol content in both tissues and also decreased MDA
levels in both tissue homogenates significantly (p< 0.01
and p< 0.001). Data are shown in Figure 2(A–D).

Histopathological observations

Our findings showed some histopathological changes in
the kidney and the heart after 4 weeks of study, but
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Figure 1. Effect of PSO on serum creatinine and urea. *p< 0.05; **p< 0.01; ***p< 0.001 compared with STZ-treated group at the
same time.

Table 4. Urine volume, glucose and protein.
Parameters

Groups
Urine protein

(mg/L)
Urine glucose

(mg/dL)
Urine volume

(mL)

Con (3 weeks) 272.5 ± 42.2*** 45.2 ± 5.1*** 11.6 ± 2.3***
Con (4 weeks) 260.2 ± 33.5*** 41.2 ± 3.5*** 13 ± 3.1***
STZ Group (3 weeks) 805.2 ± 21.2 746.±21.2 84.1 ± 3.4
STZ Group (4 weeks) 822.3 ± 18.5 777.2 ± 33.6 88.2 ± 6.9
PSO (0.4 mL/kg, 3 weeks) 620.2 ± 19.2* 711.3 ± 18.5 62.6 ± 4.3*
PSO (0.4 mL/kg, 4 weeks) 611.1 ± 15.2* 705.2 ± 22.5 59.5 ± 5.1*
PSO (0.8 mL/kg, 3 weeks) 598.5 ± 22.5* 615.2 ± 12.9* 44.5 ± 6.2*
PSO (0.8 mL/kg, 4 weeks) 590.7 ± 20.2* 609.2 ± 19.5* 41.2 ± 5.5*

Data expressed as mean ± SD (n¼ 6).
*p< 0.05;
***p< 0.001 compared with STZ-treated group at the same time.
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Figure 2. Effect of PSO on MDA and total thiol content of tissue homogenates. *p< 0.05; **p< 0.01; ***p< 0.001 compared with
STZ-treated group at the same time.
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there were no changes after 3 weeks. The renal histo-
pathological damages are shown in Figure 3. Rats in
control group showed normal kidney architecture and
histology (A). STZ-treated group showed irregular and
widened glomerular capillaries. Severe inflammatory cell
infiltration was seen in this group (B). PSO treatment
reversed these changes to the normal appearance (C).

The heart histopathological changes are shown in
Figure 4. Rats in control group showed normal heart
architecture and histology (A). Many unspecific changes
including hemorrhage, focal inflammation, moderate
inflammation of aorta and specific changes including
disperse and centralized cardiomyocytes degeneration,
inflammatory cells infiltration and pericardial infiltration
were significantly observed in STZ-treated group (B and
C). Results of PSO-treated groups have shown lesser
histopathological findings compared to STZ-treated
group (D).

Discussion

Oxidative stress due to hyperglycemia is a major cause
of the progression of DM and its complications includ-
ing dyslipidemia, diabetic nephropathy and coronary

heart disease (CHD). High amount of superoxide radicals
in consequence of chronic hyperglycemia reacts with
the nitric oxide and tends to reduce in endothelium-
dependent relaxation and cell synthesis in the wall of
blood vessels, also, increased levels of inflammatory
mediators and glucose oxidation and decreased antioxi-
dant defense due to increased oxidative stress resulting
in micro- and macro-pathological changes.26,27

Natural products as an alternative source of medi-
cinal compounds are interested in the researchers’ view
point due to their safety, low adverse effects, easy to
earn and popularity.8 PSO contains different chemical
content including polyphenolic compounds, phytoster-
ols, hydroxybenzoic acid, derivatives of glucopyranoside
and conjugated linolenic acids particularly punicic acid
and catalpic acid with antioxidant and anti-inflammatory
effects.25 Antioxidant and anti-inflammatory properties
of PSO have been shown in many studies.28,29 Thus, it is
expected that the use of PSO in diabetic condition and
excessive oxidative stress status can ameliorate diabetic
complications.

In the present study, STZ could induce hyperglycemia
as shown in Table 2 (fasting blood glucose over than
250 mg/dL). The kidney histological changes along with

Figure 3. Comparison of structural changes in the kidney due to injection of STZ and treatment by PSO between groups. (A)
Represents a normal rat kidney. All anatomical structures look normal (�100), (B) group 2 treated with STZ 65 mg/kg, severe
inflammatory cells infiltration and hyaline casts (�400), and (C) minimal inflammatory cells infiltration and moderate glomerular
congestion have been seen (�400).
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increase in serum urea and creatinine levels, urine vol-
ume, excretion of glucose and protein in the urine are
indicators of diabetic nephropathy (as shown in Figure 3
and Table 4, respectively). Also, heart histological find-
ings with mild elevated serum CK and LDH are indica-
tors of diabetic cardiomyopathy. Several investigations
have shown that diabetic nephropathy is associated
with lipid peroxidation in renal tissue.30,31 Lipid peroxi-
dation is allied to a free radical-mediated chain reaction
that damages cell membranes, and inhibition of this
process by PSO is mainly attributed to the ability of
scavenging of free radicals. Diabetic nephropathy and
cardiomyopathy are the main complications of DM.32

Therefore, significant increase in MDA and significant
reduction in total thiol contents in the heart and kidney
homogenates are due to the elevated oxidative stress
condition and reduced antioxidant enzyme activity
which are two major causes of diabetic complica-
tion.33,34 In the present study, PSO treatment resulted in
a significant reduction in serum urea but not in creatin-
ine levels after 3 and 4 weeks study. The observed lack

of protection of PSO against diabetes-induced renal
glutathione depletion seems to confirm the failure to
thwart the increase in serum creatinine and did not
increase creatinine clearance. PSO caused significant
reduction in urine protein excretion and urine volume in
3 and 4 weeks study, this is in line with the literature,14

but reduction in urinary glucose was only significant
after 4 weeks of the study. A possible reason is short-
ness of study because DM is a chronic metabolic disease
and it might be fruitful that if the study period was lon-
ger than four weeks the results may show a significant
difference. Also CRP content as a marker of inflamma-
tion was positive in STZ-treated group after 4 weeks
compared to normal and PSO-treated groups which
revealed that PSO could induce anti-inflammatory effect
which is well agreed with other studies.35–37 As
observed reduction in urine glucose after three weeks
was not significant as compared with STZ-treated group,
but in contrast, this marker was significant after four
weeks of the study as compared with STZ-treated
group. Because of progressive weight loss and possible

Figure 4. Comparison of structural changes in the heart due to injection of STZ and treatment by PSO between groups. (A)
Represents a normal rat cardiomyocyte. All anatomical structures look normal (�400), (B) group 2 treated with STZ 65 mg/kg, dis-
perse and centralized cardiomyocytes degeneration and inflammatory cells infiltration (�400), (C) pericardial infiltration in STZ-
treated group (�400), and (D) group 4 treated with PSO 0.8 mL/kg, followed by STZ injection, lesser histopathological findings than
STZ-treated group (�400).
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mortality of rats and considering time constraints of the
study we urged to finish the test in four weeks.
Reduction in serum urea and creatinine in alloxan-
induced diabetic rats was seen in Ahmadvand study. In
this study, coenzyme Q10 as a potent antioxidant
decreased serum urea and creatinine38 and this conse-
quence showed that antioxidant agents such as PSO
can be effective to ameliorate this condition. Other stud-
ies also have confirmed it.14,28,39

During the experimental period, diabetic animals
showed body weight reduction compared to the control
group (Table 1). This weight loss was inhibited by PSO
treatment with a dose of 0.8 mL/kg. Diabetes induced
weight loss, already reported by other authors which is
proportionated with the percentage of pancreatic islet
destruction and serum glucose level.40,41 In our study,
prevention of animals weight loss by PSO showed that
this agent may be effective in diabetes development.

In this study, PSO reduced serum glucose levels sig-
nificantly, in a time and dose-dependent manner.
Antidiabetic effect of PSO, PA and linolenic acid isomer
was shown in some other studies.42–48

Data demonstrated that treatment with PSO could
induce protective effect against histopathological
changes in the kidney and the heart tissues. These find-
ings revealed that PSO treatment resulted in a better
glomerular configuration and capillary shape. Hyaline
casts were not seen in the kidney of PSO-treated
groups. The results obtained from the kidney histology
and also the findings from the heart histology confirm
the protective effect of PSO against oxidative stress.

CK and LDH were considered as markers of tissue
breakdown, myocardial infarction and cancerous
states.49 Elevation of serum CK and LDH in diabetic rats
has been shown in Mathew study and treatment of DM
has reduced serum levels of these indicators.50 In this
study, we speculated the LDH and CK as non-specific
markers of cardiomyopathy. PSO reduced serum CK and
LDH levels significantly, in a time and dose-dependent
manner. We did not measure the LDH-1, as a specific
heart subtype of LDH and it was a limitation of our
study but the study performed by Khalil et al. showed
that the aqueous extract of pomegranate, as a hepato-
protective agent with antioxidant effect reduced the
level of serum CK and LDH.51

In diabetic patients, dyslipidemia are accompanied
with the risk of CHD, just as they are in the general
population.52 Worsen of lipid profile have been shown
in DM.53,54 In our study PSO elevated serum HDL
level significantly after 4 weeks and decreased signifi-
cantly serum TG levels in a dose and time dependent
manner. Effect of PSO on reduction of LDL was not sig-
nificant. These results were in agreement with the

Mirmiran et al. study.55 In Arao study, punicic acid, a
major component of PSO, showed significant reduction
in hepatic triacylglycerol but had no effect on HDL and
cholesterol levels.16

Conclusion

The results of this study showed that PSO attenuates
complications of DM in rats. Reduction in oxidative
stress markers, improvement in histopathological find-
ings and amelioration in serum biochemical parameters
considered as indicators of protective effects of PSO,
but exact mechanism(s) of this protection needs further
investigations.
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