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ABSTRACT
PURPOSE: To evaluate the effect of Otostegia persica (O. persica) extract on renal damage induced by ischemia/reperfusion (I/R) in 
diabetic rats. 
METHODS: Forty-eight rats were subjected to right nephrectomy; then, they were allocated into six groups: Sham; Diabetic sham; I/R; 
Diabetic I/R; I/R+O. persica; Diabetic I/R+O. persica. Diabetes was induced by streptozotocin (200 mg/kg, i.p.). O. persica (300 mg/
kg/day, p.o) was administered for 2 weeks. On the 15th day, ischemia was induced in left kidney for 60 min, followed by reperfusion 
for 24h. Renal functional and biochemical markers were estimated. 
RESULTS: I/R in both normal and diabetic rats, induced a significant elevation in serum levels of urea and creatinine (p<0.05). Renal 
I/R induced a significant increase of malondialdehyde, myeloperoxidase and nitric oxide concentrations associated with significant 
reduction in superoxide dismutase and catalase activities in comparison with the sham group (p<0.05). Diabetic rats that underwent 
renal I/R exhibited a significant increase in all the studied parameters with a reduction in the antioxidant enzymes as compared to 
nondiabetic rats (p<0.05). These deleterious effects associated with renal I/R were improved by the treatment with O. persica (p<0.05).
CONCLUSION: Otostegia persica pretreatment protected the renal injury from ischemia-reperfusion in diabetic rats.
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Introduction

Diabetes mellitus, causes organ dysfunction and increases 
the sensitivity of organs to damages1. Moreover, ischemic insults 
are often recurrent in diabetic patients. In the setting of loss 
of renal blood flow autoregulation that characterizes the post 
ischemic kidney, renal ischemia/reperfusion (I/R) injury is a major 
cause of acute renal failure. Diabetic patients may need renal 
transplantation in their later life due to diabetic nephropathy and 
I/R injury is one of the dangerous complications of this procedure2.

Renal I/R causes tissue injury via oxygen radicals and 
oxidative stress caused by an imbalance in the production of 
reactive oxygen species (ROS) and antioxidant capacity3. ROS and 
nitric oxide (NO) play an important role in mediating cell damage 
during I/R injury4. Inflammation contributes substantially to the 
pathogenesis of I/R with a central role for particular cells, adhesion 
molecules, and cytokines5. Neutrophils are the inflammatory cells 
that produce high levels of ROS during I/R injury. Myeloperoxidase 
(MPO) is found in neutrophils and is found to catalyze the formation 
of hypochlorous acid, a toxic agent to cellular components, which 
initiates oxidative injury6. Antioxidants are of interest to biologists 
and clinicians because they help to protect the bodies of human 
and animals against damages induced by ROS generated in some 
diseases and even in aging process. There are many evidences that 
natural products and their derivatives have efficient antioxidative 
characteristics, consequently linked to antidiabetic, anti-aging and 
anti-inflammatory activities7,8.

Otostegia persica is an endemic plant that can be found 
in south and southeastern provinces of Iran. In Iranian traditional 
medicine the O. persica extract is used as an antihistamine, 
antispasmotic, antiarthritis and antidiabetic9. The antioxidant 
activity of the different extracts and fractions of aerial parts of 
O. persica has been evaluated10. Recent studies on aerial parts of 
this plants suggested O. persica could be considered as medicinal 
herbal candidate for treatment of diabetes11. The present study was 
investigated to study the antioxidant activity and antidiabetic effect 
of O. persica extract on IR injury in the kidney of the diabetic rats.

Methods

The care and handling of the animals were in accordance 
with the guidelines of the Islamic Azad University College 
of Veterinary Sciences, Animal Care and Use Local Ethics 
Committee.

Forty-eight (n=48) adult male Wistar rats weighing 300 ± 
20 g were used in this study. They were purchased from the Pasteur 

Institute of Iran, and allowed free access to standard commercial 
rodent chow pellets and filtered tap water ad libitum. They were 
kept under constant conditions at a temperature of 22 ± 2°C with 
a 12-h dark/light cycle for one week before the start of the study. 

All rats were subjected to right nephrectomy; then, they 
were randomly allocated into six groups each consisting of eight 
animals: 

Group 1: Sham: non-diabetic rats were used as normal 
control group. 

Group 2: Diabetic sham: diabetic rats were used as 
diabetic control group. 

Group 3: I/R: non-diabetic rats were subjected to I/R. 
Group 4: Diabetic I/R: diabetic rats were subjected to 

I/R. 
Group 5: I/R+O. persica: rats received O. persica (300 

mg/kg) orally daily for 2 weeks; then, they were subjected to I/R. 
Group 6: Diabetic I/R+O. persica: diabetic rats received 

O. persica (300 mg/kg) orally daily for 2 weeks; then, they were 
subjected to I/R.

Preparation of O. persica extract

The O. persica was collected from southern of Iran. The 
plant was identified by the Department of Botany of the Islamic 
Azad University. The aerial parts of O. persica were powdered 
in a mill. 500g of sample was selected and raised the volume to 
1 L by ethanol (96%). The solution percolated after 48h, then the 
solvent was removed under reduced pressure at low temperature 
and finally about 10 g concentrated extract was prepared. Doses of 
the extract were prepared using normal saline12.

Experimental induction of diabetes in rats

Diabetes was induced by a single injection of 
streptozotocin (200 mg/kg, i.p.) in overnight fasting rats. 
Streptozotocin was dissolved in citrate buffer (pH 4.5) and 
nicotinamide was dissolved in normal saline. After 7 days, 
blood was collected and serum samples were analyzed for blood 
glucose13. Animals showing fasting blood glucose higher than 250 
mg/dL were considered as diabetic and used for the study.

Experimental protocol

Right nephrectomy was performed through a right 
flank incision (2 cm) under general anesthesia (ketamine and 
xylazine, 50 mg/kg and 10 mg/kg, i.m., respectively). After right 
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nephrectomy, treatment was given as mentioned previously for 
2 weeks. On day 15, ischemia was produced in the left kidney 
by performing a left flank incision and dissecting the left renal 
pedicle to expose the renal vessels. Non traumatic vascular clamps 
were used to stop blood flow (in artery and vein) for 45 min. 
Reperfusion was established by removing the clamp. The surgical 
site (muscular layer and skin) was closed with 4.0 mononylon 
suture. Body temperature was maintained at 37±0.5 °C with a 
heating pad and monitored using a rectal thermometer. At the end 
of reperfusion period (24h), blood samples were collected and 
used for the estimation of renal function (serum creatinine and 
urea). The abdomen was opened, and the kidney was harvested for 
the biomarkers of oxidative stress.

Determination of serum creatinine and urea levels

The blood samples were allowed to clot for 10 min at 
room temperature. Clots were centrifuged at 2500 rpm for 10 
min to separate the serum and submitted for evaluation of serum 
creatinine and urea levels. Creatinine and urea concentrations of 
serum were measured spectrophotometrically by using commercial 
kits by Automatic DADE Analyzer™.

Preparation of tissue homogenates

The renal tissue was homogenized in 10 mM Tris–HCl 
buffer, pH 7.4 (10% w/v) with 25 strokes of a tight Teflon pestle of 
a glass homogenizer at a speed of 2500 rpm. The clear supernatant 
was used for assays of lipid peroxidation (malondialdehyde (MDA) 
content), MPO activity, NO level and endogenous antioxidant 
enzymes like, superoxide dismutase (SOD) and catalase (CAT).

Biochemical study 

Lipid peroxides in kidney tissues were determined 
spectrophotometrically as thiobarbituric acid reactive substances 
according to the method of Preuss et al.14. Tissue lipid peroxide 
levels were expressed as nanomoles of MDA formed per gram 
tissue weight. The activity of SOD was assessed as described by 
Marklund15. The SOD activity was expressed as units per mg tissue 
protein. The CAT activity was measured according to Aebi16. The 
results were expressed as U/mg. The NO was estimated by the 
method of Lepoivre et al.17. The amount of NO present in the 
samples was estimated from the standard curves obtained. The 
standard curve was prepared by using sodium nitrite solutions with 
concentrations in the range of 1–100 μM by diluting the nitrite 

standard solution. The MPO activity was measured in tissues by 
a procedure similar to that previously documented by Hillegas et 
al.18. One unit of enzyme activity was defined as the amount of 
MPO present that caused a change in the absorbance measured 
at 460 nm for 3 min. The MPO activity was expressed as U/g of 
tissue. 

Statistical analysis 

Results were expressed as Mean±standard deviation. 
Results were analyzed using the Statistical Package for the Social 
Sciences, version 18. One-way analysis of variance (ANOVA) 
followed by Bonferroni’s post-hoc test were used to test the 
significance of the difference between quantitative variables. 
Differences were considered significant at p values less than 0.05.

Results

Reperfusion of ischemic kidney in both normal and 
diabetic rats, induced a significant elevation in serum levels of 
urea and creatinine (p<0.05) compared with sham group (Table 
1). The results of this study indicated a significant increase of the 
glycemia in diabetic rats with no further increase in the blood 
glucose by renal I/R injury. However, the extract of O. persica 
significantly decreased blood glucose levels when compared with 
diabetic rats (Table 1). 

TABLE 1 - Renal function tests of the groups.
Groups Urea Creatinine Glucose 
Sham 28.8±4.1 1.02±0.06 93.5 ± 7.9

Diabetic sham 40.1±5.7 1.19±0.04 381.2 ± 6.1***###

I/R 43.7±6.9* 1.41±0.09* 116.3 ± 6.6
Diabetic I/R 67.6±8.4† 2.32±0.2† 378.6 ± 9.4***###

I/R+ O. persica 32.7±3.5 1.22±0.09 119.5 ± 11.2†††

Diabetic I/R+ 
O. persica

36.1±3.0 1.32±0.11 147.2 ± 13.6†††

*Significantly different from sham and I/R+ O. persica groups at p<0.05; 
†Significantly different from Diabetic sham and Diabetic I/R+ O. persica groups 
at p<0.05;
***Significantly different from sham group at p<0.001; 
###Significantly different from I/R group at p<0.001; 
†††Significantly different from Diabetic IR group at p<0.001. 

Additionally, Table 2 showed that renal I/R induced 
oxidative stress in both normal and diabetic kidneys in the 
form of a significant increase (p<0.05) of MDA, MPO and NO 
concentrations associated with significant (p<0.05) reduction in 
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SOD and CAT activities in comparison with the sham group (Table 
2). Diabetic rats that underwent renal I/R exhibited a significant 
increase in all the studied parameters with a reduction in the 
antioxidant enzymes as compared to nondiabetic rats (p<0.05), 

suggesting a significant degree of kidney dysfunction caused by 
renal I/R in diabetes. These deleterious effects associated with 
renal I/R were improved by the treatment with O. persica in 
comparison with diabetic I/R group (p<0.05).

TABLE 2 - Renal tissue oxidative stress activities of the groups.
Groups MDA MPO NO SOD CAT
Sham 95.85±6.49 0.71±0.03 0.61±0.03 69.39±7.69 9.97±0.72

Diabetic sham 115.57±11.7 1.65±0.09 0.74±0.06 53.28±8.72 8.52±1.13
I/R 127.89±6.45* 5.81±0.21* 1.22±0.09* 48.55±5.98* 7.19±0.81*

Diabetic I/R 164.54±9.3† 7.39±0.22† 1.57±0.11† 33.76±5.66† 4.22±0.5†

I/R+ O. persica 102.91±7.75 0.95±0.09 0.91±0.08 63.09±7.17 9.21±0.81
Diabetic I/R+ O. persica 112.25±5.17 2.09±0.11 1.14±0.07 59.55±6.08 8.63±0.89

*Significantly different from sham and I/R+ O. persica groups at p<0.05; 
†Significantly different from Diabetic sham and Diabetic I/R+ O. persica groups at p<0.05.

Discussion

This study was under taken with the objective of exploring 
evaluate the effect of O. persica in the pretreatment of I/R induced 
renal injuries in diabetic rats. The transient discontinuation 
of renal blood flow is encountered in many clinical situations 
including partial nephrectomy, kidney transplantation, renal 
artery angioplasty, aortic aneurysm surgery, and certain urological 
operations19. This temporary discontinuation causes renal I/R 
damage which results in decreased renal blood flow and glomerular 
filtration and increased urine output characterized by natriuresis 
and impaired concentrating ability. Acute renal failure produced 
by ischemia and reflow is histopathologically characterized by 
extensive tubular damage such as tubular cell necrosis, signs of 
tubular obstruction with cell debris and glomerular injury20. 

Diabetics are at a higher risk of an ischemic condition 
caused by the decreased blood supply. With increasing the duration 
and severity of ischemia, greater the cell damage can develop, 
with a predisposition to a spectrum of reperfusion-associated 
pathologies, collectively called reperfusion injury1. Since type 2 
diabetes, causes organ dysfunction and increases the sensitivity of 
organs to damages21.

The antioxidant activities of different extracts and 
fractions of the O. persica were evaluated using beta-carotene 
bleaching and lipid peroxidation methods22. The results showed 
that O. persica extract exhibited strong antioxidant activity. 
Currently, the consumption of natural antidiabetic agents that 
occur in some higher plants and in different parts of them, have 
risen up regarding the side effects of synthetic ones23. Antidiabetic 
properties of O. persica have been confirmed in several in vitro 
and in vivo studies12,24,25. Antidiabetic effect of the O. persica 

extract was studied on streptozotocin-induced diabetic rats. 
Animals received a daily oral dose of O. persica extract for 3 
weeks. The extract produced a dose-dependent decrease in the 
blood glucose level. These results indicate that O. persica has a 
strong antidiabetic action and can decrease blood glucose levels24. 
Administration of O. persica extract (100, 200 and 300 mg/kg) 
in diabetic rats for 6 and 14 days and at 300 mg/kg for 3 days 
also significantly decreased glucose serum levels25. Recently, 
antidiabetic properties of aqueous extract of O. persica (400 mg/
kg) on the blood glucose, insulin and histopathology of pancreas 
of streptozotocin-induced diabetic rats were confirmed11. 

In this study, diabetic rats showed a renal dysfunction in 
the form of a significant increase in the serum creatinine and urea 
levels. This finding is considered as an indicator of deteriorated 
renal function26. In addition, the results of the study confirmed that 
the combination of renal ischemia with diabetes raised the renal 
dysfunction more than did diabetes alone suggesting a significant 
impairment, thus, of the glomerular function27. In addition, both 
normal and diabetic rats exposed to renal I/R exhibited an increase 
of oxidative stress products including tissue MDA. The depletion 
of the antioxidant enzymes pool was demonstrated by the declined 
activity in kidney tissues of SOD and CAT. This notion was 
confirmed by Jitendra et al.1 who emphasized that the oxidative 
stress is implicated both in the complications of type 2 diabetes 
and renal I/R and that the combined oxidative stress from these 
two sources may, thus, increase the total level of ROS. These 
deleterious effects associated with renal I/R were improved by the 
treatment with O. persica. These results suggest that O. persica 
extract pretreatment could have a positive effect to reduce renal 
I/R injury in diabetic rats.
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Conclusions

Diabetes provoked an exaggerated renal ischemia-
reperfusion injury in Streptozotocin treated rats. O. persica 
treatment is effective in attenuating acute I/R-induced renal 
damage in diabetic rats.
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