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Abstract. Olmesartan medoxomil (OM) is one of the 
newest members of the angiotensin receptor blocker (ARB) 
family. The renoprotective effects of the angiotensin  II 
type 1 receptor antagonist OM was investigated in a strepto-
zotocin (STZ)‑induced diabetic rat model. In this study, we 
investigated whether OM was able to ameliorate diabetic 
nephropathy (DN). Thirty male Sprague Dawley rats were 
assigned to 3 groups: the non‑diabetic (group A, n=10), the 
untreated STZ‑induced DN control (group B, n=10) and the 
STZ‑induced DN treated with OM (group C, n=10). Blood 
pressure (BP) and glucose, creatinine (Cr), blood urea nitrogen 
(BUN), superoxide dismutase (SOD), malondialdehyde 
(MDA) microalbumin and urinary protein concentrations 
were measured. In STZ diabetic rats, BP, glucose, Cr, BUN, 
MDA and urinary protein levels were significantly increased 
compared to the non‑diabetic control group. OM significantly 
improved the biological indices in the DN rats. The renal 
pathological changes were also observed under a light micro-
scope. Our results suggested that OM exerted renoprotective 
effects on rats with STZ‑induced diabetes.

Introduction

It was estimated that the prevalence of diabetes among all age 
groups worldwide was 2.8% in 2000 and is likely to be 4.4% 
in 2030 (1). The number of individuals with diabetes is likely 
to increase to 366 million by 2030. Diabetic nephropathy 
(DN) is a major cause of morbidity and mortality, occurring 
in 20‑40% of diabetic patients (2). DN is the single leading 
cause of end‑stage renal disease (ESRD) (3,4). The incidence 
of ESRD is a growing problem in all countries with a western 
lifestyle (5). Hypertension occurs in ~50% of type II diabetes 
patients and is also a major factor leading to arterial damage. 

The resulting arterial damage is usually progressive and accel-
erates the development of DN and ESRD (6).

The renin‑angiotensin‑aldosterone system (RAAS) is 
crucial in the control of blood pressure (BP) and the pathogen-
esis of hypertension (7). Blocking the activity of the RAAS 
is extensively used in the management of hypertension. The 
renal protective effects of angiotensin II type 1 (AT1) receptor 
blockers (ARBs) have been demonstrated in animal models of 
diabetes, including type 1 and 2 diabetic rats (8,9). Olmesartan 
medoxomil (OM) is one of the newest additions to the ARB 
family and it may be rapidly and completely de‑esterified 
to olmesartan following oral administration. To the best of 
our knowledge, the ability of OM to control DN in animal 
models of streptozotocin (STZ)‑induced diabetes has not been 
investigated, although OM was previously demonstrated to 
retard the progression of DN (10). The utilization of OM in 
this STZ‑induced diabetes animal model appears promising 
in elucidating the mechanism underlying DN and advancing 
translational research  (11,12). The purpose of this study 
was to evaluate the efficacy of OM in the treatment of DN 
by investigating the renoprotective effects of this drug in an 
STZ‑induced diabetes rat model.

Materials and methods

Chemicals and instruments. OM was supplied by the Shanghai 
Sankyo Pharmaceutical Co., Ltd. (Shanghai, China). The stan-
dard STZ was purchased from Sigma Chemical Co. (St. Louis, 
MO, USA). Creatinine (Cr), blood urea nitrogen (BUN), 
superoxide dismutase (SOD), malondialdehyde (MDA) and 
protein test kits were purchased from the Nanjing Jiancheng 
Bioengineering Institute (Nanjing, China). All other chemicals 
and reagents used were of analytical grade.

Animals. Thirty male Sprague Dawley rats, weighing 
180‑240 g, were purchased from the Experimental Animal 
Center of Luye Pharmaceutical Company [certificate no. 
SCXK (Lu) 20030008]. The rats were kept in a room at a 
relative humidity of 55% (permissible range: 30‑70%) and a 
temperature of 23˚C (permissible range: 20‑26˚C) under a 
12‑h light̸dark cycle. The rats were allowed free access to 
food and water.

All the experiments in this study were conducted in accor-
dance with the Guidelines for the Care and Use of Laboratory 
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Animals of Yantai University and were approved by the 
Animal Study Committee.

Experimental design. Following several days of acclimatiza-
tion, the rats (n=30) were injected intraperitoneally with STZ 
dissolved in citrate buffer (pH 4.5) at a dose of 65 mg/kg body 
weight. After 3 days, induction of diabetes was confirmed 
by measuring blood glucose concentration (≥16.7 mM) (13). 
The rats with blood glucose levels >16.7 mM were randomly 
divided into 2 groups. One group was used as the DN control 
(n=10) and the other group (n=10) received OM at a dose of 
10 mg̸kg body weight̸day via oral gavage. A normal group of 
rats (n=10) that underwent sham operation was also included. 
During the course of the experiment, the normal and control 
groups received physiological saline of equal volumes. The 
serum glucose was measured at 0, 4, 8, and 12 weeks after 
overnight fasting. At 12  weeks, 12‑h urine samples were 
collected using metabolic cages and the rats were weighed 
and sacrificed. Blood samples were obtained from the 
abdominal aorta. The serum was immediately separated 
from the blood by centrifugation at 1,600 x g for 25 min at 
4˚C and stored at ‑80˚C. The left kidneys were removed and 
weighed following renal perfusion through the renal artery 

with ice‑cold physiological saline  (10,14). After rinsing 
with phosphate‑buffered saline, kidney sections were sliced 
and immersed in 10% formalin for histological evaluation, 
whereas the remaining sections were frozen at ‑80˚C.

Biochemical measurement. The plasma samples were used 
for the measurement of glucose, Cr concentration, BUN, 
SOD, MDA and albumin. The indices were examined with 
an ultraviolet‑visible spectrophotometer using commercial 
reagents. Urine samples were collected using metabolic 
cages and the supernatant was used for examination of the 
urinary protein concentration. The Cr clearance (CCr) was 
calculated using the equation: CCr (ml̸kg bw̸min) = [UCr 
(mg̸dl)  x  urine volume (ml)/SCr (mg/dl)]  x  [1000̸bw 
(g)] x [1/720 (min)], where UCr is the urinary creatinine, SCr is 
the serum creatinine and bw is the body weight. The levels of 
microalbumin (mALB) were quantified by ELISA (YfSwBio 
Shanghai, China).

Histological analysis. Renal tissues were fixed in 10% 
formalin solution and embedded in paraffin. Sections (2 µm) 
were obtained by a Polycut microtome (CM1950; Leica, 
Mannheim, Germany) and stained with hematoxylin and 

Table I. Changes in body and renal weight.

 	 Body weight (g)
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	  Renal weight
Groups	 Initial	 Final	 Gain (12 weeks)	 (g/100 g body weight)

A (normal)	 265.8±7.5	 360.1±14.1 	 95.2±7.8	 0.35±0.04
B (DN control)	 252.3±5.4b	 271.5±6.3b	 19.2±5.6b	 0.71±0.05b

C (OM)	 256.9±6.9a,b	 304.8±5.7a,b	 48.9±6.3a,b	 0.56±0.03a,b

aP<0.05 vs. DN control values; bP<0.05 vs. normal values. DN, diabetic nephropathy; OM, olmesartan medoxomil.

Table II. Effects of OM on blood pressure and biological indices in serum and urine.

Variables	 A (normal)	 B (DN control)	 C (OM)

BP (mmHg)	 100.25±1.91	 118.12±2.13b	 102.18±2.42a,b

Serum
  Glucose (mmol/l)	 9.00±0.35	 34.40±0.75b	 22.00±0.26a,b

  Albumin (g/dl)	 35.65±0.45	 30.32±0.26b	 31.84±0.21a,b

  Creatinine (µmol/l)	 7.43±2.01	 78.08±1.95b	 61.45±1.83a,b

  BUN (mmol/l)	 9.35±0.37	 18.97±1.31b	 14.28±0.97a,b

  SOD (U/mg prot)	 1.20±0.05	 0.98±0.02b	 1.11±0.03a,b

  MDA (nmol/ml)	 3.01±0.27	 5.76±0.31b	 4.31±0.28a,b

Urine
  CCr (ml/kg body weight/min)	 25.45±1.23	 16.94±1.38b	 20.95±0.89a,b

  Protein excretion (mg/day)	 8.34±0.61	 43.26±5.93b	 23.83±3.34a,b

  mALB (ng/ml)	 16.53±0.54	 35.04±0.38b	 28.93±0.86a,b

aP<0.05 vs. DN control values; bP<0.05 vs. normal values. OM, olmesartan medoxomil; BP, blood pressure; BUN, blood urea nitrogen; SOD, 
superoxide dismutase; MDA, malondialdehyde; CCr, creatinine clearance; mALB, microalbumin.
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eosin. The sections were then examined under a light micro-
scope.

Statistical analysis. Data are expressed as means ± standard 
deviation. Significant differences within the groups were 
calculated by one‑way ANOVA. Statistical differences between 
groups were evaluated by the Student's unpaired t‑test, using 
SPSS statistical software, version 11.5 (SPSS Inc., Chicago, 
IL, USA). P<0.05 was considered to indicate a statistically 
significant difference.

Results

Body and kidney weight changes. The effects of OM admin-
istered by oral gavage on the body and kidney weight of the 
rats are presented in Table I. The body weights of the rats in 
the treatment group was increased compared to that of the 
DN rats. Furthermore, the body weight gain of normal rats 
was 4.95 times higher compared to the DN control rats. In the 
treatment group, there was a 1.94‑fold increase in the body 
weight. However, the kidney weight of DN control rats was 
2.0 times higher compared to the normal group, indicating 
reduced enlargement due to OM administration.

Serum indices and BP. As shown in Table II, the administration 
of OM affected serum glucose and albumin levels to a certain 
extent. The serum glucose level in the DN control group was 
34.40 mmol/l, which was significantly higher compared to the 
normal group. However, the serum glucose level decreased 
to 22.00 mmol/l following administration of OM. The serum 
albumin level in the DN control rats was 30.32 g/l, which was 
lower compared to the normal rats. These levels were signifi-
cantly increased by 5.0% following treatment with OM. The 
changes in blood glucose during 12 weeks are shown in Fig. 1. 
The level of hyperglycemia was significantly reduced by OM 
at 12 weeks. However, at 4 and 8 weeks there was only a minor 
decrease in hyperglycemia.

The serum SOD concentration in DN rats was lower 
compared to that in normal rats and the SOD concentration 
was increased by 13.27% with OM treatment. The serum MDA 
level was increased by 1.91‑fold in DN rats and decreased with 
OM treament. Over the course of this study, BP was elevated in 
DN compared to normal rats and treatment with OM lowered 
BP to almost normal levels (Table II).

Parameters of renal function. The effects of OM on serum 
and urinary parameters of renal function are presented in 
Table II. BUN, urinary protein excretion and serum Cr levels 
were higher in the DN control compared to the normal group. 
Following oral administration of OM, the BUN and serum Cr 
levels were decreased. In addition, the use of OM decreased 
urinary protein excretion from 43.26 to 23.83 mg/day. The 
urinary mALB concentration was increased significantly in 
DN rats and was decreased significantly with OM (P<0.05).

Histopathological changes. Light microscopy examination 
revealed lesions and an increase of the mesangial matrix in 
the DN control group. In addition, glomerular hypertrophy in 
the DN group was more prominent compared to that observed 
in normal rats. The OM treatment group exhibited minimal 

Figure 1. Changes in serum glucose during 12 weeks with oral olmesartan 
medoxomil (OM) treatment. DN, diabetic nephropathy.

Figure 2. Renal histology. Renal tissue from (A) normal rats, (B) DN con-
trol rats and (C) DN rats treated with olmesartan medoxomil. DN, diabetic 
nephropathy.

  A

  B
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exudative renal lesions compared to those in the DN control 
group (Fig. 2) and presented with decreased glomerular hyper-
trophy to a certain extent.

Discussion

STZ is toxic to pancreatic β cells (15,16) and has been widely 
used to induce diabetes in animal models  (17). There are 
various animal models of diabetes with different origin, char-
acteristics and underlying causes (18). However, STZ‑induced 
experimental diabetes exhibits sustained hyperglycemia and 
well‑characterized diabetic complications with a low inci-
dence of mortality (15). In this study, an STZ‑induced diabetes 
animal model was selected to investigate the ability of OM to 
control DN.

DN is characterized by excessive amassing of extracellular 
matrix, with thickening of the glomerular and tubular basement 
membranes and an increased amount of mesangial matrix (19). 
The STZ‑injected rats exhibited the main characteristics of 
diabetes mellitus and the changes in the DN markers in our 
study were similar to those previously reported (20‑22). In the 
present study, OM was able to improve these parameters in 
DN rats.

Hypertension is one of the most important contributing 
factors to DN. Therefore, BP needs to be tightly regulated. 
The angiotensin‑converting enzyme inhibitors are a group 
of drugs that are beneficial in the treatment of DN (23). The 
angiotensin II (Ang II) receptor blockers (ARBs) have been 
shown to retard the progression of nephropathy in patients with 
diabetes. The renoprotective effects of ARBs in rat models 
were previously reported (24,25). OM, one of the most potent 
ARBs, was demonstrated to increase plasma renin activity 
in rats. Therefore, the renoprotective actions demonstrated 
in this study may be attributed to the systemic and intrarenal 
blockade of the renin‑angiotensin system (26). In this study, it 
was demonstrated that OM was able to decrease BP. It was also 
demonstrated that the serum glucose concentration in diabetic 
rats was by 3.78‑fold higher compared to that in normal rats 
and treatment with OM significantly inhibited hyperglycemia. 
OM also reduced renal weight and increased body weight. The 
mechanism of the inhibition of hyperglycemia by OM has not 
been elucidated, although it may be through the blockade of 
RAS or the inhibition of oxidative stress.

The common characteristic in the development of DN is 
the decrease in the glomerular filtration rate, which may reflect 
serum Cr and CCr levels and lead to proteinuria. The DN rats 
exhibited significant increases in serum Cr, BUN and urinary 
protein excretion, whereas the CCr level was significantly 
decreased compared to that in normal rats. According to a 
previous study by Oktem et al (22), proteinuria is an important 
indicator of early‑stage DN and accelerates the occurrence 
of tubular cell damage. Another previous study (27) reported 
that mALB is a sensitive and specific predictor of DN and it 
has been widely used as a clinical index of early‑stage DN. 
ARBs were reported to reduce proteinuria in a number of 
animal models of diabetes (9,28). OM significantly inhibited 
the development of mALB in DN rats. The increasing levels 
of BUN and serum Cr may indicate progressive renal damage 
and the present study demonstrated that OM positively affected 
these parameters.

It was previously demonstrated that increased oxidative 
stress and reactive oxygen species are involved in the patho-
genesis of diabetes (29). Oxidative stress may increase the 
production of free oxygen radicals, promote the formation of 
lipid peroxidation products and reduce the level of antioxidant 
enzymes, such as SOD. SOD is a scavenger of free radicals and 
the protective effect of SOD on renal function is directly asso-
ciated with its ability to alleviate oxidative stress. MDA is an 
end‑product of lipid peroxidation and may reflect the degree of 
oxidation in renal tissues. OM was reported to improve endo-
thelin‑induced hypertension and oxidative stress in rats (10). 
According to Fujimoto et al (30), OM may inhibit superoxide 
production and oxidative stress, independent of its BP‑lowering 
effect. The data in our study demonstrated that the serum SOD 
concentrations in diabetic rats were lower compared to those 
in normal rats and the levels of SOD were increased, whereas 
MDA levels were decreased following treatment with OM.

In conclusion, our results suggest that OM exerts a beneficial 
effect on DN via different pathways and it may be a potential 
renoprotective pharmaceutical for the treatment of DN.
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