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The antidiabetic effect of water extract of Rosmarinus officinalis was studied in streptozotocin (STZ)-
induced diabetes in rats. The efficacy of the extract was also evaluated for protective effects on renal 
functions and histology in diabetic rats. Oral administration of extract to diabetic rats (200 mg/kg body 
weight per day for a period of 21 days) produced significant (P <0.001) fall in fasting blood glucose 
(FBG). Treatment with the extract showed significant improvement in body weight and serum insulin 
and C-peptide when compared with diabetic control. Also, the extract improved the kidney function and 
reduced lesions associated with STZ induced diabetes. Thus, our study indicates that the water extract 
of rosemary (200 mg/kg) exhibits protective effect on these organs, significantly improves the 
homeostasis of glucose and proves its potentials as an antidiabetic agent. The results of this study 
serve as valuable data for health professionals in proper menu planning for diabetes mellitus. 
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INTRODUCTION 
 
Diabetes mellitus (DM) is a syndrome that affects more 
and more people in all countries over the world. It is well 
known that diabetes mellitus is the commonest endocrine 
disorder that, according to the World Health Organization 
(WHO, 2004), affects more than 176 million people 
worldwide. From an ethno-pharmacological perspective, 
it is important to understand that this disease is one at 
the interface of conventional biomedical and local (or 
traditional) treatment. Diabetes mellitus (DM) does not 
only lead to hyperglycemia, but also causes many 
complications such as hyperlipidemia, hypertension and 
atherosclerosis (Bakırel et al., 2008). In the recent years, 
there is growing interest in herbal medicine all over the 
world (Lie and Crawford, 2004). 

Rosemary, Rosmarinus officinalis L. (Labiatae) is an 
evergreen perennial shrub grown in many parts of the 
world. It has been reported to possess a number of 
therapeutic applications in folk medicines in curing or 
managing wide range of diseases, such as diabetes 
mellitus, respiratory disorders, stomach problems and 

inflammatory diseases. Rosemary has long been 
recognized as having antioxidant molecules, such as 
rosmarinic acid, carnasol and rosmaridiphenol (Huang 
and Zheng, 2006; Bakirel et al., 2008). High total phenolic 
content and flavonoid content are responsible for its 
antioxidant activity.  

In our previous study, we have reported that rosemary 
has a high radical scavenging and antioxidant activity. 
The percent inhibition of linoleic acid peroxidation of plant 
extract was 85% (Khalil et al., 2011). The purpose of this 
study was to evaluate the protective effect of water 
extract of Rosemary leaves after oral administration in 
streptozotocin-induced diabetic rats.  
 
 
MATERIALS AND METHODS 
 
Plant material and preparation of extract 
 
Leaves of Rosemary were obtained from the local herbal market of 
Kingdom   Saudi  Arabia.  Voucher  specimens  from  plant  material  
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were deposited at the Herbal Museum, Department of 
Pharmacology, Faculty of Science, King Abdul-Aziz University of 
Medical Sciences, for identification. The fresh leaves of plant 
material (5 g), after 1 h stirring, were soaked in 50 ml of boiled 
water at room temperature overnight. The supernatant was 
decanted and the residue was macerated two more days with 
distilled water. The pooled supernatants were combined and 
filtered.  

 
 
Experimental animals 
 
Adult male albino Wistar rats (weighing 150 – 200 g) were obtained 
from the Central Animal House in Jeddah, Saudi Arabia. The 
animals were housed in acrylic cages in standard conditions of 
temperature prior to the experiments for 1 week in order to adapt to 
the laboratory condition. They were fed with commercial diet and 
water ad libitum. The experimental protocol was approved by the 
Institutional Animal Ethics Committee (IAEC) of Saudi Arabia, 
Jeddah. All experimental procedures were conducted in 
accordance to the ethical guidelines of International Association for 
the Study of Pain (Zimmermann et al., 1983).  

 
 
Induction of experimental diabetes  

 
A freshly prepared solution of streptozotocin (STZ) 45 mg/kg body 
weight in 0.1 M citrate buffer, pH 4.5 was injected intraperitoneally 
into overnight fasted rats. The STZ injected animals exhibited 
hyperglycemia within 48 - 36 h (Siddiqui et al., 1987). The rats 
having fasting blood glucose (FBG) values of 250 mg/dl or above 
were considered for the study. 

 
 
Experimental procedure 

 
The experiment was carried out on 5 groups of five rats in each 
group to study the effect of plant water extract on STZ-induced 
diabetes and changes in renal function as follows: Group 1: healthy 
control rats; Group 2: diabetic control rats; Group 3: normal rats 
administered rosemary extract (200 mg/kg body weight) using 
gastric cannula; Group 4: protective group received water extract of 
Rosemary for two weeks before STZ injection; Group 5: diabetic 
treatment rats received water extract of Rosemary for 3 weeks after 
36 h STZ injection. The control rats received distilled water and 
treated rats received Rosemary in 1 ml of distilled water. The 
treatment with rosemary was given daily for a period of 3 weeks 
using gastric cannula (Makino et al., 2002). Blood samples were 
obtained from hearts of overnight fasted rats using micro-capillary 
technique and allowed to clot for 20 min in laboratory temperature 
and then centrifuged at 10000 rpm for 10 min for serum separation. 

 
 
Biochemical assays  

 
Starting from the 1st day (3rd day of STZ injection) of extract 
administration to diabetic rats, FBG (blood glucose) level was 
measured on every 7th day using glucometer. Serum insulin 
(Awareness Technologies, USA) and C-peptide (Packard, USA) 
levels were determined by the enzyme-linked immunosorbent assay 
(ELISA) and radioimmunoassay (RIA) methods, respectively. Blood 
urea nitrogen (BUN), serum creatinine (Scr) and uric acid were 
determined as markers of kidney function using the commercially 
available  kits  from Siemens Health Care  Diagnostics according  to 
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their manufacturers. 
 
 
Histological study 
 
After blood sampling, the kidneys were removed and fixed in 10% 
neutral buffered formalin for 24 h. Washing was done in tap water 
and then serial dilutions of alcohol (methyl, ethyl and absolute ethyl) 
were used for dehydration.  

Specimens were cleared in xylene and embedded in paraffin at 
56° in hot air oven for 24 h. Paraffin bees wax tissue blocks were 
prepared for sectioning at 4 microns by sledge microtome. The 
obtained tissue sections were collected on glass slides, 
deparaffinized and stained by hematoxylin and eosin stains 
(Carleton, 1979) for histopathological examination through the 
electric light microscope. 
 
 
Statistical analysis 
 
The results were expressed as mean ± standard deviation (SD). 
The data were subjected to one-way analyses of variance (ANOVA) 
and student's t-tests using the statistical analysis program. P-value 
≤ 0.05 was considered statistically significant. 
 
 
RESULTS  
 
No detectable irritation or restlessness was observed 
after extract administration. Also, no noticeable adverse 
effect (such as respiratory distress, abnormal locomotion 
or catalepsy) was observed in any animals after the 
extract administration. Throughout the experimental 
period, the body weight was monitored. At the end of 3 
weeks treatment, all the animals were anesthetized 
(nesdonal 50 mg/kg, i.p.). 
 
 
Biochemical results 
 
Body weight 
 
Diabetic rats grew poorly and had significantly (P <0.01) 
lower body weight compared with healthy control (Table 
1). On the other hand, the diabetic rats treated with the 
extract (200 mg/kg) had their body weight comparable to 
healthy control. 
 
 

Antihyperglycemic activity 
 

There was a significant decrease (P<0.001) in the levels 
of FBG in diabetic rats treated with water extract of 
rosemary (200 mg/kg) from day 3 to 21; diabetic control 
rats showed marked hyperglycemia throughout the 
experimental period (Table 2).  

The levels of serum insulin and C-peptide were 
significantly decreased in diabetic rats when compared 
with normal rats. Administration of effective dose of 
rosemary extract to diabetic rats significantly reversed all
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Table 1. Effect of rosemary (200 mg/kg) on body weight after 3 weeks treatment in 
diabetic rats. 
 

Group Initial body weight (g) Final body weight (g) 

Healthy control 185.1 ±3.4 199.8±5.3 

Diabetic control 188.5 ± 3.5 161.7 ± 6.7
a 

Normal+ Rosemary (200 mg/kg) 184.5 ± 4.4 195.4 ±5.5
b 

Protective group 186.2 ± 4 198.6 ±5.5
b 

Diabetic treated group 187.5 ± 4.3 194.5 ± 6.3
b 

 

Values are given as mean ± SD from five rats in each group. 
a
P<0.001 vs. healthy control; 

b
P<0.001vs diabetic control. 

 
 
 

Table 2. Effect of rosemary on changes in FBG, serum insulin and C-peptide of normal and 
experimental rats. 
 

Group FBG (mg/dl) Insulin (µU/ml) C-peptide (ng/ml) 

Healthy control 126.4 ± 20 13.4 ± 0.72 4.2 ± 0.2 

Diabetic control 329 ± 122
a
 4.5 ± 0.29

a
 1.6 ±  0.05

a
 

Normal + Rosemary (200 mg/kg) 117 ± 19
b
 14.5  ± 0.87

b
 4.7 ± 0.21

b
 

Protective group 132 ± 20
b
 11.7 ± o.7

ab
 2.3 ± 0.1

ab
 

Diabetic treated group 131 ± 79
b
 12.4 ± 0.59

b
 4.1 ± 0.24

b
 

 

FGB: Fasting blood sugar. Values are given as mean ± SD from five rats in each group. 
a
P<0.001 vs. 

healthy control; 
b
P<0.001vs. diabetic control. 

 
 
 

Table 3. Effect of rosemary on changes in kidney functions in normal and experimental rats. 
 

Group BUN (mmol/L) Scr (µmol/L) Uric acid (µmol/L) 

Healthy control 8.2 ± 0.85 39 ± 5.5 59 ± 16.2 

Diabetic control 19.3 ± 1.7
a
 47 ± 7.8 77.5 ± 32

a
 

Normal + Rosemary (200 mg/kg) 8.2 ± 1.26
b 

43  ± 8.2 65 ± 20
ab 

Protective group 9.2 ± 1.7
b
 45  ± 7 68 ± 20

ab 

Diabetic treated group 8.2 ± 0.92
b
 40 ± 6.8

b
 64 ± 30

ab
 

 

BUN, Blood urea nitrogen; Scr, serum creatinine. Values are given as mean ± SD from five rats in 
each group. a

P<0.001 vs. healthy control; 
b
P<0.001vs diabetic control. 

 
 
 
these changes to near normal levels and produced no 
adverse effect on the general behavior. All the rats 
survived during the experimental period. 
 
 
Effect of rosemary extract on kidney function  
 
BUN, serum creatinine and uric acid as markers of kidney 
function were significantly (P <0.05) increased in the 
untreated diabetic group in comparison with the control 
group. Treatment of the diabetic animals with 200 
mg/kg/d rosemary significantly inhibited the increase of 
BUN, serum creatinine and uric acid in comparison to the 
untreated diabetic animals. Treatment with rosemary 

extract 2 weeks before STZ induction prevented the 
increase in the kidney function parameters tested. The 
results of renal functional determinations are summarized 
in Table 3. 
 
 
Histological results  
 

Kidney sections of diabetic rat showed tubular damage, 
coagulative necrosis in the lining epithelium and focal 
hemorrhage. Hemorrhage was seen within the Bowman’s 
space due to glomerular damage. However, no 
histopathological alteration was detected in control group 
(Figure  1).  Treatment  with  rosemary  extract  2   weeks 
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Figure 1. Histopathological changes in kidney of control and experimental rats. (a) Group I: 
Normal rat kidney showed glomeruli (g) and proximal convoluted tubules (t); (b) Group II: 
Diabetic kidney shows coagulative necrosis of the tubules (n) in the corticomedullary junction 
with cystic dilatation and hemorrhage; (c) Group III: Plant extract: tubules showed normal 
histological structure (t); (d) Group IV: Protective kidney shows vacuolization in the endothelial 
cells lining the tuft of the glomeruli (g); (e) Group V: Treated kidney showed periglomerular 
inflammatory cells infiltration (m). 

 
 
 

before STZ injection produced minimal congestion in the 
intertubular blood vessels and there was minimal 
vacuolization of the lining endothelium of the tuft. Rats 
treated with the extract, 3 weeks after STZ induction had 
cystic dilation in the tubular lumen of some tubules. 
Administration of extract to control rats did not alter the 
structure  of  kidney,  when  compared  with control group  

(Figure 1). 
 
 
DISCUSSION 
 
Since the prevalence of diabetes is globally increasing, 
its  management  and  control  is  an  urgent  priority. The 
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major classes of oral hyperglycemic agents currently 
available for the treatment of diabetes include 
sulphonylureas, biguanides, thiazolidinediones and α-
glucosidase inhibitors (Sharma et al., 2010). Animal 
models of diabetes are increasingly being used for 
elucidating the pathophysiology and pharmacological 
effect on diabetes mellitus. Advantages of animal studies 
in the examination of alternative medicines and their 
efficacy include the ability to define experimental 
conditions more tightly and to undertake more detailed 
studies of the biologic effects of the agents being used 
(Bailey and Flatt, 1986). STZ, a β-cytotoxin is commonly 
used for induction of experimental diabetes. It acts 
through rapid depletion of pancreatic β-cells, which leads 
to reduction in insulin secretion. STZ-induced diabetic 
animals represent a good experimental diabetic state with 
residual or remnant insulin production by the β-cells. The 
diabetic state in these animals is, therefore, not the same 
as that obtained by total pancreatectomy, as daily 
administration of insulin is not required for survival of 
STZ-induced diabetic rats (Chauhan et al., 2008).  

This study was conducted on the STZ-induced diabetic 
rats and describes the renal protective effect of rosemary. 
The intraperitoneal administration of STZ to normal rats 
effectively induced diabetes as reflected by 
hyperglycemia, hyperinsulinemia and body weight loss. 
Induction of diabetes with STZ is associated with the 
characteristic loss of body weight, which is due to 
increased muscle wasting and loss of tissue proteins 
(Tavafi et al., 2011). Diabetic rats treated with the plant 
extract showed significant gain in body weight as 
compared to the diabetic control, which may be due to its 
protective effect in controlling muscle wasting (that is the 
reversal of gluconeogenesis and glycogenolysis), and 
may also be due to the improvement in insulin secretion 
and glycemic control.  

According to the study, the water extract of rosemary 
produced significant reduction in blood glucose level both 
in normal and diabetic rats. The capacity of rosemary to 
decrease the elevated blood glucose level to normal 
glycemic level is an essential trigger for the liver to revert 
to its normal homeostasis during experimental diabetes. 
A number of other plant extracts have been reported to 
have antihyperglycemic activity through a stimulatory 
effect on insulin secretion (Sharma et al., 2006). The 
possibility also exists that plant extracts mimic or improve 
insulin action and/or may have extra pancreatic 
mechanism of action. Significant reduction of blood 
glucose in rats treated with rosemary confirms previous 
reports demonstrating the hypoglycaemic and 
antihyperglycemic effect of rosemary in normal and 
diabetic rats (Tavafi et al., 2011).  

Optimal pancreatic β-cell function is essential for the 
regulation of glucose homeostasis in both humans and 
animals and its impairment leads to the development of 
diabetes  (Fatehi-Hassanabad  and  Chan,  2005). Insulin 

 
 
 
 
and C-peptide are the products of the enzymatic 
cleavage of proinsulin and are secreted into the 
circulation in equimolar concentrations. The 
measurement of both C-peptide and insulin levels have 
been reported to be a valuable index of insulin secretion 
than insulin alone (Kunt et al., 1999). In the present 
study, treatment with rosemary showed significant 
increase in plasma insulin and C-peptide levels in 
diabetic rats. These results indirectly indicate that part of 
the antihyperglycemic activity of this plant is through 
release of insulin from the pancreas. Diabetics have 
greater insulinase activity (a proteolytic enzyme that is 
involved in the conversion of proinsulin to insulin) than 
non-diabetics (Achrekar et al., 1991). Our results also 
showed that treatment of diabetic rats by rosemary could 
significantly inhibit the increase of BUN, serum creatinine 
and serum uric acid in comparison to untreated diabetic 
animals. Since diabetes is a multifactorial disease that 
leads to several complications, it demands a multiple 
therapeutic approach. We believe that rosemary with 
multi-beneficial properties such as antioxidant (Bakirel et 
al., 2008), anti-inflammatory (Erkan et al., 2008), can be 
introduced to diabetic patients. 

Furthermore, the kidney histopathology data of STZ-
induced diabetic rats showed marked focal degenerated 
tubules, coagulative necrosis in the lining epithelium and 
focal hemorrhages in comparison with the untreated 
diabetic animals. The results indicate a primary effect of 
the diabetic state on the kidney of the rat. The primary 
effect, the diabetes factor, was associated with 
hyperglycemia and was responsible for dilatation of 
proximal and distal tubules in the cortex. The secondary 
effect, named the individual response factor, was 
associated with inflammatory processes (Leegwates and 
Kuper, 1984). Diuresis is a common feature associated 
with diabetes, which may be the reason for structural 
changes observed with glomeruli (Das et al., 1996). The 
excellent recovery of renal function expected with 
treatment of rosemary can be explained by the 
regenerative capability of the renal tubules. Similar 
results have been observed with the treatment of alloxan-
induced diabetic rats with Trigonella foenum-graecum 
seed powder by Thakran et al. (2004). The role of 
Rosemary in reversing the diabetic state at the cellular 
level besides the metabolic normalization, further proves 
its potential as an antidiabetic assert. 
 
 
Conclusion  
 
The results obtained in the present study indicates that 
the water extract of rosemary exhibits strong 
antihyperglycemic activity and attenuate BUN, serum 
creatinine and uric acid rise in diabetic rats. Hence, the 
data of present study provide impetus for further 
molecular  and  mechanistic  studies  on  the   therapeutic 



 
 
 
 
 
action of rosemary extract, before it can be considered as 
a possible insulin replacement or adjuvant in the 
management of diabetes mellitus. Further investigations 
on identification of the active principles and their mode of 
action are also needed to unravel the molecular 
mechanisms involved in the observed effects. 
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