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Materials and methods 

Experimental animals 

Adult male albino wistar rat (Rattus norvegicus)     weighing 
approximately 150-200g (housed 3 per cage) were acclimatized 
and housed in the central animal house of our institute.  All animals 
were kept in 12:12 hr light: dark cycle, at a room temperature of 
22μ2■C. Rats were fed with standard rat pellet supplied by Provimi 
animal nutrition India ltd, Bangalore, India, were also allowed free 
access to water. Animal experimentation was carried out under the 
supervision of on duty veterinary medical officer in accordance to 
the ethical norms approved by the Institutional animal ethical 
committee. (Ref: 45/IAEC/2011) 

Chemicals and reagents 

Reagents were obtained from Thermo Fischer scientific India and 
Merck (India) and were of the highest commercial grade available. 

Preparation of the aqueous extract 

Cynodon dactylon was collected from kanniyakumari district of 
Tamilnadu, south India and authenticated by Dr Manian, Director of 
plant sciences, Bharathiar University, Coimbatore, Tamilnadu, 
south India.  The whole plant of Cynodon dactylon was washed 
with tap water, air dried, and grinded in a mechanical blender. The 
dried powder (100 g) of Cynodon dactylon was extracted with 
distilled water in a soxhlet extractor and the resultant extract was 
concentrated in a rotary vacuum evaporator, the concentrated dark 
extract stored in air tight container. The resultant yield of this 
extract was 6.6%. 

Induction of experimental diabetes 

Animals were fasted overnight and diabetes was induced by single 
intraperitoneal injection of streptozotocin (Sisco research 
laboratories,Mumbai,India) at a dose of 45mg/kg body weight, 
prepared in 0.1 M Citrate buffer at pH 4.5 [16]. To overcome drug 
induced hypoglycemia, animals were allowed to drink 5% glucose 
solution overnight. Citrate buffer alone injected to control rats. After 
72 hours of STZ injection, fasting blood glucose levels of each 
animal were analyzed. Animals with fasting blood glucose levels > 
200 mg/dl were considered as diabetic and taken for the study. 

Experimental design 

The rats were randomly divided into the following five groups with 
six rats in each group: 
Group I: normal control rats received only vehicle solutions. 
Group II: diabetic control rats served as positive control group 
received single dose of STZ (45 mg/kg, intraperitonally.). 
Group III: diabetic rats received glibenclamide (5mg/kg, per oral). 
Group IV: normal control rats received the aqueous extract of 
Cynodon dactylon (500 mg/kg, per oral). 
Group V: diabetic rats received the aqueous extract of Cynodon 
dactylon (500 mg/kg, per oral). 

Animals were treated by oral gavage once a day, preferably in the 
morning for a period of 45 days. At the end of the experimental 
period, the animals were fasted overnight; blood was collected by 
Retro-orbital puncture and then sacrificed under ether anesthesia. 

Collection of tissue samples for histopathology 

The pancreas were dissected out, fixed in 10% neutral buffered 
formalin solution and embedded in paraffin wax for routine 
histological procedure. Sections of 5-6 øm thickness were cut on a 
Leica rotary microtome and stained with hematoxylin and eosin 
(H&E) for general histological study [17]. Sections were also 
stained with MassonÊs trichrome stain to examine the collagen 
fibers [18]. The stained slides were then photomicrographed with 
APCAM -5 USB 2 digital cameras attached to a computer monitor, 
supplied by ADELTAVISION OPTEC India microscope Ltd. 

Estimation of blood glucose 

Blood glucose was analyzed by O-toluidine method [19]. A 0.1 ml 
of the blood was mixed with 1.9ml of 10% trichloroacetic acid 
solution to precipitate and then centrifuged. A 1ml of supernatant 
was mixed with 4ml of O-toluidine reagent and was kept in boiling 
water bath for 15 min and then cooled. The absorbance was read 
at 620 nm. Data were expressed as mg/dl. 

Plasma insulin 

Plasma insulin was determined by the method of Andersen et al, 
1993 [20], using assay kit (Boeheringer Mannheim kit). 

Estimation of lipid profile 

Total cholesterol (TC),high-density lipoprotein (HDL) cholesterol 
and Triglyceride (TG) levels in serum were determined by the 
method of Yadav et al. 2008 [21], using commercially available kits. 
Very low-density lipoprotein (VLDL) and low-density lipoprotein 
(LDL) were estimated by Friedwald et.al.Ês (1972) formula which 
states: VLDL cholesterol =TG/5 and LDL cholesterol =TC ă (VLDL 
+ HDL cholesterol). 

Statistical analysis 

Results are expressed as mean μ standard error of the mean. 
Comparison of the means between groups was performed by one-
way analysis of variance (ANOVA) followed by post hoc of 
DunnettÊs test, which was used to compare means between 
positive control (group II) rats versus all other groups. Statistical 
analyses were done using Graphpad Instat trial version 3.0a 
(Graphpad software, San Diego, California, USA). All statistical 
tests were two-tailed and a p value of 0.05 or less was considered 
statistically significant. 
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Table 1 Effects of aqueous extract of Cynodon dactylon on blood 
glucose and plasma insulin levels in STZ- induced diabetic rats. 
 

Groups Blood glucose (mg/dl) Plasma Insulin (ølU/ml)
I 95.5 μ 2.12a 16.71 μ 0.26a 
II 371.83 μ 11.55 6.6 μ 0.15 
III 120.5 μ 2.95b 13.4 μ 0.17a 
IV 87.16 μ 0.70b 16.56 μ 0.31a 
V 117.5 μ 2.39a 13.46 μ 0.14a 

Values are given as mean μ SEM for 5 groups of 6 rats in each 
group.  
ap <0.01 indicates significance versus diabetic control (Group II) by 
one ă way ANOVA followed by post hoc DunnettÊs test. 
bp <0.05  indicates significance versus diabetic control (Group II) by 
one ă way ANOVA followed by post hoc DunnettÊs test.  

Effects of aqueous extract of C.dactylon on blood 
glucose and plasma insulin 

Table 1 shows the level of blood glucose and plasma insulin in 
control and experimental diabetic rats. There was a significant 
elevation in blood glucose level (p<0.01, one-way ANOVA) with 
significant reduction in plasma insulin levels (p <0.01, one-way 
ANOVA,  
post hoc DunnettÊs test) in STZ diabetic rats (group II), compared 
with control rats (group I) and with diabetic rats treated with 
C.dactylon at a dose of 500 mg/kg, body weight. Administration of 
aqueous extract of C.dactylon at a dose of 500 mg/kg, body weight 
to normal rats (group IV) maintained the normal levels of blood 
glucose and plasma insulin which was similar to control rats (group 
I) and showed significant ( p <0.05 post hoc DunnettÊs test) when 
compared to STZ- induced diabetic rats (group II).  The 
glibenclamide treated diabetic rats showed significant reduction in 
the levels of blood glucose (p <0.05, Post hoc DunnettÊs test) and 
increased plasma insulin gain to near normal level (p <0.05, post 
hoc DunnettÊs test) when compared with STZ-induced diabetic rats 
(group II). 

 
Table 2 Effect of aqueous extract of Cynodon dactylon on serum lipid profile levels in STZ ă induced diabetic rats. 

Groups I II III IV V 
TC (mmol/L) 2.07 μ 0.01a 4.85 μ 0.03 2.48 μ 0.02a 2.13 μ 0.01a 2.37 μ 0.03 a 
TG(mmol/L) 0.45 μ 0.01a 1.65 μ 0.01 0.75 μ 0.01a 0.45 μ 0.01a 0.63 μ 0.02a 
VLDL(mmol/L) 0.20 μ 0.01a 0.75 μ 0.01 0.34 μ 0.01a 0.20 μ 0.01a 0.28 μ 0.01a 
LDL (mmol/l) 0.39 μ 0.01a 3.32 μ 0.02 0.82 μ 0.02a 0.46 μ 0.01a 0.73 μ 0.02a 
HDL (mmol/L) 1.45 μ 0.02a 0.75 μ 0.01 1.30 μ 0.02a 1.46 μ 0.02a 1.35 μ 0.02a 

TC: total cholesterol; TG: triglyceride; VLDL: very ă low ă density lipoprotein; LDL: low- density lipoprotein; HDL: high ă density ă lipoprotein. 
Values are given as mean μ SEM for 5 groups of 6 rats in each group. 

ap <0.01 indicates significance versus diabetic control (group II) by one ăway ANOVA followed by post hoc DunnettÊs test. 
 

Effect of aqueous extract of C.dactylon on the levels of 
serum lipid profiles 

Table 2 shows the levels of Serum TC, TG, LDL, VLDL and HDL 
levels in the control and experimental diabetic rats. Serum TC, TG, 
LDL and VLDL were significantly higher (p <0.01, post hoc 
DunnettÊs test) in STZ diabetic rats (group II) than those in normal 
control rats (group I). Decreased levels of HDL were observed in 
STZ- induced diabetic rats when compared to normal control rats 
(group I) ( p <0.01,post hoc DunnettÊs test). Treatment with 
aqueous extract of C. dactylon and glibenclamide resulted in a 
significant decrease in TC,TG,LDL and VLDL  levels, when 
compared to those in STZ- induced diabetic rats ( p <0.01,post hoc 
DunnettÊs test). Serum HDL levels were significantly (p <0.01, post 
hoc DunnettÊs test) increased in the treated diabetic rats (group V 
and III). Normal rats treated with aqueous extract of C.dactylon 
maintained the normal levels of TC, TG, LDL, HDL and VLDL (p 
<0.01, post hoc DunnettÊs test) when compared with STZ-induced 
diabetic rats. 

Histological observation of the pancreas stained with 
hematoxylin and eosin 

The control rats (group I) showed the normal lobular pattern of the 
pancreas, with clear distinct islets of langerhans, interspersed 
among the pancreatic acini, as round to oval shape, compact 
masses of β- cells at the center arranged in cords separated by a 
network of blood capillary, and alpha cells at the periphery ( Figure 
1). In STZ diabetic control (group II) the compactness of islets was 
lost, due to loss of cellular population indicating the degeneration 
and necrosis of islet cells (Figure 2). In diabetic rats treated with 
glibenclamide (5 mg/kg, bodyweight) (group III) cellular density of 
pancreatic islets increased with vacuolization of β- cell were seen, 
but complete regeneration of pancreatic islets not seen (Figure 3). 
In normal rats treated with aqueous extract of C. dactylon (500 
mg/kg, bodyweight) (group IV) the histological pattern of pancreatic 
islet architecture were similar to control rats (group I) showing the 
non-toxic nature of the plant extract (Figure 4). Diabetic rats treated 
with aqueous extract of C. dactylon (500 mg/kg, bodyweight) 
(group V) showed marked rejuvenation of the pancreatic islets with 
an increase in size and cellular density, as comparable to control 
rats (group I). However, degeneration of few β- cells with 
vacuolated cytoplasm are still seen (Figure 5). 
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Figure 1 Section of pancreas of control rats (group I) showing normal islets architecture. H&E magnification   X 100. 
Legends   IL: islets of langerhans                   β:beta cells     đ: alpha cells 

 

 
Figure 2 Section of pancreas of diabetic control rats showing destruction of islet architecture and shrinkage of islet mass.  H&E magnification X 

100 
Legends 

IL: islets of langerhans 
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Figure 3 Section of pancreas of diabetic rats treated with glibenclamide (group III) showing regeneration of islet architecture. H& E magnification 

X100 
Legends 

IL: islets of langerhans 

 
Figure 4 Section of pancreas of normal rats treated with aqueous extract of C.dactylon (group IV) showing normal clear islet architecture.  H&E 

magnification X100 
Legends 

IL: islets of langerhans β: beta cells đ: alpha cells 
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Figure 5 Section of pancreas of diabetic rats treated with aqueous extract of C.dactylon (Group v) showing rejuvenation of islet architecture.  

H&E magnification X100 
Legends 

IL: islets of langerhans β: beta cells  đ: alpha cells 
 

 
Figure 6 Section of pancreas of normal control rats (group I) stained with MassonÊs trichrome showing thin bundles of collagen fibers (black 

arrows) around islets and pancreatic interlobular connective septa.  Magnification x100. 
Legends 

CTS: connective tissue septa   PD: pancreatic ductule 
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Figure 7 Section of pancreas of diabetic control rats (group II) stained with MassonÊs trichrome showing thick bundles of collagen fibers (black 
arrow) around pancreatic ductule. Magnification X100 

Legends 
CTS: connective tissue septa 

 
Figure 8 Section of pancreas of diabetic rats treated with glibenclamide (group III) stained with MassonÊs trichrome showing moderate bundles of 

collagen fibers (black arrow) around pancreatic ductule (PD). Magnification X100 
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Figure 9 Section of pancreas of normal  rats treated with aqueous extract of C.dactylon (group IV) stained with MassonÊs trichrome showing thin 

bundles of collagen fibers (black arrows) around pancreatic ductule(PD). Magnification X100 
 

 
 
Figure 10 Section of pancreas of diabetic rats treated with aqueous extract of C.dactylon (group V) stained with MassonÊs trichrome showing thin 

bundles of collagen fibers (black arrows) around pancreatic ductule (PD).  Magnification X100 
LegendCTS: connective tissue septa   PD: pancreatic ductule   IL: islets of langerhans 
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Histological observation of the pancreas stained with 
MassonÊs trichrome stain 

In the control rats (group I) thin evenly arranged sheet of collagen 
fibers were seen between the pancreatic acini and the islets of 
langerhans and also around the pancreatic ductules (Figure 6). 
Marked thickening of collagen bundles around pancreatic ductules 
were seen in diabetic control rats (group II) (Figure 7). In diabetic 
rats treated with glibenclamide (5 mg/kg, bodyweight) (group III) 
and with aqueous extract of C.dactylon (500 mg/kg, bodyweight) 
(group V) exhibited the normal pattern of collagen bundles around 
pancreatic ductules   which were similar to control rats (group I) 
showing the effectiveness of the treatment (Figure 8, 10). Normal 
rats treated with aqueous extract of C.dactylon (500 mg/kg, 
bodyweight) (group IV) showed no significant histopathological 
changes in the arrangement of collagen bundles around the islets 
and pancreatic ductules, which were similar to control rats (group I) 
(Figure 9). 

Discussion 

Diabetes mellitus associated with progressive metabolic 
derangement, worsening glycemic control and morphological 
changes in the pancreas, liver and other organs [22, 23]. Oxidative 
stress is known to play a significant role in the induction of these 
processes [24]. Pancreatic insulin reserve is an important 
parameter of islet function with tight coupling between insulin 
secretion and production being necessary for adequate functioning 
of pancreatic β- cells [25]. It has been shown that insulin deficiency 
in diabetes mellitus lead to accumulation of lipids especially TG 
and TC in diabetic patients [26]. High concentration of cholesterol 
in human serum is one of the primary factors in the development of 
atherosclerosis [27]. Marked hyperlipidemia in diabetic state may 
be regarded as a consequence of the uninhibited actions of lipolytic 
hormones on the fat depot [28]. Further in diabetic state, there is 
inactivation of lipoprotein lipase by which free fatty acids are 
converted into phospholipids and cholesterol, which are finally 
discharged into blood, causing an elevation of serum phospholipids 
levels [29]. 
In our study, 45 days of treatment with aqueous extract of 
C.dactylon at a dose of (500 mg/kg, body weight) had significantly 
reduced the fasting blood glucose levels and increased plasma 
insulin in STZ ăinduced diabetic rats. Blood glucose lowering 
potential of aqueous extract of C.dactylon might be due to 
activation of β- cells giving insulinogenic effect through the 
stimulation of regeneration process and reactivation of β- cells, 
also the presence of flavonoids in the extract may be responsible 
for the stimulation of glucose uptake in peripheral tissues and 
regulation of activity and/or expression of the rate limiting enzymes 
involved in carbohydrate metabolism [30].In the present study, 
treatment with aqueous extract of C.dactylon at a dose of 500 
mg/kg,bodyweight, markedly decreased both serum TC,TG and 
LDL levels by 57%,61%,and 75%,as high levels of LDL cholesterol 

predispose to atherosclerotic state [31]. HDL levels were also 
significantly increased by more than 80% in C.dactylon aqueous 
extract treated rats. These results were similar to those reported by 
many authors on medicinal plants, which exhibited 
antihyperlipidemic activity [32, 33, 8]. 
The biochemical findings of our study were correlated with the 
histopathological changes in the pancreatic islets of normal and 
experimental animals, which reveal that treatment of diabetic rats 
with 500 mg/kg, bodyweight of aqueous extract of C.dactylon 
showed substantial recovery of pancreatic islet architecture, which 
also showed   improvement in size, number and cellular density of 
the islets. The observed histopathological findings were similar to 
the findings, reported by very few authors [34, 35, 36]. Histological 
examination of MassonÊs trichrome stained sections of STZ- 
induced diabetic rats showed increased collagen deposition mainly 
around pancreatic ductules, whereas collagen bundles were fairly 
similar to control rats in pancreatic sections of the C.dactylon 
treated STZ- induced diabetic rats. This increased collagen could 
be attributed to the chronic accompanying auto-immune reactions, 
as insulin dependent diabetes mellitus is characterized by the 
activation of autoimmunity towards β-cells [35].  
In summary, our study clearly demonstrate that aqueous extract of 
C.dactylon has been shown histopathologically and biochemically 
to possess hypoglycemic and antihyperlipidemic activity, which act 
by improving the insulin secretion due to activation of β-cells. 
However the exact mechanism to prove such effects still remains 
unclear. More studies on histochemistry and immunohistochemistry 
are underway to further prove the histopathological changes in the 
pancreatic islet of STZ-induced diabetic rats treated with aqueous 
extract of C.dactylon. 

Conclusion 

In diabetic rats the aqueous extract of C.dactylon at a dose of 500 
mg/kg, bodyweight exhibited significant hypoglycemic and 
antihyperlipidemic effect, shown biochemically and histologically. 
The aqueous extract of C.dactylon exhibits ameliorative effects 
almost similar to the standard group (glibenclamide 5 mg/kg, 
bodyweight). Histopathological observations made in this study 
also warrant that aqueous extract of C.dactylon is effective in 
reducing the islet cellular toxicity induced by Streptozotocin (STZ). 
Thus our study clearly indicates that aqueous extract of C.dactylon 
might be of therapeutic value in the treatment of diabetes and its 
associated complications. 
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