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water at concentrations of 120 and 200 mg/ml for oral 
administration at 0.5 ml/100 gBW of animal by feeding needle. 

Blood glucose determination 

After fasting for 16 hours with water free access, fasting blood 
glucose was determined by glucometer (ONE TOUCH®, Select 
Simple™ Life, Science, Inc. 2010. Johnson and Johnson 
Company, Bangkok, Thailand) via blood from the tail artery. 

Chemicals 

Streptozotocin (Sigma, St. Louis, MO, USA) for diabetic induction. 
Glibenclamide (Pharma Supply Ltd., Thailand) as reference drug. 
Testosterone radioimmunoassay kit (The DSL-400 ACTIVE® 

Testosterone Coated Tube RIA Kits, Diagnostic system 
Laboratories, Inc., USA), assay sensitivity =0.14 ng/ml for blood 
testosterone determination. Insulin radioimmunoassay kit (Roche 
Ltd, USA), assay sensitivity = 5.5 øIU/L for blood insulin 
determination. 

Experimental design 

Forty-four male mice had diabetes induction by a single 
intraperitoneal (i.p) injection of streptozotocin (6 mg/100 gBW). 
Diabetes was confirmed by fasting blood glucose (FBG) 
determination on the third day after induction [13].  The blood 
glucose values were 140-200 mg/dl, which is considered as mild 
diabetes [14].  On the first day of the experiment, six normal mice 
and forty-four diabetic mice had fasting blood glucose determined.  
Six normal mice served as a reference group and the diabetic mice 
were randomly divided into 4 groups of six animals each as below: 
Group I  : Normal mice as reference group received 0.5 ml of 
distilled water/100 gBW                                  
Group II : Diabetic mice as negative control received 0.5 ml of 
distilled water/100 gBW                                  
Group III: Diabetic mice as positive control received glibenclamide 
1mg/100 gBW                                 
Group IV: Diabetic mice as treated group received P. sarmentosum 
extract (PS) 60 mg                            /100 gBW                                       
Group V : Diabetic mice as treated group received P. sarmentosum 
extract (PS)100 mg                            /100 gBW                
After 21 days of oral administration, all groups had fasting blood 
glucose level measured via tail artery for hypoglycemic activity 
evaluation.  Then, blood was collected by cardiac puncture under 
ether anesthesia and centrifuged at 1,700 rpm for 5 minutes at 
room temperature.  Plasma samples were kept for insulin and 
testosterone assay.  Then, semen was collected for seminal 
analysis.  Pancreases were dissected and slides prepared by 
paraffin method for histological studies. 

Seminal analysis 

At the end of the experiment, epididymis and vas deferens of all 
groups were excised, torn with a dissecting needle in 2 ml of 0.9 % 

of NaCl and incubated at 35 oC for sperm quality evaluation.  
Sperm concentration was determined in terms of total sperm count 
per individual, viable sperms, progressive moving sperms and 
abnormal morphology sperms and expressed as percentage of 
incidence [15]. 

Histological studies of pancreatic islet 

Pancreases of all groups were sampled, dissected and 
immediately fixed in BouinÊs solution for 48 hours, then processed 
by the paraffin method, sectioned at 5 micron thickness and 
stained with hematoxylin and eosin (H&E). The pancreatic slides 
were observed under light microscope with x40 objective and 
pancreatic islet sizes were measured by micrometer. 

Statistical analysis 

All results were expressed as meanμstandard deviation ( XμSD).  
Data were analysed by one-way analysis of variance (ANOVA) and 
the different results among groups were compared by DuncanÊs 
multiple range test.  Values of P <0.05 were considered as 
statistically significant [16]. 

Results 

Hypoglycemic properties of P. sarmentosum Roxb. leaf extract in 
diabetic mice are presented in Table 1 and Figures 1 and 2.  The 
P. sarmentosum Roxb. leaf extract (PS) at doses of 60, 100 mg 
and glibenclamide at a dose of 1 mg/100 gBW were orally 
administered to diabetic mice for 21 days and fasting blood glucose 
(FBG) was determined at day 22.  The FBGs at day 1 of normal 
mice were 94.50μ1.94 mg/dl and of diabetic mice were 
194.84μ7.70  195.57μ7.34 mg/dl (Figure 1).  The group receiving 
glibenclamide and the group receiving PS 100 mg/100 gBW 
showed a significant decrease in FBG of day 22 when compared 
with FBG of day 1.  The diabetic control group revealed a 
significant increase and normal mice served as the reference group 
presenting a non-significant increase in FBG of day 22 as 
compared to FBG of day 1.  These results reveal that the 
hypoglycemic potentials of PS 60 and 100 mg/100 gBW and 
gliblenclamide 1 mg/100 gBW were 65.11, 47.56 and 120.96 mg/dl 
respectively when compared with the diabetic control group and 
the hypoglycemic potentials of PS 60 and 100 mg/100 gBW were 
73.04 and 120.96 % of the group treated with glibenclamide.  
Interestingly, the concordant result of significant increase in insulin 
level of the group that received glibenclamide (17.24μ2.90 IU/L ) 
and the group that received PS 100 mg/100 gWB (21.16μ2.53 
IU/L) were found when compared with diabetic control group 
(14.19μ2.95 IU/L) (Table 1).  Histological studies of pancreatic islet 
showed their improvement by increase in size and decrease in 
number of dead cells ( Figure 2). 
The fertility effect of P. sarmentosum Roxb. leaf extract in diabetic 
mice is shown in Table 2 and Figure 3.  The relation of fertility 
impairment and hyperglycemia were found in the diabetic control 
group.  They decreased in blood testosterone and sperm quality 
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(Table 1 and Figure 3).  The diabetic control group significantly 
decreased their sperm concentration (Figure 3A), number of motile 
sperms (Figure 3B) and viable sperms (Figure 3C), while the 
number of abnormal sperms (Figure 3D) were significantly 
increased.  However, an improvement in fertility index was found in 
diabetic groups treated with glibenclamide and P. sarmentosum 
Roxb. leaf extract (PS) with a significant increase in blood 
testosterone and sperm quality.  The sperm concentration, 
percentage of viable sperms, motile sperms and abnormal sperms 
of the diabetic control were 82.74μ2.08 x106 per individual, 
70.84μ1.54, 26.66μ6.22 and 55.82μ2.36 %, respectively, The 
corresponding values in the diabetic group treated with 

glibenclamide were 89.60μ3.90 x106 per individual, 74.19μ4.34, 
39.13μ6.78 and 44.38μ2.20 %, respectively The corresponding 
values in the diabetic group treated with PS 60 mg/100 gBW were 
135.54μ4.15 x106 per individual, 83.59μ2.59, 45.61μ10.73 and 
46.49μ3.60 %, respectively. The corresponding values in the 
diabetic group treated with PS100 mg/100 gBW were 144.56μ6.56 
x106 per individual, 87.76μ1.99, 48.44μ5.42 and 42.44μ0.60 %, 
respectively.  Meanwhile, the sperm concentration, percentage of 
viable sperms, motile sperms and abnormal sperms of normal mice 
serving as a reference group were 97.30μ3.05 x106 per individual, 
84.63μ1.72, 53.61μ8.01 and 33.95μ2.55 %, respectively. 

 

  Table 1 Hypoglycemic activity of P. sarmentosum leaf extract (PS) in diabetic mice after  oral administration for 21 days 

 
 N= number of experimental animals  
 A= % blood glucose level on day 22 - % blood glucose level on day 1 + means increase and - means decrease.  
 B = change of blood glucose level of diabetic control group - change of blood glucose level of diabetic group treated with glibenclamide or the extract.                      

 same letter in column means non-significant difference (P>0.05).different letter in column means significant difference (P<0.05). 
 

 
Figure 1  Fasting blood glucose level (FBG) on day 1 and day 22 of group treated with glibenclamide 1 mg, groups treated with P. sarmentosum 
extract 60 mg (PS 60) and 100 mg (PS 100)/100gBW  
* = blood glucose level on day 22 differs significantly from day 1 (P<0.05)  NS = blood glucose level on day 22 differs non-significantly from day 1 (P>0.05) 
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diabetic control group.  They also had an increase in blood insulin 
level which was extract dose dependent.  P. sarmentosum Roxb. 
leaves contain many flavonoids, such as hesperitin (3´5,7-
trihydroxy-4´-methoxyflavanone), quercetin (3,3´,5´,5,7-
pentahydroxy flavones) and naringenin (4´,5,7 
trihydroxyflavanone), which are antioxidants [7]. Naringenin 
especially exhibits a potent antioxidant effect with 75.7 % of 
superoxide scavenging activity [7].  It also shows a strong inhibition 
of glucose uptake by exhibiting a dose-dependent inhibition of rat 
intestinal -glucoxidase activity [9].  Recently, an in vitro study 
revealed that P. sarmentosum extract of 5 and 10 mg/ml could 
significantly lower glucose absorption (P<0.05) in a sodium fluoride 
treated group and enhanced glucose utilization of rat muscle cells 
by 2.0-2.5 times in comparison with the control group [21].  This 
implies that the hypoglycemic properties of P. sarmentosum leaf 
extract result from the inhibition of glucose absorption and increase 
of blood insulin.  Thereby, glucose utilization of cells was 
increased.  In addition, an increase in insulin decreased oxidative 
stress leading to improved pancreatic islet histology and function.  
It is well-known that some diabetic males are infertile.  It is induced 
by oxidative stress generated from chronic hyperglycemia.  There 
is much experimental evidence emphasizing a potential 
relationship between oxidative stress in testicular dysfunction 
leading to infertility [22, 23].  Furthermore, antioxidant 
supplementation is able to improve sperm quality in infertile men 
[24].  A previous study claimed that P. sarmentosum aqueous leaf 
extract and insulin treatment decreases oxidative stress in diabetic 
rats [10].  In addition, insulin treatment also improves testicular 
steroidogenesis in streptozotocin induced diabetic rats [26].  In our 
study, decrease in blood testosterone and impairment of sperm 

quality were found in the diabetic control group in comparison to 
the normal control group (reference group).  All parameters were 
improved in the diabetic group treated with glibenclamide 
(reference drug) and P. sarmentosum leaf extract of 60 and 100 
mg/100 gBW.  Interestingly, the increase in blood testosterone and 
sperm quality is related to the decrease in FBG level in a reverse 
manner.  This result implies that P. sarmentosum Roxb. leaf extract 
exhibits hypoglycemic properties and meanwhile it also decreases 
the oxidative stress.  The improvement in oxidative status 
associated with a recovery of pancreatic islet function leads to an 
increase in insulin concentration.  Futhermore, insulin also affects 
testicular function via hypothalamic and/or pituitary level by 
increasing lutinizing hormone (LH) [26], and thereby, it stimulates 
Leydig cell function leading to an increase in testosterone 
secretion.  Finally, testosterone controls spermatogenesis [27]. 

Conclusion 

Piper sarmentosum Roxb. aqueous leaf extract at doses of 60 
and 100 mg/100 gBW had hyperglycemic properties in diabetic 
mice.  They also increased insulin secretion, improved both 
pancreatic islet function and fertility status in diabetic mice after 21 
days of extract treatment. It may therefore be recommeneded as a 
medicinal plant for diabetic patients. 
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