
 

*Cor

Ampa

1Appli
Facult
Unive
Thaila
2Depa
Scienc
Kaen,
3Depa
Medic
Kaen,
 

Intr

Diab
state
It res
[1].  
[2, 3
vasc
prob
gluco
synth
secre
medi
other
and 
conta
narin
show
in ox
activ
type 
level
12.5 
antio
insul
in d
conc
(STZ

This 

  

 

Evaluatio
Ro

rresponding

 
a Luangpirom

 

ed Taxonomic R
ty of  Science, K
rsity, Khon Kaen

and 
artment of Biolog
ce, Khon Kaen U
 40002. Thailand

artment of Radio
cine, Khon Kaen 
 40002, Thailand

oduction 

etes mellitus (D
e of chronic hyp
sults from a defe
Furthermore, c

3] and consequ
cular and neural 
lems [5].  Thus
ose level and t
hetic drugs suc
etion by the p
icinal plants ha
r ailment therap
is a vegetable b
ain many flavono
ngenin In parti
wing 75.7 % of s
xidative stress [8
vity in the intesti

2 diabetic rats
s [9].  However

g/kgBW incr
oxidant enzyme i
in (5 IU/kgBW) 

diabetic mice 
currently occur i
Z) induced diab

  

 work is licens

Intern

on of hyp
oxb. aque

g author: 

m 

Research Center
Khon Kaen 
n, 40002, 

gy, Faculty of 
University, Khon
d  

ology, Faculty of 
University, Kho
d. 

DM) is a chronic 
erglycemia and 
ect in insulin sec

chronic hypergly
uent pathogene

dysfunction, op
s, diabetic patien
to improve bloo
ch as glibenclam
pancreatic islets
as gained more 
ies.  Piper sarme
belonging to the
oids such as my
cular, naringen
uperoxide scave

8].  In addition, it 
ne, delaying the
s and dampenin
r, P. sarmentosu
reases supero
in rats after oral 
administration a
[10].  Interest
in diabetic patie
betic rats [5]. 

sed under a C

national J
http

   
oglycemi

eous leaf 
Ampa Lua

r, 

n 

n 

 

A b s
Male m
fertility 
(i.p) inje
100gBW
adminis
glibencl
the diab
and imp
quality a
normal 
treatme
mg/100
pancrea
Keywor

metabolic disor
glucose toleran

cretion, insulin f
cemia causes o
sis in many o

pthalamopathies
nts need to con
od glucose toler
mide, which en
s [6]. Nowaday

interest for an
mentosum Roxb. 
e family Piperace
yricetin, querceti
nin is a power
enging activity [7
also inhibits alp

e absorption of c
ng postprandial 
um Roxb. aqueo
xide dismutase
administration fo

also decreases o
tingly, fertility 
ents [11] and in

 Therefore, th

Creative Comm

Journal o
p://www.arjo

Origin

 
ic propert
extract in
ngpirom1*, W

s t r a c t
ice of ICR strain
effect of Piper 

ection of strepto
W and Piper sar
stered (per os) fo
lamide. Meanwh
betic control. Th
proved after ex
and blood testos
mice and sign

ent.  In conclusio
 gBW revealed

atic islet function
rds: hyperglycem

rder, inducing a 
nce impairment. 
function or both
oxidative stress 
rgans such as 
 [4] and fertility 

ntrol their blood 
rance by using 
nhances insulin 
ys, the use of 
ti-diabetes and 
is one of these, 
eae.  Its leaves 
n, apigenin and 
rful antioxidant 
7] and decrease 
pha-glucosidase 
carbohydrate in 
blood glucose 

ous leaf extract 
e (SOD), an 
or 28 days. and
oxidative stress 
problems also 

n streptozytocin 
he lowering of 

mons Attributio

f Phytom
ournals.org/in

 
nal Researc

  
ties and f
n streptoz
atchara Kourc

n (6-7 week old,
r sarmentosum 
zotocin (STZ) (
rmentosum Rox
or 21 days.  The
hile, the blood ins
he concordant r
xtract treatment.
sterone of diabe
ificantly increas
on, Piper sarme
d hyperglycemic
n and fertility stat
mic properties, fe

 

hyperg
improv
evalua
potent
strepto

Mate

Expe

Adult 
from 
provin
25+2 
(Chare
The e
Anima
(Refer

Plant

P. sar
distric
a taxo
distille
Peung
evapo
weigh

on 3.0 License

medicine 6
ndex.php/ijpm

ch Article

  
fertility eff
zotocin in
champa2, Pic

 30-40 g) were 
Roxb. leaf extra
(6.0 mg/100gBW
xb. leaf extract (
e hypoglycemic 
sulin level also s
results showed 
 However, the 
tic mice decreas

sed when comp
entosum Roxb. a
c properties in 
tus of diabetic m
ertility effect, insu

glycemia should
ve fertility in diab
ate the hypog
tial of P. sarm
ozotocin induced

erials and M

erimental anim

male mice (ICR
the National L

nce, Thailand.  T
oC with dark:l

eanpogapan Ltd
xperiments were

al Ethics Com
rence No.0514.1

t extraction 

armentosam Rox
t, Khon Kaen P
onomist. Their 
ed water (1:1, w
gvicha et al., 19
orated in a hot a
ed 115.43 g (=8

e.  

6 (2014) 4
m/index 

e 

  
fect of Pip

nduced di
chet Somsapt3

used for evaluat
act.  Diabetes w

W) and glibencla
(PS) at 60 and 
activity of PS w

significantly incre
that diabetic pa
fertility status t

sed significantly 
pared to the dia
aqueous leaf ex

diabetic mice. 
mice after 21 day
ulin, Piper sarm

d reduce oxidat
betic animals.  T
lycemic activity

mentosum Rox
d diabetic mice. 

Methods 

mals 

R strain, 8 week
Laboratory Anim
They were hous
ight cycle=12:1

d.) and water ad
e conducted afte

mmittee, Khon 
1.12.2/77) 

xb. was collecte
rovince,  northe
leaves (2,833 g

w/v) at 70 oC ov
998 [12]) filtered
air oven at 45 oC
8.89 % w:w) an

448-454 

iper sarm
abetic mi
3 

tion of the hypo
was induced by 
amide (referenc

100 mg/100gBW
was 73.04 and 1
eased by 8.25 a

ancreatic islets w
est showed tha
(P< 0.05) as co

abetic control a
xtract at doses o

 They also im
ys of extract trea

mentosum Roxb

tive stress and 
The aims of this 
y and fertility 

xb. aqueous le

k old, 35-40 g) w
mal Center, N
sed in an anima
2 h.  Standar

d libitum were fre
er approval by th

Kaen Univers

ed from a cultiva
ast Thailand an
g) were cleaned
vernight (as in t
d with cotton m
C until dry.  The

nd was dissolved

mantosum
ice 

oglycemic and 
intraperitoneal 
e drug) 1 mg/ 
W were orally 
20.96% of the 

and 50.53 % of 
were impaired 
at the seminal 
ompared to the 
after long-term 
of 60 and 100 
mproved both 
tment.  

consequently 
study were to 
improvement 

eaf extract in 

were obtained 
Nakornprathom 
al room under 
rd pellet food 
eely available.  
he Institutional 
sity, Thailand 

ated plot, Sila 
d identified by 
d, boiled with 
the method of 

mesh and then 
e dried extract 
d with distilled 

ISSN: 0975-0185

m 



 Luangpirom et al. International Journal of Phytomedicine 6 (3) 448-454 [2014] 

 

PAGE | 449 |

 

 

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 ăTube 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 ă 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 đ-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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