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Abstract

Male mice of ICR strain (6-7 week old, 30-40 g) were used for evaluation of the hypoglycemic and
fertility effect of Pjper sarmentosum Roxb. leaf extract. Diabetes was induced by intraperitoneal
(i.p) injection of streptozotocin (STZ) (6.0 mg/100gBW) and glibenclamide (reference drug) 1 mg/
100gBW and Piper sarmentosum Roxb. leaf extract (PS) at 60 and 100 mg/100gBW were orally
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Thailand the diabetic control. The concordant results showed that diabetic pancreatic islets were impaired
2Department of Biology, Faculty of and improved after extract treatment. However, the fertility status test showed that the seminal
Science, Khon Kaen University, Khon quality and blood testosterone of diabetic mice decreased significantly (P< 0.05) as compared to the
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mg/100 gBW revealed hyperglycemic properties in diabetic mice. They also improved both
pancreatic islet function and fertility status of diabetic mice after 21 days of extract treatment.
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Introduction

Diabetes mellitus (DM) is a chronic metabolic disorder, inducing a
state of chronic hyperglycemia and glucose tolerance impairment.
It results from a defect in insulin secretion, insulin function or both
[1]. Furthermore, chronic hyperglycemia causes oxidative stress
[2, 3] and consequent pathogenesis in many organs such as
vascular and neural dysfunction, opthalamopathies [4] and fertility
problems [5]. Thus, diabetic patients need to control their blood
glucose level and to improve blood glucose tolerance by using
synthetic drugs such as glibenclamide, which enhances insulin
secretion by the pancreatic islets [6]. Nowadays, the use of
medicinal plants has gained more interest for anti-diabetes and
other ailment therapies. Pjper sarmentosum Roxb. is one of these,
and is a vegetable belonging to the family Piperaceae. Its leaves
contain many flavonoids such as myricetin, quercetin, apigenin and
naringenin In particular, naringenin is a powerful antioxidant
showing 75.7 % of superoxide scavenging activity [7] and decrease
in oxidative stress [8]. In addition, it also inhibits alpha-glucosidase
activity in the intestine, delaying the absorption of carbohydrate in
type 2 diabetic rats and dampening postprandial blood glucose
levels [9]. However, P. sarmeniosum Roxb. aqueous leaf extract
12.5 g/kgBW increases superoxide dismutase (SOD), an
antioxidant enzyme in rats after oral administration for 28 days. and
insulin (5 1U/kgBW) administration also decreases oxidative stress
in diabetic mice [10]. Interestingly, fertility problems also
concurrently occur in diabetic patients [11] and in streptozytocin
(STZ) induced diabetic rats [5]. Therefore, the lowering of
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hyperglycemia should reduce oxidative stress and consequently
improve fertility in diabetic animals. The aims of this study were to
evaluate the hypoglycemic activity and fertility improvement
potential of P sarmentosum Roxb. aqueous leaf extract in
streptozotocin induced diabetic mice.

Materials and Methods

Experimental animals

Adult male mice (ICR strain, 8 week old, 35-40 g) were obtained
from the National Laboratory Animal Center, Nakornprathom
province, Thailand. They were housed in an animal room under
25+2 °C with dark:light cycle=12:12 h. Standard pellet food
(Chareanpogapan Ltd.) and water ad libitum were freely available.
The experiments were conducted after approval by the Institutional
Animal Ethics Committee, Khon Kaen University, Thailand
(Reference N0.0514.1.12.2/77)

Plant extraction

P. sarmentosam Roxb. was collected from a cultivated plot, Sila
district, Khon Kaen Province, northeast Thailand and identified by
a taxonomist. Their leaves (2,833 g) were cleaned, boiled with
distilled water (1:1, w/v) at 70 °C overnight (as in the method of
Peungvicha et al., 1998 [12]) filtered with cotton mesh and then
evaporated in a hot air oven at 45 °C until dry. The dried extract
weighed 115.43 g (=8.89 % w:w) and was dissolved with distilled
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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 plU/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 | : Normal mice as reference group received 0.5 ml of
distilled water/100 gBW

Group Il : Diabetic mice as negative control received 0.5 ml of
distilled water/100 gBW

Group IlI: 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 °C 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 Bouin’s 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 meanzstandard deviation (x+SD).
Data were analysed by one-way analysis of variance (ANOVA) and
the different results among groups were compared by Duncan’s
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 94.50+1.94 mg/dl and of diabetic mice were
194.84+7.70 — 195.57+7.34 mg/d| (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 (17.24+2.90 IU/L )
and the group that received PS 100 mg/100 gWB (21.16+2.53
[U/L) were found when compared with diabetic control group
(14.19+2.95 |U/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 . 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 82.74+2.08 x10® per individual,
70.84+1.54, 26.66+6.22 and 55.82+2.36 %, respectively, The
corresponding values in the diabetic group treated with

glibenclamide were 89.60+3.90 x106 per individual, 74.19+4.34,
39.13+6.78 and 44.38+2.20 %, respectively The corresponding
values in the diabetic group treated with PS 60 mg/100 gBW were
135.54+4.15 x108 per individual, 83.59+2.59, 45.61+10.73 and
46.49+3.60 %, respectively. The corresponding values in the
diabetic group treated with PS100 mg/100 gBW were 144.56+6.56
x108 per individual, 87.76+1.99, 48.44+5.42 and 42.44+0.60 %,
respectively. Meanwhile, the sperm concentration, percentage of
viable sperms, motile sperms and abnormal sperms of normal mice
serving as a reference group were 97.30+3.05 x108 per individual,
84.63+1.72, 53.61+8.01 and 33.95+2.55 %, respectively.

Table 1 Hypoglycemic activity of 2. sarmentosum |eaf extract (PS) in diabetic mice after oral administration for 21 days

Changed blood Efficiency of hypoglycemic | Insulin level Testosterone level
Treatmment(/100 gBW.)N=6 glucosg level (%) agtivitypr(°2)y (IUL) (ng/ml)
Normal: distilled water 0.5 ml +17.97 20.05+4.0920
Diabetes: distilled water 0.5 ml +46.01 14.19+2,95°¢
Diabetes: glibenclamide 1 mg -19.1 65.11 (100) 17.24+2.90b¢ 5.46+1.1820
Diabetes: PS 60 mg -1.55 47.56 (73.04) 15.36+2.86¢ 3.53+1.07t¢
Diabetes: PS 100 mg -32.75 78.76 (120.96) 21.36+2.532 5.25+0.0920

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).
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Figure 1 Fasting blood glucose level (FBG) on day 1 and day 22 of group treated with glibenclamide 1 mg, groups treated with £. 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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Figure 2 Cross-section of pancreas showing islets of Langerhann, H&E, bar = 50 pM; A, normal control group; B, diabetic control group; C,

diabetic group treated with glibenclamide and D & E, diabetic groups treated with P. sarmentosum extract 60 mg and 100 mg /100gBW
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Figure 3 A, sperm concentration; B, motile sperms (%); C, abnormal sperms (%) and D, viable sperm (%) in the diabetes
control group and diabetes groups that received glibenclamide or P. sarmentosum extract at 60 and 100 mg/ 100 gBW.

1, Normal: distilled water 0.5 ml; 2, Diabetes: distilled water 0.5 ml; 3, Diabetes:glibenclamide 1 mg; 4, Diabetes: PS 60 mg; 5, Diabetes: PS
100mg/100gBW same letter means non-significadifference (P>0.05). different letter means non-significant difference (P<0.05).

Discussion

This study used streptozotocin to induce typy Il diabetes in male
mice. It worked by entering into pancreatic insulin secreting beta
cells via a glucose transporter, causing DNA damage and
generating superoxide radicals to destroy beta cells [6]. Therefore,
the hyperglycemia was concordantly incident with oxidative stress.
Glibenclamide was used as reference drug. It is a commercial
synthetic hypoglycemic agent and has been used as an
antidiabetic drug in type Il diabetic patients since 1973 [17]. This

drug works by inhibiting the ATP sensitive K* (K-a7p) channel in the
plasma membrane of beta cells [18]. The inhibition causes cell
membrane depolarization, activation of the voltage-gated Ca*
channel, increased Ca* influx, a rise in cytosol Ca* and thereby
insulin release [19]. Furthermore, this drug also behaves as an
antioxidant, resulting from its amino azobicyclo-octare ring [20].
Our study found that diabetic groups that received P. sarmeniosum
leaf extract orally at 60 and 100 mg/100 ¢gBW showed
hypoglycemic potentials of 73.04 and 120.96 % of glibenclamide 1
mg/100 gBW and increased insulin levels 8.25 and 50.53 % of
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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 (45,7
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 £, 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
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