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SUMMARY: The aim of present study was to investigate the effebtamhordica cochinchinensi&ag) aril (GA) aqueous
extract on male reproductive system of streptozotocin (STZ)-induced hyperglycemia (HG) mice. GA were extracted with alistilled w
(DW) and analyzed fdn vitro antioxidant capacities. ICR male mice were divided into 7 groups: 1) control, 2) DW, 3) GA 1000 mg/kg
BW, 4) HG, 5) HG + glibenclamide, 6 and 7) HG + GA 500 and 1000 mg/kg BW respectively (7 mice/ group). In HG groups, mice were
induced by STZ at single dose (150 mg/kg BW). They were treated for consecutive 35 days. All groups were compared fopb®od glu
levels, weights and histopathologies of reproductive organs, sperm concentration including testicular tyrosine phospirotgiation
patterns by Immuno-Western blotting. The results showed that GA processed antioxidant activities and could significasly decrea
blood glucose levels and increase sperm concentration in HG mice. Moreover, GA could change the density of a testicptatéi kDa
in HG-GA groups. In conclusion, GA extract could improve hyperglycemia and male reproductive damages in STZ-induced HG mice.

KEY WORDS: Momordica cochinchinensisaril; Streptozotocin (STZ); Testicular damage; Testicular tyrosine
phosphorylated protein; Hyperglycemia (HG) mice.

INTRODUCTION

Diabetes mellitus (DM), also called reductions of sperm motility, viability, concentration, nor-
hyperglycemia, is a group of chronic disorders in glucosaal morphology and sex hormones have been observed in
metabolism caused by insulin impaired secretion frodM condition. It seemed that testicular tyrosine
pancreatic beta cells resulting in elevating glucose levelshosphorylation patterns, in streptozotocin (STZ)-induced
DM is involved in many diseases such as cardiovasculayperglycemia (HG) rats were different from control
disease (de Ferramt al, 2014), diabetic peripheral (Ballesteret al). Interestingly, previous studies suggested
neuropathy, diabetic retinopathy (Waagal, 2014) and that an increase in phosphorylation levels of testicular
diabetic nephropathy (Jet al, 2014). Moreover, it has beenproteins caused by administration of antioxidant plant
reported that DM affects the male reproductive system ektracts could be ascribed to testosterone production and
both diabetic patients and animals induced by chemicalpermatogenesis (lamsaatal, 2013; 2014). In recent
(Baccettiet al, 2002; Ballesteet al, 2004). In addition, the studies, it has been shown that medicinal plants possessing
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antioxidants includindMomordica cochinchinensBpreng using UV-VIS spectrophotometer (Jasco V530, Japan) at 765
can significantly reduce blood glucose levels in diabetiem.
patients and STZ-induced animals (Vajpeyial.,, 2007;
Zhanget al,, 2014). Determination of total flavonoid content (TFC): The TFC
was measured using calorimetric method as described by
M. cochinchinensiSpreng (gac) is a tropical Bakaet al (2009). The standard calibration was prepared
plant found in many countries including Thailand. This plartty using the quercetin (Sigma-Aldrich Co. Ltd., USA).
was identified to have various phytochemical componenisventypl of diluted GA extract and quercetin solution were
(Ishidaet al., 2004; Kubola & Siriamornpun, 2011). Theseadded into test tubes. Briefly, 0.5 ml of GA extract was mixed
fruits have been reported to have antioxidant activity (Kubolaith distilled water 2.25 ml and added 5 % Na)¢0lution
& Siriamornpun), anti-inflammatory effect (Jureg al, 0.15 ml. After 6 minutes, 0.3 ml of 10 % AlGH,O solution
2013), immunomodulatory activity (Tset al, 2006), anti- was added before 1 M NaOH 0.1 ml. The absorbance of
tumor properties (Chuethorgt al., 2007), anti-cancer pale yellow color was measured using UV-VIS
activity (Zhenget al, 2014; Petchsak & Sripanidkulchai,spectrophotometer at 420 nm. The concentration of total
2015). However, there was no report of the hypoglycemftavonoid content in GA extract was measured as milligram
effect of Gac aril (GA) on adverse male reproductive systequercetin equivalent (QE) per gram extract.
in type- | DM animal model.
Determination of DPPH free radical scavenging activity:
The scavenging effect was measured using 1,1-diphenyl-2-
MATERIAL AND METHOD picryl-hydrazyl (DPPH) assay based on method of Brand-
Williamset al (1995). The GA extract solutions in methanol
with a series of concentrations were prepared. A standard
Plant collection and extraction: M. cochinchinensigrils  calibration was prepared using the ascorbic acid (E. Merck
(GA) was cultured from January to May, 2014 at Kuchinard{G, Darmstadt, Germany). Then 500of ascorbic acid or
district, Kalasin province, Thailand. The plants weré&A extract solutions were mixed with 5a0of 1 mM DPPH
authenticated for its actual species by Prof. Dr. Pranof®luka, Switzerland) solution and incubated for 30 minutes.
Chantaranothai, Department of Biology, Faculty of Scienc&he absorbance of the resulting solution was measured by
Khon Kaen University, Thailand and kept samples in thesing UV-VIS spectrophotometer at 517 nm. The radical
Herbarium (#Apichakan Sampannang 01 [KKU]), Khorscavenging capacity was calculated by using the following
Kaen University, Thailand. First, the 8000 g of fresh red GAquation:
were mixed with distilled water at the ratio of 1 to 1 and
blended. Then GA juices were filtered by the nylon clotls DPPH radical scavenging = (Abs,
The GA filtrate was dried using Spray dryer. Then the
percentage (% yield) of GA extraction was calculated by Absontrlis the absorbance of the control and é}%%
using below formula: is the absorbance in the presence of the sample. The different
concentrations of standard and GA extract solutions were
% yield of GA extraction = 839.88 g of GA dried weight x 100 used to obtain percent radical scavenging curves for
8.000 g of GA fresh weight calculating the IC50 values that required to scavenging the
= 10.50 50 % DPPH free radicals.

— Abg=mg/Apgentely 100

o Determination of ferric reducing antioxidant power
Antioxidant assays (FRAP): The total antioxidant activity was measured using

o ) ferric tripyridyltriazine (Felll-TPTZ) complex as reported
Determination of total phenolic compound (TPC):The 1,y Benzie & Strain (1996). A standard calibration was

TPC was measured by Folin-Ciocalteu’s calorimetric methqgtepared by using various concentrations of ascorbic acid
as modified by Singletat al. (1999). The standard (E. Merck KG, Darmstadt, Germany). Then 1,500f
calibration was prepared by using the gallic acid (Sigm?r'eshly prepared FRAP reagent (E. Merck KG, Darmstadt,
Aldrich Co. Ltd., USA). Briefly, 1,58l of distilled water Germany) was mixed with 50 of ascorbic acid and GA
and 100yl of Folin-Ciocalteau's reagents (Darmstadteyract solutions and warm at 37 °C for 10 minutes. The
Germany) were added andmixed. After 8 minutes\8@® ;psorbance was measured by using UV-VIS
sodium carbonate (Na@O,) (E. Merck KG, Darmstadt, spectrophotometer at 593 nm. The FRAP value of GA

Germany) solution was added, mixed and then incubatgfract was calculated from an equation from linear stan-
for 2 hours. The absorbance of blue color was measurggyq cuve.
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Table I. Treatment on each group of mice.

Treatment
Groups Day 1 (viai.p.) Days 4-39 (via gastric)
Control non non
Vehicle]+DW 0.1 M Citrate buffer DW
Vehicle [I+GA 1000 0.1 M Citrate buffer GA extract (1000 mg/kg BW)
HG+DW (Negative control) STZ (150 mg/kg BW) DW
HG+Gli (Positive control) STZ (150 mg/kg BW) Glibenclamide (Gli)
HG+GAS500 STZ (150 mg/kg BW) GA extract (500 mg/kg BW)
HG+GA1000 STZ (150 mg/kg BW) GA extract (1000 mg/kg BW)

BW= body weight; DW= distilled water; GA= gac aril; HG= hyperglycemia; i.p.= intraperitoneal injection;
M= molar; STZ= streptozotocin dissolved in 0.1 M citrate buffer. HG groups (negative control, positive
control, HG+GA500 and HG+GA1000); designed based on Muralidhara (2007). Day 1 = STZ injection.
Days 4-39 = the treatment days.

Animals and treatment regime:Forty-nine ICR male mice, Epididymal sperm concentration: Sperm concentration
aged 6-8 weeks were purchased from National Laboratomas performed as described by lamsaaed (2014). Sperm
Animal Center (NLAC), Mahidol University, Salaya, fluid was collected from epididymis and vas deferens. Its
Nakhon Pathom, Thailand. Mice were acclimatized diuid was dipped and re-suspended in 1 ml of PBS. Then
Northeast Laboratory Animal Center (NELAC), Khon Kaersperm suspension was centrifuged (3000 r/min, 2 min) to
University, Thailand. This study was approved by the Aniwash and separate the mature sperm pellet from its fluid. To
mal Ethics Committee of NELAC, Khon Kaen University,analyze the sperm concentration, the sperm pellets were re-
Thailand, based on the Ethics of Animal Experimentatiosuspended with 1 ml PBS before dilution. The sperm
of the National Research Council of Thailand (ref. Nadilutions (1:20 dilution) were counted for three times of each
0514.1.12.2/35 with record No. AEKKU-NELAC 29/2557).animal by using a Neubauer's counting chamber.

All mice were grouped and treated for consecutive 35 days

(shown in Table I). All animals were measured the glucos¢istopathological examinations of the testes and
levels from tail prick blood using blood glucose oxidasepididymes: Right testis and cauda epididymis were fixed
reaction monitoring system (Johnson & Johnson Ltd.ith 10 % formalin and embedded with paraffin and
Hyperglycemic (HG) mice were considered when the levetectioned by microtome aboutibn thicknesses. The
blood glucose was greater than 250 mg/dl. testicular sections were deparaffinized and stained by

Testis

Seminal
vesicle

Epididymis plus
vas deferens

Fig. 1. Showing the representative morphology of male reproductive organs in the groups
of control, vehicle + DW, vehicle + GA (1000 mg/kg BW), HG + DW, HG + Gli and HG

+ GA (500 and 1000 mg/kg BW) respectively. DW: distilled water, Gli: glibenclamide,
HG: STZ-induced hyperglycemia.
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hematoxylin and eosin before observi
testicular histology under light microscope.

O Control

O VehicletDW

O Vehicle+GA1000 mg/kg BW
OHG+DW

O HG+Gli

O HG+GA500 mg/kg BW

O HG+GA1000 mgkg BW

Investigation of testicular phosphotyrosine e ’J‘\
pattern: The total protein lysate of left side tes L3

was prepared by homogenization with | 1 ;
Radioimmunoprecipitation assay buffer add o

cocktail protease inhibitors (Cell Signalii 001 ‘
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Statistical analysis: All quantitative results .

were expressed as mearstandard deviatiol o

(SD). One-way analysis of variance (ANOV. £ . ., H 1 Scam
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(version 16) software to examine tl i
O HG+GAS500 mg/kg BW
O HG+GA1000 mg/kg BW
@Q
&
|

50.00
40.00
significance of differences among sets of d
The level of statistical significance was P<0.
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Fig. 2. A. Showing effect of GA extract on absoluteC ' :

(1) and relative (2) weights of male reproductive e HE
organs. Each data point represented as nmeab 1,60~
(n=7). * P<0.05 was statistically significant. B. The & 1401 O Contal
blood glucose levels of all groups at day 4 and effect £ 5/ O VehicletDW
of GA on BGL at day 35 in STZ-induced = sl Lo Al ALk
hyperglycemic (HG) mice. DW: distilled water, Gli: 2 s DOHGGli
glibenclamide. Each data point represented as mean £ | Bg%ﬁggg’ﬁgﬁ;’g’w
+ SD (n=7). * P<0.05 was statistically significant. C. g
Effect of gac aril (GA) extract on sperm concentration ;% 401
in all experimental groups induced hyperglycemia. = **]
0.00

Each data point represented as me&D (n=7). *
P<0.05 was statistically significant. D. The])
testosterone levels of all experimental groups.
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Fig. 3. Showing effect of GA
extract on testicular histology in
the groups of control (A), vehicle
+ DW (B), vehicle + GA (1000
mg/kg BW)(C), HG + DW (D),

HG + Gli (E) and HG + GA (500
(F) and 1000 mg/kg BW (G))
respectively. DW: distilled water,
Gli: glibenclamide, HG: STZ-
induced hyperglycemia.

RESULTS

Total phenolic compound and antioxidant
activity of GA extract.

Total phenolic compound:The absorbance of
GA extract was represented by gallic acid stan-
dard linear equation (y = 0.0004x + 0.0748)
(and calculated as compared with gallic acid
concentration. The GA extract of 47.49.21

mg possesses equivalence to 1.00 g of gallic
acid (mg/g gallic acid equivalence, GAE).

Total flavonoid content: The absorbance of
GA extract was represented by gallic acid stan-
dard linear equation (y = 0.0154x + 0.0484)
and calculated as compared with quercetin
concentration. The GA extract of 11.88.02

mg possesses equivalence to 1.00 g of quercetin
(mg/g quercetin equivalence, QE).

DPPH free radical scavenging activity:The
various concentration of GA extract scavenged
the free radical in concentration-dependent
DPPH free radical scavenging (y = 9.6929x +
10.7938) with the IC50 of 40.44g/ml and
maximum response of 67.29 %. Ascorbic acid
showed eminent scavenging activity (y =
4.9724x + 6.6005) with the IC50 of 8.Qig/

ml and maximum response of 84.41 %.

Ferric reducing antioxidant power: The
absorbance of GA extract was represented by
gallic acid standard linear equation (y = 0.098x
+ 0.1333) and calculated as compared with
ascorbic acid concentration. GA extract of
481.12 + 4.10 mg possesses reducing
equivalence to 1.00 g of ascorbic acid mg/g GA
extract.

Effect of GA extract on morphology and
weights of reproductive organs:Gli/GA 500

or 1000 could obviously improve testicular size
as compared to HG group (Fig. 1). Contrasting,
all HG groups had small size of reproductive
organs as compared to those of control and
vehicle (Fig. 2A).

In Figure 2A, the absolute and relative
weight of testis tended to be improved after
treatment with GA extract but they were not
significantly different (P>0.05). However, all
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e

P

Fig. 4. Photographs showing the seminiferous hist ologies in HG-STZ mice. A) seminiferous atrophy
with multinucleated giant cells (arrows) and B) atrophy with germ cells degeneration (asterisk).

HG groups had significantly decreased weight
as compared to those of control and vehicle
(P<0.05).

Effect of GA extracts on blood glucose
levels STZ could induce mice to be actual HG
condition with significantly elevated blood
glucose levels (BGL) (average 388.21 mg/dl)
as compared to control (average 71.29 mg/dl)
(P<0.05) (Fig. 2B). After treatment, only GA
extract 1000 and glibenclamide could
significantly reduce BGL in HG mice as
compared to HG-untreated group (P<0.05). In
contrast, GA extract could not decrease BGL
in GA-500 HG mice compared to HG-untreated
group (Fig. 2B).

Effects of GA extract on sperm
concentration and testosterone: In Figure 2C,
Gli/GA 500 or 1000 can significantly improve
sperm concentration compared to that of the
HG group (P<0.05). However, sperm
concentration in Gli-HG group was not
different from GA treated groups (Fig. 2C).
Interestingly, GA (1000 mg) tends to improve
sperm concentration compared with HG-mice
administered low dose of GA. It was noted that
the sperm concentration of all HG groups were
significantly reduced as compared to that of the
non-HG groups (Fig. 2C).

Fig. 5. Showing effect of gac aril (GA) The GIi/GA 500 or 1000 tends to slightly
extract on epididymal histology in the increase testosterone levels as compared to that
groups of control (A), vehicle + DW  of the HG group. However, the results showed
(B), vehicle + GA (1000 mg/kg BW) that the testosterone levels were not

(C), HG + DW (D), HG + Gli (E) and  gjgnificantly among treated groups (Fig. 2D).
HG + GA 500 (F) and 1000 mg/kg BW

(G) respectively. DW: distilled water,
Gli: glibenclamide, HG: STZ-rinduced
hyperglycemia; round cells (arrows).

Effect of GA extract on histology of testis and
epididymis: The GIi/GA 500 or 1000 could
improve testicular damages compared to that
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of the untreated group (Fig. 3). In addition, GA 1000 alone did not afféZfSCUSSION
testicular tissue. Indeed, STZ decreased spermatogenetic cells and
increased atrophic tubule (Fig. 3D). Interestingly, GA extracts could
improve testicular damage (Fig. 3F-G) similar to that of glibenclamide Kubola & Siriamornpun reported that
treatment (Fig. 3E). GA extracts were rich in total phenolic content.
In comparisons, the antioxidant capacities
The testicular histopathologies observed in HG mice wedetermined in this study were closed to their
classified into two types (atrophy with multinucleated giant cells (Figesults. A medicinal plant possessing
4A), and with germ cell degeneration (Fig. 4B). antioxidants especially Momordica genus
including GA can significantly reduce BGL in
The histologies of epididymis in control and experimental groufdM animals (Vajpeyiet al). The treatments
were shown in Figure 5. In general, the epithelial cells of all groupsth GA extract in present study could also
were not different. However, the density of sperm mass in GA 500/Gl&crease BGL in HG mice. Although the doses
1000-HG groups (Fig. 5E-F) was greater than that of HG group (Faf.GA extracts treated in this study were higher
5D). Such density was similar to that of glibenclamide and contridflan others, the LD50 of this extract
groups. The GA 1000 extract alone did not change the sperm mass (@#ogumented in acute toxicity study was 2000
5C). In addition, STZ-induced groups were found to have various roumd)/kg BW (OECD, 2000). All experimental
cells within epididymal lumen (Fig. 5E). results indicated that GA extract has antioxidant
capacity to reduce BGL in HG animals. In
Relative intensity of the testicular 70 kDa phosphorylated proteins: consistent with previous studies, the weights
The intensity of the 70 kDa phosphorylated protein was divided by thatadf male reproductive organs in DM animals
beta-actin (Fig. 6A). Its relative intensity in HG group was significantiwere significantly decreased (Amat al.,
increased compared with other groups (P<0.05) while that intensity2f06; Scararet al, 2006). In this study, the
GA 1000 and control groups was not significantly different. It was fourréduction of epididymal weight was related to
that relative intensity in GA/GIli-HG treated groups was significantlyjeduction of sperm concentration and
decreased as compared with the HG group (P<0.05) (Fig. 6B). epididymis histology. In contrast to other
investigator (Ballesteet al.), the serum
testosterone in this study was not significantly
decreased in HG mice compared to the con-
. PR . trol. A previous study described that treatment
4 ¢ S &S & FL S g with plants possessing antioxidants improved
oibe 1 A e glycemic imbalance (Amarak al). Similarly,
" phosphotyrosine  GA extract could improve testicular weight and
IIKDE s S — ——— Apti-p-actin sperm concentration. In present study, GA
extract improved testicular and epididymal
B damages compared to HG mice. It is possible
4,00 that antioxidants in GA extract have protective
* capacity against free radical from STZ-HG
3.004 induction. Interestingly, GA (1000 mg) was not
toxic to male reproductive system.

W

o

Y,
22

2.004
It is known that phosphotyrosine

proteins are important in the regulation cell

1.00 4 . . . .. .

proliferations, and differentiations in both nor-

mal and cancer cells (Ullrich & Schlessinger,

e _ 1990). In post-translational modifications in
& ..\&\\e@ Qp\‘ S & & male reproductive system, phosphotyrosine
® A proteins are demonstrated to involve in sperm

Fig. 5. Showing effect of gac aril (GA) extract on epididymal histology in t &Tducuon capacitation and acrosome reaction
groups of control (A), vehicle + DW (B), vehicle + GA (1000 mg/kg BW) (C) ailey, 2010; lamsaaet al, 2014).

HG + DW (D), HG + Gli (E) and HG + GA 500 (F) and 1000 mg/kg BW (GFFGVIOUSW, Ballesteet al demonstrated that
respectively. DW: distilled water, Gli: glibenclamide, HG: STZ-r inducedhe presence of testicular 66 and 50 kDas
hyperglycemia; round cells (arrows). phosphorylated proteins were similar in the
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