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Antioxidant Capacity of Momordica charantia Extract
and its Protective Effect on Testicular Damage in
Valproic Acid-Induced Rats
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SUMMARY: AlthoughMomordica charantigMC) has preventive effects on tissue injuries, antioxidant capacity and protective
effect of MC pulp and peel (MCP) on valproic acid (VPA)-testicular damage have never been reported. Fresh MCPs were aqueous
extracted and determined for antioxidant capacity and momordicine | level by HPLC. Male rats were divided into 5 groupg®gontro
(500 mg/kgBW), MCP20/40/ or 80 mg/kgBW+VPA). In 30 experimental days, animals were pretreated with different doses of MCPs for
20 days before VPA injection for 10 consecutive days. Sperm concentration, testosterone hormone, and testicular histplogysof al
were investigated. Expressions of testicular tyrosine phosphorylated and steroidogenic acute regulatory (StAR) proteinsneele ex
by Western blot. Results showed that MCP contains TPC B9.28 ug/mg garlic acid), antioxidant capacities (FRAP=38008L ug/
mg ascorbic acid equivalent, IC50 of DPPH=3&3.20 ug/ml), and momordicine | (404.9 mg/g MCP). Sperm concentration in
MCP80+VPA group was increased as compared to VPA group. Testosterone level in MCP treated groups was significantly increased.
MCP protected testicular damage and could prevent the decrease of StAR and a 50-kDa phosphorylated protein expression in VPA-
treated testis. In conclusion, MCP has antioxidant activities and can prevent male reproductive toxicity in VPA-induced rats.
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INTRODUCTION

Valproic acid or valproate (VPA) is commonly usedet al, 1992; Jentinkt al, 2010; Witczalet al, 2010). Indeed,
for treatments in many neurological disorders such as paitinas been reported to have adverse effects such as decreasing
attack, anorexia nervosa, anxiety disorder, posttraumatifsex hormones and sperm qualities (Nishinetigl, 2000;
stress disorder, and psychiatric conditions (Loscher, 200®erzoget al, 2004; Hamza & Amin, 2007; Khatal, 2011;
Due to the property in histone deacetylase inhibition, VPAamsaardet al, 2017a,b; Sukhorum & lamsaard, 2017).
has been used in treating of many cancers (Gefdat, Currently, herbal medicines have been studied for searching
2006; Berendseet al, 2012; Glisteet al, 2012). Although  of alternative VPA treatments (Sadr al, 2014; lamsaard
VPA has various therapeutic properties, adverse effects enal, 2015, 2017b; Sukhoruet al, 2016).
the gastrointestinal, neurological, hematological, and
endocrine systems have been reported (Isojarvi, 2008; Momordica charantigMC) Linn, also called Mara
Taubgll et al., 2008). In addition, VPA can causeKee Nok in Thai, is a tropical vine belonging to
fibrosarcomas and adenocarcinomas in the uterus (WatkiDacurbitaceae family. MC was reported to have antioxidant
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activity (Ghoust al, 2015), antidiabetic property (Blugt extract to standard ascorbic acid, 2 ml of each MCP
al., 2012), and anticancer property (Lee-Huegl., 1995). concentrations (0.08, 0.24, 0.40, and 0.56 mg/ml) was mixed
In addition, a literature review has documented that MC with 2,2-diphenyl-1-picrylhydrazyl (DPPH) in methanol for
commonly used to treat the pathological conditions includi@0 min at room temperature in the dark room. Then,
dysmenorrhea, eczema, galactagogue, gout, jaundiedsorbance was triplicately recorded at 517 nm using an
nephrolithiasis, leucorrhea, pneumonia, psoriasisjtraviolet-visible spectrophotometer. The percentage of ra-
rheumatism, and scabies (Grover & Yadav, 2004). Previod&al scavenging activity in all samples was calculated
studies have demonstrated the protective effects of MC ancording to following formula described by Brand-Williams
damaged tissues such as liver, brain, stomach, and hedral
(Ozbakis, Dengiz & Girsan, 2005; Abetsal, 2014; Duan
et al, 2015; Denget al, 2017). However, protective effects DPPH radical scavenging % = [(DPPH absorbance
of MC against reproductive impairment induced by VPA- sample absorbance) x 100] /DPPH absorbance
have never been documented. Therefore, the aim of this study
was to investigate the antioxidant activities and protective In addition, ascorbic acid equivalent antioxidant
effects of MC pulp and peel extract on testicular damage @gapacity (AEAC) of MCP extract (100 g) was calculated
VPA-induced rats. from the half maximal inhibitory concentration (IC50) of
standard ascorbic acid as previously described (@haly
2011).
MATERIAL AND METHOD
Reducing power capacity assayreducing power capacity
was estimated by using FRAP assay as previously described
Plant collection and extraction.Momordica charantidrees (Benzie & Strain, 1996; Burawat al). Ascorbic acid in
were planted at Ban Sawang farm in Khon Kaen provinciur concentrations (0.00192, 0.00960, 0.0240, and 0.0480
Thailand. The plant samples were botanically authenticatety/ml) was used as positive standard to plot a calibration
by Professor Pranom Chantaranothai, a taxonomist éarve. Then, 0.1 ml of MCP solution (1 mg/ml) was mixed
Department of Biology, Faculty of Science, Khon Kaemvith 3 ml of FRAP reagent (300 mmol/l acetate buffer, 10
University, where the voucher specimen was deposited (momol/l TPTZ, 20 mmol/l FeCl[10:1:1, v/v/v]) for 20 min
Chanwit Maneenin 01 [KKU]). The fresh mature fruits ofin a dark room. Then, the absorbance was recorded at 593
Momordica charantiawere harvested in June, 2016. Thexm by using an ultraviolet-visible spectrophotometer. When
white arils were discarded to collect pulp and peel (MCP3ompared with standard curve, the reducing power capacity
Such samples were aqueous extracted and further drieddfyMCP extract was reported as ug/mg ascorbic acid
using the spray dryer (Nitro A/S-Gladsaxeveg-305-DKequivalent.
2860, Soeborg, Denmark). The extraction powder yields
were approximately 1.47 %. Momordicin content assay by high performance liquid
chromatography (HPLC). In standard and sample
Total phenolic content determination. Total phenolic preparations, momordicine | was dissolved with 100 %
contents (TPC) in MCP extract were measured using theetonitrile (HPLC grade) to gain 0.00625, 0.0125, 0.025,
Folin-Ciocalteu reagent method as previously describeahd 0.05 mg/ml concentrations and 0.1 mg/ml of MCP
(Singletonet al, 1999; Burawaet al, 2016). In brief, 0.2 solution was prepared by dissolving in 1 mg of MCP powder
ml of MCP aqueous solution (2 mg dried extract/ml) wasxtract with 1 ml acetonitrile. These solutions were filtered
mixed with 1 ml of the Folin-Ciocalteu reagent (10 %, v/iv{Whatman, 0.2um) before injection to remove any none-
for 5 min. Then the mixed solution was added with 3 ml adissolved particles. HPLC system (Shimadzu, Japan) was
0.2 g/ml sodium carbonate for 2 h (room temperature ineguipped with pump (model LC-20AD), Photo-diode array
dark room). The absorbance was measured in triplicatedstector, and auto sampler (model SIL-20AHT). The
765 nm using an ultraviolet-visible spectrophotometer (Jasseparation of momordicine | was carried out on a reversed-
V530, Japan). Gallic acid was used as a positive control piiase 51m C18 Inertsil® ODS-4 column (250 mm x 4.6
plotting five concentrations (0.040, 0.064, 0.080, 0.120, amdm) under isocratic conditions and injection volume of 20
0.160 mg/ml gallic acid) to perform a standard curve.  ml. Acetonitrile was used as the mobile phase solvent running
for 15 min (1 ml/min flow rate). Absorbance of the standard
DPPH radical scavenging assaylhe radical scavenging was measured at 260 nm. Data acquisition was done with
activity of MCP extract was determined as previousIZLASS-VP software. For determination the level of
described (Brand-Williamst al, 1995; lamsaarét al, momordicine | in the extract, area under MCP curve was
2014). To compare the radical scavenging ability of MCPalibrated by using a standard curve.
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Experimental animals.Forty male Wistar rats (6-8 weeks)observed and captured under a Nikon light ECLIPSE E200
were purchased from the National Laboratory Animahicroscope equipped with a DXM1200 digital camera.
Center, Salaya, Nakhon Pathom, Thailand and then they
were transferred and housed£23C, 350-400 Lux, 30- Western blot analysis.To extract total proteins, fresh left
60 % of relative humidity, and under a 12 h light/dark cyclégstes were homogenized with radioimmunoprecipitation
at the Northeast Laboratory Animal Center, Khon Kaeassay (RIPA) buffer (Cell Signaling Technology Inc., USA)
University, Thailand. The rats were randomly divided intgontaining a cocktail of protease inhibitors (Sigma Inc.,
five groups (n=8 each group) including control, VPAJUSA). Then the homogenate was centrifuged at 12000 rpm
MCP20+VPA, MCP40+VPA, and MCP80+VPA groups.at 4°C for 10 min to collect testicular lysate. The protein
Treatments on experimental and control groups wep®ncentration was measured using a NanoDrop
shown in Table I. After consecutive 30-day treatmentS§pectrophotometer (NanoDrop Technologies Inc., USA) at
the animals were euthanized and sacrificed to collect tabsorbance of 280 nm. Testicular lysate (80 mg) of each
blood and male reproductive organs. This study wagoup was loaded and separated on 10 % sodium dodecyl
approved by Animal Ethics Committee of Khon Kaersulfate polyacrylamide gel electrophoresis (SDS-PAGE). In
University (IACUC-KKU-1/B1). addition, proteins on SDS-PAGE were stained by Coomassie
blue to confirm the equal amount of total proteins of each
Testosterone assayt the end of experiment, animals werdane. To determine the expression of StAR and tyrosine
anesthetized and then their blood was immediatephosphorylated proteins, the separated proteins were
collected by cardiac puncture. The blood samples wetr@ansferred onto nitrocellulose membrane and incubated with
centrifuged at 13000 rpm, &, for 7 min. To assay the 5 % skim milk in 0.1 % PBST (0.1 % Tween-20, 0.01 mol/
testosterone levels, the serum was subsequently sent td ®BS, pH 7.4) for 1 h to non-specific blocking. Then, blocked
Radiology Unit, Srinagarind Hospital, Faculty of Medici-membranes were incubated with StAR antibody (1:1000 [v/
ne, Khon Kaen University, Thailand. v] dilution; Santa Cruz Biotechnology Inc., USAractin
antibody (1:2000 [v/v] dilution; Santa Cruz Biotechnology
Sperm count assayThe left caudal epididymis plus vasinc., USA), or anti-phosphotyrosine antibody (1:2000 (v/
deferens were dissected out to squeeze sperm fluid. Then,Millipore Co., USA) at 4°C overnight. After washing
epididymal fluid was dipped into 1 ml of phosphateon-specific bindings with 0.05 % PBST, the membranes
buffered saline (PBS, 37C, pH 7.4) and further were incubated with goat anti-rabbit IgG secondary antibody
centrifuged at 5000 rpm, 2%, for 2 min to separate the (conjugated with horseradish peroxidase [HRP]) for StAR
mature sperm pellet from the fluid. In all groups, the speremtibody or goat anti-mouse secondary antibody (conjugated
pellets were re-suspended with 1 ml of PBS. The spemnith HRP) forp-actin and phosphotyrosine antibodies (2 h
suspension was dropped on Neubauer counting chambheroom temperature). Then, antigen-antibody complex was
to count and calculate sperm concentration in triplicatketected by using enhanced chemiluminescence substrate
examinations (lamsaast al., 2013). under gel doct 4 (Image Quant 400, GH Healthcare, USA).
For intensity analysis, the ImageJ program (Version 1.49p)
Histopathology. All right testes were subsequentlywas used to measure the intensity of target proteins.
collected, weighed, and immediately fixed with 10 %
formalin in phosphate buffered saline (PBS). To investigattatistical analysis.All data were represged as meat
the testicular damage, samples were embedded in paraffitgndard deviation (SD). The studésiest was used to
sectioned at 5um thicknesses, and stained withexamine and analyze the significant difference between
hematoxylin and eosin. Then, all testicular sections wet@o groups using SPSS statistics 17.0 software. The p-
value of <0.05 was considered as a significant difference.

Table I. Treatment periods on each group of rats.

Treatments
Groups Day 1-30 Day 21-30
(orogastric tube) (i.p. injection)
Control Distilled water, 1 ml Saline, 0.5 ml
VPA Distilled water, 1 ml 500 mg/kgBW of VPA, 0.5 ml
MCP20+VPA 20 mg/kgBW of MCP extract, 1 ml 500 mg/kgBW of VPA, 0.5 ml
MCP40+VPA 40 mg/kgBW of MCP extract, 1 ml 500 mg/kgBW of VPA, 0.5 ml
MCP80+VPA 80 mg/kgBW of MCP extract, 1 ml 500 mg/kgBW of VPA, 0.5 ml
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RESULTS in VPA group were significantly decreaseusk(.05) as
compared to the control. Interestingly, such levels in all
MCP+VAP groups were significantly increased (p<0.05)

Total phenolic contents and antioxidant capacityFrom the when compared with the VPA group (Fig. 3).

calibration curves of the garlic acid, a standard marker

(y=4.0928x-0.1067, R0.98), total phenolic contents (TPC)Protective effects of MCP extracts on VPA-induced

of MCP calculated were 39.2@.65 ug/mg garlic acid (Table testicular damage.In Figure 4, seminiferous tubular atrophy

I1.). In addition, the antioxidant capacity results were showand germ cell degeneration with giant cells were observed

in Table Il. The reducing power capacity of MCP wa@ VPA-treated rats (Fig. 4B) as compared to control (Fig.

33.08:0.21 ug/mg ascorbic acid equivalent and the haffA). In addition, germ cell degeneration with giant cells was

maximal inhibitory concentration (IC50) of MCP extract waslightly found in MCP20+VPA and MCP40+VPA (Fig. 4C

389.8t3.20 ug/ml. Moreover, AEAC of MCP was and 4D) as compared to VPA group (Fig. 4B). However,

1479.4412.28 mg ascorbic acid/100 g powdered extrastuch histopathology was not found in rats treated with the

(Table II). high dose of MCP extract (Fig. 4E).

Momordicine | contents and levels in MCP extractHPLC  Level of StAR protein in testicular lysatesThe immuno-
chromatogram of standard and MCP solution was shownWestern blotting showed that StAR expression in
Figure 1. The result showed that retention times &MCP40+VPA group was obviously increased as compared
momordicine | and MCP extract were approximately 3.8 the rest groups (Fig. 5A). After analysis of StAR intensity
minutes. From a standard curve (Fig. 2), the momordicinevith b -actin, StAR protein levels in only MCP40+VPA
in MCP extract was calculated to be approximately 404¢goup were significantly increased when compared with the
mg/g powdered extract. VPA group (Fig. 5B).

Reproductive organ weights and sperm countsThe Protective effect of MCP on testicular tyrosine protein
results showed that body and epididymis plus vas defergusosphorylation in VPA-treated rats. Testicular protein
weights of all groups were not differept0.05). In contrast, profiles by SDS-PAGE stained by Coomassie blue
testicular weight and sperm concentration in VPA group wedeemonstrated that the levels of total testicular protein lysates
significantly decreased as compared to control grougf experimental groups were equal (Fig. 6). In immuno-
(p<0.05). Moreover, 80 mg/kg BW of MCP could preveniWestern blotting result, the expressions of testicular
the decrease of sperm concentration in VPA-treated raphiosphorylated proteins in VPA group were lower than that
However, MCP-pretreated groups have no difference of control (Fig. 7A). Interestingly, a 50-kDa protein band
testicular weight as compared with VPA group (Table 1ll).was obviously expressed in all MCP-pretreated groups (Fig.

7A). Corresponding to figure 7A, intensity of such 50-kDa
Protective effects of MCP extracts on testosterone level protein in all MCP-pretreated groups was significantly
in VPA rats. As shown in Figure 3, the testosterone levelmcreased as compared to VPA group (Fig. 7B).

Table II. Levels of total phenolic contents and antioxidant capacity in the MCP aqueous extract.

Assays
TPC FRAP DPPH
(ug/mg garlic acid) (ug/mg ascorbic acid equivalent) ICso AEAC
(ug/ml) (mg ascorbic acid/100g)
MCP 39.2440.65 33.08+0.21 389.80+3.20 1479.44+12.28

Table Ill. Initial and final body weights, relative weights of testis and epididymis plus vas deferens, and sperm coneantrnagjon
control, VPA and MCP+VPA groups.

Parameters Control VPA MCP20+VPA MCP40+VPA MCP80+VPA
Initial body weights (g) 179.39+15.54 179.54+16.72 182.25£9 .84 180.35+14.81 179.79£14.93
Final body weights (g) 395.75+22.3 381.50+19.80 358.00£25.05 345.50£26.42 369.50£14.32
Testicular weights (g/100g) 0.503+0.03%* 0.389+0.03* 0.377+0.03* 0.368+0.03* 0.373£0.01%*
Epididymis plus vas deference weights (g/100g) 0.188+0.01 0.193+0.02 0.184+0.01 0.163+0.01 0.182+0.01
Sperm counts (10° cells/m1) 20.83 +£3.54%* 8.75+0.35% 13.00+3.54* 10.38+1.89% 15.75+2.90%*

* Significant differencesp<0.05) as compared with control group. **Significant differenpe®(05) as compared with VPA group.
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Fig. 2. Showing a standard curve of purified momordicine | plotted
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Fig. 5. The expression levels of testicular StAR proteins
of all experimental groups and StAR lysate used as a
positive control (A) and intensity of StAR protein per
B-actin used as a internal control (B). (* Significant
differences f<0.05) as compared with VPA group).
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Fig. 4. Representative testicular
histopathology of control (A), VPA 5 -
(B), MCP20+VPA (),
MCP40+VPA (D), MCP80+VPA # -
(E) groups, respectively. Arrows; 2% —
degenerated-giant germ cells.

Fig. 6. SDS-PAGE stained by Coomassie blue
showing equal amount of testicular protein lysate
in all groups.
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Testicular lysates (80 pg/lane) of MCP extract would protect VPA-testicular damage as shown

s @\8" Q,s" Q,s‘” in Figure 4C-E. Present study also demonstrated that MCP

e p— a2 *o‘?” \‘\cﬁb \‘o& could prevent the decrease of StAR and tyrosine
fila) g 3 phosphorylated protein expressions which may be associated

180 —
130 =

with improved sperm count (Sukhorughal). In fact, VPA
significantly reduced gene and protein expressions of StAR,
CYP11A1, and androgen receptor, responsible for testosterone
production (Gustavsest al, 2009; Glisteet al; lamsaaeét
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Y - al., 2017a). Similarly, it can be explained that the improvement
A - o - J of testosterone level and sperm concentration in MCP-VPA

3 e rats resulted from increasing of StAR and a 50-kDa

§5 . x . - phosphorylated protein expressions. Therefore, this study

gl 08 " suggested that MCP extract cultured in Thailand has

';g o antioxidant activities and could protect testicular damages and

o2 reductions of sperm concentration, level of testosterone, and
. - Qoo“’& & & 2 & f & essential testicular proteins in VPA-induced rats.
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DISCUSSION MANEENIN, C.; BURAWAT, J.; MANEENIN, N.; NUALKAEW, S.;
ARUN, S.; SAMPANNANG, A. & IAMSAARD, S. Capacidad
antioxidante del extracto ddomordica charantiay su efecto protector

This study revealed the protective ability of MCP irfwofrfhsll d3'3g'(g)zs7t_'zg?r2%nléatas inducidas con &cido valpiaical.

VPA-induced reproductive damages including seminiferous
tubular histopathology (Fig. 4), reduced testosterone level (Fig. RESUMEN: A pesar que IMomordica charantigMC) tiene efec-
3), and decreased sperm count (Table Ill) in male rates preventivos sobre las lesiones en los tejidos, capacidad antioxidante y

Previously, it was reported that MC extract have protecti\}é‘ efe.cto protectot de la pulpa_y la cascara de MC (CMC) stzbre el_écido
effects in liver. brain. stomach. and heart iniuries (Ozbakivalprmco (AVP), aun no se ha informado efectos sobre el dafio testicular.
! ! ’ | ?as CMC frescas fueron extraidas de forma acuosa y se determiné la capa-

Dengiz & Gursan; Abast al; Duanet al; Denget al). Besides  cjgad antioxidante y el nivel de Momordicina | por HPLC. Las ratas ma-
such protective effects, recent study has shown for the fiksios se dividieron en 5 grupos: control, AVP (500 mg/kg de peso corporal),
time about preventive property of MCP on male reproductiveMC20/40 / u 80 mg/kg de peso corporal + AVP . En 30 dias experimen-
impairment of VPA-treated rats. Previous reports showed thaéesl, los animales fL_Jeron p[etratados con dlferente§ dosis de CMC durante
. . f testicular malondialdehyde (MDA) level in ra,[ZO d_|a§ antes de la inyeccion de AVP dur_amte 10 dias consecutivos. Se in-
!ncreasmg 0 . y YS/estlgo la concentracion de espermatozoides, la hormona testosterona y la
induced by VPA (Hamza & Amin; Sakt al; lamsaaretal, pistologia testicular de todos los grupos. Las expresiones de proteinas
2017b). Indeed, the increased MDA level in VPA testis wagguladoras agudas (StAR) fosforiladas con tirosina y esteroidogénicas
reduced by treatments with many medicinal plant extractesticulares se examinaron mediante inmunotransferencia de tipo Western.
possessing antioxidant activity (Hamza & Amin; lamsard Los resultados mostraron que CMC contiene TPC (39285 ug / mg de

. . . acido de ajo), capacidades antioxidantes (FRAP = 33081 ug / mg de
al., 2015; Sukhoruret al; lamsaaret al, 2017b). Similarto &<t o equivalente, IC50 de DPPH = 389320 ug / ml) y

those results, antioxidant capacity of MCP extraGhomordicina I (404.9 mg) / g CMC). La concentracién de esperma en el
demonstrated (Table 1) might have abilities to decrease MDgkupo MCP80 + AVP aumenté en comparacion con el grupo AVP. El nivel
level although it was not examined in this study. It is possibite testosterona en los grupos tratados con CMC aumentd significativamente.
that MCP containing antioxidant capacity could also increasé cMC protegio el dafio testicular y pudo prevenir la disminucion de StAR

of antioxidant enzvmes such as catalase. superoxide diSmut%una expresion de proteina fosforilada de 50 kDa en los testiculos tratados
Y » SUp ST AVP. En conclusion, la CMC tiene efectos antioxidantes y puede pre-

anq glutathione peroxidase as p“?V.iOUSW re_por.ted (Hamza&hir 1a toxicidad reproductiva en ratas machos inducidas por VPA.
Amin; Sakret al). However, such lipid peroxidation markers

must be further investigated to explain the real mechanism PALABRAS CLAVE: Momordica charantia Momordicine I;
underlying of MCP preventive effects. These potential effecfgpacidad antioxidante; Dafio testicular; Acido valproico.
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