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Cadmium (Cd) is considered to be one of the most abundant
environmental contaminants that have a critical threat to human
health. It harmfully affects numerous organs in human and animals
too. Moringa (M) and quercetin (QE) have ameliorative effects against
cadmium toxicity according to their antioxidant possessions. The
results designated that CdCl, induced testicular toxicity through an
increase of FSH, LH, E2, Progestrone, y- GT and MDA levels while a
diminution of Testosterone and GSH levels. Also, testes sperm/ g
tissue and total normal sperm count decreased whereas malformed

hormonal profile . . .
P head, tail and head &tail were increased as a result of Cd exposure.

Treatment by either M or QE improved both testes functions,
spermatic profile and testicular DNA fragmentation. Thus, the aim of
the present study was to evaluate the effectiveness of moringa and
quercetin in the restoration of fertility and reproductive function in
adult male rats after testicular toxicity induced by cadmium chloride.

Copy Right, 1JAR, 2017,. All rights reserved.

Introduction:-

Infertility in men is one of the most wide spread problem that is of main concern in medicine (Jamsai and O'Bryan,
2011).Several factors are held responsible for such problem some of which are of natural origin (toxic pollutants) or
acquired (food and drugs). Cadmium is one of the most toxic pollutants in the biosphere (Goyer& Clarkson,
2001).Disclosure to Cd as a result of industrial and environmental pollution leads to grave health threats. Cd has
been found to create broad series of biochemical and physiological dysfunctions in humans and laboratory animals
(Santos et al., 2004).

Cadmium harms reproductive capability by producing cruel testicular degeneration, seminiferous tubular injury,
necrosis, compromised testicular function and reduced androgen secretion in rats (Xu et al., 2005;0gnjanovicet al.,
2010 and Yariet al., 2010). The danger of Cd noxiousness is further increased due to its long biological half-life
(17-30 years), resulting in accumulating and severe damaging effects (Shukla and Kumar, 2009).

Previous confirmations propose oxidative stress and inflammation played a chief part in the pathogenesis of
testicular toxicity and dysfunction induced by cadmium (Gupta et al., 2004; Kara et al., 2005;Suru, 2008 and Predes
et al.,, 2010). Quercetin (QE) as a member of flavonoids and moringa plant have been recognized for having
interesting clinical properties, such as antioxidant, anti-inflammatory, antiallergic, antiviral, antibacterial and
antitumoral activities (Coskunet al., 2005; Hsu et al ., 2006; Reichard et al., 2007 ; Uygur et al., 2014 andSagit et

Corresponding Author:-Walaa Ahmed Moustafa EI-Nahrawy. 1339
Address:-Zoology Department, Women’s College for Arts, Science and Education — Ain

ShamsUniversity, Egypt.


http://www.journalijar.com/

ISSN: 2320-5407 Int. J. Adv. Res. 5(6), 1339-1346

al.,2017 ). Moringaoleifera (MoE) tree is also known as drumstick tree. Moringaoleifera (MoE) comprises precise
plant pigments with confirmed vigorous antioxidative ability such as vitamins C, E, A, carotenoids - lutein, alpha-
carotene and beta carotene, kaempferol, rutin (Aslam et al., 2005).Accordingly, the purpose of this study was to
investigate the therapeutic effect of quercetin or moringa on cadmium chloride-induced physiological alterations of
the testes (as a natural pollutant in the biosphere) in adult male rats.

Material and Methods:-

40 adult male Wister rats weighing about 180+200 g were used in the present study. They were maintained under
standard laboratory conditions at Medical Research Center, Ain Shams University. The experimental procedures
complied with guidelines of the Committee on Care and use of Experimental Animal Resources.

Experimental Design:-

Animal were divided into two experiments .Experiment I, comprising CdCl, (Sigma Chem.Co.,U.S.A.) measures
with control rats (5 rats per group). Group 1 served as the control group. Group 2 were administrated 1 mg/kg b.wt.
CdCl, intraperitoneally for 4 weeks. Experiment Il included the following groups: Group 1 served as control group.
Group 2 rats were treated with 50 mg/kg.b.wt. Quercetin (Sigma Chem.Co.,U.S.A.) by oral routes for 30 days.
Group 3(M) rats were treated with 400mg/kg b.wt. ofMoringaoleifera extract administered orally for 30 days. Group
4 (Recovery) animals treated with CdCl, then left for 30 days without any treatment. Group 5 (Cd+ QE) rats treated
with 50 mg/kg.b.wt. Quercetin by oral routes for 30 days after cadmium toxicity. Group 6 (Cd+ M) rats treated with
400mg/kg b.wt. ofMoringaoleifera extract administered orally for 30 days after treatment of rats with CdCl,.

Hormones Determination:-

At the end of experimental period, the rats were slightly anaesthetized and blood collected from the heart in clean
dry test tubes. Serum was separated for the assessment of plasma concentrations of luteinizing hormone (LH)
(Soos&Siddle, 1983),follicle-stimulating hormone (FSH) (Concannon, 1986), testosterone (Jaffe&Behrman, 1974),
estradiaol (E2) (Roberttson et al.,, 1979), progesterone. The hormonal parameters were estimated by
Radioimmunoassay (RIA) (Diagnostic Product Corporation (DPC), U.S.A.

Testes were excised and weighed .They were then homogenized in phosphate buffer and then stored in ice for
estimation of Gamma-glutamyltransferase (y-GT), glutathione (GSH) content (Beutler and Kelly,1963)and
malondialdehyde (MDA) concentration (Pedeson et al.,1990) using commercial ELISA Kkits (IBL-Hamburg,
Germany).

Sperm count &Morphology:-

The two caudaepididymus from each rat were dissected, each of them was minced in 2ml 0.9% NaCl. The semen
was carefully mixed; the epididymal fluid was subjected to sperm count using Neubauerhaemocytometer (Belsey et
al., 1980). Films were spread on clean dray slides, left to dry and stained with HX&E stain for the examination of
sperm morphology.

DNA analysis, Single-cell gel electrophoresis (comet assay):-
Comet analysis was carried out according to the protocol described by De Boeck et al., 2000. All chemicals and
reagents used were obtained from Sigma (Sigma Aldrich, Sigma Chemical Co., St. Louis, Missouri, USA).

Statistical Analysis:-

Data were statistically analyzed using analysis of variance (ANOVA) followed by Duncan's multiple range test.
SPSS (version 16) statistical software was used for the analysis of data and P<0.05 was taken as the level of
significance.

Results:-

Biochemical Analyses:-

A-Noxious effect of CdCl,

In experiment (1) treatment of male rats with CdCl, caused a significant (p< 0.05) increase in FSH, LH, E,,
Progesterone levels, testicular y- GT and MDA. On the other hand, there was a significant decrease in serum
testosterone level and testicular GSH activity when compared to the control group Table (1).
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Sperm characteristics:-
In experiment (1) administration withCdCI2 showed a significant decrease in testes sperm/ g tissue and total normal
sperm count while, the number of total malformed, malformed head, malformed tail and malformed head &tail were

significantly increased when compared to the control Table (1)

Table 1:- Biochemical tests of testes function and spermatic characters in rats exposed for 8 weeks to CdCl,

Parameters Groups
Control Cd
FSH 3.58 +0.24 5.12+0.07%
LH 2.25 +0.01 3.88 +0.01%
Testost 0.558 +0.12 0.188 +0.01%
E2 15.9 +0.02 26.79 +0.22%
Prog 0.25 #0.003 0.85 +0.02%"
y-GT 4.66 +0.02 10.98 +0.19%
GSH 2.54 +0.01 1.66 0.01%
MDA 0.185 +0.001 0.287 +0.003%
Testes sperm/ g tissue 5.84+0.01 3.87 £0.02
Total normal sperm count 885.8 £3.1 679.2 +4.1%
Malformed Total 114.2 £3.1 319.6 +4.3%
Malformed Head 51.2+1.4 169 +2.4%
Malformed Tail 39.6 +1.2 91.4 #1.4%
Malformed Head& Tail 23.8 £0.37 59.2 +1.5%

MeansSE of experiment (1); significance from Cont: a., *p<0.05

Recovery effect of M& QE in CdCl, induced testicular toxicity:-

In experiment (1), firstly, there was no significance different in negative control group and groups treated with
moringaor quercetin. However, the rats supplemented with M or QE after induction toxicity with CdCI2 showed a
significant decrease in FSH, LH, E,, Prog,y- GT and MDA levels and an increase in testosterone and GSH levels
and did not differ compared with respective values noted in the rats receiving M or QE supplementation Tables (2&
3).Conversely, in recovery (R) group there was a significant difference in its values as compared to the negative
control group.

Table 2:-The effect of M and QE on hormonal profile after induction of testicular dysfunction by Cd administration
for 4 weeks in male rats

Parameters Groups
Control M QE (CdR Cd+ QE Cd+ M
FSH 3.57+0.024 3.56+0.01" | 3.56+0.004” | 4.63+0.03° 4.38+0.05° 3.92+0.03°
mliU/ml
LH 2.26+0.024 2.25+0.01% 2.23+0.01% 3.29+0.04 B 2.99+0.04° 2.59+0.04P
Testosterone | 0.532+0.01” | 0.542+0.01" | 0.540+0.01” | 0.340+0.02° | 0.416+0.02° | 0.492+0.02°
ng/ml
E2 15.89+0.03” | 16.01+0.04” | 15.86+0.03” | 20.42+0.73°% | 18.03+0.15° | 16.96+0.07°
Pg/ml
Progesterone | 0.256+0.01” | 0.258+0.005” | 0.254+0.01” | 0.574+0.02° | 0.474+0.02° | 0.378x0.02°
ng/ml

Values are expressed as mean + SE.
ABLD: Means with a common superscript within a row are statically significantly different (P<0.05).

Table 3:- The effect of M and QE on Lipid peroxidation and antioxidant profiles after induction of testicular
dysfunction by Cd administration for 4 weeks in male rats.

Parameters Groups
VeCont M QE (CdR Cd+ QE Cd+ M
Testicular y- GT | 4.640.02” | 4.64+0.02" | 4.63+0.01" | 8.23+0.06° | 7.53 +0.09° | 6.05 +0.15°
Testicular GSH | 2.51+0.01" | 2.46+0.03”" | 2.52+0.01” | 1.89+0.02° | 1.98 +0.01° | 2.25 +0.02°
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Serum MDA [0.186 +0.001 * | 0.186 +0.001” | 0.187 +0.001" [0.239 +0.004° [ 0.218+0.004° | 0.199 +0.02" |

Values are expressed as mean + SE.
ABCDE Means with a common superscript within a row are statically significantly different (P<0.05).

The administration with moringa or quercetin after exposure to Cd, spermatic profile exhibited differences as testes
sperm/ g tissue and total normal sperm count were significantly raised as compared to Cd group. Even though,the
number of total malformed, malformed head, malformed tail and malformed head&tail were significantly reduced
when compared to the Cd group Table (4).

Table 4:-Spermatic profile in rats exposed for 4 weeks to M and QE after exposure to Cd for 4 weeks.

Parameters Groups
- VeCont M E (Cd) R Cd+ QE Cd+ M
Testes sperm/ g | 5.84 +0.01 5.86 +0.01 5.85+0.01 | 4.37x0.03" 476 £0.03" | 5.03+0.16%
tissue
Total normal | 888.2 +3 886.6+3.1 881.8+3.2 | 716.4 +6.1° 777 £3.79 794.4 +6.3"
sperm count
Malformed 111.8 +3 113.4+3.1 118.2+3.2 283.6 £6.1% 223 +3.77 205.646.3%
Total
Malformed 51.2 +1.4 50.4 +1.03 50.4+1.2 156.4 +4% 127.4 +3% 108.4 +4%
Head
Malformed Tail | 40.2 +0.86 40.2 £1.02 39. +0.51 73.2 +1.28% 57.2+1.8% [ 59.4+0.93%
Malformed 34.2+3.9 28.8+4.3 35.2+3.9 55.4 +1.5%" 38.4+1.5%" 39.2+2.3%
Head& Tail

Means=SE of experiment (l1); significance from —veCont: a.; significance from Cd:d. *p<0.05

Comet assay:-

Table5 showed the mean values of DNA % tailed cells as a marker of DNA migration, which reflected DNA
fragmentation and damage. In Cd group, the damaged testes cells (tailed cells) increased with a wide variation from
-ve control while this change markedly decreased after QE and M treatment. With a similar comparison, the percent
of DNA in tails increased while this change decreased after QE and M treatment (Table5 and Fig 1).

Table 5:-DNA analysis of testes cells subjected to single cell gel electrophoresis (comet assay) in rats

Parameters Groups
- veCont M E R Cd+ QE Cd+ M
% of tailed 9.56 +0.01 8.61 +0.67 9.01+0.31 | 50.78+0.45* 11.45 15.05 +0.16 ¢
cells(damaged +0.05%
cells
% of DNA in | 4.42 +0.82 4.01+0.84 4.81+0.71 | 2053 +1.76* | 6.81+0.81% | 12.83.+0.45%
tail

exposed for 4 weeks to M and QE after exposing to Cd for 4 weeks.

Means£SE of experiment (11); significance from -veCont: a.; significance from Cd:d. *p<0.05
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Fig 1:- DNA fragment migration patterns by comet assay evaluated with a fluorescence microscope for testes cells,

(A): from control rat showing intact cells; most of DNA is located in the head of the comet. (B): from Cd (Recovery

group) showing tailed cells, DNA fragmented and migrated from the comet head and formed a tail. (C&D): From Q
&M groups showing restoration to the normal intact cells

Discussion:-

Reproductive toxicity from heavy metal exposure in males is one of the parts of concern in toxicology nowadays
due to the highly sensitive cellular composition of the spermatogenic epithelium and the high rate of mitotic activity
of the testes. So, this makes the testes more vulnerable to environmental and occupational hazards than other tissues
(Queiroz and Waissmann, 2006).Hence, the current study was designed to examine the effect of exposure to
cadmium chloride on adult albino rat’s seminiferous tubules and to evaluate the promising protective role of
moringa and quercetin on such consequences.

The results of this study revealed that CdCl,administration significantly increased FSH, LH, E, and Prog and
decreased the level of testosterone. The changes observed in the above agree with the previous reports which
demonstrated that cadmium impairs testicular function (Li and Heindel, 1998 and Queiroz and Weismann, 2006).
Also, Cd caused a reduction in testes g/ tissue and total count of normal sperm. This diminution may be associated
with the impairment of spermatogenesis consequent to decreased secretion of testosterone. Moreover, there was an
increase in the total number of malformed sperms. Generation of reactive oxygen species (ROS) by Cd-toxicity and
resultant oxidative impairment may increase the meiotic errors and sperm deformation (Acharya et al., 2008).
Studies have designated that the exposure to Cd initiates lipid peroxidation, which leads to oxidative stress (Ji et al.,
2012; Zhang et al., 2012). Moreover, this study revealed damage of testicular DNA, confirmed by increasing of
tailed cells and tail DNA% of comet analysis that may be attributed to the oxidative stress and cytotoxic effect of
Cd, interact with DNA and cause DNA damage, which is a clear symptom of cytotoxicity.

Lipid peroxidation is a progression of oxidative degradation of polyunsaturated fatty acids that lead to damaged
membrane structure and function (Goelet al., 2005). ROS, otherwise injure cellular lipids by binding to membrane
anionic phospholipids (Sayed-Ahmed and Nagi, 2007), protein and DNA, finally the entire cell (Matés, 2000). The
present work, is in agreement with preceding studies, that settled that oxidative stress, increased lipid peroxidation
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and depletion of antioxidant defenses are involved in the pathogenesis of cadmium-induced testicular toxicity
(Aktaset al., 2012; Farombiet al., 2012; Fouad &Jresat, 2013).The imbalance in the lipid peroxidation and anti-
oxidant status of testicular tissue might be providing factor to the decline of testosterone secretion with
subsequentinadequate sperm quality (Igeet al., 2012).Therefore, the increase in the testicular MDA and y- GT while
the decrease in GSH that occurred in the present study could be due to the concurrent increase in the generation of
ROS in Cd- treated group(Abarikwuet al., 2013; Spiazziet al., 2013).

The treatment strategies for Cd toxicity comprise chelation and antioxidant therapies (Obiohaet al., 2009). The
antagonism of moringa and quercetin to Cd- toxicity was evaluated on the basis of biochemical alterations and
alterations in sperm characteristics in testes. The present study demonstrated that moringa treatment afforded a
significant protective effect against testicular injury caused by cadmium in rats as signified by the improvement in
the disturbed biochemical parameters and amelioration of sperm morphological damage. Sreelatha and Padma
(2009) in their study revealed that moringaleaves bear a potent antioxidant activity. Theiringredientsscavenge free
radicals and employ a protective effect against oxidative destruction induced to cellular macromolecules.

Natural antioxidants that are present in herbs are responsible for inhibiting or blocking the deleterious results of
oxidative stress(Akunnaet al., 2012). Quercetin possessesthe ability to avoidthe oxidation of low-density
lipoproteins viascavenging free radicals and chelating transition metal ions. Also, antioxidant property of quercetin
has been stated to offer significant enhancements in increased LPO level and decreased nonenzymaticantioxidants in
testicular tissue as well as declined sperm parameters, DNA damages and decreased testosterone level induced by
Cd(Khaki et al., 2010; Ben Abdallah et al., 2011and Ciftciet al., 2012).

Conclusion:-

In summary, this study contributes to the investigations on the therapeutic influences of moringa and quercetin on
testicular toxicity of cadmium. Accordingly, Cd induced disruption to serum, tissue biochemical parameters and
testicular DNA fragmentation related to testicular functions. Also, the present result revealed that quercetin possess
tremendous antioxidant properties more than moringaon the deleterious effect of Cd on testes function, hormonal
profile and testicular DNA fragmentation.
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