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Summary

The present study was carried out to investigate the protective effect of Eruca sativa seeds
against changes of pituitary and testes in cadmium treated rats. Forty adult male albino rats were
used and divided into 4 equal groups and treated for 8 weeks as follows: The first group was given
distilled water and used as a control group. The second group (G1) was administered with tap water
containing 30 ppm/ L of cadmium chloride. Animals in third group (G2) received tap water
containing Cadmium chloride as in G1 plus 250 mg/Kg B.W ethanolic extract of Eruca sativa
seeds, while rats in fourth group (G3) were administered 250 mg/Kg B.W of ethanolic extract of
Eruca sativa seeds only. After 8 weeks of experiment the animals were anesthetized, the pituitary
and testes were excised for histological studies. Results showed that cadmium chloride intake
caused severe alterations in the pituitary gland manifested by a marked apoptotic cells of pars
distalis, accompanied with marked necrosis leading to left large multiple spaces in their
parenchyma. Whereas testes revealed shrinkage, irregular arrangement of seminiferous tubules and
increased intertubular spaces. A considerable change was also found in the seminiferous tubules
with the loss of most of their epithelial layer and filled with cellular debris, incomplete
spermatogenesis, congested blood vessels and few Leydig's cells. Administration of Eruca sativa
extract reduced the deleterious effects of cadmium chloride on pituitary gland as well as more or
less complete spermatogenesis process with thickness of interstitial tissue in most of seminiferous
tubules. It could be suggested that the antioxidant properties of Eruca sativa extract protects the
deleterious histological damage induced by cadmium chloride in adult rats.
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Introduction indirectly when they act on the neuroendocrine
Cadmium (Cd) is known as an inorganic system causing an endocrine disruptor and
highly toxicant and widely distributed in the disorder in oxidant/ antioxidant status leading
environment and causes various disease to oxidative stress (11). Long-term exposure to
conditions (1). It is well known that smoking low doses of Cd caused spermatogenic damage
remain a major health problem causing lung and histological alteration in testes of rats (12).
disease and cancer may be more serious than It is noteworthy that cadmium can cause
cadmium in food (2). (3) Stated that drinking testicular injury via their initial action at the
water contaminated with Cd, regarded as the blood-testis-barrier (BTB) (13) and induced
most important source of human exposure to destruction of seminiferous tubules with sever
Cd. Some studies reported that the level of necrotic area in birds and mammals (14) and
cadmium exceeded the acceptable limit, as in thereby leading to infertility
Shatt Al-Hilla River (4) and in Al-Wihda and In fact, small amounts of reactive oxygen
Al-Qadisiya units for water treatment (5) in species (ROS) are necessary for normal
Irag. Thus, cadmium toxicity could be due to functions of spermatozoa like capacitation and
ingestion of the contaminated fishes (6). High fertilization (15). Whereas, an increase
levels of cadmium were found in algal production of ROS has an effect on the sperm
formulations, fungi, seaweeds and some oil axoneme as a result of ATP depletion (16),
seeds (7), leafy vegetables, potatoes, tomatoes inhibit both of mitochondrial functions (17)
(8) and sunflower oil (9). Another researcher and synthesis of DNA (18). Consequently
(10) showed that metals may have an effect on excessive production of ROS might be one
the male reproductive system directly or major factors of infertility (15), as well as (19)
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showed that Cd may induce apoptosis through
altered activity of protein kinases, transcription
factors and activation caspase (20).

Antioxidants are substances that either
directly or indirectly protects cells against the
adverse effects of xenobiotic, drugs and toxic
radical reactions through simple or complex
mechanisms, including radical scavenging or
binding of metal ions (21). Eruca sativa that is
often known as rocket is utilized in this study.
Analysis of Eruca sativa seed oil proved the
presence of fatty acids, saturated acids, erucic
acid, oleic acid, linoleic acid and linolenic acid
(22), Furthermore, phytochemical analysis of
Eruca seeds indicates that alkaloids, cardiac
glycosides, flavonoids, phenolics, ascorbic
acid and saponins are present in the seed (23).
The beneficial effects of Eruca sativa have
been attributed to the range of phytochemicals
constituents such as vitamins A and C, erucin
and glucosinolates (24). Therefore, the
objective of this study was to explore the
protective effect of Eruca sativa seeds extract
on pituitary-testes axis against cadmium
chloride in adult rats.

Materials and Methods

The seeds of Eruca sativa were purchased
from the local market (Shorje in Baghdad) and
certified in the Iragi National Herbarium, in
Abu Ghreb, at the Ministry of Agriculture. The
seed of Eruca sativa were ground into a fine
powder using coffee grinder and weighting
crushed seeds powder 100 g then put it in a
volumetric conical flask, then 1000 ml of 70 %
ethyl alcohol was added to the powder which
makes the ratio (1/10) (W/V). After that the
solution was mixed by using magnetic stirrer
apparatus for 24 hrs. , the mixture was filtered
by using 4 layers of medical gauze, then was
filtered again using Whatman (No.l1) filter
paper. The filtered mixture was concentrated
by using incubator at 40°C for 72 hrs. to
obtain crude extract. The yield equal to 3 g.
The extract was stored in a dark bottle at 4°C
until used (25).

Forty adult male rats were randomly
divided to four equal group and handled as
follows for 8 weeks: Control group
administered tap water; group G1 administered
tap water containing 30 ppm/ L of cadmium
chloride; group G2 received tap water
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containing 30 ppm/ L  of cadmium chloride
and administered 250 mg/Kg B.W of ethanolic
extract of Eruca sativa seeds; group G3
administered 250 mg/Kg B.W of ethanolic
extract of Eruca sativa seeds only. At the end
of experiment, after sacrificed the rats, testis
and pituitary gland were excised and fixed in
10% formalin buffer solution. Several tissue
sections with thickness 5-6 p of the testis and
pituitary gland were prepared and stained with
hematoxylin-Eosin stain (H and E) according
to (26) for study the histological changes.

Results and Discussion

Histological examination of pitutary gland
sections in cadmium treated group (G1)
showed marked apoptotic cells of pars distalis
characterized by multiple spaces in their
parenchyma (Fig.1) accompanied with marked
depletion of the cells in pars distalis due to
necrosis and apoptosis leading to left large
multiple spaces in their parenchyma (Fig. 2)
comparing to control (Fig. 3 and 4). While
section of pituitary gland of rats treated with
cadmium and ED50 of Eruca Sativa (group
G2) showed few vacuolation in the pars
distalis  (Fig.5), together with  clear
chromophobes cells and chromophils cells
(Fig. 6). In (G3), microscopic examination of
pituitary gland shows active cellular
composition of  the pars distalis
(chromophobes cells and chromophils cells)
and no clear lesions. Also there was no
abnormality was detected in other sections
(Fig. 7 and 8) as compared to control (Fig. 3
and 4).

Group 1 showed marked histological
alterations in architecture of pars distalis of
pitutary gland. The results of the current study
agreement with other research suggest that
cadmium  toxicity induce changes in
the morphology of the pituitary gland
characterized by perivascular inflammatory
cells and vacuolation with accumulation of this
metal in the brain and alteration of the normal
function of the pituitary gland (27). Many
studies described that pituitary secretions
activity has been shown to be affected by
metals and this endocrine gland is a
particularly sensitive target to cadmium
toxicity (28). Another study (29) explained
that Cd may be cause modification in lipid
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contents of pituitary gland and directly or
indirectly alteration the levels of prolactin
(PRL) and growth (GH) hormones in serum or
a decrease in the content of glutamate and
aspartate in anterior hypothalamus may be
partially explained the inhibitory effect of
cadmium on PRL and luteinizing hormone (30
and 31) reported that Cd modifies the
lactotrophs activity of pituitary gland through
genomic and  morphological  changes,
consequently leading to pituitary dysfunction.
Whereas, some research indicate that cadmium
could compete with calcium at the pituitary
gland cell membrane and subsequently alters
the cytoarchitectural integrity of the gland
(32).

The well fact that an accumulation of ROS
exerts a potent damag effects on the cells
especially phospholipids, proteins and DNA.
The most affected organelles in the pars
distalis cells were the mitochondria, which
might explain the subsequent increase in ROS
generation mechanism (33). Therefore, in the
present study lesions may be result from free
radical generated from CdCL2 through binds
with polyunsaturated fatty acid to produce
alkoxy (R*) and proxy radicals (ROO*), that
in turn, generate lipid peroxidation and finally
induce injury or necrosis (34). Further
researches are however certainly required to
illustrate the mechanism of cytotoxic action of
cadmium on the pituitary cells. From the
results of the present study Eruca sativa
extract caused ameliorating the unfavorable
effects produced in the pituitary gland by
CdCl,. Eruca sativa (ES) act as antioxidant
and play important role in reduction of
oxidative stress (35). Researchers (36)
reported that polyphenols found in ES have
more powerful antioxidant activity. It
enhances the expression of intracellular
endogenous antioxidants such as glutathione,
glutathione peroxidase, glutathione peroxidase
catalase by reducing the generation of reactive
radicals (37), therefore, the histological
examination of pituitary gland of rats in G2
pointed a modifications in the pars distalis
together with few vacuolation, as well as, an
improvement of the cell membranes destructed
by CdCl, (15) and inhibits irregular cell
growth and apoptosis via modulation of
proteins regulating apoptosis (38). So, ES
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probably arrest the harmful mechanism of
pituitary injury through protection of cells and
tissues from oxidative damage by scavenging
free radicals and stimulate the regeneration of
damaged tissues and cells.

cadmium chloride (G1) shows marked apoptotic cells of
pars distalis characterized by multiple spaces in their
parenchyma (4% ), (H and E stain 40X).
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Figure, 2: Section in pituitary gland of animal treated
with cadmium chloride (G1) shows marked depletion of
the cells of pars distalis due to necrosis and apoptosis
left large multiple spaces in their parenchyma (), (H
and E stain 40X).
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Figure, 3: Section in pituitary gland of control group
shows normal structure of cellular composition of the pars
distalis, chromophobes cells (_¥ ) and chromophils cells
(4«¥) (H and E stain 10X).
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Figure, 4:

shows normal structure of cellular composition of the pars
distalis, chromophobes cells (") and chromophils cells
(&) (H and E stain 40 X).

Figure, 5: Section inpituitary gland of animal
cadmium chloride and Eruca Sativa (G2) shows few
vacuolation in the pars distalis (_¥), (H and E stain 10X).

Figure, 6: Section in pituitary gland of animal treated with
cadmium chloride and Eruca Sativa (G2) shows few
vacuolation in the pars distalis ( ) with clear
chromophobes cells (_) and chromophils cells (4%) (H
and E stain 40X).

Comparing to the control (Fig. 9 and 10)
which showed no pathological lesions,
testicular sections of rats treated with CdCl,
(G1) revealded shrinkage, irregular
arrangement of seminiferous tubules and
increase intertubular spaces (Fig. 11).
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Figure, 7: Section in pituitary gland of animal treated with
Eruca Sativa (G3) shows normal cellular composition of
the pars distalis, chromophobes cells ( _—» ) and
chromophils cells () (H and E stain 40X)
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Figure, 8: Section in pituitary gland of animal treated with
Eruca Sativa (G3) shows no clear lesions (H and E stain
40X).

Figure, 9: Section in testis of control group shows normal
architecture of seminiferous tubules (‘1_,) (H and E stain
10X).

A considerable changes was also found in

the seminiferous tubules with loss most of
their epithelial layer and filled with fluid and
cellular debris (Fig. 12), the seminiferous
tubules expressed thickness of basement
membrane lined only by Sertoli cells with
congested blood vessels and few Leydigs cells
and filled with cellular debris (Fig. 13).
In other section, deformity seminiferous
expressed one part with incomplete spermato
-genesis process was seen (Fig. 14). More so,
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histological section in testis of animal treated
with cadmium chloride and Eruca sativa G2
shows normal arrangement of seminiferous
tubules (Fig. 15), complete spermatogenesis
process (Fig. 16), thickness of interstitial
tissue with complete spermatogenesis process
in most seminiferous tubules but few of them
expressed incomplete spermatogenesis process
(Fig. 17). However, Eruca Sativa extract
treatment (G3) showed normal arrangement of
seminiferous tubules with complete spermato
-genesis and filled their lumen with sperms
(Fig. 18 and 19) and proliferation of Leydig's
cells as compared to control.

Figure, 10: Section in testis of control group shows normal
structure of seminiferous tubules («—), (H znd E stain
40X)

Figure, 11: Section in testis of animal treated with
cadmium chloride (G1) shows most of them were
shrinkage, irregular arrangement of seminiferous tubules
(*L,) and increase intertubular spaces («—») (H and E
stain 10X).

Herein study indicated that histological
examination of the testes treated with
cadmium chloride 30 ppm/l in the drinking
water showed a sharp occurrence of
histopathological changes. Cadmium can
negatively affect the male reproductive system
via degenerative changes in testes, epididymis
and seminal vesicles. The results regarding the
effect of cadmium in the current study is in
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accordance with other studies (12 and 39).
Acute Cd exposure has a susceptibility to cross
the endothelial cell layers of the blood-testis
barrier and to drastically increase the vascular
permeability of testis, which overwhelms the
draining function of the lymphatic system
causing interstitial edema, hemorrhage,

ischemia, necrosis (40) and finally testicular
atrophy (41) due to circulatory vascular
failure.

Figure, 12: Section in testis of animal treated with
cadmium chloride (G1) shows that seminiferous tubules
were loss most of their epithelial layer and filled with fluid
and cellular debris (ﬁ_,) (H and E stain40X).

Figure, 13: Section in testis of animal treated with
cadmium chloride (G1) shows that seminiferous expressed
thickness of basement membrane ( <«—» ) line only by
Sertoli cells (—» ) with congested blood vessels and few
Leydig cells (‘1,) and filled with cellular debris ( — ),
(H and E stain40X).

It was supposed that there is a correlation
between the histological changes and oxidative
status induced by CdCl; in the present study
.S0 a case of oxidative stress associated to
induced lipid peroxidation (LPO) after Cd
exposure could be attributed to findings of this
research with a serious damage in testicular
tissue (12) and incomplete spermatogenesis
may be due to an increase production of ROS
(42) by inducing LPO and DNA damage (43)
and such degenerative changes leads to cell
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necrosis and atrophy of testicular tissue (44).
Accordingly, could be postulated that a

decrease in LPO in CdCl; plus Eruca sativa
treated group compared with cadmium treated
group (G1) due to its antioxidant activities
(45) could lead to improvement in processes of
spermatogenesis.

Figure, 14: Section in testis of animal treated with CdCl,
(G1) shows deformity Seminiferous expressed one part
with incomplete spermatogenesis (4'|_>) process («—»), (H
and E stain40X).

Figure, 15: Section in testis of animal treated with CdCl,
and Eruca Sativa (G2). Shows normal arrangement of
seminiferous tubules («—) (H and E stain 10X).

It has been proved that Eruca sativa
contains  antioxidant  agents including
glucosinolate,  polyphenolic ~ compounds,
saponins and a crude gonadotrophic substance
(46) which increase FSH and LH
concentrations lead to improved Leydigs cells
maturation (47). Therefore, the modification of
hormonal profile can stimulate the spermato
-genesis, may increase sperm concentration in
the center of seminiferous tubules (48). Also,
the presence of bio-active isthiocyanates in
Eruca sativa extract which results from
glucosinolate (49) have antioxidant properties
and induce metabolizing enzymes such as
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glutathione-s-transferase and NADPH, which
play an important role in detoxification and
protection against oxidative stress (35). So it
can be suggested that the component of Eruca
sativa extract have a potential role to
improvement male reproductive functions
attributed to its antioxidant and androgenic
properties.

Figure, 16: Section in testis of animal treated with CdCl,
and Eruca Sativa (G2) shows complete spermatogenesis
process («—), (H and E stain 40X)

Figure, 17: Section in testis of animal treated with CdCl,
and Eruca Sativa (G2) shows thickness of interstitial tissue
( —» ) with complete Spermatogenesis process in most
seminiferous tubules ( 4«—» ) but few of the expressed
incomplete spermatogenesis process ( 41,), (H and E stain
40X).
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Figure, 18: Section in testis of animal treated with Eruca
Sativa (G3). Shows normal arrangement of seminiferous
tubules («—) with complete spermatogenesis (H and E
stain 10X).
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Figure, 19: Section in testis of animal treated with Eruca
Sativa (G3) shows normal arrangement of seminiferous
tubules with complete spermatogenesis ( «—) and
proliferation of Leydig cells (—) (H and E stain 40X).

References

Mendiola, J.; Moreno, J.; Roca, M.; Vergara-
Juarez, N.; Martinez-Garcia, M.; Garcia-
Sanchez, A.; Elvira-Rendueles, B.; Moreno-
Grau, S.; Ten, J.; Bernabeu, R.; and Torres-
Cantero, A. (2011). Relationships between
heavy metal concentrations in three different
body fluids and male reproductive
parameters: a pilot study. Environ. Health.,
10:6.
. Kirschvink, N.; Martin, N.; Fievez , L.;
Smith, N.; Marlin, D. and Gustin, P. (2006).
Airway inflammation in cadmium-exposure
rats is associated with pulmonary oxidative
stress and emphysema. Free. Radic. Res.,
40(3): 241-250.
DeBurbure, C.; Buchet, J. B.; Leroyer, A.;
Nisse, C.J.M.; Haguenoer, A.; Mutti, Z.;
Smerhovsky, = C.M.;  Ochocka, T.M,
Razniewska, G.; Jakubowski, M. and
Bernard, A. (2006). Renal and neurologic
effects of cadmium, lead, mercury and
arsenic in children: evidence of early effects
and multiple interactions at environmental
exposure levels. Environ. Health. Perspect.,
114:584-90.
. Al-Taai, M.S. (1999). Trace metals in water,
sediments, fishes, and aquatic plants of Shatt
Al-Hilla. Ph.D. Thesis, College of Science.
University of Babylon- Iraq.
Barakat, N.T. (2007). Measurement pollutant
of drinking water in some regions of
Baghdad. Ph.D. Thesis. College of Sciences-
University of Baghdad-Iraq.
. Jarup, L.; Berglund, M.; Elinder, C. G;
Nordberg, G. and Vahter, M. (1998): Health
effects of cadmium exposure — a review of
the literature and a risk estimate.

10.

11.

12.

13.

14.

15.

82

Scandinavian. J. Work. Environ. Health.,
24(3):240.

European Food Safety Authority (EFSA).
(2012). Cadmium dietary exposure in the
European population. EFSA. J., 10(1):2551.
Mitchell, A. E.; Hong, Y. J.; Koh, E.; Barrett,
D. M.; Bryant, D.E.; Denison, R.F. and
Kaffka, S. (2007). Ten-year comparison of
the influence of organic and conventional
crop management practices on the content of
flavonoids in tomatoes. J. Agric. Food.
Chem., 55(15):6159-6159.

Tahsin, N. and Yankov, B. (2007). Research
on accumulation of zinc and cadmium in
sunflower oil. J. Tekirdag. Agricultural
Faculty., 4(1):109.

Jacquillet, G.; Barbier, O.; Rubera, I., Tauc,
M.; Borderie, A.; Namorado, M. C.; Martin,
D.; Sierra, G.; Reyes, J. L.; Poujeol, P. and
Cougnon, M. (2007). Cadmium causes
delayed effects on renal function in the
offspring of cadmium-  contaminated
pregnant females rats. Am. J. Physiol. Renal
physiol., 293:1450-1460.

Vestena, S.; Cambraia, J.; Ribeiro, C;
Oliveira, J. A. and Oliva, MA. (2011).
Cadmium induced oxidative stress and
antioxidative enzyme response in water
Hyacinth and Salvinia. Brazilian J. Plant
Physiol ., 23:131-139.

Sayed, M. M.; Khaled, M. A.; Hassanein, K.
M. A. and Waleed, S. W. (2014). Protective
effects of thymoquinone and I-cysteine an
cadmium-induced toxicity in rats. Toxicol.
Reports, (1):612-620.

Minutoli, L.; Micali, A.; Pisani, A.; Puzzolo,
D.; Bitto, A.; Rinaldi, M.;Pizzino, G,
Irrera. N.; Galfo, F.; Arena, S.; Pallio,
G.; Mecchio, A.; Germana, A.; Bruschetta,
D.; Laura, R.;Magno, C.; Marini, H.;
Squadrito, F. and Altavilla, D. (2015).
Research article flavocoxid protects against
cadmium-induced disruption of the blood-
testis barrier and improves testicular damage
and germ cell impairment in mice. Toxicol.
Sci., 148(1): 311-329.

Marettova, E.; Maretta, M. and Legath,J.
(2015). Toxic effects of cadmium on testis of
birds and mammals: a review. Anim. Reprod.
Sci., 155:1-10.

Agarwal, A.; Virk, G.; Ong, C. and du
Plessis, S. S. (2014). Effect of oxidative


http://www.ncbi.nlm.nih.gov/pubmed/?term=Micali%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pisani%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Puzzolo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Puzzolo%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bitto%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pizzino%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Irrera%20N%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Galfo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Arena%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pallio%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pallio%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Mecchio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=German%C3%A0%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruschetta%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Bruschetta%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Laur%C3%A0%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Magno%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marini%20H%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Squadrito%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Altavilla%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26424772
http://www.ncbi.nlm.nih.gov/pubmed/?term=Marettov%C3%A1%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25726439
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maretta%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25726439
http://www.ncbi.nlm.nih.gov/pubmed/?term=Leg%C3%A1th%20J%5BAuthor%5D&cauthor=true&cauthor_uid=25726439

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

The Iragi Journal of Veterinary Medicine, 41(1):76-85.

2017

stress on male reproduction. World. J. Men's
Health., 32(1):1-17.

De Lamirande, E. and O'Flaherty, C. (2008).
Sperm activation: role of reactive oxygen
species and kinases. Biochim. Biophys.
Acta., 1784:106-115.

Chou, T. S.; Chao, Y.Y. and Kao, C. H.
(2012). Involvement of hydrogen peroxide in
heat shock- and cadmium-induced expression
of ascorbate peroxidase and glutathione
reductase in leaves of rice seedlings. J. Plant.
Physiol., 169:478-486.

Aitken, R. J.; Irvine, D. S. and Wu, F. C.
(1991). Prospective analysis of spermoocyte
fusion and reactive oxygen species generation
as criteria for the diagnosis of infertility. Am.
J. Obstet. Gynecol., 164:542-551.

Yamazaki, T.; Ohmi, A.; Kurumaya, H.;
Kato, K.; Abe, T. R.; Okawa, Y.; Takahashi,
S. and Takahashi, Y. (2010). Regulation of
the human CHOP gene promoter by the stress
response transcription factor ATF5 via the
AAREL site in human hepatoma HepG2
cells. Life. Sci., 87:294-301.

Othman, M. S.; Nada, A.; Zaki, H. S. and
Abdel Moneim, A. E. (2014). Effect of
Physalis Peruviana L. on cadmium-induced
testicular toxicity in rats. Biological Trace.
Element. Res., 159(1):278-287.

Siddique, N. A.; Mujeeb, M.; Najmi, AK. and
Akram, M. (2010). Evaluation of antioxidant
activity, quantitative estimation of phenols
and flavonoids in different parts of Aegle
marmelos. Afr. J. Plant. Sci., 4:1-5.
Gulfrazi, M.; Sadig, A.; Tariq, H.; Imran,
M.; Qureshi, R. and Zeenat, A. (2011).
Phytochemical analysis and antibacterial
activity of Eruca sativa seed. Pak. J. Bot.,
43(2):1351-1359.

Ettebong, E. and Nwafor, P. (2009). In vitro
antimicrobial activities of extracts of
Caepolobia lutea root. Pak. J. Pharm. Sci.,
22(3):335-338.

Azarenko, O.; Jordan, M. A. and Wilson, L.
(2014). Erucin, the major isothiocyanate in
Arugula (Eruca Sativa), inhibits proliferation
of MCF7 tumor cells by suppressing
microtubule dynamics. PLoS One., 9(6):
100599.

Kothari, V.; Gupta, A. and Naraniwal, M.
(2012). Comparative study of various
methods for extraction of antioxidant and

217.

28.

29.

30.

31.

32.

33.

34.

35.

83

antibacterial compounds from plant seeds. J.
Natural. Remedies., 12(2):162-173.

.Luna, L. G. (1968). Manual of histology

staining. Methods of armed forces. Institute
of Pathology. 3" edition. McGraw-Hill Book
Company, New York and London.
Ekpenyong, E. E.; Anderson, E. L.
Abdullateef, T. A.; Modupe, A. A. and
Eunice, K. O. (2015). The impact of Mimosa
pudica on the histoarchitecture  of
hypothalamic-pituitary testicular axis in
cadmium treated rats. J. Pharm. Pharma. Sci.,
4(10):163-179.

Cano, P., Poliandri, A., Jimenez, V.
Cardinali, D. and Esquifino, A. (2007).
Cadmium-induced changes in Per 1 and Per 2
gene expression in rat hypothalamus and
anterior pituitary: Effect of melatonin.
Toxicol. Lett., 172:131-136.

Calderoni, A. M.; Oliveros, L.; Jahn, G.;
Anton, R.; Luco, J. and Gimenez, M. S.
(2005). Alterations in the lipid content of
pituitary gland and serum prolactin and
growth hormone in cadmium treated rats.
Biometals., 18:213-220

Lafuente, A.; Gonzalez-Carracedo, A
Romero, A.; Cabaleiro, T. and Esquifino, A.
I. (2005). Toxic effects of cadmium on the
regulatory mechanism of dopamine and
serotonin on prolactin secretion in adult male
rats. Toxicol. Lett., 155:87-96.

Calderoni, A. M.; Biaggio, V.; Acosta, M.;
Oliveros, L.; Mohamed, F. and Gimenez, M.
S. (2010). Cadmium exposure modifies
lactotrophs activity associated to genomic
and morphological changes in rat pituitary
anterior lobe. Biometals ., 23:135-143.
Cooper, R., Goldman, J., Rehnberg, G.,
McElroy, W. and Hein, J. (1987). Effects of
metal cations on pituitary hormone secretion
in vitro. J. Biochem. Toxicol., 2:241-249.
Szewczyk, A. and Wojtczak, L. (2002).
Mitochondria as a pharmacological target.
Pharmacol Rev., 54(1):101-127.

Aprioku, J. S. (2013). Pharmacology of free
radicals and the impact of reactive oxygen
species on the testis. J. Reprod. Infertil.,
14(4):158-172.

Khoobchandani, M.; Ojeswi, B. K.; Ganesh,
N.; Srivastava, M. M. and Gabbanini, S.
(2010).  Antimicrobial  properties  and
analytical profile of traditional Eruca sativa



36.

37.

38.

39.

40.

41.

42.

The Iragi Journal of Veterinary Medicine, 41(1):76-85.

2017

seed oil: Comparison with various aerial and
root plant extracts. Food. Chem., 120:217-
224.

Sadig, A.; Hayat, M. Q. and Mall, S. M.
(2014).  Qualitative and  quantitative
determination of secondary metabolites and
antioxidant potential of Eruca sativa. Nat.
Prod. Chem. Res., 2(4):137.

Heimler, D.; Isolani, L.; Vignolini, P.;
Tombelli, S. and Romani, A. (2007).
Polyphenol content and antioxidative activity
in some species of freshly consumed salads.
J. Agric. Food. Chem., 55:1724-1729.
Bajilan, S. and Al-nageeb, A. A. (2011).
Effect of the aqueous extracts of rocket
(Eruca sativa) leaves on the histological
structure of some organs in male mice. J.
Eudica., 70:88-98. (IVSL).

Zakaria, A. and Al-Busadah, K. (2015).
Pentoxifyllin efficiency in protecting testes
against cadmium toxicity. J. Anim. Vet.
Adv., 14(1):18-29.

Wong, C. H.; Mruk, D. D.; Lui, W. Y. and
Cheng, C. Y. (2004). Regulation of blood —
testis barrier dynamic: An in vivo study. J.
Cell. Sci., 11:783-798.

Ekhoye, E. I.; Nwangwal, E. K. and
Aloamaka, C. P. (2013). Changes in some
testicular biometric parameters and testicular
function in cadmium chloride administered
Wister rats. BJM. Med. Res., 3(4):2031-2041.
Niknafs, B.; Salehnia, M. and Kamkar, M.
(2015). Induction and determination of
apoptotic and necrotic cell death by cadmium
chloride in testis tissue of mouse. Reprod.
Infertil., 16(1):24-29.

43.

44,

45.

46.

47.

48.

49.

Alvarez, J. G.; Sharma, R. K.; Ollero, M
Saleh, R. A. and Lopez, M. C. (2002).
Increased DNA damage in sperm from
leukocytospermic  semen  samples  as
determined by the sperm chromatin structure
assay. Fertil. Steril., 78:319-329.

Sharma, S. and Kaur, S. (2012).
Histopathological effects of acute and chronic
doses of cadmium on testes of albino mice. J.
Exp. Zool .,15(1):107-111.

El-Gayarl, H. A.; El-Habibi, E. M.; Edrees,
G. M.; Salem, E. T. and Gouida, M. S.
(2016). Role of alcoholic extracts of Eruca
sativa or Petroselinum crispum on dioxin-
induced testicular oxidative stress and
apoptosis. IJSR., 5(1):1415-1421.

Alam, M. S.; Kaur, G.; Jabbar, Z.; Javed, K.
and Athar, M. (2007). Eruca sativa seeds
possess antioxidant activity and exert a
protective effect on mercuric chloride
induced renal toxicity. Food. Chem. Toxicol.,
45:910-920.

Hussein, Z. F. (2013). Study the Effect of
Eruca Sativa leaves extract on male fertility
in albino mice. J. Al-Nahrain University., 16
(1):143-146.

Ramesh, S. B.; Sadhnani, M. D.; Swarna, M.;
Padmavathi, P. and Reddy, P. P. (2004).
Evaluation of FSH, LH and testosterone
levels in different subgroups of infertile
males. Indian. J. Clin. Bioch., 19(1):45-49.
Hanafi, E. M.; Hegazy, E. M.; Riad, R. M.
and Amer, H. A. (2010). Bio-protective effect
of Eruca sativa seed oil against the hazardus
effect of aflatoxin B1 in male rabbits. J.
Acad. Res., 2(2):670-674.

29 AN gl a granlsl) L oSt Al pmall Q\SJ@JSUAAM\_Z\::AM\JP@QM\ &) il

Al

N Zgﬂ\w@jg 1&.}3.:1\@*’#\)4 ;
Bl ddasd 5 drala Al 4y il 40S lall s le H@F (o dadla gkl Caall 40 (A 5aY) 5 Al ) &le
E-mail: najimbaraa@gmail.com

oAl

Se 5ol il e aslly 30080 salias 3alS jua all el B ) sae A el Al sda Cy sal

Cilase 5 A sldia gaalae gl I Crand (@l 3ya 40 Jexind 2 spadl€D) 35S e Al adl) - Aualal sl ) sas
35S Culaef 38 Al e seaall Ll 63 jlags de sane & piie )5 il elall (581 de ganall cae a1 YIS il 8 4]
sla (8 pspadlSH 3 ) 5lS LN de ganall i) gn Cuhef aa (Bl el Gl /g slalls o a 30 SSUR aseals)
aall 55 (e paS pile 250 4 s el sl el Galiiuall Leay 23 e St 5V de gaall 3 LS il
Gl 2 amall 0Dy (e @3S Jpile 250 Ao s smoall s (Jsasl) paliiuadly Aal ) Ao senall G a0 (B
2l el Agmnail) il il Al 5l adalie b Jae 5 oamddl 5 Apaliill saad) cdaf g il guall < jad A el (e gl
8L o st (oAl Apaladll 3aall 8 sals Ol puad Gigas (8l L) psaedlSI ) 6l Alalaal) I3 jall aail) aadll

84


mailto:najimbaraa@gmail.com

The Iragi Journal of Veterinary Medicine, 41(1):76-85. 2017

G sl (e 8 Banata 3 Clalue & 5 ) Lage dasale jA0 ae B3 ¢ oaldl o 3all WAAT e paall &gl 8 38 sala
b s bl G Cilalisall 30l 5 5 4 sial) byl Cag 3 8 2UY) axe 5 ¢ ileSila ga g (] il Gl G cps
AldiSa e Cpalall S5 Alee g Al LG Al 5 4 jledall LIAN) il alana ()38 ae 4y siall cilpaill 3 Liagl 5 508
oaliiudl (a1 )l il cuy a8 el e 30ke 5 @l LA e laa i ae 5 Ay el Ao N1 A (s
B alall 0S5 Adee o oo Sl aalaill saall o o genlSH 3 ) 5ISE 5 lall Y Bas Qi el 53 el
s (sl Galiiidl o g of oSay 13 2 siall ) alies 8 A il clas g YSI Ji 5 ST culs

sl 3y IS e aalill ) puall aim 3auSB Balias ailiad Gllia i

Ol maoad) ) (Aaladl) 3aad) a gaadlSll A 68 sAalidal) cilalsl)

85



