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Received: Abstract

June 17, 2024 | This study was conducted to evaluate the protective role of Eruca
sativa NPs on the harmful effects of creatine on the testes in male
rats. This study used 48 male rats, in two experiments. The first ex-
Accepted: periment included determining the most effective nano-concentra-
tion of watercress extract, while the second experiment included

Aug. 05, 2024 evaluating the role of the nano-extract at the concentration that was
chosen based on the results of the first experiment (60 mg/kg) against
Published: toxicity resulting from doses of creatine (4 g/kg) for 60 days. This

study used 24 adult male rats were randomly assigned to four
Sept. 15,2024 | groups, with six animals per group, and were treated as follows:(G1)
1 ml of 0.09% physiological solution , (G2) dosed (single dose/day)
with nano-extract of Eruca sativa at a concentration of (60 mg/kg) ,
(G3) The animals were dosed (single dose/day) with creatine mono-
hydrate (4 g/kg), (G4 prevention group) dosed with nano-extract of
Eruca sativa (60 mg/kg) followed one hour later by a dose of creatine
(4 g/kg) . The results of the study indicated a non significant in Con-
centration of sperm in the epididymis, Percentage of live sperm ,Per-
centage of motile sperm, Percentage of normal sperm, LH , FSH and
Testosterone in G2 and G4 compared to G1. As for the preventive
group G4, it recorded a normal results near from control group. it
recorded a significant decrease (P<0.05) in Concentration of sperm
in the epididymis, Percentage of live sperm ,Percentage of motile
sperm , Percentage of normal sperm, LH , FSH and Testosterone in
G3 compared to G1 and G2 . The results of the histological exami-
nation in G3 showed that there are interstitial spaces between the
seminiferous tubules and few sperm in the cavities of the tubules
with reduction and disintegration of the interstitial tissue and a lack
of Leydig cells and a decrease in the size of the germinal epithelial
cell layer with cell degeneration necrosis of cells lining the tubules
compared to G1,G2 and G4. The results of this article revealed the
positive effects of Eruca sativa leaf ZnO NPs extract on the adverse
effects of creatine-induced testes injury.
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Introduction

Creatine monohydrate supplements are among the most popular nutritional supple-
ments in the world [1] . Although they have been extracted since 1832, creatine sup-
plements did not become mainstream or known to people until the 1990s, when two
Olympic gold medalists announced that Part of the credit for their athletic success was
their intake of creatine supplements [2].

Then it became so popular that surveys indicated that about 80% of the athletes who
participated in the 1996 Atlanta Olympic Games used creatine to generate energy [3,4].
Since then, there has been a wide range of research on the effectiveness and safety of
implementing a diet containing creatine supplements, especially after the first doubts
about the safety of using these supplements appeared in 1998, after three wrestlers died
while preparing for competition after consuming this supplement. Centers for Disease
Control and Prevention (1997) (In the middle of the year reported a case associated
with taking these supplements with symptoms of weight loss, fatigue and shortness of
breath in football players [5].

Johnson et al., (2012)[6] presented a study that aimed to investigate the mechanisms
behind the effect of creatine monohydrate and its role in causing testicular toxicity in
rats. The research included dosing mice with creatine monohydrate and examining
changes in testicular oxidative stress through markers and activities of antioxidant en-
zymes. They found that creatine monohydrate led to increased oxidative stress and de-
creased antioxidant enzyme activities in the testicles. The study concluded that creatine
monohydrate, which causes testicular toxicity in rats, is associated with increased oxi-
dative stress and weak antioxidant defense. A study was also conducted by [7] on La-
boratory animals examined the effect of creatine monohydrate on possible testicular
oxidative stress, apoptosis, and mitochondrial function. The study revealed that crea-
tine monohydrate stimulates oxidative stress, disrupts mitochondrial function, and trig-
gers apoptosis pathways in testicular cells [8] also confirmed that creatine monohydrate
induces testicular toxicity. Through experiments the researchers conducted on male
mice and analyzed changes in signs of oxidative stress and antioxidant enzyme activity.
The results indicate that dosing with creatine monohydrate leads to an imbalance be-
tween oxidative stress and antioxidant defense mechanisms, resulting in testicular dam-
age. Some studies indicate that high doses or prolonged use of creatine may lead to
adverse effects on testicular parameters such as sperm count, motility, and shape. How-
ever, controversy over creatine toxicity on the testicles continues, with factors such as
dose concentration, duration of use, and variation in response being important consid-
erations [9].

Treatment with medicinal plants occupied a large place in medical and pharmaceu-
tical sciences and became a safe source for the pharmaceutical industry at the beginning
of the current century, as attention was paid to using them in the programs of the World
Health Organization despite the great development in the fields of chemistry, pharmacy
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and the chemical drug industry, as it indicated Recent studies have shown the effect of
medicinal plants as alternative antioxidants to medicines and chemical treatments. Re-
cent scientific studies and research have proven the medicinal effectiveness of many
plant compounds that possess the properties of antioxidants that reduce the severity of
some diseases or protect against them, especially cancer in humans, in addition to a
lower rate of disease risk [10, 11].

Some medicinal plants contain effective chemicals of high benefit and importance
due to their effective role in improving biochemical parameters and their therapeutic
activity in the organs of the human and animal body [12], leaves of the watercress plant
contain a percentage It is high in active compounds, which are carbohydrates by 28%,
proteins by 36%, tannins by 14.3%, glycosides by 6%, alkaloids by 11%, and saponins
by 7.4%. The percentage of humidity rises in the leaves to reach about 90.7%. This
high percentage of humidity works to reduce the concentration of toxic substances,
especially the presence of acid. Erucic acid, and therefore the leaves can be used as a
food substance for humans, in addition to containing secondary metabolic compounds
with high biological activity, such as flavonoids and phenols[13,14,15].

The Eruca sativa plant also contains several mineral elements such as potassium,
calcium, aluminium, manganese, iron, copper, sodium, nickel, cadmium, and zinc, with
a high nitrogen content [16], in addition to being rich in vitamins in the plant’s seeds
and leaves such as Niacin, Biotine, and B12. , K, A, E, and C [17]. The watercress plant
1s also characterized by containing sulfur glycosides, such as glucosinolate compounds,
which contain the sulfur element, which is the reason for giving this plant its distinctive
smell [17].

It also contains several flavonoids (Flavonoidesm Kaempferol 3-O-(2 O-malonyl-
B3-D-glucopyranoside)-4  O-B-D  glucopyranoside, rhamnocitrin  3-O-(2"-O-
methylmalonyl-B-D). -glycopyranosid)-4'-O-BD-glucopyra-[noside glucopyranoside,
kaempferol 3, 4 di-O-glucopyranoside, 3-O-glucopyranoside, 4'-O-[glucopyranoside,
rhamnocitrin 3-O-glucopyranoside, kaempferol and rhamnocitrin Which are powerful
antioxidants [18].

In a study presented by Grami etal., [19], male rats were dosed with aqueous extract
of watercress leaves and its effect on the male reproductive system and fertility. To
study the ameliorative activity of E. sativa aqueous extracts at doses of 50, 100, and
200 (mg\kg .B.W.) on reproductive toxicity associated with oxidative stress caused by
Bisphenol A , the simultaneous administration of the two lower doses led to improve-
ment of all histological and biochemical parameters. Their study indicated the ability
The extract helps prevent testicular damage in rats, which may be related to functional
bioactive substances such as phenolic compounds with high antioxidant capacity.

ZnO-NPs supplementation to rabbits showed a significant increase in ejaculate vol-
ume, sperm viability, and sperm motility. No information is available regarding [20].
Effect of nano-zinc oxide supplementation on semen quality and fertility of male rab-
bits. In a study presented and compiled by [21], the number of sperm in the nano-zinc
oxide group increased significantly (P <0.001) compared to those in the group treated
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with diorubexin. This is a predictable result given that testosterone levels are so high.
Testosterone is an androgen in the testicle that promotes spermatogenesis. As a stimu-
lant of antioxidants. Their results were also supported by improvement of histopatho-
logical changes in the testis, testis. Improvement in the structure of the seminiferous
tubules, preservation of the shape of sperm and sperm cells, and treatment of atrophy
of the seminiferous tubules caused by the ingestion of benzo[a]pyrene by rabbits,
which interferes with the process of sperm formation [22].

Materials and Methods

This study was conducted at the animal facility of the College of Education of Pure
Sciences, University of Karbala. Ethical permission was obtained from the research
and experimental group College of Education Ethics Committee for Pure Sciences -
Department of Life Sciences, under Ethical Approval No. 326 in November 2023. Male
white laboratory Wistar Albino Rats were used in the study. They numbered (48) rats,
their weights ranging from 200-250 grams and their ages (10-12 weeks), which were
brought from the animal house of the College of Pharmacy - University of Karbala.

The study included two experiments. The first included determining the concentra-
tion of the nano-extract of eruca sativa that was most effective from three ascending
concentrations (20, 40, 60 mg/kg) that are safe for use. Its 24 rats for a period of 30
days, while the second experiment included evaluating the role of the nano-extract at
the concentration that was chosen according to the results of the first experiment (60
mg/kg) against the toxicity resulting from dosing with creatine at a concentration of 4
g \kg
Experiment 1

The initial study involved a cohort of 24 fully-grown male rats weighing between
200 and 250 grams. These rats were separated into four groups of identical size and
administered specific doses for a duration of 30 days, as outlined below:
1- Control group: The saline nutrient solution was dosed during the experiment.
2- The first extract group: dosed orally with nano- Eruca sativa extract (20 mg/kg)
after dissolving it in 1 ml of distilled water.
3- The second extract group: dosed orally with nano- Eruca sativa extract (40 mg/kg)
after dissolving it in 1 ml of distilled water.

The third extract group: dosed orally with nano- Eruca sativa extract (60 mg/kg) after

dissolving it in 1 ml of distilled water.

Experiment 2

Based on the results of the first experiment, a concentration of 60 mg/kg of nano-ZnO
extract of watercress leaves was approved to evaluate its effectiveness against hepatic,
renal, and reproductive toxicity resulting from exposure to creatine monohydrate (4
g/kg) for a 60 days. The experimental animals were distributed in a number of 24 adult
rats were randomly assigned to four groups, with six animals per group, and were
treated as follows:
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1- Control group (G1): 1 ml of 0.09% physiological solution was dosed throughout
the experiment.

2- Group dosed with nano-extract of Eruca sativa (G2): The animals were dosed
(single dose/day) with nano-extract of Eruca sativa at a concentration of (60 mg/kg)
after dissolving it in 1 ml of distilled water.

3- Creatine group: (G3) The animals were dosed (single dose/day) with creatine
monohydrate (4 g/kg) after dissolving it in 2 ml of distilled water.

4- The preventive group dosed with nano-extract of Eruca sativa before creatine
(G4): This represents the prevention group, and its animals were dosed (single
dose/day) with nano-extract of Eruca sativa (60 mg/kg) after dissolving it in 1 ml
of distilled water, followed one hour later by a dose of creatine (4 g/kg) after dis-
solving it in 2 ml of distilled water.

Preparation of plant extract

The plant extract was prepared according to [23] with some modifications. It was
prepared from fresh Eruca sativa found in the markets by collecting the leaves and
washing them with tap water to get rid of the dirt stuck in them. Then, they were washed
with distilled water several times, dried in the shade, and ground using an electric
grinder to obtain the powder is sifted and stored in a container in the shade. Weigh 5
grams of it and place it in a glass beaker and add 400 milliliters of distilled water to it,
Stir constantly and leave for 12 hours. Then, it is filtered using several layers of gauze.
The resulting solution is collected and placed in test tubes. For the centrifuge device at
speed (1200) rpm. In order to get rid of the remaining biological materials and fibers,
the filtrate is dried in the oven at a temperature of 40 degrees Celsius to produce a
greenish-brown powder and stored in an opaque glass bottle at a low temperature.

Preparation of nano-zinc oxide extract

Zinc oxide nanoparticles were synthesized using the method described according to
[24], with certain alterations. The procedure involved the addition of 6 grams of aque-
ous extract powder to 100 milliliters of distilled water in a 500 milliliter glass beaker,
followed by the addition of 0.1 grams of zinc acetate. To achieve a pH of 7, add diluted
ammonia to each 100 ml of solution while continuously stirring the mixture with a
magnetic stirrer operating at 200 rpm. Maintain the temperature at 37 degrees Celsius
for 24 hours until the color changes from dark green to dark green. The solution was
further purified by filtration using No. 1 (Whatman) filter paper. Subsequently, the
contaminants were isolated using centrifugation at a speed of 4500 revolutions per mi-
nute for a duration of 30 minutes. The resulting sediment was then thoroughly rinsed
twice with distilled water and subsequently dried at a temperature of 50 degrees Cel-
sius. The gray powder of zinc oxide nanoparticles is obtained by subjecting it to high
temperatures in an oven.
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Results and Discussion
Results of diagnosing the nano-extract of watercress by atomic force microscopy
The results of the current study showed the process of revealing the nature of the sur-
face of the generated nanoparticles, which showed the surface roughness of the nano-
particles as well as the shape and size of the generated particles and the extent of their
agglomeration, as in Figure (1). The results of the analysis by atomic force microscopy
(AFM) showed that the average size of the nanoparticles reached ( 53.12 nm) and the
surface height according to the 3D image was (10.69 um/div) and the average surface
roughness was (10.44 nm).
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Figure (1): AFM analysis of ZnO nanoparticles manufactured from aqueous extract of water-
cress.

Sperm parameter results
Sperms count of epididymis

The results of the current study showed that there was no significant difference
(P<0.05) in the sperm concentration (88.16 £ 1.60) compared to the control group
(89.16 £ 0.98) and a significant decrease (P<0.05) in the percentage of sperm concen-
tration in the creatine group (88.16 + 1.60) compared to the control group had a signif-
icant increase (P<0.05) in the total protective watercress nano extract 72.66 = 4.03
compared to the G3 and a significant decrease (P<0.05) compared to the control group.

Percentage of live sperms
The current study also recorded that there were no significant differences (P<0.05)
in the percentage of live sperm in the watercress nano extract group, 86.66 = 2.06,
compared to the control group, 86.16 £ 1.16, and a significant decrease (P<0.05) in the
percentage of live sperm G3, 58.16 + 3.97.
Compared to the control group Gl1, it recorded a significant increase (P<0.05) in its
percentage in the preventive group dosed with watercress nano extract with creatine,
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72.00 + 3.57 compared to the creatine group, 58.16 + 3.97, and a significant decrease
(P<0.05) for the same group compared to the control group.

Percentage of motile sperms

The results of the study also showed that there were no significant differences (P<0.05)
in the percentage of motile sperm in the G2 comparative with G1, but a significant
decrease (P<0.05) was recorded the percentage of motile sperm in the G3 creatine
group was compared to G1. The G4 preventive group also recorded a significant in-
crease (P<0.05) (69.66 £+ 5.16) compared to the G3 .

Percentage of normal sperms

The results of the current study showed that there was no significant difference
(P<0.05) in the percentage of vital sperm in the group dosed with watercress nano ex-
tract 88.00 + 1.09 compared to the control group 90.50 + 1.87.

A significant decrease (P<0.05) in the group dosed with creatine, 56.66 + 3.34 com-
pared to the control group, and a significant increase (P<0.05) in the percentage of
normal sperm in the preventive group, 71.16 + 1.94, compared to the group dosed with
creatine, and a significant decrease (P <0.05) compared to the control group.

Table (1): The protective role of nano-extract of Eruca sativa leaves (60 mg/kg)
against creatine-induced toxicity on some sperm parameters in male rats.

Concentration | Percentage p p t f
of sperm in the of live SIBET £ ercentage o
Group .- . of motile normal
epididymis sperm% sperm % sperm©
(106x) p o p o
Control 89.16 86.16 83.83 90.50
+0.98 +1.16 £1.72 +1.87
A A A A
Eruca sativa leaves ex- 88.16 86.66 83.16 88.00
tract ZnO NPs +1.60 +2.06 +2.63 +1.09
(60mg/kg) A A A A
Creatine 56.33 58.16 4450 56.66
(4 gm/kg) +2.42 +3.97 14.67 +3.34
C C C C
Eruca sativa leaves ex- 72.66 72.00 69.66 71.16
tract ZnO NPs +4.03 +3.57 +5.16 +1.94
(60mg/kg)+ Creatine (4 B B B B
gm/kg)
LSD 3.0507 3.5215 4.6057 2.6885

The results of our current study in the decrease in sperm concentration and vitality
and the rate of motile and normal sperm in the group dosed with creatine agreed with
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[25] and agreed with a study presented by [26 ,27] on laboratory animals and examin-
ing the effect of creatine. Monohydrate potentially affects testicular oxidative stress,
apoptosis, and mitochondrial function. The study revealed that creatine monohydrate
stimulates oxidative stress, disrupts mitochondrial function, and triggers apoptotic
pathways in testicular cells.

This decrease in sperm concentration may be attributed to the decrease in the secre-
tion of the hormones FSH and LH from the anterior lobe of the pituitary gland, which
was also recorded in our study in Table (2), which leads to the inhibition of testosterone
production, which affects the process of sperm formation and thus a decrease in the
concentration of sperm inside the tubules. Carrier of sperm and fertility of animals. The
production of naturally mature sperm is the basis of male fertility [25]. The process of
producing sperm and the hormone Testosterone in the testicle is regulated mainly by
the hormones FSH and LH, which are released from the pituitary gland and are the
main regulators of the process of sperm formation [28] that a decrease in the level of
reproductive gonad nutrients may have prevented the initiation of sperm formation in
treated animals, because suppressing gonad nutrients prevents the signal responsible
for initiating and completing the process of sperm formation during the natural matu-
ration of the developing or developing sperm, as well as initiating and maintaining the
process of sperm formation. Quantitatively and qualitatively, naturally, it requires the
presence of sufficient levels of the gonadal hormones and Testosterone. Insufficient
levels of these hormones are usually associated with severe abnormalities in the sperm
and thus may lead to a state of oligospermia or asthenia. In addition to that, the function
of the accessory gonads also depends on The presence of sufficient levels of Testos-
terone in the blood circulation [29].

The reason for the high rate of sperm concentration in the groups dosed with nano-
watercress extract before creatine was due to the effect of the active substances col-
lected in the leaves of the watercress plant, such as phenolic substances, since the wa-
tercress plant contains glucosinolates in addition to other components of phenolics,
such as polyphenols and fatty acids that act as antioxidants and protect the cell from
Damage, as these results were in agreement with [14,19] and the reason could be due
to the fact that watercress acts as a diuretic, as watercress works to activate the kidneys
to increase the excretion of urine after it has been treated, as well as Its preventive role,
and then works to reduce the level of urea and creatinine.

The protective role of nano extract Eruca sativa leaves (60 mg/kg) against crea-
tine-induced toxicity on some hormones in male rats.

Our current study recorded no significant differences (p<0.05) in the levels of folli-
cle-stimulating hormone (0.270 £ 0.01), luteinizing hormone (0.152 + 0.004), and tes-
ticular adipose hormone (4.90 £ 0.41) in the group dosed with nano-watercress extract,
and its decrease in the hormones mentioned in the creatine group above. (0.251+0.007),
(0.142+0.004), and (1.73+0.29), respectively, compared with the control group
(0.261+0.007), (0.151+0.007) and (4.65+0.14), respectively.
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As for the preventive group dosed with nano-arugula extract before creatine, no signif-
icant differences were recorded in the rates of FSH levels, 0.251 + 0.004, and LH, 0.146
+ 0.004.

Compared to the control group and the creatine group, as for the testicular lipid hor-
mone, it recorded a significant increase in the preventive group by 3.19 + 0.03 com-
pared to the creatine group until it returned to the level recorded in the control group
(0.14 + 4.65).

Table (2): The protective role of nano-extract of Eruca sativa leaves (60 mg/kg)
against creatine-induced toxicity on some hormones in male albino rats.

Group FSH LH Testosterone
Control 0.261 0.151 4.65
+ 0.007 + 0.007 +0.14
AB AB A
Eruca sativa leaves extract 0.270 0.152 4.90
ZnO NPs (60mg/kg) +0.01 + 0.004 +0.41
A A A
Creatine 0.251 0.142 1.73
(4 gm/kg) + 0.007 + 0.004 +0.29
B C C
Eruca sativa leaves extract 0.251 0.146 3.19
ZnO NPs (60mg/kg)+ Crea- + 0.004 + 0.004 +0.03
tine (4 gm/kQg) B BC B
LSD 0.0103 0.0062 0.3209

The reason for the decrease in the level of the FSH and LH in the creatine group, as
well as the decrease in the level of testosterone in the blood, which was in agreement
with [30] due to the creatine substance, is either a direct effect of the supplement on
the Leydig cell or an indirect effect through Disturbances of the hormonal environment
in the pituitary-pituitary axis, which causes inhibition of the release of the hormones
LH and FSH and reduces their levels, thus reducing testosterone [31].

Testosterone is one of the most important androgens secreted and manufactured by
interstitial cells, also known as Leydig's cells. These cells are under the influence and
control of LH secreted from the anterior part of the pituitary gland, and because of its
effect on Leydig's cells, it is called interstitial stimulating hormone in males. (Intersti-
tial cells stimulating hormone [32]. The hormone testosterone plays the main role in
the manifestation of secondary sexual characteristics, as well as the activity and devel-
opment of the male reproductive system. It also has a decisive role in regulating and
stimulating the process of spermatogenesis and spermiogenesis, as a low level of tes-
tosterone (T) is one of the causes of weakness. Fertility in men [33].

The results of our current study agreed with [19, 34] who studied the potential pro-
tective effects of the ethanolic extract of watercress leaves on the reproductive system
of adult male rats exposed to hydrogen peroxide. The researchers used forty adult male
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rats and were treated daily for 60 days. An increase was seen in the level of the same
hormones under study, in addition to other physiological parameters. The reason for
the increase in the hormones FSH, LH, and testosterone in the preventive groups dosed
with watercress extract with a creatine supplement is attributed to the role of watercress
extract in modifying The decline occurring in the levels of reproductive hormones in
the blood of rats treated with creatine to the extent that there was no significant differ-
ence recorded from their levels in the control group is attributed to the effectiveness of
the extract in improving hormone levels to its role in stimulating Leydig cells to pro-
duce the hormone testosterone through its direct action on testicular tissue, in addition
to its role in reducing Creatine causes hormonal disruption at the level of the hypotha-
lamic-pituitary-gonadal axis [34].

This is due to the presence of sterols, flavonoids, quercetin, and saponin in water-
cress extract, which have the ability to scavenge and displace free radicals to improve
fertility and testicular functions, and thus, increase sexual desire. A study showed that
the presence of glucosinolates (the main glucosinolate is Erucin) and other stimulant
substances found in the watercress plant led to many biological activities, including the
ability to protect cells from oxidative stress and improve the characteristics of semen
[35].

Histological changes in testicular tissue : Microscopic examination of histologi-
cal sections taken from the testicles of animals of the control group (Figure 2) and the
group treated with the nano extract (Figure 4) showed the normal structure of the tes-
ticular tissue, which consists of round or oval seminiferous tubules that are well and
regularly arranged. Each tubule is surrounded by a basement membrane lined with
sperm-generating cells, between which are spread a group of Sertoli cells with triangu-
lar nuclei. Spermatogenic cells include spermatids, which appeared as small round cells
resting on the basement membrane, spermatocytes, which were larger with dark, round
nuclei, and spermatocytes, which appeared round or oblong near the lumen. The cavi-
ties of the tubules appear filled with sperm, and the interstitium is observed filling the
spaces between the tubules and containing Leydig cells and blood vessels.
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Figure (2): a cross-section of the testicle of a rat from the control group, in which normal tissue
of the testicle is observed with the seminiferous tubules (« ) and their cavities filled with
sperm (*) with Leydig cells in the interstitial tissue (#=) and the germinal epithelial cell layer
&> ) and sperm progenitors (¢ ) (H & E 100X).

The group treated with creatine (Figure 3) showed a distorted structure of the tes-
ticular tissue, characterized by widening of the spaces between the seminiferous tu-
bules, disintegration of the germinal layer and a lack of connection between spermato-
genic cells and Sertoli cells, separation or detachment of the germinal layer from the
basement membrane in most of the tubules. The cavities of some tubules are devoid of
sperm and their quantity decreases in the cavities of others, the number of sperm cells
and Sertoli cells decreases, atrophy of some tubules so that they appear small and sep-
arate as a result of the disintegration of the connective tissue, and they also show a
widening of the cavity as they are empty or almost devoid of sperm.
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Figure (3): a cross-section of the testicle of a rat in the group treated with creatine at a concen-
tration of 4 g/kg body weight, in which it is noted that there are interstitial spaces between the
seminiferous tubules (¢mm) and few sperm in the cavities of the tubules (*) with reduction and
disintegration of the interstitial tissue and a lack of Leydig cells &) and a decrease in the size
of the germinal epithelial cell layer (€ ) with cell degeneration (€= ) necrosis of cells lining
the tubules (€=) (H & E 100X).

Figure (4) :a cross-section of the testicle of a rat from the group treated with nano-extract of

Eruca sativa leaves at a concentration of 60 mg/kg of body weight, showing normal tissue of the

testicle with seminal tubules («) and its cavities filled with sperm (* ) with Leydig cells in

the interstitial tissue (€= ) and layer Germinal epithelial cells (€% ) and sperm progenitors (
«— )(H&E 100X).
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Histological sections of the testicles of the G4 prophylactic group animals dosed
with watercress nano extract before creatine showed a significant reduction of the dam-
age observed in the animals of the creatine treatment group, as they showed the normal
structure in most of the seminiferous tubules, which was characterized by regularity,
integrity of the basal membranes and their lack of separation from the germinal layer,
and normal content of cells. Spermatogenic, the cavities of most of the tubules are filled
with sperm and the interstitial tissue between the tubules contains normal blood vessels
and Leydig cells (Figure 5).

»
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Figure (5): a cross-section of the histological section of the testicle of a rat from the preventive
group treated with nano-extract of Eruca sativa leaves at a concentration of 60 mg/kg of body
weight with creatine at a concentration of 4 g/kg of body weight, showing a clear improvement
in the seminiferous tubules ( ﬁ and their cavities filled with sperm ( with the presence of
Leydig cells in the interstitial tissue ( «=) and an increase in the number of layers of germinal
epithelial cells that make up sperm (€2) and sperm progenitors («- ) (H & E 100X).

The researcher showed in his study that creatine causes changes at the level of the
hypothalamic-pituitary-gonadal axis and reduces the phagocytic function of Sertoli
cells, which leads to pathology of testicular tissue and changes the functions of sperm,
while other studies have confirmed that exposure causes a state of oxidative stress,
which leads to histological pathology (it was mentioned that Oxidative stress leads to
structural and functional damage to body tissues among [27]. Oxidative stress causes
swelling of the outer mitochondrial membrane and releases apoptotic proteins to dif-
fuse into the cytosol .

Reduction in the thickness of the germinal epithelium is one of the causes of de-
creased sperm production leading to the state of oligospermia or azoospermia in the
lumen. The explanation for apoptosis and oligospermia in the seminiferous tubules can
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be attributed to the decrease in testosterone levels necessary to maintain normal sperm
production and prevent Programmed death of germ cells

On the other hand, images of histological sections showed a noticeable decline in
histopathological changes in the testicles of prevention group (G4) animals due to the
positive effects of the aqueous extract of the watercress plant and its ability to protect
male reproductive tissues by reducing or preventing the oxidation of fats in these tis-
sues due to its antioxidant activity and its ability to It protects DNA from free radical
damage, in addition to supporting antioxidants, which leads to the stability and integ-
rity of the cell membrane and, as a result, protects tissues from oxidation.

The reason for the improvement in testicular and epididymal tissue may be a result
of the positive effect of the watercress plant on reproductive hormones, which are nec-
essary for the normal growth of the male reproductive system, as the growth and de-
velopment of testicular tissue depends on androgens, especially testosterone, whose
receptors abound in these tissues. The epididymis also needs testosterone. To preserve
its normal tissues and functions, it was noted that groups with a higher level of testos-
terone showed better improvement at the histological level than groups with a low level
of this hormone[36].

This is due to its effect in enhancing the activity of antioxidant enzymes, which
provides protection for cell membranes, other cellular components, nucleic acids, and
proteins [35] and its effect in increasing the level of testosterone, which works to main-
tain the functional and structural structure of these organs, as it causes an increase in
the number of cells. Sertoli, spermatogenic cells, and sperm cells, which is reflected in
the thickness of the tubules and the increase in their diameters [34].

The Eruca sativa leaves has a high potential to improve reproductive functions by in-
creasing the level of testosterone and sperm numbers. These effects are attributed to
the direct action of the plant extract on testicular tissue.
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