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Abstract:

rocessing/cooking starchy foods at high temperatures such as French
Pfries and other baked goods produces toxic chemicals, including

acrylamide. Acrylamide (ACR) is known to cause many toxic effects

in various organs of the body, including the testicles. Therefore, the
present study aimed to investigate the potential protective effects of Eruca
sativa leaves ethanolic extract (ESLE), against acrylamide-induced
biochemical and histological alterations in rat testis. Rats (n=30), were
randomly assigned to five equal groups as follow: Group 1, served as
normal control; Group 2, model control, received 50 mg/kg BW/day of
ACR to induce infertility; groups 3 to 5 received ESLE-1, ESLE-2 and
clomid (Clo, infertility drug reference) at concentrations of 250, 500 and
1.2 mg/kg BW/day by oral gavage for 28 days, respectively followed by
ACR. Treatment of rats with ACR caused a significant increased (p<0.05)
in sperm abnormalities and testis malonaldehyde (MDA) by 471.32 and
292.1%, respectively compared to the normal animals. Also, sperm count,
sperm motility, serum testosterone, luteinizing hormone (LH) and follicle
stimulating hormone (FSH) content were significant (p<0.05) decreased by
-93.78, -68.95, -80.84, -76.98 and -89.16%, respectively. Furthermore,
testis antioxidant enzymes (Superoxide dismutase (SOD), glutathione
(GSH) and catalase (CAT) activities were decreased by -79.29, -81.09 and
-80.74%, respectively, compared to the normal control rats. Additionally,
liver dysfunction and harmful histopathological changes in testicular tissue
were observed as ACR treatment. However, intervention with ESLE (500
mg/kg) significantly (p<0.05) restored most of these parameters to levels
close to normal. In conclusion, these observations serve as a foundation for
using ESLE to treat and/or prevent ACR toxicity. Therefore, we suggested
including fresh Eruca Sativa leaves and their extracts into our daily meals,
beverages, and pharmaceutical formulations.

KewNords: infertility, oxidative stress, clomiphene citrate, sperm quality, testicular toxicity,
bioactive compounds.
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Introduction

The global expansion of fast food chains and quick service restaurants
has enhanced the demand for baked and fried starchy foods, especially
French fries, cakes, potato chips and biscuits in various countries both
developing and developed alike due to their attractive taste and speed of
preparation (Dagoglu et al., 2024). Since the preparation of these foods
requires high heat treatment, they have become a serious risk to public
health (Rifai and Saleh, 2020). Many studies have confirmed that these
heat treatments of starchy foods produce unwanted heat-induced toxins as a
by-product, known as "thermally processed contaminants" (Radad et al.,
2020). Acrylamide is one of the most toxic chemicals found in these foods
and has aroused a lot of curiosity in recent years (Alturki et al., 2022 and
Govindaraju et al., 2024).

Acrylamide, whose chemical name is 2-propenamide (CsHsNO), is a
white, odorless, water-soluble, crystalline solid that is extremely reactive.
Its molecular weight is 71.08 g mol™. (Semla et al., 2017). Moreover,
according to a large body of research, ACR is also a potent chemical
inducer of neurotoxicity, hepatotoxicity, nephrotoxicity, genotoxicity,
muscle damage, and developmental and reproductive abnormalities in
animal models (Kandemir et al., 2020 and Radad et al., 2020). In
addition, accumulating evidence suggests that acrylamide is one of the
chemicals that exert harmful impacts on the biological system causing
infertility in humans (Saleh et al., 2024). In this context, Farag et al.,
(2021) study demonstrates that ACR causes decreased sperm quality,
testicular degeneration, epididymal weight loss, and abnormal steroid
signaling. However, Systematic research has mainly pointed to oxidative
stress in the molecular mechanism of ACR-infected testicular toxicity (Gul
et al.,, 2021; Kucukler et al., 2020; Radad et al., 2020). ACR s
metabolized in the liver via glutathione conjugation or oxidation, which
yields glycinamide, which encourages membrane oxidation and the
production of reactive oxygen species (ROS) (Radad et al., 2020; Sengul
et al.,, 2021). Thus, acrylamide induces a decrease in the antioxidant
defense environment to trigger reproductive disorder and DNA damage in
sensitive organs. Furthermore, deleterious impacts of ACR on Follicle-
stimulating hormone (FSH), luteinizing hormone (LH), serum testosterone
(T) and the testicular antioxidant system have been indicated (Saleh et al.,
2024).
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Hence, this research highlights the infertility-causing testicular
toxicity of acrylamide, as infertility is highly prevalent worldwide, with
approximately 48.5 million couples (15%) experiencing difficulty
conceiving (UCLA Health, 2023; WHO, 2023). Infertility is often caused
by problems with ejaculation, absent or low sperm counts, or abnormal
sperm shape (morphology) and movement (motility) (WHO, 2023).
Despite this reality, infertility in the developing world remains a poorly
researched and neglected topic, affecting approximately 15% of all married
pairs, but ~50% of these deformities are obvious in males (Thoma et al.,
2021). In light of the above, it strongly suggests that natural products with
antioxidant activity may play a beneficial role against ACR toxicity.

Medicinal plants have potential therapeutic impacts for many human
diseases, so they have received great attention because they are natural
medicines that contain safe phytochemicals, in addition to being healthier
than synthetic medicines (Chaachouay & Zidane 2024). Folk medicine
widely uses watercress (Eruca sativa), an edible medicinal plant belonging
to the Brassicaceae family (Yaniv et al.,, 1998). It has numerous
pharmacological properties and a strong free radical scavenging effect in
vitro and in vivo (Ramazzina et al., 2022). Previous experimental studies
have shown that Eruca sativa contains a wide range of phytochemicals,
which have been associated with a wide range of pharmacological activities
such as anticoagulant and antiplatelet activities (El-Gayar et al., 2022),
antimicrobial and anti-inflammatory (Pagnotta et al., 2022), antioxidant
(Algreiby, 2024), antidiabetic and antilipid (Raouf et al., 2024). In
addition, Eruca sativa contains calcium, manganese, potassium, sodium,
iron, copper, zinc, and secondary metabolites, and its glucosinolates
(GSLs) have anticancer properties (Crescenzi et al., 2023; Ramazzina et
al., 2022 and El-Gayar et al., 2022). Eruca sativa has also been known to
have an aphrodisiac impact since roman times (Wells, 2024). Recently,
Eruca sativa leaves have been reported to improve sperm health and
fertility parameters by increasing testicular, epididymal and seminal vesicle
weights, increasing serum testosterone levels and testicular GSH levels
associated with improved semen quality and quantity (Abd-Elsalam et al.,
2021 and Grami et al., 2024).

Male hypogonadism can also be treated with clomiphene citrate
(Clomid), a selective estrogen receptor modulator (SERM) that was first
created to treat female infertility. Clomiphene blocks estrogen receptors in
the hypothalamic arcuate nucleus and competitively inhibits 17p-estradiol.
(Dickey et al., 1996). By increasing gonadotropin synthesis and blocking
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the hypothalamus' and pituitary gland's negative feedback of estrogen, this
action causes endogenous testosterone release. (Scovell & Khera, 2018).
Furthermore, clomiphene can preserve high follicle stimulating hormone
(FSH), luteinizing hormone (LH), and intratesticular testosterone levels,
therefore boosting spermatogenesis and increasing sperm concentration and
motility. (Huijben et al., 2023). Given the high prices of infertility drugs in
addition to their side effects, most patients turn to safe alternative methods
such as herbal and medicinal plant treatments. Thus, the goal of the current
study was to compare the ethanolic extract of Eruca sativa leaves with
clomid (Clo, a reference infertility medicine) and assess the preventive
effect of this edible medicinal plant against acrylamide-induced testicular
damage. In addition, to explain the previous probable roles, this study will
look at the proximate composition, bioactive component concentration, and
antioxidant activity of the leaf extract.

Materials and Methods:

Materials:
Plant:

Fresh Eruca sativa leaves were procured for the current study from
the local market in Sheibin EI-Kom city, Menoufia governorate, Egypt, and
were verified by a taxonomist from the Faculty of Agriculture at Menoufia
University in Shebin EI-Koum, Egypt.

Drug used:

Clomiphene citrate tablets (Clo 50 mg tab.) were used and procured
from EI-Gomhorya company for trading drugs, chemicals, and medical
requirements in Cairo, Egypt.

Chemicals and reagents:

Acrylamide (ACR) was purchased from Biodiagnostic Co. (Dokki,
Giza, Egypt). Casein, serving as the primary protein source for rats' diet
preparation, was supplied by Morgan Company for Chemicals in Cairo,
Egypt, in addition to vitamins, salt mixtures, choline chloride, cellulose, L-
methionine. All biochemical assay kits and reagents used in this study were
procured from El-Gomhorya company for trading drugs, chemicals, and
medical requirements, and from Alkan Medical Company in St. EI-Dokki,
Giza, Egypt. Every chemical and reagent utilized in this investigation was
analytical grade or as pure as could be purchased commercially.

Animals:

Thirty male albino Sprague-Dawley rats aged 8 weeks and weighing

150-160 g, were acquired from the National Research Center's animal
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housing unit in Giza, Egypt. The animals' weight was performed weekly
during the experiment to record any sign of toxicity.

Ethical approval:

All the experimental and animal care protocols were ethically
approved by the Institutional Animal Care and Use Committee (IACUC) at
Menoufia  University, Sheibin ElI-Kom, Egypt (Approval No.
MUFHE/F/NFS/38/24). All biological experiments were performed in
compliance with the policies of the IACUC for the use and care of
laboratory animals.

Methods:
Basal Diet:

According to Reeves et al., (1993), the basic diet is made using the
following formula: 465.692g of corn starch, 140g of casein-85% protein,
1559 of dextrinized corn starch, 100g of sucrose, 40g of soybean oil, 50g of
fiber, 35g of mineral mixture, 10g of vitamin mixture, L-cystine (1.89),
2.59 of choline bitartrate, and 0.008g of tert-butylhydroquinone.
Additionally, components of vitamin and mineral mixes were created in
accordance with Reeves et al., (1993).

Preparation of the Eruca sativa leaves ethanolic extract (ESLE):

Samples of dried rocket leaves were brought to the laboratory. After

sorting the leaves to remove damaged and foreign bodies, they were ground
to a reduced powder (20 mesh) in a high-speed grinder (Moulinex Egypt,
El Araby Company, Egypt) and mixed to create uniform samples. ESLE
was prepared using the Banso, (2009) methodology. Fifteen liters of 95%
ethanol were used to extract 2.2 kg of shade-dried rocket leaves. The
mixture was then crushed using a magnetic stirrer for three hours each day
and left for 21 hours for three days. The mixture was then filtered on
Wattman #45 filter paper, so it was extracted again with 9 liters of 95%
ethanol and filtered. The soluble ethanol extract was dried under decreased
pressure at 60°C.To compute the percentage yield of green fatty crude
ESLE, use the formula (weight of extract/original weight x 100), which
yields 12.16%. The plant extract was refrigerated at 4°C until using.

Analysis of phenolic compounds by high-performance liquid
chromatography (HPLC):

An Agilent 1260 series was used for the HPLC analysis. A Zorbax
Eclipse Plus C8 column (4.6 mm x 250 mm i.d., 5 um) was used for the
separation. Water (A) and 0.05% trifluoroacetic acid in acetonitrile (B) at a
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flow rate of 0.9 ml/min made up the mobile phase. The following is the
sequential programming of the mobile phase in a linear gradient: 82% A
for 0 minutes, 82% A for 0—1 minutes, 75% A for 1-11 minutes, 60% A for
11-18 minutes, 82% A for 18-22 minutes, and 82% A for 22—24 minutes.
At 280 nm, the multi-wavelength detector was investigated. Each sample
solution had a 5 pl injection volume. The column temperature was kept at
40°C.

Total phenolic content (TPC):

In accordance with the method described by Jaéimovi¢ et al.,
(2022), the TPC of Eruca sativa samples was evaluated using the
conventional spectrophotometric folin—ciocalteu reagent. Using a gallic
acid standard curve, the TPC was calculated as milligrams of gallic acid
equivalents per 100 grams of fresh weight samples (mg GAE/100g).

Total flavonoid content (TFC):

The TFC of Eruca sativa samples was identified
spectrophotometrically using the standard aluminum chloride method, as
outlined by Ja¢imovi¢ et al., (2022). Results were expressed as milligrams
of rutin equivalents per 100 grams of fresh weight samples (mg RE/100g).
Determination of total antioxidant activity by DPPH:

The free radical scavenging capability was assessed using the
technique of Hwang and Thi (2014).

Experimental design:

Every biological studies was carried out in compliance with the
guidelines established by the Institute of Laboratory Animal Resources,
Commission on Life Sciences, National Research Council (NRC, 1996).
Rats (n=30) were kept in wire cages in separate rooms with normal healthy
conditions, including a 12-hour lighting cycle, a temperature of 25 £+ 30°C,
and a relative humidity of 56+4%. Prior to the trial, all rats were given BD
for a week in order to acclimate them. After one week period, the rats were
divided into five equal groups as follow: group 1 (Normal control), healthy
rats without intervention; group 2 (Model control), given by gavage 50
mg/kg bw/day ACR for 28 days to induce infertility; groups 3 to 5
received ESLE-1, ESLE-2 and Clo (infertility drug reference) at
concentrations of 250, 500 and 1.2 mg/kg bw/day by oral gavage for 28
days, respectively followed by 50 mg/kg bw/day ACR. Based on the results
of several previous studies, the concentrations of ESLE extract were
selected for the experiments. (Abd-Elsalam et al.,2021). The doses of
ACR and Clo. were selected according to Mehri et al., (2016) and Al-
sagheer and Kaabo (2022), respectively.

Biological Evaluation:
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Daily food intake and weekly body weight were recorded during the
28-day experiment, and final body weights were collected at the conclusion
of the study. The body weight gain (BWG,), food intake (FI) and food
efficiency ratio (FER) were determined according to Chapman et al.,
(1959) using the following equation: FER= grams gain in body weight
(9/28 day)/ grams feed intake (g/28 day).

Samples:

At the end of the 4-week experimental period, by diethyl ether the
rats were anesthetized and slaughtered, and Blood was obtained from the
portal vein and by centrifugation at 3000 g for 10 minutes, the serum was
separated stored at -20°C until use for further biochemical assays. Organs
(testis, epididymis, seminal vesicles, and ventral prostate) were dissected,
washed in ice-cold saline, and weighed. The gonadosomatic index (GSI)
was derived using the formula (organ weight/body weight) x 100 (Ansari
and Ahmed 2014). The testes were then separated into two halves. Part
one was rinsed with 50 mM (sodium phosphate buffer saline pH 7.4) in ice
containing 0.1 mM EDTA to eliminate any RBCs or clots before being
stored at -20°C for the testicular oxidative stress marker assays. The second
was preserved in 10% formaldehyde for sectioning and histological
investigation (Abd-Elsalam et al., 2021).

Sperm quality analysis:

Each animal's epididymis was cut with a scalpel so that the sperm
could be distributed in 3 mmol/L of Hanks' balanced salt solution (HBSS)
at 37°C. Following the procedure outlined by Tekin and Celebi (2022), the
suspension was analyzed for motility and viability, then sperm
concentration and morphology.
eSperm count. The sperm count was calculated by diluting it by a factor of
1:50 in HBSS. Using a micropipette, this solution was added to the two
grids of a Neubauer counting chamber. Using an optical microscope at high
power (x40), the number of sperm in each of the four primary corner
squares was counted.
eSperm motility. Two drops of epididymal sperm suspension were poured
into a warmed slide and placed on a microscope stage heated to 37°C
before being inspected under a light microscope. Motility was measured by
counting at least 100 sperm from five separate squares based on the
percentage of motile sperm. The sperm concentration and motility rate
were determined using the following formulae.: Sperm motility rate =
(The number of motile sperm/ the total number of sperm) x100.
eSperm morphology and viability. For morphological assessment, two
slides were prepared from epididymal sperm suspension. A specimen of 10
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ul was placed on a slide, smeared with another slide, and the preparation
was left to dry in air and then stained with eosin-nigrosine stain (1% eosin
and 10% nigrosine). This stain can pass through the sperm membrane. The
stain penetration was prevented If the membrane was intact, as in the case
of viable spermatozoa. At the same time, the dye could penetrate the sperm
cytoplasm if the membrane was damaged, like dead spermatozoa
(Kalaivani et al., 2018). By preparing an eosin-nigrosine smear at an
optimum temperature of 37°C and assessing at least 100 sperm under a
bright-field microscope using magnification 1000X, sperm viability was
determined Rato et al., (2013).

Determination of serum reproductive hormones concentration:

Follicle-stimulating hormone (FSH), serum testosterone (T), and
luteinizing hormone (LH) were measured by ELISA reader using
commercial assay Kits according to Teerds et al., (1989) , Sakuma (2009),
Shioya and Wakabayashi (1998) procedures, respectively.

Determination of serum liver function:

The modified kinetic method of Yound (1975) and Tietz (1976) was
used to quantify the activities of serum alanine aminotransferase (ALT) and
serum aspartate aminotransferase (AST). The modified kinetic approach of
Vassault et al., (1999) was used to measure the activity of alkaline
phosphatase (ALP).

Assessment of testicular oxidative stress markers:

In 10 volumes of 0.1 M Tris-EDTA solution (pH 7.4), tissue
homogenates from testicular samples were prepared and centrifuged at
3200 x g for 20 min at 4 °C, and the upper juice fractions were used for
spectrophotometric assessment of the levels of the following according to
the method of Abd-Elsalam et al., (2021):

Superoxide dismutase (SOD) testicular activity was measured using the
Masayasu and Hiroshi (1979) technique. The method of Jollow et al.,
(1974) was used to assess glutathione activity (GSH). The Aebi (1983)
approach was used to estimate the catalase (CAT) activity. The method of
Ohishi & Yagi (1979) were used to estimate the amounts of
malondialdehyde (MDA).

Histological evaluation:

Testis specimens were preserved in a 10% buffered formalin solution
for 48 hours. Dehydration was carried out using graded ethanol, which was
then imbedded in paraffin. The testis was sectioned using a rotary
microtome and stained with haematoxylin and eosin (H and E) to detect
microscopic histological changes. (Bancroft & Gamble, 2002).

Statistical analysis:
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The collected data was analyzed using the Statistical Package for
Social Sciences (SPSS, version 22). The means + standard deviation (SD)
were used to express the results. Duncan's multiple-range test and a one-
way analysis of variance (ANOVA) were used to compare the experimental
groups. P-values < 0.05 were regarded as statistically significant. The
percentage (rate) of changes between infertility control rats (model control)
and normal control rats was determined to assess the severity of
Biochemical and Histological Alterations in Rat Testis caused by ACR
treatment. Likewise, to further evaluate the protective effects of the tested
experimental diets(ESLE) , the rate of changes between the infertility rats
treated with ESLE, Clo and model control rats was calculated as follows:

% of change compared with normal control (%)=
(model contrel rats-Normal control rats)
(Normal control rats)
% of change compared with model control (%)=
(infertilitv groups treated with ESLE and Clo - Model control rats)

x100

x100

(Model control rats)
Results and discussions:

Bioactive compounds, total phenolic (TPC), total flavonoid (TFC) and
antioxidant activity (AOA) by 1,1-diphenyl-2-picrylhydrazyl (DPPH)
of Eruca sativa leaves ethanolic extract (ESLE):

Bioactive compounds contents in ELSE:

Table 1 displayed the phenolic and bioactive component
concentrations of the Eruca sativa leaves ethanolic extract (ESLE).
According to this statistics, the greatest compound was sinapic acid, which
was followed by cinnamic acid, ferulic acid, rosmarinic acid, quercetin,
catechin, kaempferol, coffeic acid, vanillin, and protocatechuic acid.
Sinapic acid contains antioxidant, antibacterial, anti-inflammatory,
anticancer, and anti-anxiety properties. (Ramazzina et al., 2022), there is a
reason for using Eruca sativa leaves to treat oxidative stress-related
diseases, including infertility.

Also, such data concur with Alghabban, (2024) and Crescenzi et
al., (2023) who found that Eruca sativa is a rich source of flavonols and
other typical compounds such as catechin, gallic acid, sinapic acid, ferulic
acid, quercetin, and rosmarinic acid, which have some biological
properties, particularly regarding their antioxidant properties. in addition to,
these results agreed with Raouf et al., (2024), which showed that Eruca
sativa has greater importance for biological activity through the availability
of glucosinolates (GSL) and flavonoids in its leaves composition. It's
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interesting to note that glucosinolates are the precursors of bioactive
substances like erucin and sulforaphene, which are thoroughly researched
for their potential to improve health. (Connolly et al., 2021).

Additionally, the current study's data are consistent with those
acquired by Abd-Elsalam et al., (2021), Awadelkareem et al., (2022) and
Algreiby,(2024) who showed that Eruca sativa has positive effects on
human health because it contains many biologically active compounds,
such as vitamins, fatty acids, alkaloids, flavonoids, terpenoids, phenols,
antioxidants, and glucosinolates (GSLS).

Table 1. Bioactive constituents of Eruca sativa leaves ethanolic extract (ESLE)

Bioactive constituents of ESLE

Compound Conc. (ug/q)
Protocatechuic acid 14.30 + 3.05
Catechin 49.38 + 3.92
Coffeic acid 23.75+ 3.52
Vanillin 14.55 £ 1.06
Ferulic acid 933.13 £ 12.56
Sinapic acid 1815.68 + 17.05
Rosmarinic acid 63.91 £ 4.68
Querectin 51.31+4.37
Cinnamic acid 10.51 £ 1.09
Kaempferol 25.81 +2.94

Total phenolic (TPC), total flavonoid (TFC) and antioxidant activity
by 1,1-diphenyl-2-picrylhydrazyl (DPPH) of ELSE:

Table 2 shows the total phenolic (TPC), total flavonoid (TFC) as
well as antioxidant activity by DPPH. The results obtained show that the
ethanolic extract from Eruca sativa had anti-radical activity plus
antioxidants; about 14.5 mg of GAE per gram of total Phenols 10.941 mg
of CE per gram of total Flavonoids, and 3.81 mg of TE per gram of DPPH
as an antioxidant in the leaves.

These results are completely in line with those of El-Gayar et al.,
(2022), who found that Eruca sativa leaf extract is a good source of
flavonoids and phenolic compounds, with 12.522 mg GAE/g and 9.938 mg
CE/g extract, respectively, and that the antioxidant activity of the plant
demonstrated a decrease in the DPPH and ABTS with a 63.2% and 90.3%
scavenging activity. Additionally, these results concur with Barillari et al.,
(2005) and Koubaa et al., (2015) documented those rockets (Eruca sativa
L.) possessed anti-inflammatory, antioxidant, and antibacterial properties.
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Moreover, Awadelkareem et al., (2022) showed that the antioxidant
activity of hydrogen peroxide (H,0,) and 2,2-diphenyl-1-picrylhydrazyl
(DPPH) in Eruca sativa leaf extract was determined to be IC50 = 76.05
ug/mL and 66.16 ug/mL, respectively. According to EI-Nwehy et al.,
(2023), a variety of extracts of Eruca sativa have been regarded as a
plentiful source of antioxidants since they contain high levels of GSL,
flavonoids, and carotenoids. The methanolic extract of Eruca sativa leaves
included a TFC of 14.03 mg of CE/g, a TAC of 0.25 mg of cyanidin-3-
glucoside/g, 0.36 mg of B-carotene/g, and 1.49 mg of L-ascorbic acid/g, a
methanolic extract of Eruca sativa leaves with a DPPH scavenging ability
of 71.70 percent with an 1C50 of 0.15 mg/mL and a low FRAP (123.16
mM of Fe2+/g) demonstrated 80% antioxidant activity when tested using
DPPH and FRAP procedures according to Keyata et al., (2021).. As a
result, this research sought to investigate the therapeutic effects of Eruca
sativa.

Table 2. Total phenolic content (TPC), total flavonoid content (TFC), and
antioxidant activity (AOA) by DPPH of ESLE.

TPC TFC AOA
(mg GAE/1009) (mg RE/100g9) DPPH (mg TE/g)(%)
14.5+0.98 10.941+0.64 3.81(88.8%)

GAE: gallic acid equivalent; RE: rutin equivalent
Biological Studies of Eruca sativa leaves ethaolic extract (ESLE):

Effect of Eruca sativa leaves ethaolic extract (ESLE) and Clomid (Clo)
on body weight gain (BWG), feed intake (FI) and feed efficiency ratio
(FER) of infertility rats:

Table 3 displayed the effects of ESLE and Clo on the infertile rats'
body weight gain (BWG), feed efficiency ratio (FER), and feed intake (FI).
These findings showed that, in comparison to the normal group, the ACR-
treated rats had significantly (p<0.05) lower BWG (-128.3%), FI (-49.9%),
and FER (-156.3%) at the end of the experiment (4 weeks). But after four
weeks of treatment with ESLE (250 and 500 mg/kg BW/day) and Clo (1.2
mg/kg BWi/day), the infertility rats’ BWG, FI, and FER increased
significantly (p<0.05) at rates of 17.35, 26.7, and 162.7%, 331.03, 70.8,
and 235.1%, and 358.24, 78.2, and 247.9%, respectively, in comparison to
the model control group. The rate of increasing in BWG, FI and FER of the
infertility rats were exhibited a dose-dependent manner.

The data in the same table showed that the ELSE-2+ACR (500
mg/kg body weight/day) and Clo.+ACR groups recorded the best results
for BWG, Fl and FER and there were non-significant (p<0.05) differences
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between them. These findings are in line with Yildirim et al., (2024), who
demonstrated that ACR toxicity leads to weight loss due to several factors
such as oxidative stress, where cells receive less oxygen leading to fatigue
and decreased physical activity in addition to muscle weakness, decreased
muscle mass, decreased appetite, and impaired ability of the body to absorb
nutrients, leading to decreased food intake and weight loss. Furthermore,
acrylamide, due to its high toxicity and its oxidative stress, can cause
muscle weakness, weight loss, according to Perera et al., (2021).

On the contrast, intervention with ESLE showed positive results,
these findings are in line with El-Gayar et al., (2022), who found an
increase in body weight in rats treated with doses of 1, 3, and 5 g/kg body
weight ESLE. At the 7th week, administering Eruca sativa extract
significantly raised body weight (p<0.01). Because of the presence of a
significant amount of GSL, flavonoids, and carotenoids, various extracts
from Eruca sativa leaves were considered as an abundant source of
antioxidants, which helps prevent oxidative stress and hence restore cell
viability and weight gain, according to EI-Nwehy et al., (2023) & Javed et

al., (2024).
Table (3): Impact of ESLE/Clo interventions on changes in BWG, FER, and
Fl(g/day) among infertility rats

BWG (g/day) Fl(g/day) FER (g/ day)
Groups Mean +SD  Change % Mean+SD Change % Mean +SD  Change %
Normal control 37.43+2.60° --- 22.36+2.01% --- 1.67+0..13% ---
> Model control ~ -10.61+0.85°  -128.3 11.20+0.98"° -49.9 -0.94+0.03" -156.3
= § ESLE-1+ ACR  8.421+2.55° 17.35 14.20+0.95° 26.7 0.59+0.18° 162.7
& 2 | ESLE-2+ ACR  24.48+1.70°  331.03 19.13+0.32° 70.8 1.27+0.07° 235.1
£ 2 | Clo.+ ACR 27.40+3.32° 35824  19.96+0.32% 78.2 1.39+0.30% 247.9

Each value represents mean + SD (n=6). Values under the same column with different superscripts mean
significant difference at P<0.05. ESLE-1+ ACR, ESLE-2+ ACR and Clo.+ ACR, infertility groups received
orally 250,500 mg/kg bw/day of ESLE and 1.2 mg/kg bw/day of Clo, respectively followed by 50 mg/kg bw of
ACR. BWG: Body Weight Gain; FI: Food Intake and FER: Food Efficiency Ratio

Effect of Eruca sativa leaves ethaolic extract (ELSE) and Clomid (Clo)
on final body weight (FBW), organs weight and gonadosomatic index
(GSI) of infertility rats:

The impact of ESLE and Clo on final body weight (FBW), organs
weight and gonadosomatic index (GSI) of infertility rats was shown in
Table 4. The results showed that the FBW in model control group was
significantly (p<0.05) lower than normal control group with means of
113.23£2.65 and 162.04+3.04 respectively. While the mean values of FBW
in ESLE-1+ACR, ESLE-2+ACR and Clo+ACR groups were significantly
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(p<0.05) higher than model control group with means of 132.64+1.92,
149.48+1.70 and 152.40+3.31, respectively.

At the same table, these data found that the mean values of weights
and GSI of testes, epididymis, seminal vesicles, and ventral prostate at
model control group were significantly lower than the normal control
group. Also, the intervention with ESLE extract and Clo led to a significant
(p < 0.05) decrease in the weights and GSI of these organs. In addition to,
group 4 which received orally 500 mg/kg BW/day of ESLE had the best
results. The present study shows that the ACR induced toxicity led to
decrease testicular and epididymal weights of infertility rats. These results
agreed with Saleh et al., (2024) who found a significant decrease in both
relative testicular and epididymal weights in ACR-intoxicated rats
compared to the control group.

Also, results of the current study were in agreement with the study of
Abd-Elsalam et al., (2021) which reported that acrylamide-induced
toxicity led to a significant decrease in the relative epididymis weight but
were in contrast to these results for the testicular weight as the results of
this study did not show significant differences in the relative testicular
weight. Furthermore, rats treated with ACR had lower testicular weights in
the other groups than in the control group, but this difference was not
statistically significant, according to Yildirim et al., (2024). It's interesting
to note that the current study shows that ESLE (500 mg/kg) caused a
significant (p<0.05) increase in final body weight, as well as weights and
GSI of the testes, epididymis, seminal vesicles, and ventral prostate. These
findings are in line with a study by Ansari and Ahmed (2014) who
showed that rats given Eruca sativa had significantly higher organ weight
and GSI when compared to the diabetic control group. Also, Grami et al.,
(2024) & Algreiby, (2024) reported that treatment with ethanolic extract
of Eruca sativa significantly increased the weight of testes, epididymis,
seminal vesicles, and prostate in rats at the end.

For Clo, the present data showed improvement in testes weight after
treatment with Clo but this result was in disagreement with Elbana (2023),
who reported that atrophy and decreased testicular weight in rats was
associated with treatment with clomiphene citrate; they attributed these
changes to suppression of gonadal activity.

Journal of Specific Education and Technology (Scientific and applied research) - Issued by Faculty of Specific Education -
Kafrelsheikh University — Egypt (ISSN 2314-7458) (Print) « (ISSN 2314-7466) (Online)

9Y



(Ks

Kafrelsheikh University

Gdallya S daalo

4

fatiukig auale Jgay! Uaglgitallg arcgill ap il dho

Journal of Specific Education and Technology (Scientific and Applied Research)

Table (4): Impact of ESLE/Clo interventions on changes in FBW, organs weight
and GSI among infertility rats

Infertility groups

Parameters ';'grftr?gl' Motdell ESLE-1+ ACR ESLE-2+ ACR _ Clo.+ ACR
contro

FBW (g) 162.04°+3.04  113.23°42.65  132.64°+1.92 149.48+1.70°  152.40%3.31°
= | Testes 3.56+0.21a 1.13+0.25e 1.73+0.21d 2.28+0.20c 2.86+0.15b
§ Tg Seminal vesicles 1.53+0.25a 0.52+0.07¢c 0.81+0.10b 1.27+0.14a 1.40+0.10a
o 2 | Epididymis 0.56+0.12a 0.16+0.07b 0.22+0.10b 0.45+0.06a 0.51+0.09a
= | Prostate 0.51+0.13a 0.18+0.06b 0.20+0.01b 0.41+0.08a 0.49+0.07a
~ | Testes 2.20+0.15a 1.01+0.24d 1.31+0.15¢c 1.52+0.15¢c 1.88+0.08b
S | Seminal vesicles  0.95+0.15a 0.4620.06b 0.61+0.08b 0.85+0.10a 0.92+0.05a
% | Epididymis 0.35+0.07a 0.15+0.06b 0.16+0.08b 0.29+0.04a 0.34+0.06a
O | prostate 0.31+0.08a 0.09+0.04b 0.15+0.01b 0.25+0.06a 0.33+0.04a

Each value represents mean + SD (n=6). Values under the same column with different superscripts mean significant
difference at P<0.05. ESLE-1+ ACR, ESLE-2+ ACR and Clo.+ ACR, infertility groups received orally 250,500
mg/kg bw/day of ESLE and 1.2 mg/kg bw/day of Clo, respectively followed by 50 mg/kg bw of ACR. FBW: Final
Body Weight and GSI: Gonadosomatic index

Effect of Eruca sativa leaves ethaolic extract (ESLE) and clomid (Clo)
on sperm parameters (sperm count, sperm motility %, and sperm
abnormalities %) of infertility rats:

The impact of ESLE and Clo on the sperm count, sperm motility
percentage, and sperm abnormalities percentage of infertile rats was
displayed in Table 5. According to these data, the ACR-treated rats showed
a significantly (p<0.05) lower sperm count (-93.78) and sperm motility
percentage (-68.95%) at the end of the experimental (4 weeks) than the
normal group. In contrast, the ACR-treated rats exhibited significantly
(p<0.05) increased in sperm abnormalities % by (471.32) compared to the
normal group. However, intervention with ESLE (250 and 500 mg/kg
BW/day) and Clo (1.2 mg/kg BW/day) for 4 weeks led to significantly
(p<0.05) increase on sperm count and sperm motility % by 530.9, 1093.4
and 1105.2 % and111.76, 177.4 and 191.2% respectively and led to
significantly (p<0.05) decrease in sperm abnormalities % by -44.35, -72.7
and -72.2% compared to the model control group.

These results also showed that the groups treated with 500 mg/kg
BW/day of ESLE and 1.2 mg/kg BW/day of Clo recorded the best results
for these markers and there were non-significant (p<0.05) differences
between them. These investigation found that ACR application led to an
increase in aberrant sperm morphology and a decrease in sperm count and
viability, which is consistent with the results obtained. Research has
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indicated that ACR lowers sperm quality and quantity. These effects may
be related to the direct toxic effects of ACR on sperm cells, the disruption
of the hypothalamic-pituitary-gonadal axis, and increased production of
reactive oxygen species (Govindaraju et al., 2024; Alturki et al., 2022;
Abd-Elsalam et al., 2021; Farag et al., 2021; Kucukler et al., 2020).

According to Triningsih et al., (2021), reactive oxygen species
(ROS) are known to damage nuclei, prevent enzyme processes, hinder the
synthesis of sulfhydryl antioxidants, and start lipid peroxidation in cell
membranes, which is necessary to give the plasma membrane the fluidity
necessary for sperm movement. However, a prior study suggests that ACR-
induced reductions in  testosterone hormone may lead to
hypospermatogenesis, which is in line with these findings (Farag et al.,
2021). Additionally, this data supports the findings of Saleh et al., (2024)
and Yildirim et al., (2024), who discovered that, in comparison to the
control rats, ACR exposure significantly decreased the number of sperm
and the percentage of sperm motility and live sperm while also
significantly increasing the percentage of abnormal sperm. According to
Saleh et al., (2024), the primary causes of these detrimental effects of ACR
on sperm count and quality in the epididymis are the breakdown of
seminiferous tubule epithelial cells and the inhibitory action of ACR on
kinesin and dynein, the motor proteins of the cytoskeleton of sperm
flagella, which results in impaired sperm motility. On the other hand, 4
weeks of ESLE treatment successfully reversed the negative effects of
ACR on sperm count and quality, as shown by a notable increase in sperm
number, motility, and viability and a decrease in aberrant sperm. These
findings show that ESLE positively affects sperm count and morphology
by suppressing ACR-induced oxidative stress and inflammation in testicles
with its antioxidant and anti-inflammatory activity.

These findings are in line with a study by Grami et al., (2024) that
discovered that Eruca sativa has a protective impact on sperm parameters
by sustaining sperm cell density and sperm count through its antioxidant
capability. These findings also concur with those of Raouf et al., (2024)
and Algreiby (2024), who demonstrated a notable improvement in the
occurrence of typical sperm morphology in the Eruca sativa-treated groups
when compared to the control group. They also explained that this
improvement was caused by the rocket leaves' high concentration of
saponins, alkaloids, terpenes, flavonoids, glycosides, and steroids, all of
which promote sperm supply. Additionally, Abd-Elsalam et al., (2021)
previously found that ESLE improved sperm quantities, morphology,
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vitality, and motility in healthy rodents. For Clo, these data showed a
significant (P<0.05) increase in sperm count, sperm motility % and a
significant (P<0.05) decreased in sperm abnormality % after oral
administration of Clo with ACR for 28 days . This finding was consistent
with that of Wahab et al., (2019), who showed that the administration of
Clo enhanced sperm motility and viability in rats exposed to lead acetate.
Clo may increase the anterior pituitary gland's production of follicle-
stimulating hormone and luteinizing hormone, which could be a
mechanism for increasing sperm count and quality (Chehab et al., 2015;
Ring et al.,, 2016). It has been found that higher levels of luteinizing
hormone promote spermatogenesis and the production of testosterone
(Chehab et al., 2015; Ring et al., 2016).

These results concurred with those of Huijben et al., (2022), who
discovered that clomiphene citrate treatment causes functional alterations
in sustentacular cells, which are linked to an increase in the number of
sperm. However, these findings contradicted those of Elbana (2023), who
demonstrated that following the administration of clomiphene citrate, the
number of total sperm fell and aberrant sperm morphology rose.

Additionally, according to Elbana (2023), the medication Clo should
be stopped for at least three cycles before being taken again and should not
be utilized for more than three to six cycles. Therefore, intervention with
ESLE in these study is considered better than the drug because it is safe
and effective in improving sperm quality.

Table (5): Impact of ESLE/Clo interventions on changes in sperm count x106,
sperm abnormal morphology(%b), sperm viability (%) among infertility rats.

Sperm Sperm Sperm
groups count (million/ml) Motility (%) Abnormality (%)
meantSD  Change%  meantSD Change % mean+SD Change %

Normal control 24.45°+2.11 49.29°+1.14 10.60+0.85
> . Model control 1.52°+0.48 -93.78 15.30+1.96 -68.95 60.56°+0.86 471.32
= 2 | ESLE-1+ ACR 9.59°+0.65 530.9 32.40°+2.26 111.76 33.70°+2.46 -44.35
& S | ESLE-2+ ACR  18.14°+1.32  1093.4  42.45°+2.42 177.4 16.53°+2.66 -72.7
£ 2 | clo.+ ACR 18.32°+1.24  1105.2  44.56°+0.58 191.2 16.83°+2.62 -72.2

Each value represents mean = SD (n=6). Values under the same column with different superscripts mean
significant difference at P<0.05. ESLE-1+ ACR, ESLE-2+ ACR and Clo.+ ACR, infertility groups received
orally 250,500 mg/kg bw/day of ESLE and 1.2 mg/kg bw/day of clo, respectively followed by 50 mg/kg bw of
ACR.
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Effect of Eruca sativa leaves ethaolic extract (ESLE) and clomid(Clo)
on serum testosterone (T), luteinizing hormone (LH) and follicle
stimulating hormone (FSH) of infertility rats:

Data in Table 6 were shown the impact of ESLE and Clo. on serum
testosterone, LH, and FSH of infertility rats. Such data indicated that rats
treated with ACR (model control) had decreased levels of the testosterone,
LH, and FSH compared to the normal control group by -80.84, -76.98 and -
89.16%, respectively. However, ELSE-1, ESLE-2, and Clo intervention at
doses of 250, 500, and 1.2 mg/kg BW/day, respectively followed by 50
mg/kg BW/day of ACR for 4 weeks resulted in a significant (p < 0.05)
increase in testosterone, LH, and FSH levels by 175, 260.22 and 281.62%
and 188, 268.6 and 260.1% and 259.65, 455.86 and 545.38%, respectively,
compared to the model control group.

From the previous results, it can be considered that the effect of 500
mg of ESLE was similar to the effect of Clo, as there was non-significant
(p < 0.05) difference between them in serum testosterone, LH, and FSH
levels. These results established that ACR triggered endocrine disruption
underscored by the altered levels of testosterone, LH and FSH which has
been reported in studies of Abd-Elsalam et al., (2021) and Farag et al.,
(2021) who found that the hormonal imbalance mentioned here is due to
the harmful effect of ACR on testosterone synthesis in the testicles. Also,
Saleh et al., (2024) found a significant reduction in serum testosterone
(71%), FSH (75.95%) and LH (76.83%) levels has been observed in ACR-
intoxicated group, compared to the control rats. On the other hand, ESLE
improving activity on testosterone, LH and TSH concentrations in the
present study results was consistent with previously reported results in
cadmium exposed rats (Nowfel and Al-okaily 2017), nicotine intoxicated
rats (Abd El-Aziz et al., 2016), and healthy rats (Al-Qudah, 2017).

Extract of Eruca sativa leaves is considered for the rise of
testosterone level and increased sperm activity as well as it reduced sperm
death and its abnormalities (Hadi, 2017). As Raouf et al., (2024) pointed
out the higher rise in testosterone and a slight increase in luteinizing
hormone (LH) in the treated groups with Eruca sativa leaves extract are
associated with the presence of polyphenolic flavonoid compounds in the
leaf of Eruca sativa. In corollary, it could be suggested that the
improvement of reproductive function, sperm quality and testis histology
observed in rats treated with ESLE may be attributed to the antioxidant
activity of ESLE which has ameliorating effect on the hypothalamus—
pituitary—testis axis leading to restorative levels of T, LH and FSH.
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For Clo, the present study showed an improvement in serum
testosterone, LH and FSH levels in infertile rats after Clo treatment. This
result was in agreement with Wahab et al., (2019) who found that taking
Clo with lead acetate resulted in a significant increase (p<0.05) in serum
levels of luteinizing hormone and testosterone. But the current data was in
disagreement with Elbana (2023) who found that Clo inhibited the
secretion of gonadotropins FSH and LH in rats.

Table (6): Impact of ESLE/Clo interventions on changes in serum T, LH and FSH
among infertility rats.

groups T (ng/ml) LH(ng/ml) FSH(ng/ml)
Mean £SD  Change % Mean £SD Change % Mean £SD Change %
Normal control 27.56+0.13% 19.25+0.10% 135.88+3.17°
> . | Model control ~ 5.28+0.55°  -80.84 4.43+0.02° -76.98 14.72+0.63° -89.16
= 2 | ESLE-1+ ACR  14.52+0.27° 175 12.67+0.44° 186 60.73+2.73° 259.65
& 2 | ESLE-2+ ACR 19.02+0.36°  260.22 16.33+0.21° 268.6 98.50+2.24° 455.86
£ 2 | clo+ ACR 20.15+1.40°  281.62 15.95+0.18" 260.1 95.00+5.96° 545.38

Each value represents mean + SD (n=6). Values under the same column with different superscripts mean significant
difference at P<0.05. ESLE-1+ ACR, ESLE-2+ ACR and Clo.+ ACR, infertility groups received orally 250,500
mg/kg bw/day of ESLE and 1.2 mg/kg bw/day of Clo, respectively followed by 50 mg/kg bw of ACR. FSH,
Follicle Stimulating Hormone; LH , Luteinizing Hormone.

Effect of Eruca sativa leaves ethaolic extract (ESLE) and clomid (Clo)
on liver enzymes of infertility rats:

The effect of Eruca sativa leaves ethaolic extract (ESLE) and clomid
(Clo) on liver functions (ALT, AST and ALP) of infertility rats are shown
in Table 7. Such data indicated that at the end of the experiment (4 weeks),
the ACR-treated rats exhibited significantly (p<0.05) increased in ALT
(153.18%), AST (115.28%) and ALP (277.41%) compared to the normal
group. However, intervention with ELSE-1 and ELSE-2 at doses of 250
and 500 mg/kg BW/day, respectively followed by 50 mg/kg BW/day of
ACR for 4 weeks led to significantly (p<0.05) decrease on the ALT, AST
and ALP by-24.31and -38.06%, and -22.8 and -34.16%, and -23.07 and -
45.7% compared to the model control group, respectively. Also, the study
showed that the levels of AST, ALT and ALP in infertility rats decreased in
a dose-dependent manner. In addition to, these results in the same table
showed non-significant(p<0.05) differences between the group treated with
Clo and the model control group, which explains the presence of side
effects of the Clo drug for treating infertility, represented by an increase in
liver enzymes (ALT,AST and ALP) by 2.43, 3.72 and 5.84%, respectively
compared to the model control group.
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Regarding the activities of the enzyme, the results of the current
study showed that ACR significantly increases the concentrations of ALT,
AST and ALP in the serum. These results were consistent with those of
Cerrah et al., (2023) and Erfan et al., (2021), who found that ACR
caused elevated levels of, ALT, AST and ALP in addition, diffuse
degenerative changes and necrosis in hepatocytes, and moderate
inflammation in the portal area were detected in liver tissues in the ACR
group while ESLE prevented the biochemical changes induced by
acrylamide, it also alleviated the damage in tissue structure. Again, in
ACR-related hepatotoxicity, apart from oxidant and antioxidant parameters,
pro-inflammatory cytokines have been reported to play a role and
demonstrated that acrylamide caused an increase in the expression of
interleukin-1beta (IL-1p), interleukin-6, tumor necrosis factor-alpha (TNF-
a) and nuclear factor kappa b (NF- «B) in liver and kidney tissues
(Kandemir et al., 2020).

This literature information shows that antioxidant and anti-
inflammatory plants can be used in acrylamide hepatotoxicity. Therefore,
the data of the present study confirmed that the ESLE prevented the
biochemical changes induced by acrylamide and reduced AST, ALT and
ALP levels which demonstrating that it could prevent the live cells damage
and alleviated the damage in tissue structure. Additionally, the present data
are in agreement with those of Ybarez-Julca et al., (2022) and
Rahbardar et al., (2021) who reported that the protective role of Eruca
sativa ethanolic extract may be achieved by the noticeable improvement in
serum ALP, AST, y-GT, and LDH, which goes in parallel with the
suppressive effect on ACR due to the effect of various antioxidant
compounds such as flavonoids, Zn, and Cu present in Eruca sativa extract,
which are thought to be an essential component of free radical scavenging
SOD and also impair lipid peroxidation. In line with current data, Zangana
and Erdeni (2020) showed that liver enzymes were improved by use
different doses of Eruca sativa extract.

For Clo, the present data indicated that Clo intervention caused an
increase in liver enzymes and this result was consistent with Al-Amoudi
(2012) who reported an increase in the levels of liver function enzymes
ALT, AST, ALP in rats that were given clomiphene citrate. Furthermore,
Zhang et al., (2018) study reported cases of liver disease associated with
the administration of clomiphene citrate to male patients. From the above,
we can say that Clo is not recommended for use by patients with liver
disease due to its side effects on elevated liver enzymes. This is what
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distinguishes the ethanolic extract of Eruca sativa leaves at a dose of 500
mg/kg, the results of which showed an improvement in liver enzymes
compared to the Clo group.

Table (7): Impact of ESLE/Clo interventions on changes in ALT, AST and ALP
among infertility rats.

groups ALT (u/ml) AST (u/ml) ALP(ng/ml)
Mean + SD Change% Mean+SD Change% Mean+SD Change%
Normal control 32.81+2.80¢ 43.76+2.93° 1.86+0.26°
> Model control ~ 83.07+4.79%*  153.18  94.21+2.14*® 11528  7.02+0.52®  277.41
= § ESLE-1+ ACR  62.874#3.19° -24.31  72.73+4.33° -22.8 5.40+0.62°  -23.07
8 2 | ESLE-2+ ACR 51.45#353° -38.06  62.02+2.29°  -34.16 3.81+0.11° -45.7
£ 7 | Clo+ ACR 85.09+4.05°  2.43 97.72+2.14° 3.72 7.43+1.08° 5.84

Each value represents mean + SD (n=6). Values under the same column with different superscripts mean
significant difference at P<0.05. ESLE-1+ ACR, ESLE-2+ ACR and Clo.+ ACR, infertility groups received
orally 250,500 mg/kg bw/day of ESLE and 1.2 mg/kg bw/day of Clo, respectively followed by 50 mg/kg
bw of ACR.. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; ALP: Alkaline

phosphatase.

Effect of Eruca sativa leaves ethaolic extract (ESLE) and clomid (Clo)
on changes in the activity of oxidative and antioxidant enzymes in the
testicular tissues of infertility rats:

The effect of ESLE and Clo intervention on changes in SOD, GSH,
CAT and MDA levels profile in the testicular tissues of infertility rats were
shown in tables 8 and 9. The data indicated that at the end of the
experiment (4 weeks), the ACR-treated rats exhibited significantly
(p<0.05) decreased in SOD, GSH and CAT by-79.29, -81.09 and -80.74 %,
respectively whereas, the MDA increased by 292.1% in testicular tissues
compared to the normal control group. However, intervention with ESLE
(250 and 500 mg/kg BW/day) for 4 weeks led to significantly (p<0.05)
increase in SOD, GSH and CAT by 68.29, 239.02 and 138.7%, and
254.95, 104.4 and 261.1%, respectively as well as the MDA level in testes
tissue was significantly (p<0.05) declined by -39.89 and -63.77%,
respectively compared to the model control group.

In the same table, the data showed a non-significant (p<0.05)
difference between the Clo+ACR group and the model control group, as
the results showed a significant decrease (p<0.05) in the levels of SOD,
GSH and CAT in the testicular tissues of the Clo+ACR group by-81.31, -
75.46 and -81.01%, respectively as well as the MDA level in testes tissue
was significantly (p<0.05) rose by 244.6% compared to the normal control
group. Overall, the present data found that ESLE treatment at a dose of 500
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mg recorded the best results for antioxidants and oxidative enzymes in
testicular tissues of infertility ratsSACR was found to significantly increase
MDA levels in testicular tissue and reduce GSH, SOD, and CAT activities
in experimental studies of a testicular injury model it induced in rats
(Yildirim et al., 2024).

Additionally, ACR-induced liver oxidative stress lowered SOD,
GSH, and CAT activity and increased lipid peroxidation, according to
Ybafez-Julca et al., (2022) and Saleh et al., (2024). These investigation
found that ACR treatment significantly reduced SOD, GSH, and CAT
activities and raised MDA levels in testicular tissue, which is in line with
earlier research. At the same time, ESLE intervention prevented oxidative
stress caused by ACR, and these results come in harmony with Ramazzina
et al., (2022) who demonstrated that the ethanolic extract increased cell
viability and was able to reduce cytotoxicity and ROS and attributed this to
its high content of glucosinolates which led to a significant decrease in
intracellular ROS production. where the endogenous antioxidant system
detoxifies reactive oxygen species (ROS) from physiological metabolisms
to preserve cellular redox homeostasis (Abd-Elsalam et al., 2021,
Awadelkareem et al., 2022 and Raouf et al., 2024).

Furthermore, Eruca sativa's high concentration of carotenoids,
fibers, minerals, glucosinolates, isothiocyanates, flavonoids including
kaempferol, quercetin, and isorhamnetin, flavanols, and phenolic
compounds is thought to be responsible for its antioxidant qualities (El-
Gayar et al., 2022; EI-Nwehy et al., 2023; Algreiby, 2024 and Grami et
al., 2024). GSLs found in watercress leaves break down during stress to
produce biologically active compounds called isothiocyanates (ITCs),
which have anti-inflammatory and antioxidant properties (Bell et al.,
2020). This illustrates how the phenolic chemicals in Eruca sativa, which
influence the modification of antioxidant enzymes by enhancing their
function, contribute to its antioxidant properties (Nowfel and Al-Okaily
2017). According to Pagnotta et al., (2022), Eruca sativa has the ability to
protect cells from oxidative stress and decrease the release of inflammatory
mediators.

As for Clo, these results did not show any improvement in
antioxidant levels and agreed with Wahab et al., (2019), who found that
giving clomiphene citrate to mice exposed to lead acetate, a chemical
similar in effect to acrylamide, did not affect the activity of catalase,
superoxide dismutase, or malondialdehyde concentrations. This observation
suggests that a possible mechanism of Clo in non-improving antioxidant
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enzymes may be its non-ability to prevent lipid peroxidation, free radical
generation, or oxidative stress induced by ACR. Therefore, we recommend
eating Eruca sativa leaves rich in antioxidants, glucosinolates and erucin to

prevent testicular toxicity caused by acrylamide.

Table (8): Impact of ESLE/CLO interventions on changes in SOD, GSH, and CAT
in the testicular tissues among infertility rats

SOD GSH CAT
Groups (U/mg tissue) (ng/mg/ tissue) (U/mg/ tissue)
Mean £SD  Change% Mean £SD  Change % Mean £SD  Change%
Normal control 3.96+0.09° --- 5.87+0.08° --- 3.74+0.217° ---

Model control ~ 0.82+0.03°  -79.29 1.11+0.08" -81.09  0.72+0.036"  -80.74
ESLE-1+ ACR  1.38+0.17° 68.29 2.65+0.49° 138.7 1.47+0.213° 104.4
ESLE-2+ ACR  2.78+0.08"  239.02 3.94+0.43°  254.95  2.60+0.273°  261.1
Clo.+ ACR 0.74+0.17°  -81.31 1.44+0.35" -75.46  0.71+0.087°  -81.01
Each value represents mean + SD (n=6). Values under the same column with different superscripts mean
significant difference at P<0.05. ESLE-1+ ACR, ESLE-2+ ACR and Clo.+ ACR, infertility groups received
orally 250,500 mg/kg bw/day of ESLE and 1.2 mg/kg bw/day of Clo, respectively followed by 50 mg/kg bw
of ACR. SOD: Super oxide dismutase; GSH: Glutathione and CAT: Catalase.

Infertility
groups

Table (9): Impact of ESLE/Clo. interventions on changes in MDA in the testicle
tissue among infertility rats

MDA
groups (nmol/g tissue)
Mean £SD Change %
Normal control 7.367+0.45°
> Model control 28.9+1.17° 292.1
= S | ESLE-1+ ACR 17.3741.4° -39.89
S 2 | ESLE-2+ ACR 10.47+0.6° -63.77
£ 2 | Clo+ ACR 25.392 5 244.6

Each value represents mean + SD (n=6). Values under the same column with different
superscripts mean significant difference at P<0.05. ESLE-1+ ACR, ESLE-2+ ACR and Clo.+
ACR, infertility groups received orally 250,500 mg/kg bw/day of ESLE and 1.2 mg/kg
bw/day of Clo, respectively followed by 50 mg/kg bw of ACR. MDA: Malondialdehyde.

Effect of Eruca sativa leaves ethaolic extract (ESLE) and clomid (Clo)
on rats testes histological disorders induced by acrylamide:

Effect of Eruca sativa leaves ethaolic extract (ESLE) and clomid
(Clo) on rats testes histological disorders induced by acrylamide were
shown in Figure 1. Under a microscope, the testes of rats in group 1
(normal control) displayed full spermatogenesis, normal lining
spermatogoneal cells, and the typical histological structure of a
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seminiferous tubule (Photos A, B, and C). In contrast, testes of rats from
group 2 (model control) exhibited degeneration of spermatogoneal cells
lining seminiferous tubules with formation of spermatid giant cell as well
as interstitial edema (Photos. D, E & F). On the other hand, some testicular
sections of rats from group 3 (ESLE-1+ACR) showed degeneration of
spermatogoneal cells lining seminiferous tubules and interstitial edema
(Photos. H and i), whereas other sections revealed normal seminiferous
tubules and complete spermatogenesis with sperm production in their
lumen (photo. G).

Furthermore, testes of rats from group 4 (ESLE-2+ACR) exhibited

no histopathological alterations and histologically normal seminiferous
tubules (Photos. J, K & L). Additionally, testes of rats from group 5
(Clo+ACR) showed degeneration of spermatocytes lining the seminiferous
tubules and interstitial edema (photos. M, N& O).
These findings concurred with those of Saleh et al., (2024), who
discovered that the control group's testes had typical seminiferous tubules
with neatly arranged sperm chains. In contrast, the testes of the ACR group
showed increasing testicular degeneration with substantial germ cell death,
particularly spermatocytes as well as a decrease of round and elongated
spermatocytes.

ACR toxicity results in significant testicular insults, including
swelling, necrosis, spermatid vacuolization, and irregular multinucleated
giant cell formation in seminiferous tubules. These can cause apoptosis and
atrophy, as well as sperm chromosomal aberration, low sperm numbers,
and poor sperm viability, all of which can ultimately hinder
spermatogenesis, according to previous studies on male rodents (Abd-
Elsalam et al., 2021). The results of this study regarding the effect of Clo
were in conflict with the result of Elbana (2023) who reported the success
of a modified clomiphene citrate regimen in increasing sperm count
without any risks to testicular tissue.
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Figure eaves SLE) and clomid (Clo) on rats
testes histological disorders induced by acrylamide. (H & E X 100&200). Photo A,B
and C, normal control group exhibiting normal spermatogoneal cells, full
spermatogenesis, and normal seminiferous tubule histological structure; Photo D&F,
Spermatogoneal cells lining seminiferous tubules in the model control group are
degenerating, becoming spermatid gigantic cells (black arrow) and interstitial edema
(blue arrow); Photo E, model control group demonstrating the development of
spermatid gigantic cells and the degradation of spermatogoneal cells lining seminiferous
tubules (black arrow); Photo G, ESLE-1+ACR group displaying interstitial edema (blue
arrow) and spermatogoneal cell degeneration lining seminiferous tubules (black arrow);
Photo H, ESLE-1+ACR group displaying full spermatogenesis, with sperm generation in
their lumen, and typical seminiferous tubules; Photo I, ESLE-1+ACR group showing no
histopathological alterations; Photo J, ESLE-2+ACR group displaying full
spermatogenesis, with sperm generation in their lumen, and typical seminiferous
tubules; Photo K&L, ESLE-2+ACR group showing no histopathological alterations;
Photo M&N, Clo+ACR group demonstrating the development of spermatid gigantic
cells and the degradation of spermatogoneal cells lining seminiferous tubules (black
arrow); Photo O, Clo+ACR group displaying interstitial edema (blue arrow) and
spermatogoneal cell degeneration lining seminiferous tubules (black arrow).

Conclusion
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In conclusion, In the current investigation, ACR, a food-borne toxin,
caused liver dysfunction, testicular oxidative stress, endocrine
dysregulation, and decreased sperm quality. The manipulation process, as
illustrated in Figure 2, involves enhancing the activities of liver enzymes,
serum testosterone, serum LH, and FSH, sperm quality analysis (serum
count, sperm motility percentage, sperm morphology and viability
percentage), oxidative and antioxidant enzymes in testicular tissue, and
histological alterations of testicular tissue, all of which have a negative
impact on the process of injuries to the biological system. The abundance
of bioactive chemicals and their associated biological activities may be the
reason behind these biological enhancements brought by ESLE. Based on

e sinapic acid é
. ] e catechin é e Total flavonoid
; " ' e gallic acid = SR
—l ey — ! al. % ' e sinapic acid w—3n T (TFC)
i | e ferulic acid ° e Antioxidant activity
Fruca sativa [, ® quercetin =
Powder Ethanolic o a X c Ac =)
et nct HPLC analysis e rosmarinic acid
CHZ\)k
NH»
Acrylamid
. o
ALX <
AST
A >
: = * ALF v
a —> .
- 2 -" LH
p ) FSH
Rat Oral Serum — R —
S biochemical T N\ A & L]
& & Testis analysis by o)

Testis tissue health

l
| |

? 3 > Forming spermatid
Oxidative Stress d p— gigantic cells
FIRY e
MDA 'N, & <

sob sperm abnormal % T‘L
GSH X

sperm viability (%)
sperm count lT
the concentrations assessed, we have suggested the use of Eruca sativa
leaves in our regular meals, beverages and pharmaceutical preparations.

CAT

Figure 2. Graphical summary showing the potential preventive roles of Eruca sativa
leaves extract against acrylamide-induced biochemical and histological alterations in rat
testis
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