
Original Citation:

Protective action of Eruca sativa leaves aqueous extracts against Bisphenol A-caused in vivo testicular
damages

Publisher:

Published version:
DOI:

Terms of use:
Open Access

(Article begins on next page)

This article is made available under terms and conditions applicable to Open Access Guidelines, as described at
http://www.unipd.it/download/file/fid/55401 (Italian only)

Availability:
This version is available at: 11577/3313571 since: 2019-10-28T13:35:33Z

Università degli Studi di Padova

Padua Research Archive - Institutional Repository



For Peer Review

Journal of Medicinal Food: http://mc.manuscriptcentral.com/medicinalfood

Protective action of Eruca sativa leaves aqueous extracts 
against Bisphenol A-caused in vivo testicular damages

Journal: Journal of Medicinal Food

Manuscript ID JMF-2019-0170.R1

Manuscript Type: Original Article

Date Submitted by the 
Author: 30-Aug-2019

Complete List of Authors: Grami, Dhekra; University of Jendouba
Rtibi, Kais; University of Jendouba, 
Hammai, Imen; University of Jendouba
Selmi, Slimen; University of Jendouba
Deton, Luca; University of Padova Department of Anatomy and 
Physiology
Foresta, Carlo; University of Padova Department of Anatomy and 
Physiology
Marzouki, Lamjed; University of Jendouba
Sebai, Hichem; University of Jendouba

Keyword: testosterone, rat, Medicinal Food, Oxidativestress

Manuscript Keywords (Search 
Terms): Eruca sativa, bisphenol A, reproductive system male toxicity, Wistar rats

 

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food



For Peer Review

Protective action of Eruca sativa leaves aqueous extracts against Bisphenol 

A-caused in vivo testicular damages

Dhekra Grami 1, Kaïs Rtibi 1*, Imen Hammami 2, Slimen Selmi 1, Luca De Toni 3, Carlo 

Foresta 3, Lamjed Marzouki 1 and Hichem Sebai 1

1 Laboratory of Functional Physiology and Valorization of Bio-resources-Higher Institute of 

Biotechnology of Beja, B.P. 382-9000 Beja, University of Jendouba, Tunisia.

2 Laboratory of Histology, Embryology and Cell Biology, Faculty of Medicine, 1007 Tunis, 

Tunisia.

3 Department of Medicine and Unit of Andrology and Reproductive Medicine, University of 

Padova, Padova, 35128, Italy.

* Corresponding author at: Dr. Kais Rtibi,

Laboratory of Functional Physiology and Valorization of Bio-resources-Higher

Institute of Biotechnology of Beja, B.P. 382 - 9000 Beja, Tunisia.

E-mail : rtibikais@yahoo.fr

 Tel : + (216) 97 479 135

Running title: Effect of ESAE on BPA-induced in vivo testicular damages.

Page 1 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Abstract

Eruca sativa action on the male reproductive system and fertility has not been precisely 

defined. In this study, the aim was to investigate the ameliorative activity of Eruca sativa 

aqueous extracts (ESAE) on reproductive toxicity associated with oxidative stress induced by 

Bisphenol A (BPA). Wistar rats were used and divided into 6 groups of animals each; control 

(0.4 ml of corn oil/rat), ESAE at the higher dose (200 mg/kg), BPA [100 mg/kg, body weight 

(b.w.), perorally (p.o.)] alone or in combination with varied doses of ESAE (50, 100 and 200 

mg/kg, b.w, p.o.). The diverse doses were administrated orally for 30 consecutive days. The 

results showed that BPA-treatment produced a diminution of density, motility and viability of 

sperm with disruption of spermatozoa morphology and fertilizing potential as well as 

testosterone, luteinizing hormone and follicle stimulating hormone levels. These results were 

accompanied by testis and epididymis histological damages which were shown by an 

induction of testicular dysfunction as seen with a lower number of Leydig-cells and 

spermatocytes as well as a reproductive stress which was modeled. The oxidative stress was 

measured by malondialdehyde (MDA) production, thiol group (-SH) decline and antioxidant 

enzyme activities disturbance, in particular superoxide dismutase (SOD), catalase (CAT) and 

glutathione peroxidase (GPX) in reproductive tissues. ESAE co-administration at the two 

lower doses improved all histological and biochemical parameter injuries. These finding 

suggested the ESAE ability to prevent the testicular damages in rats which might be linked to 

functional- bioactive substances such phenolic compounds with higher antioxidant capacity.

Key words: Eruca sativa; bisphenol A; reproductive system male toxicity; Wistar rats.

Abbreviations: BPA, Bisphenol A; BSA, bovine serum albumin; CAT, catalase; DTNB, 5,5′-

dithiobis (2-nitrobenzoic acid); EDTA, ethylenediaminetetraacetic acid; ESAE, Eruca sativa 

aqueous extract; FSH, follicle-stimulating hormone; GSH, glutathione; GPx, glutathione 

peroxidase; LH, luteinizing hormone; MDA, malondialdehyde; ROS, reactive oxygen species; 

SOD, superoxide dismutase; TBA, thiobarbituric acid.
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1.  Introduction

Environment and diet influence spermatogenesis with known consequences on male fertility. 

In this context, a range of natural and synthetic components are named endocrine disturbing 

chemicals. Infertility is due to their ability to mimic, antagonize and disrupt the synthesis and 

metabolism of endogenous hormones and receptors which leads to adverse health outcomes in 

mammals. 1

One of the most extensively studied endocrine disrupting chemicals is bisphenol A (BPA).2 It 

is widely used in the manufacturing of polycarbonates plastics and epoxy resin. 3 It can be 

detected in baby bottles, food packages, diversity of household products (plastic windows, 

compact disks and consumer electronics), medical equipment (dental sealant) and thermal 

paper. BPA has detected in more than 90% of tested samples of body fluids and tissues such 

as amniotic fluid, blood and serum. 4 Various epidemiological research works have showed 

that BPA affects the male reproductive system and other diseases such obesity, 

hyperglycemia, cardiovascular diseases, thyroid disorder and cancer. 5 Other studies showed 

that oxidative stress, 6 lipid peroxidation 7,8 the modified motility 9, the changed morphology 
10 and intracellular ATP content perturbation 6 were decreased after animal treatment with 

BPA. 

The use of plant extracts in disease prevention and treatment is of great interest, particularly 

for reproductive alterations, where the therapeutic options are limited. Especially, 

Brassicaceae vegetables consumption has proved various health benefits, thank to the 

existence of diverse phytochemicals. 11 In this respect, Eruca sativa (Brassicaceae family) is 

biannual herb, originated in the Mediterranean region. 12 Rocket leaves are usually used as 

salads herb. 13 Some studies have shown that the major chemical compounds are flavonoids 

and glucosinolates. 14 It showed many pharmaceutical properties such as antioxidant, 

antiplatelet, antithrombotic, anticancer, antidiabetic and antiulcer activities. 15-19 Eruca sativa 

can activate the spermatogenesis mechanism. 20 It also encourages teste growth and improves 

the spermatozoalife and function. 21

The research focused on the evaluation of the Eruca sativa aqueous extracts possessive effect 

against BPA-caused diverse male reproductive system toxicities, and the possible mechanisms 

of actions.
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2. Materials and methods

2.1.  Chemicals

Bisphenol A (2,2-Di (4-hydroxyphenyl) propane) 97% purity, trichloroacetic acid (TCA), 

acetylcholine iodide, S-butyrylcholine, butylhydroxytoluene (BHT), KOH, ethanol, bovine 

serum albumin (BSA), acetylthiocholine iodide, 5.5’-dithiobis-(2- nitrobenzoic acid) (DTNB), 

Triton X-100, eosin stain, RPMI (Roswell Park Memorial Institute) and tocopherol-stripped 

corn oilwere purchased from SigmaAldrich Co., St. Louis, US. All other chemicals were 

obtained from Biomaghreb (Ariana, Tunisia) and were ISO 9001 certified.

2.2.  Eruca sativa leaves collection and ESAE preparation

The necessary permits for the area studies of Eruca sativa leaves were obtained from the 

Ministry of Agriculture in Tunisia. The leaves were picked from the central-west region of 

Tunisia (Kasserine) during December. Leaves were identified in the Institute of 

Biotechnology of Beja (University of Jendouba) by professional botanists. After that, fresh 

leaves were dehydrated at 40°C using a dry incubator for 72h and then ground into fine 

powder with an electric blender (Moulinex Ovatio 2, Serris, France). Powder was 

subsequently dissolved in double distilled-water and incubated at 40°C for 24h.Then, 

combined homogenates were filtered through a colander (0.5 mm mesh size), lyophilized 

using freeze vacuum drying (DFR-5N-B, ULVAC products) and stored at 80°C until used. 

Yield of the extract was calculated in grams and converted into percentage, and the percent 

yield of the Eruca sativa leaves extract was recorded approximately 10%.

2.3.  Acute toxicity study

Orally-administration of ESAE at various doses ranging from 0.5 to 3.2 g/kg was used to 

study acute-toxicity in mice (n=6). Animals obtained from the Central Society of 

Pharmaceutical Industries of Tunisia (SIPHAT, Ben-Arours, Tunisia) were observed every 

30min for 4h and then, occasionally for an additional period of 8h. Mortality of mice was 

obtained 24h after the treatment. The mice were also analyzed for other toxicity-signs such as 

motor co-ordination, righting reflex and respiratory changes. 22

2.4.  Male-Wistar-rats and treatment

Forty two animals (10 weeks old and weighing 200-250 g) were obtained from the Society of 

Pharmaceutical Industries of Tunisia (SIPHAT, Ben-Arours, Tunisia) and used consistent 
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with the NIH guidelines for the care and use of laboratory animals, and was approved by the 

Institutional Animal Care and Use Committee of National Institute of Health. 23 The animals 

were kept in separate metallic cages under stable conditions such as standard temperature (24 

± 2°C), humidity (55 ± 5℅) and lighting (12h:12h Light:Dark. Animals were maintained with 

standard pellet diet (Society of Badr-Utique, Bizerte, Tunisia) containing 67% carbohydrates, 

10% fat, and 23% protein as the energy sources (overall calories: 3.6 kcal/g) and water ad-

libitum. 

After adaptation-duration for 2 weeks, the animals were distributed into 6 groups (n = 7 in 

each group) and treated orally for 4 weeks, as followed: Group I (vehicle group): treated with 

0.4 ml/kg/day of tocopherol-stripped corn oil in an equivalent volume to that given to the 

different experimental batches; Group II: rats treated with BPA at a dose of 100mg/kg 

dissolved in tocopherol-stripped corn oil; Group III: rats treated only with Eruca sativa 

aqueous extracts (ESAE) at a dose of 200 mg/kg; Group IV: rats treated with ESAE (50 

mg/kg) combined with BPA (100 mg/kg); Group V: rats treated with ESAE (100 mg/kg) 

associated with BPA (100mg/kg); Group VI: rats treated with ESAE (200 mg/kg) and BPA 

(100 mg/kg).

After 4 weeks of treatment, the rats were sacrificed by decapitation, and the blood was 

collected in tubes. The serum was used for estimation of luteinizing hormone (LH), follicle-

stimulating hormone (FSH) and testosterone levels. Hormone levels were measured using 

commercially available ELISA kits (rat testosterone ELISA kit Category No. E90243, rat 

luteinizing hormone ELISA KIT Category No. CK-E90904, rat follicle-stimulating hormone 

ELISA kit Category No. CK-30597) according to the manufacturer’s instructions (Bio Pharm 

Co.). 50 min after adding a stopper solution, absorption of standards and samples at 450 nm 

wavelengths were read by ELISA (BioTeK-Synergy H1, US). In addition, the reproductive 

organs (testis and the epididymis) were immediately removed by dissection and homogenized 

in potassium phosphate-buffered saline (pH 7.4). The collected sperm was taken in 5-cc tubes. 

For biochemical parameter estimations, homogenates were centrifuged at 9000 x g for 10 min 

at 4°C using centrifuge Universal 320 R (Andreas Hettich GmbH, Co., Germany) and the 

supernatants were stored for 1 week at – 80°C until analysis.

2.5.  Rats body and reproductive organs weights

Animal-body weights were assessed by the difference between initial and final body weights. 

However, reproductive organs absolute weights were determined after elimination of fatty 
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tissues and blood vessels. For toxicological criteria, reproductive organ damages were 

identified using clinical signs.

2.6.  Sperm characteristics examination

2.6.1. Sperm-collection

After decapitation and laparotomy, reproductive organs (testis and epididymis) were 

delicately deleted. Sperm-count was determined from right cauda epididymis, but, sperm 

motility/morphology was investigated from the left one. Epididymis was cutted-up and 

minced in 1 ml of RPMI (1000 UI penicillin/ml, 1000 µg of streptomycin/ml) to obtain sperm 

suspension.24

2.6.2. Sperm-enumeration

Cauda epididymal sperm count was realized using the method of Vega et al. 25 It was 

expressed as number of sperms per epididymis. To minimize the error, the count of each 

sample was done in triplicate.

2.6.3. Sperm-motility

Ten microliters of sperm-suspensions were rapidly layered onto a warmed microscope slide. 

Their movements were evaluated using a computer Aided Sperm Analysis System counting 

all progressive motile (have the ability to move around or 'swim'), non-progressive motile 

(moving very slowly) and immotile spermatozoa (not moving at all). The motile-sperm-cells 

number in each field was divided by the total number, and the average of the fields was 

assayed. Sperm-motility means were expressed as a percent of motile sperm from the total 

sperm counted. 26

2.6.4. Sperm-viability

Eosin stain method was used to determine sperm-viability. The coloration was realized using 

one drop of freshly collected semen (10 μl) combined with two drops (20 μl) of eosin. The 

live sperms (with capacity of mobility) were unstained (intact-cell-membrane) and dead 

sperms showed purple to red stained head with injured membranes. The dye exclusion was 

analyze in 100 spermatozoa. Sperm-viability was defined as the percentage of dead sperm 

cells. 27
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2.6.5. Sperm-morphology

The spreading of sperm solution was done on a slide, then, it was dried and made permanent. 

The smeared slide was colored using eosin (1%) according to Seed’s method. 28 Sperm lesions 

were examined using an optical microscope. One hundred of spermatozoa obtained from 

different fields in each slide were analyzed and classified for measures of observed 

irregularities (head, tail, and tail-head). Anomalous sperm-cells were numbered and the 

percentage was calculated. 29

2.6.6. Sperm-production evaluation

Sperm-production was estimated according to the procedure of Narayana et al. 30 with some 

change. Epididymal and testicular tissues (temperature varied between 25-27°C) were 

homogenized with saline solution combined with 0.05% (v/v) Triton X100. Obtained 

homogenates were associated with 1.5 ml of 0.9% NaCl; spermatozoa and spermatid were 

counted three times. Count means were used to achieve total number of spermatids per testis 

as well as sperm per epididymis; it was then divided by the testis or epididymis weight to 

calculate the number per g of reproductive organs.

2.7.  Oxidative indicators

2.7.1. Epididymis and testis proteins determination

Protein concentration in the epididymis and testis supernatants was done by Hartree technique 
31 with some modifications of the Lowry method using bovine serum albumin (BSA) as 

standard.

2.7.2. Epididymis and testis lipid peroxidation (MDA)

Testis and epididyms supernatants lipid peroxidation was measured by the double-heating 

method. Indeed, after proteins and trichloroacetic acid precipitations, the MDA that exists in 

supernatants reacts with TBA. The measurement with spectrophotometric-method of the 

produced-color was measured at 532 nm, and MDA levels were calculated using the 

absorbance coefficient of MDA-TBA complex: 1.56 × 105 M-1cm-1. 32

2.7.3. Epididymis and testis SH-groups measurement

Testis and epididymis homogenates were mixed with 0.25 M Trizma base and 20 mM EDTA 

(pH 8.2). Then, the combined-solutions were mixed and their absorbances were read at 412 

nm and the first value A1was noted. Then, DTNB (10 mM) was added, incubated for 15 min, 
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and a new value A2 of absorbance was determined. We calculated the concentration of thiol 

groups per tube using this expression: (A2-A1-B) × 1.57 mM. 33

2.8.  Epididymis and testis antioxidant activities assays

SOD activity was measured using the Misra and Fridovich technique. 34 Shortly, epididymis 

and testis homogenates were mixed with 2 ml of mixture solution containing 20 µl of 

epinephrine (5 mg/ml), 10 µl of bovine catalase (0.4 U/µl) and 62.5 mM of sodium 

carbonate/bicarbonate buffer pH 10.2. Absorbance modifications were analyzed at 480 nm. 

CAT-activity was determined following the method described by Aebi (1984). 35 The reaction 

mixture contained 33 mM H2O2 in 50 mM phosphate buffer pH 7.0 and CAT activity was 

calculated using the extinction coefficient of 40mM-1cm1 for H2O2. GPx activity was 

measured according to the procedure illustrated by Flohé and Günzler (1984). 36 For this 

reason, 1 ml of reaction mixture containing 0.2 ml of epididymis and testis supernatants, 

0.4ml of H2O2 (5 mM), 0.2 ml of phosphate buffer 0.1 M pH 7.4 and 0.2 ml of GSH (4 mM) 

was incubated at 37◦C and the reaction was interrupted by addition of 0.5 ml TCA (5%, w/v). 

After centrifugation at 1500 x g for 5 min, aliquot (0.2 ml) from supernatant was mixed with 

0.5 ml DTNB (10 mM) and0.5 ml of phosphate buffer 0.1 M pH 7.4 and absorbance was 

measured at 412 nm. The GPx activity was expressed as nmol of GSH consumed/min/mg 

protein.

2.9.  Epididymis and testis histological examinations

For histological examination, the testis and epididymis portions were fixed using 10% neutral 

buffered formalin solution, embedded in paraffin. Then, 5µm of thick segments were incised, 

deparaffinized, hydrated, and colored with hematoxylin-eosin. The final preparations were 

checked and micro-photographed using an Olympus BH2 microscope fitted with 

photographic attachment (Olympus C35 AD4), a camera (Olympus C40 AB-4) and an 

automatic light exposure unit (Olympus PM CS5P).

2.10. Statistical methods

The data was analyzed as mean ± S.E.M and presence of remark dissimilarities among means 

of the groups was done using one way ANOVA Software for significance. Values were 

designed significant when P < 0.05.
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3. Results

3.1.  Acute oral toxicity of ESAE

In acute-oral-toxicity study, mice given graded doses appeared normal and neither abnormal 

behavior nor mortality was observed during the experimentation period. Thus, the LD50 value 

was greater than 3.2 g/kg for the extracts.

3.2.  Body and reproductive organs weights

BPA treated-group (100 mg/kg, b.w./day) showed a remarkably diminution (p < 0.05) of body 

weight associated to a reduction of food and water intake when compared to control and 

ESAE-treated-groups. These alterations were accompanied with a decrease of reproductive 

organs absolute weights such as seminal vesicle. ESAE-low-dose (50 mg/kg) administration 

was significantly (p < 0.05) protected against BPA-provoked decrease body weight and the 

reproductive related organs (Table 1and 2).

3.3.  BPA and ESAE effects on epididymis and testis hormonal levels

Results for serum LH/FSH levels as well as testosterone of the distinctive groups are 

illustrated in Table 3. The data showed that BPA-treatment significantly (p < 0.05) reduced 

the serum-LH and testosterone levels. ESAE-low-dose (50 mg/kg) consummation 

significantly (p < 0.05) protected against BPA-induced serum-LH and testosterone levels 

depletion. Whereas, FSH level had no significant effect in all-group.

3.4.  BPA and ESAE effects on reproductive performance quality

BPA/ESAE actions on reproductive performance quality are reported in Table 4. BPA-

intoxication of during 30 days produced a significant reduction (p < 0.05) of epididymal 

spermatozoa count and testicular spermatid enumeration as well as the sperm motility. While, 

the number of dead sperms was increased when the data were compared to the control-group. 

Similarly, a strangely decline was showed in the percentage of the total sperm-viability. 

Abnormal cell proportions of spermatozoa, categorized by head or tail were significantly 

augmented in BPA-treated-groups. ESAE-low-dose (50 mg/kg) co-administration improved 

significantly all reproductive capacity and enforcement as well as semen irregularities caused 

by BPA-treatment.
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3.5.  BPA and ESAE actions on epididymis and testis lipid peroxidation, proteins 

and thiol group’s content

BPA/ESAE effects on oxidative stress in both reproductive organs are reported in Figure 1A 

and B. Indeed, BPA-administration significantly (p < 0.05) increased testis and epididymis 

MDA concentrations as well as decreased the SH-group contents which explain the proteins 

oxidation process. ESAE-treatment protected against lipoperoxydation enhancement and SH-

groups depletion created by BPA-intoxication.

3.6.  BPA and ESAE effects on epididymis and testis antioxidant enzymes activities

The detection of the influence of BPA and aqueous extracts of Eruca sativa on antioxidant 

enzymes activities (Figure 2A and B) was performed. In this respect, bisphenol A treatment 

significantly (p < 0.05) produced an increase in testis/epididymis antioxidant enzymes 

activities such as SOD, CAT and GPx. ESAE-treatment significantly (p < 0.05) restored these 

enzyme-activities depletion as compared to control-group.

3.7.  BPA and ESAE effects on epididymis and testis histological evaluation

The biochemical parameters of various rat-groups were confirmed by the histological studies. 

Indeed, morphological perturbations of seminiferous-tubules were distinguished in whole 

experimental-treated-rats (Figure 3). In this regard, remark intensification in the percentage of 

empty seminiferous-tubules was examined after treatment with ESAE. Histological 

assessment of testicular-tissues portions of the testis stained with hematoxylineosin in oil-

control-group (Fig. 3 A and B) showed a regular and normal number of adjacent seminiferous 

tubules disjointed by conjunctive tissue and interstitial cells. These seminiferous-tubules were 

lined by stratified germinal-epithelium, which consists of dual separate cells-populations as 

spermatogenic/Sertoli cells. Spermatogenic-cells showed the diverse steps of 

spermatogenesis, with the spermatogonia resting on the basal-lamina and containing little and 

dark nuclei. Spermatocytes observed as immense cells with gross/oval nuclei. The spermatids 

were identified at their various phases of spermatogenesis and progressively, they became 

elongating spermatids that form spermatozoa with their structure proprieties. The same 

observations were showed in seminiferous-tubules of treated rats with 100 mg/kg of Eruca 

sativa in association with100 mg/kg of Bisphenol. However, in treated-group with 100mg/kg 

of Bisphenol (Fig. 3 I, J), hematoxylin-eosin stained testis segments demonstrated many 

histological variations when compared to control-group. The disorders of the germinal-
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epithelium, with loss of the spermatogenic cells specially spermatocytes and spermatids were 

also noticed in most tubules. A degeneration and/or necrosis were observed in the 

spermatogenic-cells. Several abnormal/assemble-cells were detected in the lumen of 

seminiferous-tubule portions of treated-rats with 100 mg/kg of Bisphenol. These observations 

were found in treated-rats with 200 mg/kg of ESAE in combination with 100 mg/kg of 

Bisphenol (Fig. 3 G, H), which shows that this dose has no effect on the spermatogenesis 

restoration.
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4. Discussion

The recent research was considered to investigate the pharmacological-influence of Eruca 

sativa against BPA-caused reproductive toxicities and testicular stress damages in adult male 

rats. Firstly, the phytochemical-analysis informed that ESAE is rich in bioactive compounds 

including; total polyphenols and tannins as well as flavonoids. Added to that, the chemical 

identification of the ESAE by LC-HRESIMS showed essentially the presence of flavonoids 

such as kampherol, acacetin, apegenin, cirsilineol as well as phenolic acid as gallic acid and 

protocatchuic acid. 37 In this context, several other studies have proved the existence of a 

number of chemical-constituents containing flavonoids, glucosinolates (GLs), carotenoids and 

vitamin C which having a high antioxidant activity. This antioxidant-ability may be ascribed 

in the form of free radical-scavenging-activity and protection in contrast to stress situation. 
38,39 In according to preliminary results, using the DPPH-radical-scavenging measurement, it 

was established that ESAE possesses an immense scavenging-capacity. The existence of these 

bioactive nutrients as phenolic acid, flavonoids and tannins in leaves-ESAE is likely to be 

responsible for the free radical-scavenging capacities detected. 40 Nevertheless, ESAE 

adequately scavenged-ROS such as superoxide anion, hydroxyl radical, hydrogen peroxide 

(H2O2). Free-radical-scavenging ability of Eruca sativa extracts may partially be associated 

with glucoerucin. 38 About in vivo part, BPA-oral-administration at a dose of 100 mg/kg body 

weight /day was selected as poisonous dose. Previous researches announced that doses of 

BPA alter the reproductive-system is higher than the NOAEL (50 mg/kg body weight). 41 The 

data showed that exposure of male rats to BPA (100 mg/kg of PC)-induce reproductive 

toxicities and testicular-damages. 42,43 The results allow to find that BPA-consumption caused 

a diminution of body weight and absolute organs weights which is a significant indicator of 

reproductive-toxicity in male-animals. The results of the recent study are the same as 

previously study realized by Gurmeet et al. 44 that showed that the rats-body weights, after, 

exposure to 1, 5, 100 mg/kg diminished when compared to the control-group. Concerning 

this, other studies showed that BPA-high-dose (400 mg/kg) strongly depleted the rats-body 

weights. 45 Similar results as in the current study were founded in that the absolute weights of 

testis certainly reduced, even after low doses of BPA. 46 Also, Akingbemi et al.47 showed that 

the paired rats-testis weight diminished due to perinatal and chronic postnatal exposure to 

BPA. Testis-weights were particularly related to the mass of the differentiated spermatogenic 

cells; the lessening in its weight may be due to decreased number of germ cells, reduction of 
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spermatogenesis, and steroidogenesis. This decrease of weight may also be due to a reduction 

in the bioavailability of testosterone, LH and FSH, whose levels in the bloodstream indicate 

the reproductive endocrine status of the male. 48 However, it was showed that the rat’s body-

weights and the paired testis weights in the ESAE-group (50 mg/kg) were significantly 

restored compared to the control-group. These data are identical with those accomplished by 

Farman (2013) 49 who showed that the male-albino-mice treatment with Eruca sativa extracts 

led to a significant increase in the weight of testis.

The histological observations showed that BPA treatment induce severe damages in the testis; 

including the reduction of the quantity of spermatogenic-cells, abnormality in the 

seminiferous-tubules, eruption of the germinal-membrane surrounding the tubule. 

Vacuolization in tubules and empty-lumen was detected in most of the tubules. Interlobular 

important areas were observed between these tubules. These finding are also in accordance 

with other studies that shown the same histological alterations and deteriorated testes action at 

high/low doses of BPA were explained in the rats-testis. 44,50 However, ESAE-treatment 

produces a significant augmentation in the diameter in the seminiferous tubules, spermatids 

and leydig-cells. The decreased interstitial zone was observed. This augmentation may be due 

to the capacity of ESAE to excite the testis-growth and intensify the maturation, proliferation, 

and differentiation of sperms as compared to the control-group. 21 The results shown also that 

the testosterone and Luteinizing hormone levels in serum were notably deceased in the BPA-

treated-group compared to the control-group. The data are in accordance with some studies 

showed that the testosterone level was considerably decreased after BPA-exposure. On the 

other hand, Tohei et al. (2001) 51 have shown that BPA provokes fertility-injury but without 

effect on the luteinizing hormone. In contrast, further studies have shown that it depletes these 

hormones. 52 In addition, Nakamura et al. (2010) 53 noted that a dose dependent-reduction in 

serum testosterone and LH concentrations were recorded at various doses of BPA (20,100 and 

200 mg/kg/day). ESAE-low-dose (50 mg/kg) reversed the depletion of serum levels decrease. 

A highest elevation in testosterone and LH hormones may be related to the effect of 

polyphenolic flavonoid compounds in leaves extracts. 54-56

The current study showed that BPA administration induced reproductive function damage in 

both testis and epididymis which associated to oxidative-stress damage as showed by lipid 

and proteins oxidations causing MAD-production and sulfhydryl content depletion. These 

disruptions were related to antioxidant-enzyme-activities deficiency. Previous study showed 

that the BPA-treated-rats were under higher effect of oxidative-stress related to a significant 
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decrease in the sperm-quality parameters. 57,58 Spermatozoa are designed to be more sensitive 

to oxidative-stress due to the abundance of polyunsaturated fatty acids in this environment. 59 

In this context, BPA can induce antioxidant-system perturbation and causing an increase in 

ROS-generation. 46,60 In this respect, it was found that ESAE-treatment induce an increase in 

sperm concentration, this may be attributed to the antioxidant effects of Eruca sativa which is 

responsible for its protective effect against hydrogen peroxide toxicity, so spermatozoa are 

protected by various antioxidant agents belongs to the phytochemical constituent of extracts. 
61,62 Other researchers concluded the capability of Eruca sativa improve healthy sperm 

characteristics and fertility. 20,63

More importantly, in a recent study, the examination of sperm parameters following the BAP-

intoxication on human spermatozoa showed that the E. sativa extracts can exhibit a strong 

protective effect in BPA-induced a decrease on sperm motility/viability. Added to that, the 

use of a panel of fluorescent probes with specific sensitivity to the different cell membrane 

compartments, the data confirmed the direct influence of BPA on sperm mitochondria, with 

negligible involvement of plasma membrane potential. In contrast, at low concentration, the 

ESAE is able to generally compensate the alteration of the whole sperm redox system induced 

by BPA. 37

5. Conclusion

The protective effect of ESAE against the reproductive damage and oxidative stress induced 

by BPA was confirmed. More investigations are needed to confirm the possible mechanisms 

of action. It is also recommended to fractionate the crude extracts and did experiments to 

identify the possible compounds responsible for the protective effect of Eruca sativa leaves 

extracts.

Conflict of interest

The authors declare that they have no competing interests

Acknowledgments

Financial support of the Tunisian Ministry of Higher Education and Scientific Research is 

appreciatively acknowledged.

Page 14 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

References

1. Tavares RS, Escada-Rebelo S, Correia M, Mota PC, Ramalho-Santos J: The non-

genomic effects of endocrine-disrupting chemicals on mammalian sperm. 

Reproduction 2016;151:R1–R13.

2. Maffini MV, Rubin BS, Sonnenschein C, Soto AM: Endocrine disruptors and 

reproductive health. The case of bisphenol-A. Molecular and Cellular Endocrinology 

2006;254–255:179–186.

3. Vandenberg LN, Maffini MV, Sonnenschein C, Rubin BS Soto AM: Bisphenol-A and 

the great divide: a review of controversies in the field of endocrine disruption. 

Endocrine Reviews 2009;30:75–95.

4. Vandenberg LN, Chahoud I, Heindel JJ, Padmanabhan V, Paumgartten FJ, 

Schoenfelder G: Urinary, circulating, and tissue biomonitoring studies indicate 

widespread exposure to bisphenol A. Environmental Health Perspectives 2010;118: 

1055–1070.

5. Soto AM, Sonnenschein C: Environmental causes of cancer: endocrine disruptors as 

carcinogens. Nature Reviews Endocrinology 2010;6:363–370.

6. Hulak M, Gazo I, Shaliutina A, Linhartova P: In vitro effects of bisphenol A on the 

quality parameters, oxidative stress, DNA integrity and adenosine triphosphate content 

in sterlet (Acipenser ruthenus) spermatozoa. Comparative Biochemistry and 

Physiology - Part C: Toxicology Pharmacology 2013;158:64–71.

7.  Tiwari D, Vanage G: Mutagenic effect of bisphenol A on adult rat male germ cells 

and their fertility. Reproductive Toxicology 2013;40:60–68.

8. Maamar MB, Lesné L, Desdoits-Lethimonier C, Coiffec I, Lassurguère J, Lavoué V, 

Deceuninck Y, Antignac J-P, LeBizec B, Perdu E, Zalko D, Pineau C, Chevrier C, 

Dejucq-Rainsford N, Mazaud-Guittot S, Jégou B: An Investigation of the endocrine 

disruptive effects of bisphenol A in human and rat fetal testes. PLoS One 2015;10:1–

Page 15 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

18.

9. Lassen TH, Frederiksen H, Jensen TK, Jetersen JH, Joensen UN, Main KM, 

Skakkebaek NE, Juul A, Jorgensen N, Andersson A: Urinary bisphenol A levels in 

young men: association with reproductive hormones and semen quality. 

Environmental Health Perspectives 2014;122:478–484.

10. Kapusta-Duch J, Kopeć A, Piatkowska E, Borczak B, Leszczyńska T: The beneficial 

effects of Brassica vegetables on human health. Roczniki Państwowego Zakładu 

Higieny 2012;63:389–395.

11. Vilela J, Hartmann A, Silva EF, Cardoso T, Corcini CD, Varela-Junior .S, Martinez 

PE, Colares EP: Sperm impairments in adult vesper mice (Calomys laucha) caused by 

in utero exposure to bisphenol A. Andrologia 2013;46:971–978.

12. Martinez-Sanchez A, Marin A, Llorach R, Ferreres F, Gil MI: Controlled atmosphere 

preserves quality and phytonutrients in wild rocket (Diplotaxis tenuifolia). Postharvest 

Biology and Technology 2006;40:26–33. 

13.  Lamy E, Schröder J, Paulus, S, Brenk P, Stahl T Mersch-Sundermann V: 

Antigenotoxic properties of Eruca sativa (rocket plant), erucin and erysolin in human 

hepatoma (HepG2) cells towards benzo (a) pyrene and their mode of action. Food and 

Chemical Toxicology 2008;46:2415–2421.

14.  Michael HN, Shafik RE, Rasmy GE: Studies on the chemical constituents of fresh 

leaf of Eruca sativa extract and its biological activity as anticancer agent in vitro. 

Journal of Medicinal Plants Research 2011;5:1184–1191.

15.  Heimler D, Isolani L, Vignolini P, Tombelli S, Romani A: Polyphenol content and 

antioxidative activity in some species of freshly consumed salads. Journal of 

Agricultural and Food Chemistry 2007;55:1724–1729

16. Fuentes E, Alarcon M, Fuentes M, Carrasco G, Palomo I: A novel role of Eruca sativa 

Mill. (rocket) extract: antiplatelet (NF-kB inhibition) and antithrombotic activities. 

Nutrients 2014;6:5839–5852. 

Page 16 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

17. Khoobchandani M, Ganesh N, Gabbanini S, Valgimigli L, Srivastava MM: 

Phytochemical potential of Eruca sativa for inhibition of melanoma tumor growth. 

Fitoterapia 2011;82:647–653.

18. El-Missiry MA, El Gindy AM: Amelioration of alloxan induced diabetes mellitus and 

oxidative stress in rats by oil of Eruca sativa seeds. Annals of Nutrition and 

Metabolism 2000;44:97–100.

19. Alqasoumi S, Al-Sohaibani M, Al-Howiriny T, Al-Yahya M, Rafatullah S: Rocket 

“Eruca sativa”: A salad herb with potential gastric anti-ulcer activity. World Journal of 

Gastroenterology 2009;15:1958–1965.

20. Salem MAR, Moustafa NA: Histological and quantitative study of the effect of Eruca 

sativa seed oil on the testis of albino rat. Egyptian Journal of Hospital Medicine 

2001;2:148–162.

21. Homady MH, Hussain HH, Tarawaneh KA, Shakhanbeh JM, Al-Rheail IA: Effects of 

oral application of some medicinal plant extracts used in Jordan on social aggression 

as well as testicular and preputial gland structure in male mice. Pakistan Journal of 

Biological Sciences 2000;3:389–402.

22. Rice SA, Millan DP, West JA: The behavioral effects of perinatal methimazole 

administration in Swiss Webster mice. Fundamental and Applied Toxicology 

1987;8:531-40.

23. National Research Council: Guide for the Care and the Use of Laboratory Animals, 

National Institute of Health, Bethesda, 1985;20:85.

24. Mathias FT, Romano RM, Kizys MM, Kasamatsu T, Giannocco G, Chiamolera MI, 

Dias-da-Silva MR, Romano MA: Daily exposure to silver nanoparticles during 

prepubertal development decreases adult sperm and reproductive parameters. 

Nanotoxicology 2015;9:64–70.

25. Vega SG, Guzman P, Garcia L, Espinosa J, De Nava CC: Sperm shape abnormality 

and urine mutagenicity in mice treated with niclosamide. Mutation Research 1988 

;204:269–276.

Page 17 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

26. Kvist U, Bjorndahl L: Manual on basic semen analysis. ESHRE Monographs 2. 

Oxford      University Press, Oxford. 2002.

27. Tardif S, Laforest JP, Comier N, Bailey JL: The importance of porcine sperm 

parameters on fertility in vivo. Theriogenology 1999;52:447–459.

28. Seed J, Chapin RE, Clegg ED: Methods for assessing sperm motility, morphology, 

and counts in the rat, rabbit, and dog: a consensus report. ILSI risk science institute 

expert working group on sperm evaluation. Reproductive Toxicology 1996;10:237– 

244.

29. Filler R: Methods for evaluation of rats epididymal sperm morphology. In: Male 

Reproductive Toxicology (Chapin RE, Heindel JH, eds.). Academic Press, Inc., San 

Diego, CA 1993;334–343.

30.  Narayana K, D’Souza UJA, Rao KPS: Ribavirin induced sperm shape abnormalities 

in Wistar rat. Mutation Research 2002;513:193–196.

31. Hartree EF: Determination of protein. A modification of the Lowry method that gives 

a linear photometric response. Analytical Biochemistry 1972;48:422–427.

32. Draper HH, Hadley M: Malondialdehyde determination of lipid peroxidation. Methods 

in Enzymology 1990;186,421–431.

33. Ellman GE, Tissue sulfhydryl groups. Archives of Biochemistry and Biophysics 

1959;82:70–77.

34. Misra HP, Fridovich I: The role of superoxide anion in the autoxidation of epinephrine 

and simple assay for superoxide dismutase. Journal of Biological Chemistry 

1972;247:3170–3175.

35.  Aebi H: Catalase in vitro. Methods in Enzymology 1984;105:121–126.

36. Flohé L, Günzler WA: Assays of glutathione peroxidase. Methodsin Enzymology, 

1984;105:114–121.

37. Grami D, Rtibi K, Selmi S, Jridi M, Sebai H, Marzouki L, Sabovic I, Foresta C, 

DeToni L: Aqueous extract of Eruca Sativa protects human spermatozoa from 

mitochondrial failure due to bisphenol A exposure. Reproductive Toxicology 

2018;82:103–110.

38. Barillari J, Canistro D, Paolini M, Ferroni F, Pedulli GF, Iori R, Valgimigli L: Direct 

antioxidant activity of purified glucoerucin, the dietary secondary metabolite 

contained in rocket (Eruca sativa Mill.) seeds and sprouts. Journal of Agricultural and 

Food Chemistry 2005;53:2475–2482.

Page 18 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

39. Al-Howiriny TA: Protective effect of “purslane” on rat liver injury induced by carbon 

tetrachloride. Saudi Pharmaceutical Journal 2008;16:239–244.

40. Zhang Y, Talalay P, Cho CG, Posner GH: A major inducer of anticarcinogenic 

protective enzymes from broccoli: isolation and elucidation of structure. Proceedings 

of the National Academy of Sciences 1992;89:2399–2403.

41. Tyl RW, Myers CB, Marr MC, Thomas BF, Keimowitz AR, Brine DR, Veselica MM, 

Fail, PA, Chang TY, Seely JC, Joiner RL, Butala JH, Dimond SS, Cagen SZ, 

Shiotsuka RN, Stropp GD, Waechter JM: Three-generation reproductive toxicity study 

of dietary bisphenol A in CD Sprague–Dawley rats. Toxicological Sciences 2002;68: 

121–146.

42. Aydogan M, Barlas N: Effects of maternal 4-tertoctylphenol exposure on the 

reproductive tract of male rats at adult hood. Reproductive Toxicology 2006;22:455– 

460.

43. Richter CA, Birnbaum LS, Farabollini F, Newbold RR, Rubin BS, Talsness CE, 

Vandenbergh, JG, Walser-Kuntz DR, Yomsaal FS: In vivo effects of bisphenol A in 

laboratory rodent studies. Reproductive Toxicology 2007;24:199–224.

44. Gurmeet KSS, Rosnah I, Normadiah MK, Das S, Mustafa AM: Detrimental effects of 

bisphenol A on development and functions of the male reproductive system in 

experimental rats. Excli Journal Experimental and Clinical Sciences 2014;13:151– 

160.

45. Miao S, Gao Z, Kou Z, Xu G, Su C: Influence of Bisphenol A on developing rat 

estrogen receptors and some cytokines in rats: A two generational study. Journal of 

Toxicology and Environmental Health 2008;71:1000–1008.

46. Chitra KC, Latchoumycandane C, Mathur PP: Induction of oxidative stress by 

bisphenol A in the epididymal sperm of rats. Toxicology 2003;185:119–27.

47. Akingbemi BT, Sottas CM, Koulova AI, Klinefelter GR, Hardy MP: Inhibition of 

testicular steroidogenesis by the xenoestrogen bisphenol A is associated with reduced 

pituitary luteinizing hormone secretion and decreased steroidogenic enzyme gene 

expression in rat Leydig cells. Endocrinology 2004;145:592–603.

48. Selmi S, Rtibi K, Grami D, Sebai H, Marzouki L: Lavandula stoechas essential oils 

protect against Malathion-induces reproductive disruptions in male mice. Lipids in 

Health and Disease 2018;17:253.

Page 19 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

49. Farman HA: Effect of ethyl acetate extracts of Eruca sativa seeds plant in the 

reproductive system of males albino mice. Magazin of Al-Kufa University for Biology 

2013;5:1–9.

50. Hassan AH, Ismail A, Khudir AN: Effects of pre-and postnatal exposure to 

bisphenolA on the reproductive efficacy in male albino rats. Journal of Kerbala 

University 2013;11:158–172.

51. Tohei A, Suda S, Taya K, Hashimoto T, Kogo H: Bisphenol A inhibits testicular 

functions and increases luteinizing hormone secretion in adult male rats. Experimental 

Biology and Medicine 2001;226:216–221.

52. El-Ghazzawy IF, Meleis AE, Farghaly EF, Solaiman A: Histological study of the 

possible protective effect of pomegranate juice on bisphenol-A induced changes of the 

caput epididymal epithelium and sperms of adult albino rats. Alexandria Journal of 

Medicine 2011;47:125–137.

53. Nakamura D, Yanagiba Y, Duan Z, Ito Y, Okamura A, Asaeda N, Tagawa Y, Li C, 

Taya K, Zhang SY, Naito H, Ramdhan DH, Kamijima M, Nakajima T: Bisphenol A 

may cause testosterone reduction by adversely affecting both testis and pituitary 

systems similar to estradiol. Toxicology Letters 2010;194:16–25.

54. Ismail H, Al-Nahari H: Therapeutic and protective role of Panax ginseng on pituitary 

and testicular axis in male rats treated with carbon tetrachloride. Alexandria Journal of 

Agricultural Research 2009;54:1–12.

55. Khan RA, Khan MR, Sahreen S: Protective effects of Sonchus asper against KBO3 

induced lipid peroxidation in rats. Lipids Health Diseases 2012;11:367–374.

56. Arafa MH, Mohammad NS, Atteia HH: Fenugreek seed powder mitigates cadmium 

induced testicular damage and hepatotoxicity in male rats. Experimental and 

Toxicologic Pathology 2014;66:293–300.

57. Kabuto H, Hasuike S, Minagawa N, Shishibori T: Effects of bisphenol A on the 

metabolisms of active oxygen species in mouse tissues. Environmental Research, 

2003;93:31–35.

58. Rashid H, Ahmad F, Rahman S, Ansari RA, Bhatia K, Kaur M, Islam F, Raisuddin S: 

Iron deficiency augments bisphenol A-induced oxidative stress in rats. Toxicology 

2009;256:7–12.

59. Aitken RJ, Roman SD: Antioxidant systems and oxidative stress in the testes. 

Oxidative Medicine and Cellular Longevity 2008;1:15–24.

Page 20 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

60. Kourouma A, Peng D, Chao Q, Changjiang L, Chengmin W, Wenjuan F, Suqin Q, 

Tingting Y, Kedi, Y: Bisphenol A induced reactive oxygen species (ROS) in the liver 

and affect epididymal semen quality in adults Sprague-Dawley rats. Journal of 

Toxicology and Environmental Health Sciences 2014;6:103–112.

61. Ahlbom E, Prins GS, Ceccatelli S: Testosterone protects cerebellar granule cells from 

oxidative stress induced cell death through a receptor mediated mechanism. Brain 

Research Journal 2001;892:255–262.

62. Gharagozloo P, Aitken RJ: The role of sperm oxidative stress in male infertility and 

the significance of oral antioxidant therapy. Human Reproduction 2011;26:1628– 

1640.

63. Hussein ZF: Study the effect of Eruca sativa leaves extract on male fertility in albino 

mice. Journal of Al-Nahrain University 2013;16:143146.

Page 21 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Legend of figures 

Fig. 1 Effect of ESAE on BPA-induces changes in reproductive system (testis and 

epididymis) MDA, SH group and protein levels. Different letters: the difference is significant 

(p < 0.05). Similar letters: the difference is not significant (p > 0.05). Values are means ± 

SEM (n = 7). 

Fig. 2 Effect of ESAE on BPA-induces depletion in reproductive system enzymatic 

antioxidant activities. Different letters: the difference is significant (p < 0.05). Similar letters: 

the difference is not significant (p > 0.05). Values are means ± SEM (n = 7). 

Fig. 3 Histological examination of reproductive system (testis and epididymis): resection of 

control (A x 10, B x 40) testis control rat (oil) depicting normal stages of spermatogenesis. (C, 

D, E, F, G and H): Testis of treated-rat with ESAE (50, 100 and 200 mg/kg, respectively) and 

100 mg/kg of Bisphenol. ESAE consumption (D, E) protects testis organ against different 

destructions. However, I and J represent the treated rats only with 100 mg/kg/BW of 

Bisphenol. Values are means ± SEM (n = 7). 

Fig. 4 Histological investigation of epididymis: resection of control (x 40) epididymis control 

rat (oil) without disruption, disorder of histological structures in BPA-induces damage (B) and 

BPA-induced perturbation in rats (C) showed by many epididymis destructions. ESAE 

consumption (D, E) protects epididymis against different structure injuries. Values are means 

± SEM (n = 7).
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Table 1

Effect of rocket leaves aqueous extract on the body weights and water/food intake after the sub- 

chronic treatment with bisphenol A at 100 mg/kg for 30 days.

Weight gain Food intake (x102 Water intake
(x101 g) g/100g) (x102 ml/day)

Control 2.10 ± 0.11a 1.30 ± 0.11a 2.13 ± 0.12a

ESAE-200 1.33 ± 0.01b 1.40 ± 0.13a 2.01± 0.14b

BPA 1.01 ± 0.03c 1.10 ± 0.12b 2.04 ± 0.12b

BPA-ESAE-50 1.03 ± 0.02c 1.24 ± 0.11a 2.03 ± 0.11a

BPA-ESAE-100 1.02 ± 0.04d 1.22 ± 0.04a 2.10 ± 0.14b

BPA-ESAE-200 0.30 ± 0.01e 1.14 ± 0.13b 1.51 ± 0.11c

The results are expressed as mean ± SEM (n = 7). Different letters: the difference is significant (p < 

0.05). Similar letters: the difference is not significant (p > 0.05).
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Table 2

Effect of rocket leaves aqueous extract on the reproductive organs weights after the sub-chronic 

treatment with bisphenol A at 100 mg/kg PC for 30 days.

Absolute weights of organs
Epididymis Testis Prostate Seminal vesicle

(g) (g) (g) (g)

Control 1.01 ± 0.03a 1.20 ± 0.04a 0.30 ± 0.01a 1.02 ± 0.02a

ESAE-200 1.01 ± 0.04a 1.20 ± 0.1a 0.30 ± 0.03a 0.40 ± 0.01b

BPA 0.50 ± 0.01a 1.14 ± 0.03a 0.24 ± 0.02a 0.33 ± 0.02b

BPA-ESAE-50 0.50 ± 0.01a 1.22 ± 0.04a 0.30 ± 0.04a 0.40 ± 0.01b

BPA-ESAE-100 0.54 ± 0.02a 1.22 ± 0.1a 0.30 ± 0.03a 0.43 ± 0.01b

BPA-ESAE-200 0.50 ± 0.01a 1.20 ± 0.02a 0.30 ± 0.02a 0.34 ± 0.01b

The results are expressed as mean ± SEM (n = 7). Different letters: the difference is significant (p < 

0.05). Similar letters: the difference is not significant (p > 0.05).
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Table 3

Effect of Eruca Sativa leaves extract on reproductive hormonal levels in rat.

Testosterone
FSH (ng/ml LH (ng/ml of (ng/ml of
of plasma) plasma) plasma)

Control 0.10 ± 0.01a 0.40 ± 0.01a 9.12 ± 1.04a

BPA 0.10 ± 0.01a 0.20 ± 0.02b 1.01 ± 0.10b

ESAE-200 0.10 ± 0.02a 0.40 ± 0.01a 4.13 ± 1.03c

ESAE-50 0.10 ± 0.03a 0.30 ± 0.03a 5.00 ± 0.23c

ESAE-100 0.10 ± 0.01a 0.21 ± 0.01b 3.01 ± 0.21d

ESAE-200 0.12 ± 0.02a 0.20 ± 0.02b 0.30 ± 0.11b

Results are expressed as mean ± SEM; n = 7 in each group. Data was analyzed by Statview ANOVA. 

Different letters: the difference is significant (p < 0.05). Similar letters: the difference is not significant 

(p > 0.05).
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Table 4

Effect of Eruca Sativa leaves extract on reproductive performance quality in rat.

Control BPA ESAE-200 ESAE-50 ESAE-100 ESAE-200

Sperm Concentration 
(x107/ml)

6.42 ± 0.11a 3.33 ± 0.11b 6.02 ± 0.24a 6.01 ± 0.32a 6.02 ± 0.14a 5.30 ± 0.31c

Motility ( x101 %) 8.51 ± 0.22a 5.02 ± 0.23b 9.03 ± 0.20a 8.50 ± 0.25a 7.45 ± 0.20c 7.00 ± 0.20c

Viability ( x101 %) 8.33 ± 0.14a 4.52 ± 0.10b 9.04 ± 0.22a 9.01 ± 0.21a 8.01 ± 0.24a 7.32 ± 0.25a

Morphology (%) 4.40 ± 1.00a 21.34 ± 1.42b 5.23 ± 0.50a 4.25 ± 0.70a 13.24 ± 2.32c 17.33 ± 3.00d

Results are expressed as mean ± SEM; n = 7 in each group. Data was analyzed by Statview ANOVA. 

Different letters: the difference is significant (p < 0.05). Similar letters: the difference is not significant 

(p > 0.05).
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Table 1

Effect of rocket leaves aqueous extract on the body weights and water/food intake after the sub- 

chronic treatment with bisphenol A at 100 mg/kg for 30 days.

Weight gain Food intake (x102 Water intake
(x101 g) g/100g) (x102 ml/day)

Control 2.10 ± 0.11a 1.30 ± 0.11a 2.13 ± 0.12a

ESAE-200 1.33 ± 0.01b 1.40 ± 0.13a 2.01± 0.14b

BPA 1.01 ± 0.03c 1.10 ± 0.12b 2.04 ± 0.12b

BPA-ESAE-50 1.03 ± 0.02c 1.24 ± 0.11a 2.03 ± 0.11a

BPA-ESAE-100 1.02 ± 0.04d 1.22 ± 0.04a 2.10 ± 0.14b

BPA-ESAE-200 0.30 ± 0.01e 1.14 ± 0.13b 1.51 ± 0.11c

The results are expressed as mean ± SEM (n = 7). Different letters: the difference is significant (p < 

0.05). Similar letters: the difference is not significant (p > 0.05)
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Table 1

Effect of rocket leaves aqueous extract on the body weights and water/food intake after the sub- 

chronic treatment with bisphenol A at 100 mg/kg for 30 days.

Weight gain Food intake (x102 Water intake
(x101 g) g/100g) (x102 ml/day)

Control 2.10 ± 0.11a 1.30 ± 0.11a 2.13 ± 0.12a

ESAE-200 1.33 ± 0.01b 1.40 ± 0.13a 2.01± 0.14b

BPA 1.01 ± 0.03c 1.10 ± 0.12b 2.04 ± 0.12b

BPA-ESAE-50 1.03 ± 0.02c 1.24 ± 0.11a 2.03 ± 0.11a

BPA-ESAE-100 1.02 ± 0.04d 1.22 ± 0.04a 2.10 ± 0.14b

BPA-ESAE-200 0.30 ± 0.01e 1.14 ± 0.13b 1.51 ± 0.11c

The results are expressed as mean ± SEM (n = 7). Different letters: the difference is significant (p < 

0.05). Similar letters: the difference is not significant (p > 0.05).
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Table 2

Effect of rocket leaves aqueous extract on the reproductive organs weights after the sub-chronic 

treatment with bisphenol A at 100 mg/kg PC for 30 days.

Absolute weights of organs
Epididymis Testis Prostate Seminal vesicle

(g) (g) (g) (g)

Control 1.01 ± 0.03a 1.20 ± 0.04a 0.30 ± 0.01a 1.02 ± 0.02a

ESAE-200 1.01 ± 0.04a 1.20 ± 0.1a 0.30 ± 0.03a 0.40 ± 0.01b

BPA 0.50 ± 0.01a 1.14 ± 0.03a 0.24 ± 0.02a 0.33 ± 0.02b

BPA-ESAE-50 0.50 ± 0.01a 1.22 ± 0.04a 0.30 ± 0.04a 0.40 ± 0.01b

BPA-ESAE-100 0.54 ± 0.02a 1.22 ± 0.1a 0.30 ± 0.03a 0.43 ± 0.01b

BPA-ESAE-200 0.50 ± 0.01a 1.20 ± 0.02a 0.30 ± 0.02a 0.34 ± 0.01b

The results are expressed as mean ± SEM (n = 7). Different letters: the difference is significant (p < 

0.05). Similar letters: the difference is not significant (p > 0.05).
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Table 3

Effect of Eruca Sativa leaves extract on reproductive hormonal levels in rat.

Testosterone
FSH (ng/ml LH (ng/ml of (ng/ml of
of plasma) plasma) plasma)

Control 0.10 ± 0.01a 0.40 ± 0.01a 9.12 ± 1.04a

BPA 0.10 ± 0.01a 0.20 ± 0.02b 1.01 ± 0.10b

ESAE-200 0.10 ± 0.02a 0.40 ± 0.01a 4.13 ± 1.03c

ESAE-50 0.10 ± 0.03a 0.30 ± 0.03a 5.00 ± 0.23c

ESAE-100 0.10 ± 0.01a 0.21 ± 0.01b 3.01 ± 0.21d

ESAE-200 0.12 ± 0.02a 0.20 ± 0.02b 0.30 ± 0.11b

Results are expressed as mean ± SEM; n = 7 in each group. Data was analyzed by Statview ANOVA. 

Different letters: the difference is significant (p < 0.05). Similar letters: the difference is not significant 

(p > 0.05).
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Table 4

Effect of Eruca Sativa leaves extract on reproductive performance quality in rat.

Control BPA ESAE-200 ESAE-50 ESAE-100 ESAE-200

Sperm Concentration 
(x107/ml)

6.42 ± 0.11a 3.33 ± 0.11b 6.02 ± 0.24a 6.01 ± 0.32a 6.02 ± 0.14a 5.30 ± 0.31c

Motility ( x101 %) 8.51 ± 0.22a 5.02 ± 0.23b 9.03 ± 0.20a 8.50 ± 0.25a 7.45 ± 0.20c 7.00 ± 0.20c

Viability ( x101 %) 8.33 ± 0.14a 4.52 ± 0.10b 9.04 ± 0.22a 9.01 ± 0.21a 8.01 ± 0.24a 7.32 ± 0.25a

Morphology (%) 4.40 ± 1.00a 21.34 ± 1.42b 5.23 ± 0.50a 4.25 ± 0.70a 13.24 ± 2.32c 17.33 ± 3.00d

Results are expressed as mean ± SEM; n = 7 in each group. Data was analyzed by Statview ANOVA. 

Different letters: the difference is significant (p < 0.05). Similar letters: the difference is not significant 

(p > 0.05).
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Table 3

Effect of Eruca Sativa leaves extract on reproductive hormonal levels in rat.

Testosterone
FSH (ng/ml LH (ng/ml of (ng/ml of
of plasma) plasma) plasma)

Control 0.10 ± 0.01a 0.40 ± 0.01a 9.12 ± 1.04a

BPA 0.10 ± 0.01a 0.20 ± 0.02b 1.01 ± 0.10b

ESAE-200 0.10 ± 0.02a 0.40 ± 0.01a 4.13 ± 1.03c

ESAE-50 0.10 ± 0.03a 0.30 ± 0.03a 5.00 ± 0.23c

ESAE-100 0.10 ± 0.01a 0.21 ± 0.01b 3.01 ± 0.21d

ESAE-200 0.12 ± 0.02a 0.20 ± 0.02b 0.30 ± 0.11b

Results are expressed as mean ± SEM; n = 7 in each group. Data was 

analyzed by Statview ANOVA. Different letters: the difference is 

significant (p < 0.05). Similar letters: the difference is not significant (p > 

0.05).
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0.05).

Page 41 of 42

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Journal of Medicinal Food

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



For Peer Review

Figure Legends

Fig. 1 Effect of ESAE on BPA-induces changes in reproductive system (testis and epididymis) 

MDA, SH group and protein levels. Different letters: the difference is significant (p < 0.05). 

Similar letters: the difference is not significant (p > 0.05). Values are means ± SEM (n = 7). 

Fig. 2 Effect of ESAE on BPA-induces depletion in reproductive system enzymatic antioxidant 

activities. Different letters: the difference is significant (p < 0.05). Similar letters: the difference 

is not significant (p > 0.05). Values are means ± SEM (n = 7). 

Fig. 3 Histological examination of reproductive system (testis and epididymis): resection of 

control (A x 10, B x 40) testis control rat (oil) depicting normal stages of spermatogenesis. (C, 

D, E, F, G and H): Testis of treated-rat with ESAE (50, 100 and 200 mg/kg, respectively) and 

100 mg/kg of Bisphenol. ESAE consumption (D, E) protects testis organ against different 

destructions. However, I and J represent the treated rats only with 100 mg/kg/BW of Bisphenol. 

Values are means ± SEM (n = 7). 

Fig. 4 Histological investigation of epididymis: resection of control (x 40) epididymis control 

rat (oil) without disruption, disorder of histological structures in BPA-induces damage (B) and 

BPA-induced perturbation in rats (C) showed by many epididymis destructions. ESAE 

consumption (D, E) protects epididymis against different structure injuries. Values are means 

± SEM (n = 7).
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