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Abstract

Sulforaphane (Sf) is found abundantly in raw vegetables with a potent antioxidant potential. Several studies had reported 
the harmful effects of monosodium glutamate (MG) on the histological structure of testis and semen quality. This study was 
established to study the potential of Sf to protect the spermatic vitality and the histological architecture of seminiferous 
tubules from the deleterious effects of MG. Forty albino rats were used and were separated into 4 groups that received Sf and 
MG supplementations. Sf was found to ameliorate the deleterious action of Sf on spermatic vitality and motility. Sf showed 
its potential to restore the sex hormones levels and to enhance antioxidant markers, in addition, to preserve the histological 
architecture of the testis after administration of MG. In conclusion, Sf plays a crucial role in protecting the testicles on a 
functional and histological dimension. 
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Abbreviations: SF: Sulforaphane; MG: Monosodium 
Glutamate; HDAC: Histone Deacetylase; NRF2: Nuclear 
Factor Erythroid 2–Related Factor 2; ELISA: Enzyme-
Linked Immunosorbent Assay; TT: Testosterone Level; LH: 
Luteinizing Hormone; LPO: Lipid Peroxides; NO: Nitric Oxide; 
GST: Glutathione-S-Transferase; SOD: Superoxide Dismutase; 
TAC: Total Antioxidant Capacity; GR: Anti-Glutathione 

Reductase; SOD2: Anti-Superoxide Dismutase 2. 

Introduction

Sulforaphane (Sf) is a natural phytocompound found 
abundantly in raw cabbages, kale, and broccoli [1]. It has 
an anti-cancerous, anti-diabetic, anti-apoptotic activities 
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in addition to an anti-inflammatory potential [2]. It can 
activate the nuclear factor erythroid 2–related factor 2 
(Nrf2) pathway and inhibit nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-κB) [3]. Several studies 
had indicated its effect in lowering high blood pressure. 
Moreover, it had been documented that Sf has an epigenetic 
potential by inhibiting histone deacetylase (HDAC) and 
deoxyribonucleic acid methyltransferases and can modify 
mitochondrial dynamics. Sf activates proteasome preserving 
proteome homeostasis protecting the cell from degeneration 
[4]. Monosodium glutamate (MG) is widely used to increase 
the taste and life span of preserved food [5]. It is considered 
safe by many foods’ safety agencies [6]. On the contrary, many 
other studies had reported a harmful effects of ingesting 
large amounts of MG such as neurotoxicity and hepatotoxicity 
[7]. Nosseir, et al. [8] had reported the deleterious effects 
of MG on the histological architecture of testis and semen 
quality. Reproductive dysfunction is often associated with 
abnormality of the histological architecture of reproductive 
tissue that may lead to infertility. It may be caused by poor 
nutrition, drugs, or the ingestion of toxic compounds. MG has 
a well-known deleterious effect on the testis and sperms. It 
affects sperm concentration, % of sperm vitality, progressive 
motility, total motility, and sperm velocity [9]. Therefore, this 
study was established to study the potential of Sf to protect 
the spermatic vitality and the histological architecture of 
seminiferous tubules from the deleterious effects after MG 
administration. 

Materials and Methods

Animals and Experimental Design

Forty Wistar albino rats aged 8 weeks (average weight 
250 g) were recruited and housed individually in metal 
cages at a temperature of 25o C with a 12 hours light: 12 
hours dark cycles. Rats had ad libitum access to water and 
chow. The study protocol was performed in compliance 
with the ARRIVE guidelines (Animal Research: Reporting 
of In Vivo Experiments). Rats were classified into 4 groups 
(n=10). Control group (C-group) received 0.5 ml of 0.9 NaCl 
by intraperitoneal injection (i.p.) (for 4 weeks). Sulforaphane 
group (Sf-group) received 25 mg/kg b.w. of sulforaphane 
dissolved in 0.9 NaCl (i.p.) (for 4 weeks) [10]. Monosodium 
glutamate group (MG-group) received monosodium 
glutamate 6 mg/kg b.w. dissolved in distilled water by 
oral gavage (at the 2nd and 3rd weeks) [11]. Sulforaphane + 
monosodium glutamate group (Sf+ MG-group) received 
sulforaphane 25 mg/kg b.w. (for 4 weeks) in addition 
to monosodium glutamate 6 mg/kg b.w. (at the 2nd and 
3rd weeks) as previously described. Blood samples were 
collected from the tail vein by the end of the fourth week. 
Samples were then centrifuged for 15 minutes at a speed of 
3X1000 revolutions/minute. Isolated serum was kept at -20 
°C for subsequent analysis. Rats were then scarified by i.p. 
injection of sodium pentobarbital (single dose, 60 mg/kg 
b.w.). Testes and epididymides were dissected. Testes were 
stored in 10% formalin as shown in Figure 1.

Figure 1: Experimental design. Control group (C-group) received 0.9 NaCl by intraperitoneal injection (i.p.) (for 4 weeks). 
Sulforaphane group (Sf-group) received sulforaphane by i.p. (for 4 weeks). Monosodium glutamate group (MG-group) received 
monosodium glutamate by oral gavage (at the 2nd and 3rd weeks). Sulforaphane + monosodium glutamate group (Sf+ MG-
group) received sulforaphane (for 4 weeks) in addition to monosodium glutamate (at the 2nd and 3rd weeks). 
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Semen Analysis

Epididymis was cut into 4 pieces, and semen was mixed 
with four milliliters of physiological saline in a petri dish 
then collected using Eppendorf tube. Sperm counting was 
done using a cytometer. Sperm vitality and motility were 
assessed using SP/SFT/V-003 kit (Sperm Processor, India) as 
per manufacturer’s guides and CASA II Software (Hamilton 
ThorneTM, Spain) respectively [12].

Biochemical Analysis of Serum

Enzyme-linked immunosorbent assay (ELISA) 
examinations were used to estimate testosterone level 
(Tt) [ELISA Kit (ab108666) (Abcam, USA)] and luteinizing 
hormone (LH) [ELISA Kit (MBS764675) (Mybiosource, USA)] 
following manufacturer protocols. Lipid peroxides (LPO), 
nitric oxide (NO), and glutathione-S-transferase (GST) were 
estimated as mentioned by Ohkawa, et al. [13] and Ding, et al. 
[14] and Habig, et al. [15] respectively. Superoxide dismutase 
(SOD) and total antioxidant capacity (TAC) were estimated 
using commercial colorimetric kits. 

Histological Examination of the Testis 

Testis was cut into sections (5 μm) for hematoxylin and 
eosin (H&E) staining [16]. For each section, a total of ten 
fields were examined and scoring of the lesion was done per 
criteria enlisted in Table 1. Image J 1.24 software was used for 
field analysis. Immunohistochemistry staining was carried 
out in compliance with the protocol described by Goto, et al. 
[17]. Paraffin embedded tissue sections were deparaffinized 
and rehydrated. Hydrogen peroxide 3% was used to inhibit 
endogenous peroxidase. A two hundred microliter (200 
μl) of the diluted primary antibodies [anti-caspase-3, anti-
glutathione reductase (GR), and anti-superoxide dismutase 2 
(SOD2)] were mounted to the tissue overnight then washed 
for 3 minutes by wash buffer. Slides were then stained with 
hematoxylin and examined by a histopathologists using the 
Image J 1.24 v. Software for image analysis.Ten fields per 
section were analyzed . 

Score Severity
0 No lesion
1 Mild lesion
2 Moderate lesion
3 Sever lesion

Table 1: Scoring criteria. 

Statistical Analysis

Data analysis was done using the SPSS software, 20 V 
(Statistical Package for Social Sciences, SPSS Inc., USA). Group 

comparison was done by the the Post hoc Tukey-Kramer test. 
The one-way analysis of variance (ANOVA) test was used to 
evaluate the statistical significance of differences between 
groups. Data were presented in mean ± standard deviation. 
The probability (p) value was considered significant if <0.05.

Results

Effects of Sulforaphane and Monosodium 
Glutamate Supplements on Semen Parameters

MG-group had a significant decrease of sperm 
concentration, percentage of sperm vitability, progressive 
motility, whole motility, and velocity beside a significant 
increase in the percentage of static sperms in comparison to 
C-group. The result of semen analysis of Sf-group and C-group 
was comparable. Ther was a significant improvement in 
these parameters in the Sf+MG-group compared to the MG-
group (Figure 2).

Figure 2: Effects of sulforaphane and monosodium 
glutamate supplements on semen parameters. * Significant 
(p < 0.05) difference in comparison to C-group. # Significant 
(p < 0.05) difference in comparison to MG-group. Data are 
presented as mean ± SD, (n=10).

Effects of Sulforaphane and Monosodium 
Glutamate Supplements on Serum Biochemical 
Analysis:

MG-group revealed a significant decrease of NO, SOD, 
and Tt levels beside a significant increase in the levels of 
LPO, TAC, LH, and GST levels in comaprison to C-group. The 
result of serum biochemical analysis of Sf-group and C-group 
was comparable. On the other hand, ther was a significant 
increase in NO, SOD, and Tt with a significant decrease in 
LPO, TAC, LH, and GST levels among the Sf+MG-group (Figure 
3).
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Figure 3: Effects of sulforaphane and monosodium glutamate supplements on serum biochemical analysis. * Significant (p < 
0.05) difference in comparison to C-group. # Significant (p < 0.05) difference in comparison to MG-group. Data are presented 
as mean ± SD, (n=10).

Effects of Sulforaphane and Monosodium 
Glutamate Supplements on the Histological 
Architecture of Testis: 

C-group showed normal testicular histological structure. 
Their seminiferous tubules appeared with a rounded or 
oval outlines with regular continuous basement membrane 
and lined with healthy spermatogenic cells and separated 
by interstitial cells of Leydig. Sf-group showed normal 
histological architecture of the testis as well. MG-group 
showed degeneration of seminiferous tubules which 
appeared associated with an irregular discontinuous 
basement membrane. 

Sulforaphane Ameliorates Deleterious Effects 
of Monosodium Glutamate on Seminiferous 
Tubules

Several congested blood vessels appeared in the 
connective tissue separating between the tubules. In addition, 
seminiferous tubules parameters (basement membrane 
thickness, diameter, number of lining epithelium layers, 
lining epithelium height) showed a significant decrease 
relative to C-group. Sf+MG-group showed a regain of the 
normal histological structure of the testis and seminiferous 
tubules parameters comparable to that of C-group (Figures 
4 & 5).

     

Figure 4: (A-D) photomicrograph of testis sections stained with H&E (X 400) (n = 10). (A) C group, (B) Sf-group, (C) MG-
group, and (D) Sf+MG-group (Note: seminiferous tubules: star, spermatogenic cells: arrowhead, congested blood vessels: 
arrow, hyalinized interstitial tissue: hit, irregular and discontinuation of basement membrane: multiple arrow heads). (E) 
Histopathological soring. * Significant (p < 0.05) difference in comparison to C-group. # Significant (p < 0.05) difference in 
comparison to MG-group. Data are presented as mean ± SD, (n=10).
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Figure 5: Histomorphometry of seminiferous tubules. * Significant (p < 0.05) difference in comparison to C-group. # Significant 
(p < 0.05) difference in comparison to MG-group. Data are presented as mean ± SD, (n=10).

Effects of Sulforaphane and Monosodium 
Glutamate Supplements on the 
Immunoreactivity of Testis

MG-group showed a strong immunoreactivity after 
staining with anti-caspase-3, anti-glutathione reductase, 

and anti-superoxide dismutase 2 in comparison to C-group. 
It showed a significant increase of immuno +ve cells 
compared to C-group. Sf+MG-group showed a regain of 
immunoreactivity intensity relative to C-group and Sf-group. 
Moreover, there was a significant decrease of immuno +ve 
cells compared to MG-group (Figures 6-9). 

Figure 6: (A-D) photomicrograph of testis sections stained with anti-caspase-3 (X 1000) (n = 10). (A) C group, (B) Sf-group, 
(C) MG-group, and (D) Sf+MG-group.
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Figure 7: (A-D) photomicrograph of testis sections stained with anti-glutathione reductase (X 1000) (n = 10). (A) C group, (B) 
Sf-group, (C) MG-group, and (D) Sf+MG-group.

Figure 8: (A-D) photomicrograph of testis sections stained with anti-superoxide dismutase 2 (X 1000) (n = 10). (A) C group, 
(B) Sf-group, (C) MG-group, and (D) Sf+MG-group.

Figure 9: % of immune +ve cells. * Significant (p < 0.05) difference in comparison to C-group. # Significant (p < 0.05) difference 
in comparison to MG-group. Data are presented as mean ± SD, (n=10).

Discussion

Sf is known for its potential preserving proteome 
homeostasis protecting the cell from degeneration. Several 

studies had reported the harmful effects of ingestion large 
amounts of MG such as neurotoxicity and hepatotoxicity 
in addition to its deleterious effects on the histological 
architecture and semen quality. Reproductive dysfunction 
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may be caused by poor nutrition, drugs, or ingestion of toxic 
compounds such as MG. Therefore, this study was established 
to study the potential of Sf to protect the spermatic vitality 
and the histological architecture of seminiferous tubules 
from the deleterious effects after MG administration. MG-
group revealed a significant decrease in sperm concentration, 
percentage of sperm viability, progressive motility, whole 
motility, and sperm velocity beside a significant increase 
in the percentage of total static sperms in comparison to 
C-group, this may be due to the decreased NO levels (shown 
in the results of biochemical analysis of MG-group’s serum), 
this is in accordance with Buzadzic, et al. [18]. The decrease 
Tt formation by Leydig cells could attribute to the spermatic 
parameters’ disruptions [19]. Sf+MG-group showed a 
significant increase of sperm concentration, percentage of 
sperm viability, progressive motility, total motility, and sperm 
velocity beside a significant decrease in the percentage of 
total static sperms relative to MG-group. 

Similar findings were reported by Yang, et al. [20] due 
to increased Tt levels after Sf administration. In the current 
study, MG-group showed a significant reduction in Tt levels 
in addition to a significant increase of LH levels relative to 
C-group. In a similar study, Kianifard, et al. [21] reported the 
potential of MG to affect the factors regulating the pituitary-
gonadal axis. Luo et al. [22] attributed the decreased Tt 
levels to the increased apoptotic activity of Leydig cells 
which was shown in the current study histological results. 
The decreased Tt levels may trigger a negative feedback 
mechanism causing the elevated LH levels [19]. Sf+MG-group 
showed a significant increase of Tt levels plus a significant 
decrease of LH levels compared to MG-group which denotes 
the potential of Sf to enhance testicular activities [20]. MG-
group showed a significant decrease in NO and SOD levels 
relative to C-group. As reported by Bergh, et al. [23], the 
reduction in NO levels may cause histological disruption of 
the testis due to its effect on the blood supply of gonads. Fukai 
et al. reported that NO is essential for SOD upregulation [24] 
which may explain their concomitant decrease. Sf+MG-group 
revealed a significant increase of NO and SOD levels relative 
to MG-group which may improve mitochondrial functions 
[25].

MG administration was associated with a significant 
rise in LPO, TAC, and GST levels in comparison to control 
group. Similar findings were also reported by Kianifard, et 
al. [21]. Singh, et al. [26] reported the potential of MG to 
stimulate xanthine oxidase causing an extra formation of 
free radicles. Murphy, et al. [27] reported the potential of 
MG to reduce intracellular content of glutathione causing an 
extra formation of free radicles as well. The elevated TAC in 
serum denotes the compensation mechanisms of the tissue 
to overcome the oxidants/antioxidants disruption which 
was also mentioned by Ibegbulem, et al. [28]. Sf+MG-group 

revealed a significant improvement in LPO, TAC, LH, and GST 
levels relative to MG-group. As reported, the increased GST 
levels denote the enhancement of the body’s detoxification 
process against harmful compounds [27]. MG-group showed 
degeneration of seminiferous tubules due to accumulation 
of oxidants causing mitochondrial dysfunction [29] which 
appeared associated with an irregular discontinuous 
basement membrane. Several congested blood vessels 
appeared in the connective tissue separating between 
tubules which come in agreement with Sarhan [19]. 

In addition, seminiferous tubules parameters (Basement 
membrane thickness, diameter, number of lining epithelium 
layers, lining epithelium height) were significantlly 
decreased compared to C-group which is similar to previous 
findings by Sakr, et al. [30]. This may be due to the disruption 
of NO levels noticed in biochemical results. Sf+MG-group 
showed a regain of the normal histological structure of the 
testis and their seminiferous tubules which may be due to 
the antioxidant activity of Sf. In the current study, MG-group 
showed a strong immunoreactivity after staining with anti-
caspase-3 which comes in agreement with Sarhan [19], 
anti-glutathione reductase, and anti-superoxide dismutase 
2 compared to C-group. MG caused induction of oxidative 
stress pathway leading to the activation of apoptotic pathway 
[31]. The increase in glutathione reductase and superoxide 
dismutase 2 immuno +ve cells may be considered as the 
defensive mechanism of the tissue against free radicles.

Sf+MG-group showed a regain of immunoreactivity 
intensity relative to C-group and Sf-group beside a significant 
decrease of immuno +ve cells compared to MG-group. The 
current study used certain doses of supplements, further 
studies with different dosages are needed to determine 
the best sulforaphane dose that could protect against 
monosodium glutamate on seminiferous tubules. More 
studies are also needed to clarify the protective effect of 
sulforaphane against monosodium glutamate on different 
parts of male internal genital organs are also needed. 
Further studies to identify the exact molecular basis of the 
proven protection will enrich the scientific literature as 
well. In conclusion, the current study illustrated the possible 
protective effectl of sulforaphane against the deleterious 
effects of monosodium glutamate on spermatic vitality and 
motility. Sulforaphane showed its potential to restore the 
sex hormones and to enhance antioxidant markers, it also 
preserved the histological architecture of the testis after 
administration of monosodium glutamate. 
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