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Introduction
Nicotinic acetylcholine receptors (nACHR) are the 

main members of ligand-gated ion channels that respond 
to the acetylcholine binding. In the central nervous system 
(CNS), nACHRs are composed of various subunits. 
Subunits such as α7 and α4β2 are the most abundant 
subunits of nACHRs in the CNS (1). Although, some 
studies have reported  different expressions of nACHRs 
subunits on germ cells and sertoli cells, they play roles 
in germ cell differentiation, proliferation, and sperm 
movement (2, 3). 

Today, many food companies use flavor enhancers 
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Abs‌tract 
Background: Monosodium glutamate (MSG) is a popular food flavor enhancer, and a glutamate subset that induces 
different toxicities such as hepatotoxicity, neurotoxicity, reproductive toxicity, and nephrotoxicity. This study was 
conducted to assess the effects of MSG on the α7 and α4 nicotinic acetylcholine receptor (nACHR) protein subunits 
expression of adult rat testis and the safety role of vitamin C.

Materials and Methods: For this experimental research, 24 rats were haphazardly grouped into four equal groups 
(n=6) and orally gavaged for 30 days as follows: control group (distilled water gavage), MSG group (3 g/kg/b.w/
day), vitamin C group (150 mg/kg/b.w/day), and MSG+vitamin C group (3 g/kg/b.w/day+150 mg/kg/b.w/day, 
respectively) that rats of all groups on the 30th day were anesthetized, and the left testes were used for of α4 and 
α7 nACHR protein subunit evaluation by immunohistochemistry (IHC). Statistical computations were performed 
using Graph Pad Prism software. 

Results: The present study revealed a significant reduction in the expression and optical density (OD) of α7 nACHR 
and α4 nACHR in the seminiferous tubules and intertubular connective tissue in the MSG group compared to the 
control group. In the MSG+vitamin C group, the expression and OD of α7 nACHR and α4 nACHR increased in the 
seminiferous tubules and intertubular connective tissue but this improvement was not significant compared to the 
MSG group.

Conclusion: MSG decreased the expression level of nACHR protein subunits, α7 and α4,  in the seminiferous tubules 
and interstitial testicular tissue. Vitamin C in the MSG+vitamin C group could not significantly improve the expression 
of α7 and α4 nACHR subunits in testicular tissue. Probably, MSG toxicity can be compensated with higher doses of 
vitamin C.
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in their products, including canned vegetables, soups, 
and processed meats. The monosodium glutamate 
(MSG) is one of the most common food flavorings 
(4, 5). While, the glutamic acid is tasteless molecule, 
its combination with the  sodium leads to glutamate 
receptors activation in the taste receptor cells. It 
causes a distinct sense of taste by sending signals to 
specific brain areas (6, 7).

Several pre-clinical studies have shown that the 
MSG is toxic to different tissue such as the CNS, 
testis, ovary, uterus, kidney, and liver (8-10). The 
MSG can decrease the germinal epithelial thickness, 
testosterone hormone level, leydig cell numbers and 
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increase fibrosis, caspase‑3,  apoptotic cell numbers, 
and abnormal sperm morphology in the testis of male 
Wistar rats (5, 6, 11). One of the known mechanisms 
of these changes is oxidative stress induction follow 
of free radicals and hydrogen peroxide formation 
(7, 12). MSG's functional and morphological effects 
on the male reproductive system can also be due to 
decreased gonadotropin-releasing hormone (GnRH) 
secretion (8).

MSG directly influences the spermatogenic tubules 
glutamate transporter, which makes this molecule toxicity 
mechanism in the testis (8). Free glutamate derived from 
the MSG can create excitotoxicity and pathological 
alterations in peripheral tissues via acting on the glutamate 
receptors (13). The inevitable use of monosodium 
molecules in foods and their deleterious effects led to the 
requirement of using protective substances, especially 
antioxidants (8, 14). On the other hand, enzymatic and 
non-enzymatic antioxidants act as a defense mechanism 
by decreasing oxidative stress, lipid peroxidation, and 
pathological changes. Among these antioxidants, vitamin 
C molecules, ascorbic acid, is introduced as a protector 
of  various cells and tissues against oxidative stress (15, 
16). This study was conducted to assess the effects of the 
MSG molecules on the nACHR subunits,  α7 and α4, 
expression of the adult rat testis and the protective role of 
the vitamin C molecule.

Materials and Methods
This experimental investigation was confirmed (IR.

MUMS.fm.REC.1395.611) by the Ethics Committee 
of Mashhad University of Medical Sciences, 
Khorasan Razavi, Iran. Working with animals was 
also carried out on the basis of the guideline for the 
care and use of laboratory animals (NIH publication 
no. 86-23).

Animals
Twenty-four adult male wistar rats (body weight: 200-

250 g, age: 6-8 week-old) were used for this experimental 
study. All animals were preserved under controlled 
conditions, 12 hours light/darkness cycle with free access 
to water and food. All rats were obtained from laboratory 
animals of the Mashhad University of Medical Sciences, 
Khorasan Razavi, Iran.

Experimental design
The animals were distributed into four equal groups 

(n=6). Administration of MSG (C5H8NNaO4, Negin 
Tejarat Payam Co., Iran under the license of Huifenghe, 
China, Cat No; 142-47-2)  (4, 5), vitamin C (Osve Co., 
Iran) (14), and distilled water was done with oral gavage 
for 30 days (once a day). On the 30th day, the rats were 
anesthetized by chloroform, and heart perfusion (17) 
was carried out for full formalin penetration. The left 
testes (12) were used for immunohistochemistry (IHC) 
evaluation (Table 1).

Tissue preparation
The testes were divided into several parts and fixed in 

10% formalin for 5 days and after the tissue processes 
were embedded in paraffin. Serial sections of the tissue (5 
µ thick) were taken by microtome and mounted on poly-
L-lysine coated slides for IHC (12). 

Table 1: Different experimental groups

Group name Intervention
Control Distilled water 
MSG MSG 3 g/kg/b.w/day 
Vit. C Vit. C 150 mg/kg/b.w/day 
MSG+Vit. C MSG 3 g/kg/b.w/day+Vit. C 150 mg/kg/b.w/day 

MSG; Monosodium glutamate and Vit C; Vitamin C.

Immunohistochemistry
For immunohistochemical staining, the slides were 

deparaffinized by xylene (Mojallali, Iran), hydrated 
using a descending alcohol series (Mojallali, Iran), 
and washed in phosphate-buffered saline (PBS) for 10 
minutes. The slides were kept in boiling PBS for 15 
minutes to retrieve the antigen. Then the samples were 
treated with the bovine serum albumin (BSA, A4503, 
Sigma Aldrich, USA) at the room temperature. The 
sections were immersed in Hydrogen peroxide (H2O2- 
3%) for 15 minutes to block endogenous peroxidase 
and after that, incubated with  normal goat serum (ab 
7481, abcam, USA) for 25 minutes. In the next step, 
samples were covered with primary antibodies, rabbit 
anti-CHRNA4 antibody (Orb11095, Biorbyt, UK), and 
rabbit anti-CHRNA7 antibody (Orb11096, Biorbyt, 
UK) overnight at 4°C. After washing the slides, samples 
were treated with secondary antibody goat anti-rabbit 
HRP (1:1000, ab6721, Abcam, USA) for 1 hour at room 
temperature. After washing with PBS, we applied the 
diaminobenzidine solution (DAB, Sigma-Aldrich, USA) 
for 15 minutes in darkness. The slides were washed 
with water and counterstained with hematoxylin (05-
M06004, Bio Optica, Italian) for 1 minutes (18). 

Photomicrographs were taken by a bright-field 
microscope (BX51, Olympus, Japan) equipped   with a 
camera (DP12, Olympus, Japan). The amount of brown 
color indicates the intensity of distribution of nACHR 
protein subunits, α7 and α4, expression in the testes 
parenchyma. ImageJ software (version 1.48, National 
Institutes of Health, Bethesda, MD, USA) was applied 
to measure the average staining intensity in the sections. 
The intensity of the brown color was converted into 
optical density (OD). The following formula was used 
to calculate OD using average staining intensity. The 
maximum intensity in RGB (Red-Green-Blue) figures is 
255 (18, 19).

OD = log ( Max intensity
Mean intensity ) 
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Statistical analysis
Statistical computations were performed using 

Graph Pad Prism software version 8 (GraphPad Prism 
Software Inc., San Diego, CA, USA). Statistical 
significance between different groups were compared 
using non-parametric Kruskal-Wallis test. Results were 
considered mean ± SEM with the significance level at 
P<0.05.

Results
Expression of the α4 nicotinic acetylcholine receptor 
in the seminiferous tubules

A significant reduction (P=0.0031) was observed 
in the expression of α4nACHR protein subunit in the 
seminiferous tubules in the MSG group in comparison 
with the control group. In the vitamin C treatment 
group, the distribution of α4nACHR protein subunit 
were significantly elevated in comparison with the MSG 
group (P=0.0080). In the vitamin C+MSG group, the 
augmented distribution of α4nACHR protein subunit 
was not remarkably different from the MSG group 
(P=0.9999). 

Fig.1: Expression of α4 nACHR in the seminiferous tubules in 
different groups. The brown color (dots and spots) indicates the 
immunoreactivity of α4 nACHR protein subunit expression in the 
seminiferous tubules of A. Control, B. MSG, C. Vit. C, and D. MSG+Vit. 
C groups. E. OD of α4 nACHR protein subunit in all groups. All data 
were considered as mean ± SEM values (Cont vs. MSG, **; P=0.0031, 
and Vit. C vs. MSG, **; P=0.0080) (scale bar: 100 µm). nACHR; Nicotinic 
acetylcholine receptor, MSG; Monosodium glutamate, Vit. C; Vitamin 
C, OD; Optical density, and Cont; Control.

Expression of the α7 nicotinic acetylcholine receptor 
in the seminiferous tubules

The results obtained in the current study showed 
that a significant decline in the expression and OD 
of the α7 nACHR protein subunit was recognized 
in the MSG group in comparison with the Control 
group (P=0.0017). In the vitamin C treatment group, 
expression and OD  of the α7 nACHR protein subunit 
increased considerably in comparison with the MSG 
group (P=0.0385). In the vitamin C+MSG treatment 
group, the distribution and OD of α7nACHR protein 
subunit increased, but there was not a considerable 
difference between this group and the MSG group 
(P=0.5851, Fig.2, A-E).

Fig.2: Expression of α7 nACHR in the seminiferous tubules. The brown 
color (dots and spots) demonstrates the immunoreactivity of α7 nACHR 
protein subunit expression in the seminiferous tubules of A. Control, B. 
MSG, C. Vit. C, and D. MSG+Vit. C groups. E. OD of α7 nACHR protein 
subunit in all groups. Results are presented as mean ± SEM values (Cont vs. 
MSG, **; P=0.0017, and Vit. C vs. MSG, *; P=0.0.0385) (scale bar: 100 µm). 
nACHR; Nicotinic acetylcholine receptor, MSG; Monosodium glutamate, 
Vit. C; Vitamin C, OD; Optical density, and Cont; Control.

Expression of the α4 nicotinic acetylcholine receptor 
in the intertubular connective tissue

According to Figure 3, the lowest distribution and OD 
of α4 nACHR protein subunit were indicated significantly 
in the MSG group compared to other groups (P=0.0009). 
In the MSG group, the distribution, and OD of α4 
nACHR protein subunit elevated remarkably, and there 
was a meaningful difference between the vitamin C and 
MSG groups (P=0.0234). There was not a meaningful 
difference in the OD of the α4 nACHR protein between 
the MSG+vitamin C and MSG groups (P=0.9999, Fig.3E).

Fig.3: Expression of the α4 nACHR in the intertubular connective tissue. 
The brown color (dots and spots) between seminiferous tubules indicates 
the immunoreactivity of the α4 nACHR protein subunit of A. Control, B. 
MSG, C. Vit. C, and D. MSG+Vit. C groups. E. OD of α4 nACHR protein 
subunit in all groups. Results are presented as mean ± SEM values. (Cont. 
vs. MSG, ***; P=0.0009, and Vit. C vs. MSG, *; P=0.0234) (scale bar: 
100 µm). nACHR; Nicotinic acetylcholine receptor, MSG; Monosodium 
glutamate, Vit. C; Vitamin C, OD; Optical density, and Cont; Control.

Expression of the α7 nicotinic acetylcholine receptor 
in the intertubular connective tissue

The control group had the highest distribution of the 
α7nACHR protein subunit, and the MSG group had the 
lowest distribution of the α7nACHR protein subunit 
(Cont. vs. MSG, P=0.0025). In the vitamin C treatment 
group, α7nACHR protein subunit expression significantly 
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increased in comparison with the MSG group (P=0.0097). 
There was no significant difference in the expression of 
the α7nACHR protein subunit in the MSG+vitamin C 
group in comparison with the MSG group (P=0.9999, 
Fig.4A-E). 

Fig.4: Expression of the α7 nACHR in the intertubular connective tissue. 
The brown color (dots and spots) between seminiferous tubules shows 
the immunoreactivity of the α7 nACHR protein subunit of A. control, B. 
MSG, C. Vit. C, and D. MSG+ Vit. C groups. E. α7 nACHR protein subunit in 
all groups. Results are presented as mean ± SEM values. (Cont. vs. MSG, **; 
P=0.0025, and Vit. C vs. MSG, **; P=0.0.0097) (scale bar: 100 µm). nACHR; 
Nicotinic acetylcholine receptor, MSG; Monosodium glutamate, Vit. C; 
Vitamin C, OD; Optical density, and Cont; Control. 

Discussion
The present study evaluated the nACHR subunits, α7 

and α4, protein expression in the testis of MSG treated 
rats, and also the vitamin C protective role. Our results 
revealed that expression these subunits of the nACHR 
protein in the seminiferous tubules and interstitial tissue 
of the MSG group were significantly lower than in our 
other groups. Also, the vitamin C was able to prevent the 
decrease in the expression of nACHRs protein subunits in 
our rat testis parenchyma, but not significantly.

The MSG has been shown to have destructive effects on 
the testicular tissue. It can reduce the weight of the testis 
(20, 21) and sperm motility, also induce oligozoospermia, 
testicular atrophy, and hemorrhage, and change the 
structure of the testis, sperm morphology, and sperm 
cell population (12, 21, 22). Also, the germinal epithelial 
thickness decreases in adult Wistar rats because of using 
MSG (11, 12, 21, 22). Of course, all of the complications 
mentioned above depend on the duration, course, dose, 
induction method of treatment with MSG, and species 
studied (23). It has been proven that testicular toxicity in 
the MSG group can be related to Ca2+ overloading (24), 
reactive oxygen species (ROS) production in the testis and 
decreased antioxidant activities (11, 12, 21, 22), increased 
malondialdehyde (MDA) and apoptosis (11,12, 25).

As we reported previously, the MSG caused testicular 
tissue germ cells apoptosis (12). It seems that the MSG 
probably reduces the number of testicular cells and 
subsequently the number of nicotinic receptors through 
apoptosis. In this line, John et al. confirmed that the MSG 
usage increases Ca2+ flow in the neuronal cells, enhances 
the level of inflammatory cytokines, ROS production, 

Bax, Bcl-2 and caspase-3 expression, and neuronal 
apoptosis in the brain tissue, which occurs through 
glutamate receptors (26). Testicular tissue, like the brain, 
has many glutamate receptors. Therefore, the MSG can 
affect the testis by the same mechanisms, apoptosis.

Furthermore, the MSG reduces the scavengers of free 
radicals, including antioxidant enzymes, glutathione, 
and ascorbic acid. These scavengers can protect cell 
membranes from lipid peroxidation and oxidative 
damages (11). Ismail El-Sawy et al. (27) showed that MSG 
decreases levels of testosterone and luteinizing hormone 
(LH) in the serum, and antioxidant activities in the testis, 
also disturb sperm profiles. Therefore, The destruction 
of cell membranes, apoptosis, and cells reduction in the 
seminiferous tubules and interstitial tissue can explain 
the decrease of nACHRs α7 and α4 subunits in the MSG 
administrated group. 

Another explanation for the reduction of the nACHRs 
expression level in the MSG group is that it has a protective 
effect on the spermatogonia  cell line and Leydig cells. 
Administered MSG can hyper-activate the glutamate 
receptors in spermatogonia cells, increasing intracellular 
Ca2+  flow, which lastly induces apoptosis and sloughing 
of spermatogenic cells into the seminiferous lumen (28). 
In such cases as a compensatory mechanism, nACHRs are 
likely to be reduced to prevent intracellular Ca2+ overload 
and induction of excessive apoptosis.

It is suggested that nACHRs can influence the 
differentiation, growth, maturation, and morphogenesis 
process of different types of testis cells (3). The α7 subunit 
of this protein deficiency in the mouse sperm induces 
impaired motility and reduced hyperactivation. On the 
other hand,  studies reported that the MSG may alter normal 
sperm morphology and impair fertility (20, 21). 

In this regard, we think that this phenomenon occurs 
through reducing nACHRs subunits,  α7 and α4, 
expression.  

Our study showed that these subunits, α7 and α4, 
expression reduced in the interstitial testicular tissue of 
the MSG-treated group. It can be related to apoptosis 
and reduction of Leydig cells in the interstitial tissue of 
the testis, as reported in 2019 by Shima (29). Therefore 
MSG probably through increased ROS and decreased 
testosterone can be stopped spermatogenic cell maturation 
and nACHRs subunits, α7 and α4, expression. This 
issue can be another explanation for the reduction of 
the mentioned receptors in the interstitial tissue.  Inoue 
et al. showed the MSG intake increases intracellular 
and mitochondrial Ca2+ flow  which induces the ROS 
production. ROS induces a lipid peroxidation process that 
damages the cell membranes and DNA in the Leydig cells  
(30). Also, ROS induces disruptions in the electron chain 
function of mitochondria. Lipid peroxidation process 
disarranges membrane permeability and ATP production, 
subsequently destroying the Leydig cells (29), it issue can 
lead to the reduction of nicotinic receptors in the testicular 
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interstitial tissue. Also, the loss of Leydig cells results in 
testosterone secretion decrease in the testis tissue (31). In 
addition to the testis, the glutamate receptors are abundant 
in the hypothalamus. ROS production in the hypothalamus 
decreases GnRH secretion and subsequently the LH 
secretion. These events disrupt Leydig cells’ stimulation 
for secreting testosterone, and finally, reduce testosterone 
level (7, 32, 33). It has been proven that a testosterone level 
decrease can arrest the maturation of spermatogenesis and 
the protein expression of nACHRs (6, 11). Schirmer et al. 
(3) suggested the vital role of α4 and α7 subunits in the 
Leydig cells for androgen secretion.

In the present study, we observed that the vitamin C can 
prevent the harmful effects of MSG on the testicular tissue 
and increase nACh receptors, but these changes were not 
significant. Vitamin C is known as a powerful antioxidant, 
it is an electron donor, and this property causes all its known 
functions (34). Its double-bond electrons can transfer to 
oxidant molecules. Thus, vitamin C can regenerate active 
species involved in many diseases. It has been proven that 
MSG reduces the scavengers of free radicals, including 
ascorbic acid (11). Thus, vitamin C can compensate for 
this deficiency and reduce MSG complications. In contrast 
to the present results, Arzuaga et al. (35) and Rahayu et 
al. (33) stated that the composition of "Marsilea Crenata" 
can inhibit the MSG’s harmful effects and preserve the 
Leydig and spermatogenic cells. They attributed this 
property to vitamin C existing in Marsilea Crenata. In our 
study, vitamin C in the MSG+vitamin C group probably 
can preserve the Leydig and spermatogenic cells. Thus, 
the expression of receptors improved in the MSG+vitamin 
C group (not meaningfully). In addition, vitamin C 
participates in the synthesis of L-carnitine. This compound 
plays a critical role in energy output by conveying fatty 
acids to the mitochondria (35, 36). Koohpeyma et al. 
(37) concluded that L-carnitine ameliorates MSG’s renal 
damage through its antioxidant and anti-apoptotic effects. 
However, the results of this project showed that vitamin 
C had no significant protective effect against the MSG 
toxicity which is in agreement with  Uzun et al. (38) and 
Zhou et al. (39) studies that reported that vitamin C could 
not improve testicular toxicity. Reasons such as choosing 
the correct dose of vitamin, the method of administration, 
and the route of vitamin absorption can be effective in 
this result. In addition, there is a possibility that MSG 
causes toxicity through pathways different from apoptosis 
and induction of oxidative stress and vitamin C cannot 
intervene in these pathways. However, these pathways 
need to be further investigated.

The strengths of this study can be mentioned in the 
investigation of nicotinic receptors which undergo 
changes during MSG consumption. One of the limitations 
of this study is the lack of testing of testosterone and LH 
serum levels. Also, if the treatment was continued for 64 
days, we could check the sperms in the epididymis and 
get a more complete result. It is hoped that researchers 
will pay attention to the important role of nACh receptors 
in future studies.

Conclusion

Summarily, MSG decreased the expression levels of the  
nACHR subunits, α7 and α4, in the seminiferous tubules 
and interstitial testicular tissue, while  the  vitamin C 
administration increased the expression levels of these 
subunits  in the testis tissue. The results of this study along 
with the results of other studies suggest being controlled 
and managing the use of MSG in the food industry.
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