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ABSTRACT

The monosodium glutamate is commonly used food flavoring agent used worldwide. The
present experimental study investigated the effects of orally administered monosodium
glutamate (MSG) on the histology of testes of adult male Wistar rat model. Forty rats were
divided into three groups; Group A served as controls, Group B. received MSG orally (1
mg/kg), Group C. received MSG orally (2mg/kg) and Group D. received MSG orally (4
mg/kg). Tissue sections of testis from rats in the control (Group A), showed the normal

Keywor_ds histological features for the seminiferous tubules and interstices. Group B rats revealed normal
Monosodium, spermatogenic cells, many spermatids, and edematous interstitial spaces with mild hyperemia.
Glutgmate, The Group C rats showed inflammatory exudates in interstitial spaces, spermatids were fewer
T?S“CUHE and changes of degeneration of Leydig cells. Group D rats showed severely reduced
Histology, spermatogonia, very few to totally absent spermatids in the tubules. Sertoli cells were reduced

Rat. in the tissue sections. The Leydig cells were also diminished in count with severe vacuolar
degeneration. Overall, the MSG treated rats showed altered histology of testicular tissue. The
present study concluded that the glutamate has deleterious effects on the testicular histology in
adult male Wistar rats particularly in high dose therefore caution must be taken for its frequent

use in large quantities as a food flavor additive.

Introduction

Monosodium glutamate (MSG) is commonly known as
AJINOMOTO." MSG is the sodium salt of a naturally occurring
amino acid; the glutamic acid. Biochemically MSG contains
78% glutamic acid and remaining 22% sodium.? Glutamate is
produced in body and plays role in human metabolism.**
MSG is commonly marketed as a flavour enhancer and is used
as a food additive particularly in West African and Asian
dishes.>® Generally, monosodium glutamate is accepted as a safe
food additive that needs no specificied average daily intake or an
upper limit intake.? However, inadvertent abuse of this food
additive may occur because of its abundance, mostly without
labeling, in many food ingredients.” An experimental study®
demonstrated that both subcutaneous injection and oral
administration of MSG to immature rats and mice resulted in
neuronal losses in the hypothalamus. The ability of monosodium
glutamate to damage nerve cells of the hypothalamus is a
pointer to the fact that it may alter the neural control of
reproductive hormone secretion via the hypothalamic-pituitary-
gonadal regulatory axis. The effects of such toxicants on male
reproduction may be anatomical or only functional, depending
on whether they produce structural changes in the reproductive
system, or merely affect the functions of the reproductive
organs.’

The ingestion of MSG has been alleged to cause or
exacerbate numerous conditions, including asthma, urticaria,
atopic dermatitis, ventricular arrhythmia, neuropathy and
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abdominal discomfort.’® MSG has a toxic effect on the testis by
causing a significant oligozoospermia and increases abnormal
sperm morphology in a dose-dependent fashion in male Wistar
rats.'’ It has been implicated in male infertility by causing
testicular hemorrhage, degeneration and alteration of sperm cell
population and morphology.*? Previous scientific investigations
aimed at determining the effect of MSG on testes.*® MSG
caused a reduction in the sperm count.”® In the last few years,
fear had increased due to the adverse reactions and toxicity of
MSG, with few and limited literature regarding the histological
studies of the damage in testis of animals treated with MSG. So
the present study aimed to investigate the effects of MSG on the
testicular histology in adult male Wistar rats.
Materials And Methods

The present experimental study included forty young adult
male Wistar rats at animal house of Isra University from
November 2012 to July 2013. Adult male Wistar rats of 250-300
grams were included in the study. Female rats, weight <250
grams or >300 grams were excluded from the study.
Animals: The Animals were housed in animal house at an
optimal room temperature with 55-60% humidity and exposed
to 12 hour light-dark cycles. The chaw like fresh alfalfa and
clean water are provided freely.
Chemical: The chemical used was monosodium glutamate
(C5H9NO4-Na+). The MSG was purchased from the open
market of Hyderabad under the license of Ajinomoto co.INC.
Tokyo, Japan. A stock solution was prepared by dissolving 30
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and 60 g of MSG crystals in 100 ml of distilled water. The dose
schedule was so adjusted that the amount of MSG
administration per animal was as per their respective weight.
The MSG doses were given for six weeks. The applied doses
were selected according to as referenced.*
Experimental details: The rats were divided into three groups;
Group A. Control Group (n=10) Rats received 0.9% isotonic
saline orally on alternate day for three successive weeks and
served as control group,
Group B. Experimental Group-Low dose (n=10) Rats were
given 1 mg/kg of monosodium glutamate orally.
Group C. Experimental Group- Medium dose (n=10) Rats
were given 2mg/kg of monosodium glutamate orally.
Group D. Experimental Group- High dose (n=10) Rats were
given 4mg/kg of monosodium glutamate orally.
Procedure of performing testicular histology: At the end of
the experimental period, the animals were sacrificed by cervical
dislocation and the abdominal cavity was opened up to expose
the testis which were quickly dissected out, and fixed in 10%
formal saline for routine histological techniques. The tissues
were dehydrated in an ascending grade of alcohol (ethanol),
cleared in xylene and embedded in paraffin wax. Serial sections
of 3-4 Im thick were obtained using a rotator microtome. The
deparaffinized sections were stained routinely with hematoxylin
and eosin. Sections of testes were examined by light
microscope. Photomicrographs of the desired sections were
obtained for further observations.
Result

The present study was conducted to evaluate the effects of
monosodium glutamate (MSG) on the histology of testis in rat
model. The MSG was given in different doses in the
experimental group animals as mentioned in methodology. The
control group revealed normal histology. Tissue sections of
testis from rats in the control (Group A), showed the normal
histological features for the seminiferous tubules and interstices
of rats. The tubules showed normal cells of the different stages
of spermatogenesis (from spermatogonia to spermatids), Sertoli
cells and mterstltlal (Leydlg) cells (Figure 1).

Figure. 1. Section of testis from rats of control group (Group
A) rat showing semniferous tubules (T) and interstitial
spaces (N) showing normal Leydig cells (H & E stains, x 400)

The experimental groups were studied separately for the
microscopic structure of rat testes. The major derangements
were observed in the testes of high dose MSG treated rats. The
histological details of experimental rats are shown in figure 2-4.
The Group B rats (1 mg/kg body weight of MSG) revealed
seminiferous tubule with normal looking spermatogenic cells
and there were many spermatids present but the interstitial
spaces were found edematous with mild hyperemia. (Figure 2).
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The Group C rats (2 mg/kg body weight of MSG) showed
similar, but more severe histological changes when compared
with controls. The interstitial spaces revealed exudative edema
fluid with lot of inflammatory cells. The spermatids were fewer
and Leydig cells showed moderate degree of degeneration
(Figure 3). More severe changes were observed in the Group D
rats (4 mg/kg body weight of MSG). The spermatogonia were
reduced severely. Spermatids were very few to totally absent in
the tubules. Sertoli cells were reduced in the tissue sections. The
Leydig cells were also diminished in count with severe vacuolar
degeneration (Figure 4). Overall, the MSG treated rats showed
altered histology of testicular tissue.

s,

#

Figure 2. Section of testis from rats (experimental group B)
treated with monosodium glutamate (1mg/kg body weight)
showing seminiferous tubule (T) with lots of spermatids, and

oedematous interstitial space (N) H & E stains, x 400)

Figure 3. Sectlon of testis from rats (experlmental group C)
treated with monosodium glutamate (2mg/kg body weight)
showing seminiferous tubule (T) with only few spermatids
and interstitial space (N) with inflammatory exudates. H&E
stains, x400

Figure 4. Sectlon of testis from rats (experimental group D)
treated with monosodium glutamate (4mg/kg body weight)
showing seminiferous tubule (T) with only few
spermatogonia and spermatids abset. H & E stains, x400
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Discussion

Great deals of changes recorded in the present study are
comparable to the previously conducted studies on the histology
of testes of different animals treated with MSG.* > ' The studies
of Das, et al'® and Mohamed'’ have reported that both the
germinal epithelium and Leydig cells are affected in the testes of
mice model. Another previous study'® has concluded that these
histological changes might have been caused by direct local
effect of MSG on the testicular cells or indirectly through an
imbalance of hypothalamo-pituitary hormones.
Balasubramanian et al.”® explained the congestion of blood
vessels as being due to the inhibition of prostaglandins
synthesis, since these compounds are known to be involved in
the regulation of testicular blood flow. Focusing on sloughing
cells of seminiferous tubules; spermatids and spermatogonia
with vacuolar degeneration proved the presence of signs of
deterioration of testicular histology. The cells of seminiferous
tubules showed that vacuolation and exfoliation might be a sign
of testicular toxicity and cell degeneration.®® Present study
showed pyknotic of cell nuclei which indicates the loss of
functional efficiency of the seminiferous tubule and Leydig
cells.

Our results are highly consistent with previous study which
demonstrated similar results of MSG on the testes of male rats.?
The maturation arrest observed in the present study is supported
by previous studies?® % who concluded that this arrest might be
due to the testosterone inhibition which caused stopping of
spermatogenesis. Previous researches have explained the
mechanisms by which MSG inhibits the spermatogenesis. The
glutamate receptors are present in different tissues: the
hypothalamus, spleen, thymus, liver, kidneys, endocrine system,
ovaries, etc.**Earlier studies proved the presence of functional
glutamate transporters and receptors in testes of rats % and in
mice.?” Therefore, testes are considered as a target organ for
MSG. So, one of the mechanisms may be a direct effect of MSG
via glutamate receptors and transporters on the epithelial cells of
the seminiferous tubules. The second mechanism was proved by
other researchers who stipulate that there are neurotoxin effects
of MSG on the function of hypothalamus—pituitary—gonadal
system.”®? The effects of such toxicants on male reproduction
may be anatomical or only functional, depending on whether
they produce structural changes in the reproductive system, or
merely affect the functions of the reproductive organs.® In
mammals, spermatogenesis is totally dependent upon
testosterone.®** Glutamate is a predominant excitatory
neurotransmitter in the mammalian central nervous system.*
Such excessive activation of glutamate receptors and
overloading with intracellular calcium can induce neural death.
Therefore, the present study suggested that spermatogenesis was
affected indirectly via the hypothalamic lesions. The ability of
MSG to damage nerve cells of the hypothalamus is a pointing
fact that it may alter the neural control of reproductive hormone
secretion via the hypothalamic—pituitary—gonadal regulatory
axis. Such alterations in reproductive hormone secretion may
adversely affect the reproductive capacity of the affected
animals. The third mechanism reported that exposure to MSG
resulted in a decrease in the testicular ascorbic acid level that
could lead to oxidative damage in rat testes, and oxidative
damage in different organs.®® Overall, the findings of present
study are in consistency with previous mentioned studies.
However further studies are recommended.
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Conclusion

The present study concludes that monosodium glutamate
have deleterious effects on the histology of testicular tissue of
adult male Wistar rats. Thus, it is important to consider the
common use of monosodium glutamate as a flavor additive for
food dishes. Further studies are recommended with high doses
of monosodium glutamate.
References
1.Eweka O. Histological studies of the effects of monosodium
glutamate on the kidney of adult Wistar rats. Internet J Health
2007; 6:2.
2. Samuels S. The toxicity/safety of MSG: a study in
suppression of information. Account Res 1999; 6(4):259-310.
3. IFIC, Review of monosodium glutamate, examining the
myths: 1994,
4. Alalwani AD Monosodium glutamate induced testicular
lesions in rats (histological study). Middle East Fertil Soc J
2013; 09:003.[in press].
5. Igwebuike UM, Ochiogu IS, lhedinihu BC, Ikokide JE,
Idika IK. The effects of oral administration of monosodium
glutamate (MSG) on the testicular morphology and cauda
epididymal sperm reserves of young and adult male rats.
Veterinarski Arhiv 2011; 81 (4): 525-34.
6. Farombi EO, Onyema OO. Monosodium glutamate-induced
oxidative damage and genotoxicity in the rat: modulatory role of
vitamin C, vitamin E and guercetin. Human Experimental
Toxicol 2006; 125: 251-259.
7. Egbuonu AC, Obidoa O, Ezeokonkwo CA, Ezeanyika IU,
Ejikeme PM. Hepatotoxic effects of low dose oral
administration of monosodium glutamate in male Albino rats.
African j. Biotechnol 2009; 8:3031-35.
8. Burde RM, Schainker MB, Kayes J. Acute effect of oral and
subcutaneous administration of monosodium glutamate on the
arcuate nucleus of the hypothalamus in mice and rats. Nature
1971; 233, 58-60.
9. Witorsch RJ. Reproductive toxicology, 2nd ed. Raven press,
new york.1995.
10. Geha R, Beiser A, Ren C, Patterson R, Grammer L, Ditto
A, et al. Review of allergic reaction to monosodium glutamate
and outcome of a multicenter double blind placebo-controlled
study. J Nutr 2001; 130:1032S-8S.
11. Onakewhor J, Oforofuo I, Singh S. Chronic administration
of monosodium glutamate induces oligozoospermia and
glycogen accumulation in Wistar rat testes. Afr J Reprod Health
1998;2(2):190-7.
12. Oforofuo O, Onakewhor J, Idaewor P. The effect of chronic
administration of MSG on the histology of the adult Wistar rat
testes. Biosci Res Commun 1997; 9:2.
13. Nayanatara A, Vinodini N, Damadar G, Ahemed B,
Ramaswamy C, Shabarinath M, Bhat M. Role of ascorbic acid
in monosodium glutamate mediated effect on testicular weight
sperm morphology and sperm count in rat testis. J Chin Clin
Med 2008; 3:1-5.
14. Tyl R, Friedman M. Effects of acrylamide on rodents
reproductive performance. Reprod Toxicol 2003; 17(1):1-13.
15. Cemaluk EAC, Madu EP, Ezeanyika LUS, Obidoa O.
Combined oral arginine and monosodium exposure induces
adverse response on the prostate function and testis histology of
rats. British J Pharma Res 2013; 3 (2):247-58.
16. Das R, Ghosh S. Long-term effects of monosodium
glutamate on spermatogenesis following neonatal exposure in
albino mice — a histological study. Nepal Med Coll J 2010;
12:149-53.



22057

17. Mohamed IK. The effects of oral dosage of monosodium
glutamate (MSG) applied for short- and long-terms on the
histology and ultrastructure of testes of the adlut rats. J Anim
Vet Adv 2012; 11(1):124-33.

18. Atallah O. Experimental nitrate, nitrite and hydroxylamine
toxicosis in the Guinea pig. Ph.D. Thesis. Department of
Pathology. Michigan State Univ., USA, 1966.

19. Balasubramanian A, Manimekalai S, Singh A,
Ramakrishnan S. Short and long-term effect of aspirin on testes
of albino rats: a histological and biochemical study. Indian J Exp
Biol 1980; 18:1408-10.

20. EL-Deeb R, Zakaria I, Abd EL-Khalik 1, Abd EL-Aziz S.
The influence of short and long-term treatments with
sildenafilcitrate on the testis and liver of albino rats. Egypt J
Zool 2000; 35:163-87.

21. Ortiz G, Bitzer-Quintero OBeas, Za’ rate C, Rodri’guez-
Reynoso C, Larios-Arceo F, Vela” zquez-Brizuela I, Pacheco-
Moise’s F, Rosales-Corral S. Monosodium glutamate-induced
damage in liver and kidney: a morphological and biochemical
approach. Biomed Pharmacother 2006; 60:86-91.

22. EM. EL-zayat, Biochemical, histochemical and
histopathological studies on the role of zinc in regulating the
testicular function in male albino rats. M.Sc. Thesis, Zoology
Department, Faculty of Science, Cairo Univ. 1988.

23. ElI-Wessemy AM. The role of vitamin C in alleviating
tamoxifene induced histological and ultrastructural changes in
the testes of albino mice. Egypt J Zool 2007; 48:303-26.

24. Gill S, Pulido O. Glutamate receptors in peripheral tissue
excitatory transmission outside the CNS. New York: Kulwer
Academic/Plenum Publisher; 2005.

25. Gill S, Mueller R, Mcguire P, Pulido O. Potential target
sites in peripheral tissues for excitatory neurotransmission and
excitotoxicity. Toxicol Pathol 2000; 28:277-84.

26. Takarada T, Hinoi E, Balcar V, Taniura H, Yoneda Y.
Possible expression of functional glutarnate transporters in the
rat testis. J Endocrinol 2004; 181:233-44.

Abdul Ghaffar Ansari et al./ Elixir Human Anatomy 68 (2014) 22054-22057

27. Hu J, Yang N, Ma Y, Jiang J, Zhang J, Fei J, Guo L.
Identification of glutamate transporters and receptors in mouse
testis. Acta Pharmacol Sin 2004; 25:366-71.

28. Gong SL, Xia FQ, Wei J, Li XY, Sun TH, Lu Z, et al.
Harmful effects of MSG on function of hypothalamus—pituitary—
target gland system. Biomed Environ Sci 1995; 8:310-7.

29. Giovambattista A, Suescun M, Nessralla C, Franca L,
Spinedi E, Calandra R. Modulatory effects of leptin on leydig
cell function of normal and hyperleptinemic rats.
Neuroendocrinology 2003; 78:270-9.

30. Witorsch RJ. Reproductive toxicology. 2nd ed. New York:
Raven Press; 1995.

31. Pakarainen T, Zhang F, Makela S, Poutanen M, Huhtaniemi
I. Testosterone replacement therapy induces spermatogenesis
and partially restores fertility in luteinizing hormone receptor
knockout mice. Endocrinology 2005; 146:596—-606.

32. Wang R, Yeh S, Tzeng C, Chang C. Androgen receptor
roles in spermatogenesis and fertility: lessons from testicular
cell-specific androgen receptor knockout mice. Endocrinol Rev
2009; 30:119-32.

33. Schlett K. Glutamate as a modulator of embryonic and adult
neurogenesis. Curr Top Med Chem 2006; 6:949—-60.

34. Gil-Loyzaga P, Hernandez-Ortiz M, Rodriguez-Benito T,
Lasso de laVega M. Diltiazem protects against neurotoxicity
induced by excitotoxic amino acids on cochlear afferent fibers. J
Otorhinolaryngol Relat 1993; 55:211-5.

35. Vinodini NA, Nayanatara A, Damodar G, Damodar B,
Ramaswamy CR, Shabarinath, Bhat MR. Effect of monosodium
induced oxidative damage on rat testis. J Clin Med 2010; 3:370-
3.

36. Pavlovic V, Pavlovic D, Kocic D, Sokolovic D, Jevtovic-
Stoimenov. Effect of monosodium glutamate on oxidative stress
and apoptosis in rat thymus. J Mol Cell Biochem 2007;
303:161-6.



