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ABSTRACT

The effects of oral administration of varied doses of monosodium glutamate (MSG) on the morphology
of the testes and cauda epididymal sperm reserves of rats were studied using 28 four-week-old (young) male
Sprague-Dawley rats and 28 twelve-week-old (adult) male Sprague-Dawley rats. Increasing doses (1 mg/g body
mass, 2 mg/g body mass, and 4 mg/g body mass) of a 40% aqueous solution of monosodium glutamate were
administered to the male Sprague-Dawley rats every 48 hours for 6 weeks, using a rat gavage needle. The results
showed that age variation did not influence the effect of MSG on the parameters studied in male rats. There
was a significant reduction in the cauda epididymal sperm reserves (P<0.05) and the serum testosterone levels
(P<0.05) of the rats that received monosodium glutamate relative to the control rats. The histomorphology
of the testes of the rats that were given monosodium glutamate did not differ from those of the rats in the
control group. No overt pathological lesions were seen in the testicular sections. These observations suggest that
monosodium glutamate may have adversely affected spermatogenesis by disrupting the hypothalamic-pituitary-
testis regulatory axis, and not through any direct toxic effect on the testis.
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Introduction

Monosodium glutamate (MSG), a white crystalline powder, is the sodium salt of
a naturally occurring non-essential amino acid, glutamic acid (FURST and STEHLE,
2004). MSG is commonly marketed as a flavour enhancer and is used as a food additive
particularly in West African and Asian dishes (FAROMBI and ONYEMA, 2006). Generally,
monosodium glutamate is accepted as a safe food additive that needs no specified average
daily intake or an upper limit intake (SAMUELS, 1999). However, inadvertent abuse of
this food additive may occur because of its abundance, mostly without labelling, in
many food ingredients (EGBUONU et al., 2009). An experimental study (BURDE et al.,
1971) 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. Such alterations in reproductive
hormone secretion may adversely affect the reproductive capacity of the affected animals.
Indeed, there is unpublished evidence that high doses of monosodium glutamate have
been used in some parts of Nigeria as folk medicine to counteract libido in male goats.
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 (WITORSCH, 1995). The present
study was designed to investigate the effects of monosodium glutamate on the testes and
cauda epididymal sperm reserves of both young and adult male rats.

Materials and methods

Experimental animals. Two experiments were carried out in this study. The 28 four-
week-old male Sprague-Dawley rats used for Experiment I weighed between 40 and 60
grams at the commencement of the experiment and these constituted the young male rats
of the study. The 28 twelve-week-old male Sprague-Dawley rats used for Experiment
IT weighed between 160 and 180 grams at the commencement of the experiment and
these constituted the adult male rats of the study. All the rats were housed in fly-proof
metal aluminum cages and fed commercially prepared feed ad libitum. Drinking water
was provided. The rats were kept for a two-week acclimatization period before the
commencement of the experiments.

Experiment I. The 28 young male rats were randomly assigned to 4 groups of 7
rats per group. The control group received no monosodium glutamate, while rats in the
three treatment groups were given oral doses of a 40% aqueous solution of monosodium
glutamate every 48 hours for 6 weeks, using a rat gavage needle. On each treatment
day, rats in the low dose group received 1 mg/g body mass of MSG per rat, those in the
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medium dose group received 2mg/g body mass of MSG per rat, and rats in the high dose
group received 4mg/g body mass of MSG per rat. At the end of the 6 weeks of treatment
with monosodium glutamate, the rats were euthanatized using diethyl ether chamber.

Experiment 1. The 28 adult male rats were randomly assigned to 4 groups of 7 rats
per group. The treatment procedures described above for the young rats were repeated for
these adult rats.

Quantitative measurements. Prior to sacrificing each rat, 2 mL of blood was
collected from the medial cantus of the eye into a test tube, and allowed to clot. The
serum was harvested and used for testosterone assay. The assay was carried out using
ELISA technique. Following death, the epididymides of each male rat were dissected and
extraneous tissues trimmed. These epididymides were weighed and put in bijour bottles
containing phosphate-buffered saline, pH 6.8. The cauda epididymal sperm reserves
were determined using the standard hemocytometric method of AMANN and ALMQUIST
(1961).

Histological preparations. The testes were dissected from each male rat. The testes
were fixed by immersion in Bouin’s fluid for 48 hours. Later, they were dehydrated in
graded concentrations of ethanol, cleared in xylene, and embedded in paraffin wax. The
5 um thick sections were cut, mounted on glass slides, and stained with hematoxylin and
eosin for light microscopy. Photomicrographs were captured using a Moticam Images
Plus 2.0 digital camera (Motic China Group Ltd. 1999-2004).

Statistical analyses. Means and standard errors were calculated for each group of
observations. The data obtained were statistically analyzed using ANOVA (SPSS 9.0
Statistical Package of SPSS Inc. USA).

Results

Serum testosterone levels. The mean serum testosterone levels of both the young and
adult male rats are presented in Table 1.

Table 1. The mean serum testosterone levels of male rats that received varied doses of
monosodium glutamate

Animal Low dose |Medium dose| High dose
group Parameter Control |(1 mg/g b.m.)| (2 mg/g bm.) | (4 mg/gbm.)| P levels
Young Serum
testosterone | 4.45+£0.35| 1.11 £0.27° | 0.71 £0.16"* | 1.38 £ 0.63" | ab: P<0.05
male rats
level (ng/mL)
Adult Serum ab: P<0.05
male rats | testosterone 3.40+0.170 | 1.18 £0.09° | 1.24 £0.39° | 0.33 £0.09¢ | ac: P<0.05
level (ng/mL) be: P<0.05

Values are presented as mean + SE. Different superscripts in a row indicate significant variation at the specified
level of probability
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The mean serum testosterone levels of the young rats that received the low dose,
medium dose and high dose of monosodium glutamate in this study were significantly
lower (P<0.05) than that of the control rats. The serum testosterone levels did not differ
significantly (P>0.05) between the three MSG-treat groups. The mean serum testosterone
levels of the adult rats that received the low dose, medium dose and high dose of
monosodium glutamate in this study were significantly lower (P<0.05) than that of the
control rats. Furthermore, the mean serum testosterone level of adult rats in the high dose
group was significantly lower (P<0.05) than those of the low and medium dose groups.

Cauda epididymal sperm reserves. Table 2 shows the data on the mean cauda
epididymal sperm reserves of both the young and adult male rats. There was no significant
difference (P>0.05) between the mean cauda epididymal sperm reserve of the young rats
that received the low dose of monosodium glutamate and that of the control rats. However,
the mean cauda epididymal sperm reserves of the young rats that were given the medium
and high doses of monosodium glutamate were significantly reduced (P<0.05) relative
to the control group and the low dose group. Comparison of the mean cauda epididymal
sperm reserves of the adult male rats showed that the value obtained for each of the three
treatment groups was significantly lower (P<0.05) than that of the control group. Further
comparison of the treatment groups revealed a dose-related significant reduction (P<0.05)
in the mean cauda epididymal sperm reserves.

Table 2. The mean cauda epididymal sperm reserves of male rats that received varied doses of
monosodium glutamate.

Animal Low dose | Medium dose | High dose
group Parameter Control | (1 mg/gbm.) | (2 mg/g bm.) | (4 mg/g bm.) P levels
Cauda
Young |epididymal 139.34 + 113.82+ 37.57+ 12.79 + ab: P<0.05
male rats |sperm reserve| 14.14° 15.82¢ 5.88° 1.68° ’ ’
(10
ab: P<0.05ac:
Cauda P<0.05ad:
Adult epididymal 21631 + 137.53 96.05 + 47.61+ P<0.05bc:
male rats |sperm reserve| 8.54° 5.44° 3.53¢ 2.67¢ P<0.05bd:
(10%) P<0.05¢d:
P<0.05

Values are presented as mean + SE. Different superscripts in a row indicate significant variation at the specified
level of probability

Histology. Sections of the testes of the young rats (Fig. 1) and the adult rats (Fig. 2) in
the control group showed normal seminiferous tubules and interstices. The morphology
of the testes of the male rats that were given monosodium glutamate did not appear
different from those of the control rats. No overt pathological lesions were apparent in the
seminiferous epithelia or the interstitial spaces of the testes (Figs. 3, 4) of the male rats
that received the different doses of monosodium glutamate.
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Fig. 1. Histology of the testis of a young male rat of the control group showing normal testicular
histology. Note the active seminiferous tubules (T) and interstitial spaces (S). H&E stain;
objective x10; scale bar = 60 pm.

Fig. 2. Histology of the seminiferous tubule of an adult male rat of the control group showing
normal histology. The seminiferous epithelium (S) is active in spermatogenesis. H&E stain
objective x40, scale bar = 15 um.
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Fig. 3. Histology of the testis of a young male rat that received 4 mg/g b.m. of monosodium
glutamate showing no overt pathological lesions. Note the seminiferous tubules (T) and interstitial
spaces (S). H&E stain, objective x10; scale bar = 60 pm.

Fig. 4. Histology of the seminiferous tubule of an adult male rat that received 4mg/g b. m. of
monosodium glutamate showing no overt pathological lesions. The seminiferous epithelium (S) is
apparently active in spermatogenesis. H&E stain; objective x40; scale bar = 15 pm.
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Discussion

The activity of neuroendocrine regulatory processes may be very susceptible to
changes in certain external factors such as nutrition or administration of hormones and
drugs. Our study demonstrated that serum testosterone levels were markedly reduced
in both young and adult rats treated with monosodium glutamate. Administration of
monosodium glutamate destroyed neurons of the hypothalamus in rats and mice (BURDE
etal., 1971), and such neuronal losses in the hypothalamus can result in disruption of the
hypothalamic-pituitary-testis regulatory axis (NEMEROFF et al., 1981) that controls the
steroidogenesis of testicular Leydig cells (McLACHLAN et al., 1996). This will ultimately
impact serum testosterone levels, because 95% of the androgen is produced by Leydig
cells of the testes, while cells in the cortex of the adrenal gland produce about 5% (URBAN,
1999).

The dose-dependent reduction in cauda epididymal sperm counts following oral
administration of monosodium glutamate to both young and adult male rats may be an
indication that the normal process of spermatogenesis was adversely affected in the rats
that consumed monosodium glutamate. Spermatogenesis is a complex cyclic process
in which germ cells undergo series of mitotic and meiotic cell divisions, followed by
morphological differentiation in a delicately regulated spatiotemporal fashion in the
seminiferous epithelium. In mammals, spermatogenesis is totally dependent upon
testosterone (PAKARAINEN et al., 2005; WANG et al., 2009); however, only total abolition
of testicular androgen action resulted in consistent azoospermia (ZHANG et al., 2003).
Androgens act to stimulate spermatogenesis through androgen receptors (ARs) located
on Sertoli cells and peritubular myoid cells of the testis (DE GENDT et al., 2004). It has
been demonstrated that androgen stimulation of spermatogenesis requires direct androgen
action on the Sertoli cells (O’SHAUGHNESSY et al., 2010), and this was necessary for
postmeiotic spermiogenesis (ZHANG et al.,, 2003). Thus, appropriate regulation of
androgen activity via the hypothalamic-pituitary-testis axis is necessary for initiation and
maintenance of spermatogenesis. The indication is that the reduced cauda epididymal
sperm counts observed in the MSG-treated rats in the present study may be the end result
of a considerable decline in the influence of testosterone on spermatogenesis in these
rats. This proposition agrees with the report of ZIRKIN et al. (1989) who showed that there
was a dose-response relationship between seminiferous tubule fluid (STF) testosterone
concentration and the number of advanced spermatids produced by the testis.

The absence of any overt pathological lesions in the histology of the testes of the
young and adult rats that received varied doses of monosodium glutamate suggests that
MSG did not have any direct toxic effect on the testes. This observation differs from
what has been reported in rats following the administration of some testicular toxicants
such as crude oil (OBIDIKE et al., 2007; IGWEBUIKE et al., 2009) and metronidazole
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(SOHRABI et al., 2007). The inference is that monosodium glutamate may have impacted
spermatogenesis through its disruption of the hypothalamic-pituitary-testis regulatory
axis, and not through any direct toxic effect on the testis.

In conclusion, our study has demonstrated that oral administration of monosodium
glutamate resulted in lowered serum testosterone levels and reduction in the cauda
epididymal sperm reserves of male rats, but did not cause any overt pathological lesions in
their testes. These effects were similar in both the young and adult male rats that received
monosodium glutamate, and may have arisen through disruption of the hypothalamic-
pituitary-testis axis regulation by monosodium glutamate.

Formal statement

The authors wish to state that the rats used in the course of this study were handled
in accordance with the guidelines for the protection of animal welfare in the University
of Nigeria Nsukka.
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SAZETAK

Ucinci oralnog davanja razli¢itih doza mononatrijeva glutamata na morfologiju jaja i rezervu spermija u
nuzjaj¢anom repu bili su istrazivani u pokusima na 28 Stakora Sprague-Dawley u dobi od Cetiri tjedna (mladi) i
na 28 §takora Sprague-Dawley u dobi od 12 tjedana (odrasli). Stakorima su bile primijenjene poveéavajuée doze
(1 mg/g tjelesne mase, 2 mg/g tjelesne mase i 4 mg/g tjelesne mase) 40%-tne vodene otopine mononatrijeva
glutamata svakih 48 sati kroz Sest tjedana iglom prilagodenom za Stakore. Rezultati su pokazali da razlika u
dobi nije utjecala na u¢inak mononatrijeva glutamata na pretrazivane pokazatelje. Ustanovljeno je znacajno
smanjenje rezervi spermija u nuzjajcanom repu (P<0,05) kao i razina serumskog testosterona (P<0,05) u Stakora
kojima je primijenjen mononatrijev glutamat u odnosu na kontrolnu skupinu. Histoloski nalaz tkiva jaja Stakora
kojima je bio primijenjen mononatrijev glutamat nije se razlikovao od onog u $takora kontrolne skupine. Nisu
bili uoceni patoloski poremecaji u histoloskim rezovima tkiva. Ovi nalazi upuéuju na zaklju¢ak da mononatrijev
glutamat moze imati nepovoljan utjecaj na spermatogenezu prekidanjem regulacijske osi hipotalamus-hipofiza-
testis, a ne putem ikakvoga izravnoga toksi¢noga ucinka na testese.

Kljuéne rije¢i: mononatrijev glutamat, razina serumskog testosterone, nuzjajcana sperma, morfologija

testesa
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