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Abstract

The impact of monosodium glutamate (MSG) on growth and reproductive performance of mice was
evaluated using 96 mice -28 males and 68 females, divided into four groups. Mice in group A received no
MSG, while those in groups B, C, and D received 1, 2, and 4 mg per gm body weight of 40% aqueous
solution of MSG every 48 hours for six weeks. After the sixth week, 15 female mice selected from each
treatment were randomly allotted to three male mice of corresponding treatment for multiple mating for 48
hours. The female mice from each treatment group were monitored through gestation. Results showed a
time- and dose-dependent significant (p<0.05) influence of MSG on feed intake of the animals. The final
body weight of the control mice was statistically lower (p<0.05) than those administered the medium and
high concentrations of MSG. The total weight gained by mice not administered MSG was 97.9, 95.1 and
87.6 % of those administered 1, 2 and 4 mg MSG/g BW, respectively. The conception rate and gestation
length increased in group B while the mean live weight of pups decreased with increasing concentrations
of MSG administered. Compared with the weights of pups from the control, the weight of pups from mice in
treatment groups B and C decreased by 10.66 and 26%, respectively. The conception rate and the average
number of pups decreased significantly (p<0.05) at 2mg of MSG/g BW compared to the control. The
gestation length increased significantly (p<0.05) at 2mg of MSG/g BW. Dead pups were recorded from
mice administered 2mg of MSG/g BW. The result also showed that female mice administered 4mg of
MSG/g BW had no pup. This study has shown that MSG is capable of producing an adverse effect on feed
consumption, body weight and reproductive performance in the laboratory animal.
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Description of Problem most extensively used food additives ingested
Monosodium glutamate (MSG) is a food as part of commercially processed foods (3).
additive, popularly used as “flavour enhancer”.  Glutamate is often deliberately added to foods,
It is the sodium salt of the non-essential amino  either as the purified monosodium salt (MSG)
acid-glutamic acid, one of the most abundant or as hydrolysed protein depending on
amino acids found in nature (1). It is a popular  individual’s taste preferences due to its flavour
condiment in West African dishes marketed enhancing properties (4).
under series of trade names such as A-One, In Nigeria, commercial launderers and
Ajinomoto or Vedan (2), and one of the world individuals often use MSG as a bleaching
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agent for the removal of stains from clothes
and other textile materials and this excellent
bleaching property of MSG could be harmful
to tissues and organ of the body when ingested
as a flavour enhancer in food (5). Samuels (6)
however, reported that the Federal
Government Agency in Nigeria with the
responsibility to check and control consumable
has expressed the view that MSG is not
injurious or harmful to health. MSG is thus
reportedly permitted as a safe food additive
that needs no specified average daily intake or
an upper limit intake requirement (6). This
means that MSG is safe for everyone and that
upper intake limit does not need to be set.
However, in recent years, there has been much
concern about the possible adverse effects of
MSG. It is believed to be the cause of Chinese
restaurant syndrome which is characterised by
a headache, flushing, numbness, muscle
tightness, generalized weakness and broncho-
constriction in asthmatics (7). Although once
associated with foods in Chinese restaurants,
MSG is now used by most fast food chains and
in many foodstuffs, particularly processed
foods (8).

Despite its taste stimulation and improved
appetite enhancement, reports indicate that
MSG is toxic to human and experimental
animals (9). The toxic effect of MSG was
reported ina study on male Wistar rat testis,
in which significant oligozoospermia and
increased abnormal sperm morphology in a
dose-dependent manner was observed (10). In
addition, administration of MSG has been
implicated in cases of male infertility as it
causes testicular haemorrhage, degeneration
and alteration of sperm cell population and
morphology (11). MSG-treated animals had
increased triglycerol levels and
hyperglyceridemia (12). This study was
therefore designed to assess the effect of
varying concentrations of MSG on growth and
reproductive performance of mice.
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Materials and Methods

The study was carried out in the
Department of Animal and Environmental
Biology Laboratory, Adekunle  Ajasin
University, Akungba-Akoko. Akungba-Akoko
is a town in Akoko Southwest Local
Government Area of Ondo State, Nigeria
located between latitude 7° 32' 36" North, and
longitude 5° 30' 2" East.

Ninety-six mice (28 males and 68
females) weighing 24-33g procured from the
mice colony of the Department of Pathology,
University of Ibadan, Ibadan, Nigeria. They
were housed in plastic cages and randomly
assigned into one of four treatment groups A,
B, C and D (n = 7 males and 17 females per
treatment) after a 2-week physiological
adjustment period. The animals were fed ad
libitum with commercially prepared pelletized
grower feed containing 15% crude protein, 7%
fat, 10% crude fiber, 1.0% calcium, 0.35%
phosphorus and 2550 Kcal/kg of metabolisable
energy and drinking water was also provided
ad libitum.

The mice in the treatment groups B, C
and D received 1 mg, 2 mg, and 4 mg per ¢
body weight of 40% aqueous solution of MSG
every 48 hours for six weeks by intubation
prior to feeding, constituting the low, medium
and high dose groups, respectively. The
control group received normal saline water for
the duration of the experiment. The weight of
feed portions given and left uneaten after 24
hours was determined. The body weights of
the experimental animals were determined
weekly on a weighing scale (Ohaus Corp., Pine
Brook, NJ, USA) with a precision of 0.05 g.
The body weight gain of each mice was
determined weekly as the weight difference in
comparison to the weight in the previous week.
The Feed Conversion Ratio (FCR), which is a
measure of the efficiency with which the
bodies of livestock convert animal feed into
the desired output, was calculated by dividing
the mass of feed by the weight gained by the
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animal.

After the sixth week, three female mice
from each treatment were allotted to a male
mice of corresponding treatment (i.e. a male
mice in group A was assigned to three female
mice in group A, a male mice in group B to
three female mice in group B, with the same
procedure for groups C and D, respectively)
for multiple mating for 48 hrs. The female
mice from each treatment group were
monitored through gestation after confirmation
of sexual intercourse using the vaginal plug as
an index of mating. At parturition, conception
rate, gestation length, number of pups, mean
litter size, number of live pups per litter, and
pup weights were determined.

The experimental design adopted for this

research was Completely Randomized Design
(CRD). Data obtained were analyzed by
Analysis of Variance (ANOVA) procedure of
SAS (13). The treatment means were
compared using the Duncan procedure of the
same software. P values of < 0.05 were
considered significantly different.

Results

Figure 1 shows the feed consumption of
mice administered varied concentrations of
monosodium glutamate. The results showed a
time- and dose-dependent significant (p<0.05)
influence of MSG on feed intake of the animal.
The mean feed intake of the mice increased
significantly (p<0.05) with an increase in the
concentrations of MSG.
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Fig. 1: Feed consumption of mice administered varied concentrations of MSG

The growth performance of mice administered
varied concentrations of MSG are as shown in
Table 1. There were observed significant
(p<0.05) differences in the final body weights
of the animals. The mice not administered
MSG (i.e., the control) had final body weight
which was not significantly (p<0.05) different
from those administered 1 mg MSG/g BW
(low concentration). The final body weight of
the control mice was, however, statistically
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lower (p<0.05) than those administered the 2
mg MSG/g BW (medium) and 4 mg MSG/g
BW (high concentrations) of MSG. The total
weight gained by mice not administered MSG
was 979, 951 and 87.6 % of those
administered 1, 2 and 4 mg MSG/g BW,
respectively. The results showed that the mice
not administered MSG were, however, more
efficient in feed conversion compared with
those administered MSG.
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Table 1: Growth performance of mice administered varied concentrations of MSG (Mean +SEM)

Parameters Group A Group B Group C Group D
(Control) (1mg/g BW) (2mgl/g BW) (4mglg BW)
Initial body weight (g) 27.57+0.62 27.60£0.51 27.55+0.63 27.60+0.89
Final body weight (g) 30.90+0.93° 31.00+0.452 31.05+0.852 31.40+0.972
Total body weight gain (g) 3.33+0.33° 3.40+0.4020 3.50+0.292 3.80+0.862
Feed conversion ratio 36.72+3.67% 37.67+4.43° 39.29+3.24° 44.28+10.022

2 Means on the same row with different superscripts differ significantly (p<0.05); SEM = Standard Error

of Mean.

The effects of varied concentrations of MSG
on the reproductive parameters of mice are
shown in Table 2. The conception rate,
gestation length and weight of pups were
significantly (p<0.05) influenced by the
treatments. The conception rate and gestation
length increased in group B while the mean
live weight of pups decreased when compared
with the control. Compared with the weights of
pups from the control, the weight of pups from
mice in treatment groups B and C decreased by

10.66 and 26%, respectively. The average
number of pups decreased significantly
(p<0.05) at 2mg of MSG/g BW compared to
the control and those administered 1mg of
MSG/g BW Dead pups were recorded from
mice administered 2mg of MSG/g BW. The
result also showed that female mice
administered 4mg of MSG/g BW did not give
birth, even when two female mice showed
signs of pregnancy after copulation.

Table 2: Reproductive performance of mice administered varied concentrations of

monosodium glutamate (Mean + SEM)

Parameters Group A Group B Group C Group D
(Control) (1mg/g BW) (2mgl/g BW) (4mgl/g BW)

Conception rate (%) 66.672 70.502 20.00° -

Gestation length (days) 20.25+0.25° 20.75+0.25° 22.00+0.412 -

Average No of pups 7.33+0.04° 8.00+0.052 640.15¢ -

Weight of pups (g) 1.50+0.032 1.34+0.042 1.11+0.07° -

No of dead pups 0 0 6 -

®: Means on the same row with different superscripts differ significantly ( p<0.05).

Discussion

In this study, the effects of varying
concentrations of orally administered MSG on
food consumption and body weight were
investigated in mice. Monosodium glutamate
is a popular food enhancer, which many
manufacturers believe can be used as the
consumer likes with no specified average daily
intake or an upper limit intake (12). However,
some studies have indicated that monosodium
glutamate was found to be toxic to
experimental animals (14, 15, 16, 17).
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The effects on the feed intake of the mice
in the present study are in agreement with the
previous finding of Ghore et al. (17) in which
the mean feed intake of rabbits administered
varied doses of MSG (1 - 4 mg/kg BW)
significantly increased proportionately with
increased doses of the MSG administered. The
significant effects on the relative feed intake of
the animals with proportional increase in feed
intake with increasing doses of MSG per body
weight could be attributed to the effect of the
administered MSG. The pattern of feed
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consumption was directly related to the
concentrations of MSG administered. Since the
MSG was not added to the diets, the increased
feed intake by the animals could be due to
improved appetite enhancement as a result of
the positive influence of MSG on the appetite
control centre of the brain as observed by
Reddy et al. (18) and Tawfik and Al-Badr (19)
in rats administered MSG subcutaneously.
This corroborates the report of Dolnikoff et al.
(20) that MSG is detrimental to the normal
feeding physiology by inducing appetite
abnormally through, probably modulation of
the appetite control centre in the brain.

The present results, which showed a dose-
dependent increase in body weights of the
experimental animals, were compatible with
previous findings. Oluba et al. (21) reported
that consumption of MSG increased body
weight gained in rats. Administration of MSG
to rats showed a significant increase in body
weight which led to obesity as earlier reported
(20). In addition, increased body weight was
reported in rats administered 15 to 30 mg MSG
/kg (equivalent to 1 and 2 g/person) by
Falalieieva et al. (22).

Consumption of MSG could induce an
increase in energy intake which could lead to
obesity or alter the levels of carbohydrates,
lipids and proteins (23, 24). The mechanisms
of action that would allow MSG to promote
obesity are not clear. Different studies have
been carried out in order to understand the
relationship between MSG and obesity (25,
26). These studies reported that chronic MSG
intake  might intoxicate the arcuate
hypothalamic signaling cascade of leptin
action, causing leptin resistance related to
overweight/obesity. Moreover, the observed
weight gain associated with MSG intake might
be due to the destruction of several brain
regions including the hypothalamus involved
in appetite and energy metabolism.

The dose-dependent increase in FCR in
the mice administered varied concentrations of
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MSG compared to the control is an indication
of the influence of MSG on the metabolic
activities of the animals as reported by
Hermanussen and Tresguerres (27) and He et
al. (28) that MSG is capable of influencing
animal metabolism. Therefore, it could be
inferred that the feed consumed by mice in
MSG-treated groups were not significantly
converted in the body of these animals.

Food additives have been used to keep the
quality, texture, consistency, taste, colour,
alkalinity or acidity of foods to make them
more acceptable to the consumers. Their use
has reached alarming proportions and humans
are daily exposed to these chemical substances
in foods without defining the exact and safe
limits (29). The dose-dependent lowered
conception rate and elongated gestation lengths
beyond 1 mg MSG/g BW as observed in this
study revealed that MSG potentially affects
reproductive development. The significantly
lowered conception rate and loss of fertility
observed in mice in treatment groups C and D
respectively might be a result of complex
factors including the reported toxic effects of
MSG on testis (10, 11, 30) and degeneration of
the uterus (31) on one hand and the ability of
MSG to cross the placental barrier (29) on the
other hand, raising the possibility of trans-
placental poisoning, as reported by Toth et al.
(32).

The significant concentration-dependent
decrease in the weights of pups is in agreement
with the report of Hermanussen et al. (25) that
observed lower weight at birth in rats
administered a dose of 5g of MSG orally on
the 3rd week of gestation compared with the
control. Similarly, Diemen and Trindade (33)
reported that the weight of offspring of Wistar
rats administered 20% MSG seems lower than
the group administered 10% and the control
group. Al-Qudsi and Al-Jahdali (34) reported
that MSG treated chick embryos had
symptoms of growth retardations such as
reduced whole body weight and length,
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neck length and beak length which is in
consensus with this work. According to
Fernandez-Tresguerres (35), rats born to
mothers that consumed MSG during pregnancy
had reduced levels of growth hormone. The
dose-dependent decrease in the body weight of
pups observed in this study might be as a result
of the reduction of growth hormone in
pregnant mice administered MSG. Leitner and
Bartness (36) and Hermanussen et al. (25) also
cited a decrease in growth hormone in rats as a
result of ingestion of MSG which might be due
to the ability of MSG to cross the placental
barrier in rat.

Mondal et al. (37) also reported that MSG
suppressed the physiological functions of
the organ systems by reducing the
availability of oxygen in tissues through
the inhibition of the production of red
blood cells. Al-Qudsi and Al-Jahdali (34), in
their study concluded that, administration of
MSG could result in inadequate amounts of
blood reaching the embryo therefore limiting
the amount of nutrients transferred from yolk
to embryo, leading to growth retardation.

The dose-dependent decrease in the
average number of pups of the mice
administered MSG was similar to the
observation of Diemen and Trindade (33), that
the control group of female Wistar rats had the
highest number of offspring compared to other
groups that were giving 10 and 20% of MSG.
Hence, the decrease in the number of pups of
mice administered 2mg MSG/gm BW could be
attributed to the higher concentrations of MSG.

The number of dead pups observed in
mice administered 2mg of MSG/g BW might
be due to the ability of MSG to cross the
placental barrier in rat. Furthermore, the ability
of MSG to cross the placental barrier in rats, as
reported by Sharma and Deshmukh (29), could
be responsible for the death of pups of mice
administered higher concentrations of MSG.
The placenta provides oxygen and nutrients to
developing foetus and removes waste products

from the foetus. A defect in the placenta would
affect the foetus which could be attributed to
the possible causes of resorption of foetus in
mice administered 4mg MSG/gm body weight
in the present study, suggesting the possibility
of similar experience in trans-placental
poisoning of human foetus after the
consumption of glutamate-rich food by the
mother (38).

Mice administered with 4mg of MSG/g
BW were unable to give birth. This can either
be caused by abortion or infertility which is in
consensus with the report of Onakewhor (10)
that MSG may be linked in cases of male
infertility as it causes testicular haemorrhage,
degeneration and alteration of sperm cell
population and morphology.

Conclusion and Applications
This study has shown that
1. MSG is capable of producing adverse
effects on feed consumption and body
weight which may result in obesity in

animals.
2. MSG is capable of producing
alterations in reproductive

performance. Hence, MSG, though a
flavour-enhancer food additive which
its use in food has continually been
endorsed by many  reputable
International Organizations  and
nutritionists, must be carefully used in
food preparation. This is as a result of
its influence on food consumption
resulting in alterations in weight gains
in experimental animals and adverse
effects on reproductive performance
resulting in alterations in conception
rate, gestation length, weight of
resulting pups and survival of foetus.

References

1. Obochi, G. 0., Malu, S. P., Abara, A. E.,,
Ekam, V. S., Uboh, F. U. and Obi-Abang,
M. (2009). Effects of ascorbate on



Gbore et al

monosodium glutamate-associated
toxicities that may impact upon immune
competence. Toxicological  and
Environmental Chemistry, 91: 547-557.
Obaseiki-Ebor, E., McGhee, E.M. and
Shankee, D.M. (2003).  Improved
detection of the genotoxic and mutagenic
potentials of a food condiment A-One
(monosodium glutamate). Presented at the
Fourth International Conference of the
Pan-African  Environmental Mutagen
Society (PAEMS) in Dar El Diafa- Ain
Shams University, Cairo Egypt. 2 - 4"
March. p. 63.

Husarova, V. and Ostatnikova, D. (2013).
Monosodium glutamate toxic effects and
their implication for human intake: A

review. JMED Research, DOI:
10.5171/2013.608765.

Geha, R. S., Beiser, A., Ren, C.
Patterson, R., Greenberger, P. A,

Grammer, L. C., Ditto, A. M., Harris, K.
E., Shaughnessy, M. A., Yarnold, P. R,
Corren, J. and Saxon, A. (2000). Review
of alleged reaction to monosodium
glutamate and outcome of a multicenter
double blind placebo-controlled study.
Journal of Nutrition, 130 (4): 1058-1062.
Eweka, A.O. and Adjene, J.O. (2007).
Histological studies of the effects of
monosodium glutamate on the medial
geniculate body of adult wistar rats.
Electronic Journal of Biomedicine, 2: 9-
13.

Samuels, A. (1999). The toxicity/safety of
MSG: a study in suppression of
information. Accountability in Research,
6(4): 259-310.

Freeman, M. (2006). Reconsidering the
effects of monosodium glutamate. A
literature review. Journal of the American
Academy of Nurse Practitioners, 18 (10):
482 - 486.

Rhodes, J., Titherley, A. C., Norman, J.
A., Wood, R. and Lord, D. W. (1991). A

69

10.

11.

12.

13.

14.

15.

survey of the monosodium glutamate
content of foods and an estimation of the
dietary intake of monosodium glutamate.
Food Additives and Contaminants, 8 (5):
663 - 672.

Belluardo, M., Mudo, G. and Bindoni, M.
(1990). Effect of early destruction of the
mouse arcuate nucleus by MSG on age
dependent natural killer activity. Brain
Research, 534: 225-333.

Onakewhor, J. U. E., Oforofuo, I. A. O.
and Singh, S. P. (1998). Chronic
administration of monosodium glutamate
induces oligozoospermia and glycogen
accumulation in Wistar rat testes. African
Journal of Reproductive Health, 2(2):190-
197.

Oforofuo, I, A. O., Onakewhor, J. U. E.
and Idaewor, P. E. (1997). The effect of
chronic administration of MSG on the
histology of the adult Wistar rat testes.
Bioscience  Biotechnology  Research
Communications, 9 (2): 6 - 15.

Diniz, Y.S., Faine, L.A., Galhardi, C.M.,
Rodrigues, H.G., Ebaid, G.X., Burneiko,
R.C., Cicogna, A.C. and Novelli, E.L.
(2005). Basic nutritional investigation on
monosodium glutamate in standard and
high-fiber diets: metabolic syndrome and
oxidative stress in rats. Nutrition, 21: 749
- 755.

SAS (2008). SAS/STAT user’s guide, v
9.2 for Windows. Statistical Analysis
Systems Institute, Cary.

Ariano, M.A., Wagle, N. and Drissel,
A.E. (2005). Neuronal wvulnerability in
mouse models of Huntington’s disease:
Membrane channel protein changes.
Journal of Neuroscience Research, 80:
634 - 645.

Egbuonu, A.C.C,, Obidoa, 0.,
Ezeokonkwo, C.A., Ezaeanyika, L.U.S.
and Ejikeme, P.M. (2009). Hepatotoxic
effects of low dose oral administration of
monosodium glutamate in male albino


https://onlinelibrary.wiley.com/journal/17457599
https://onlinelibrary.wiley.com/journal/17457599

16.

17.

18.

19.

20.

21.

Gbore et al

rats. African Journal of Biotechnology,
8(13): 3031-3035.

Egbuonu, ACC, Obidoa, 0.,
Ezeokonkwo, C.A., Ejikeme, P.M,,
Ezeanyika, L.U.S. (2010). Some
biochemical effects of sub-acute oral
administration ~ of  L-arginine  on

monosodium glutamate-fed Wistar albino
rats 1: Body weight change, serum
cholesterol, creatinine and sodium ion
concentrations. Toxicological and
Environmental Chemistry, 92(7): 1331-
1337.

Gbore, F.A., Olumomi, O.R., Aworetan,
I.M., Gabriel-Ajobiewe, R.A.O. (2016).
Oral administration of monosodium
glutamate alters growth and blood
parameters in female rabbits. European
Journal of Biological Research, 6 (3):
218-225.

Reddy, V.M., Meharg, S.S. and Ritter, S.
(1986). Dose-related stimulation of
feeding with systemic injections of
monosodium glutamate. Physiology and
Behavior, 38: 465 - 469.

Tawfik, M.S. and Al-Badr, N. (2012).
Adverse effects of monosodium glutamate
on liver and kidney functions in adult rats
and potential protective effect of vitamins
C and E. Journal of Food and Nutrition
Sciences, 3: 651- 659.

Dolnikoff, M., Martin-Hidalgo, A,
Machado, U.F., Lima, F. B. and Herrera,
E. (2001). Decreased lipolysis and
enhanced glycerol and glucose utilization
by adipose tissue prior to development of
obesity in monosodium glutamate (MSG)
treated-rats. International Journal of
Obesity, 25(3): 426-33.

Oluba, O., Onyeneke. E., Idonije, B.,
Eidangbe, G. (2011). Effect of soy protein
on monosodium glutamate (MSG)-
induced obesity in rats. Asian Journal of
Pharmaceutical and Biological Research,
1(1): 8 - 14.

70

22.

23.

24,

25.

26.

27.

28.

Falalieieva, T.M., Kukhars'kyi, V.M. and
Berehova, T.V. (2010). Effect of long-
term monosodium glutamate
administration on structure and functional
state of the stomach and body weight in
rats. Fiziologichnyi Zhurnal, 56(4): 102-
110.

Diniz, Y.S., Fernando, A.A., Campos,
K.E., Mani, F., Ribas B.D. and Novelli,
E.L. (2004). Toxicity of hypercaloric diet
and monosodium glutamate: oxidative
stress and metabolic shifting in hepatic
tissue. Food and Chemical Toxicology,
42: 319-325.

Mozes, S., Seféikova, Z., Lenhardt, L. and
Racek, L. (2004). Obesity and changes of
alkaline phosphatase activity in the small
intestine of 40-80-day old subjects to
early postnatal overfeeding of
monosodium  glutamate.  Physiological
Research, 53: 177 - 186.

Hermanussen, M., Garcia, A. P., Sunder,
M., Voigt, M., Salazar, V. and
Tresguerres, J. A. (2006). Obesity,
voracity, and short stature: the impact of
glutamate on the regulation of appetite.
European Journal of Clinical Nutrition,
60 (1):25 - 31.

Hermanussen, M. and Tresguerres, J.A.F.
(2008). Factors influencing body mass
index, appetite control, and the role of
glutamate and excess nutritional protein
during child development. A review.
Current Pediatric Reviews, 4: 110 - 119.
Hermanussen, M. and Tresguerres, J.A.F.
(2003). Does high glutamate intake cause
obesity? Journal of Pediatric
Endocrinology and Metabolism, 16(7):
965 - 968.

He, K., Du, S., Xun, P., Sharma, S.,
Wang, H., Zhai, F. and Popkin, B. (2011).
Consumption of monosodium glutamate
in relation to incidence of overweight in
Chinese adults: China Health and
Nutrition Survey (CHNS). American



29.

30.

31.

32.

33.

Gbore et al

Journal of Clinical Nutrition, 93(6): 1328
- 1336.

Sharma, V. and Deshmukh, R. (2015).
Ajimomoto (MSG): a fifth taste or a bio

bomb. European  Journal  of
Pharmaceutical and Medical Research, 2
(2): 381 —400.

Nosseir, N. S., Ali, M. M. and Ebaid, H.
M. (2012). A histological and
morphometric study of monosodium
glutamatetoxic  effect on testicular

structure and potentiality of recovery in
adult albino rat. Research Journal of
Biological Sciences, 2 (2): 66-78.

Mondal, M., Sarkar, K., Nath, P. P. and
Paul, G. (2016). Monosodium glutamate
depresses the function of female
reproductive system in rat by promoting
oxidative stress induced changes in the
structure of uterus. International Journal
of Pharma and Bio Sciences, 7 (4): (B)
799 — 804.

Toth, L., Karcsu, S. and Feledi, J. (1987).
Neurotoxicity of monosodium-L-
glutamate in pregnant and fetal rats. Acta
Neuropathologica, 75 (1): 16-22.

Diemen, V. and Trindade, M. R. (2010).
Effect of the oral administration of
monosodium glutamate during pregnancy
and breast-feeding in the offspring of
pregnant Wistar rats. Acta Cirurgica
Brasileira, 25(1):37-42.

71

34.

35.

36.

37.

38.

Al-Qudsi, F. and Al-Jahdali, A. (2012).
Effect of monosodium glutamate on chick
embryo  development.  Journal  of
American Science, 8 (10): 499 - 5009.
Fernandez-Tresguerres, H. J. A. (2005).
Effect of monosodium glutamate given
orally on appetite control (a new theory
for the obesity epidemic). Anales de la
Real Academia Nacional de Medicina
(Madr), 122 (2): 341- 360.

Leitner, C. and Bartness, T. J. (2008).
Food deprivation-induced changes in
body fat mobilization after neonatal MSG
treatment.  American  Journal  of
Physiology-Regulatory, Integrative and
Comparative Physiology, 294 (3): 775 -
783.

Mondal, M., Tarafder, P., Sarkar, K.,

Nath, P. P. and Paul, G. (2014).
Monosodium glutamate induces
physiological stress by promoting oxygen
deficiency, cell mediated

immunosuppression and production of
cardiovascular risk metabolites in rat.
International Journal of Pharmaceutical
Sciences Review and Research, 27 (1):
328 — 331.

Téth, L., Karcsu, S., Feledi, J.
and Kreutzberg, G. W. (1987).
Neurotoxicity of monosodium-I-glutamate
in pregnant and fetal rats. Acta
Neuropathologica, 75:16-22.


https://www.ncbi.nlm.nih.gov/pubmed/?term=von%20Diemen%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20126886
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trindade%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=20126886
https://link.springer.com/journal/401
https://link.springer.com/journal/401

