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Background: Glutamate is found in a wide variety of foods. It  induces the uterine fibroid in the rats by 
increasing the levels of estradiol. Diltiazem is an effective preventive medication. This study was 
conducted to analyse the effect of monosodium glutamate on the serum estrogen and progesterone 
levels in adult Sprague Dawley rat and its prevention with diltiazem. Methods: This Laboratory based 
randomized controlled trial was conducted in the department of Anatomy, Army Medical College, 
Rawalpindi in collaboration with National Institute of Health (NIH), Islamabad from 9th April to 23rd 
April 2012. In this experimental study, 30 adult female Sprague Dawley rats of average weight of 500 g 
were randomly assigned into three groups. The experimental group B was given 0.08 mg/kg of 
monosodium glutamate (MSG) orally and experimental group C was given 0.08 mg/kg of MSG and 10 
mg/kg of diltiazem in distilled water orally for 14 days. The control group (A) received only laboratory 
diet. Using intracardiac route 5 ml blood was taken from each animal for hormonal assay. Results: 
Hormone assay of the serum in the experimental group B showed increase in serum estrogen and 
progesterone levels as compared to the group A and there was minor increase in the hormonal levels in 
group C. Conclusion: MSG causes increase in the serum estrogen and progesterone levels in adult 
female rats and diltiazem prevents this effect. 
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INTRODUCTION 
Monosodium glutamate (MSG) is the sodium salt of the 
non-essential amino acid glutamic acid, which is one of 
the most abundant amino acids found in nature and 
exists both as free glutamate and bound with other 
amino acids in protein. Animal proteins contain 11–22% 
by weight of glutamic acid and the plant proteins have 
as much as 40% glutamate. Glutamate is found in a 
wide variety of foods where it has a flavour enhancing 
effect. It is also found in relatively high concentration in 
foods such as tomatoes, mushrooms, peas and cheese. 
As a result of its flavour enhancing effects, glutamate is 
often deliberately added to foods usually as a purified 
monosodium salt. MSG is sold in open market in 
Pakistan. MSG increases the appetite by stimulating the 
appetite centre in the hypothalamus.1–3 There are certain 
reports indicating the toxicity of MSG to experimental 
animals and human beings.4 In testicular tissues ascorbic 
acid content is reduced by MSG.5 The degenerative and 
atrophic changes in the fallopian tubes are induced by 
MSG when administred in higher dosage and for 
prolonged period.6 It  induces the uterine fibroid in rats 
by increasing  the levels of total protein, cholesterol and 
estradiol.7 

Diltiazem is a member of the class of drugs 
known as calcium channel blockers, used in the 
treatment and prevention of hypertension, various types 
of angina and superaventricular tachycardia.8,9 It is also 
an effective preventive medication for migraine.10 
Diltiazem prevents the  effects of MSG by reducing the 

intracellular calcium overload. Diltiazem blocks the 
calcium channels in the cell membrane, so reducing 
permeability of cell membrane for calcium ions. 
Previous studies have shown that pretreatment with 
diltiazem prevents the effects of MSG on hypothalamus 
of rats.11 

The effect of MSG on the serum estrogen and 
progesterone levels has been studied however the role of 
diltiazem in prevention of this effect has not been 
investigated. This study was conducted to analyse the 
effect of monosodium glutamate on the serum estrogen 
and progesterone levels in adult Sprague Dawley rat and 
prevention with diltiazem. 

MATERIAL AND METHODS 
This laboratory based randomized controlled trial was 
carried out at the Anatomy Department, Army Medical 
College, Rawalpindi in collaboration with National 
Institute of Health (NIH), Islamabad from 9th April to 
23rd April 2012. Ethical considerations were fulfilled 
and ethical approval was sought from the Ethical 
Committee of Army Medical College, Rawalpindi prior 
to the commencement of the study. Thirty adult female 
Sprague Dawley rats weighing 490–510 grams were 
obtained from the animal house of NIH, Islamabad. The 
rats were kept in cages at standard room temperature 
maintained on 12 hour light/dark cycle. Rats were 
randomly divided into three groups A (control group), B 
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and C (experimental groups) with 10 rats in each 
group using lottery method. 

Group A was fed on laboratory diet for 14 
days. Group B was fed on normal lab diet and was 
given 0.5 ml of distilled water by oral gavage tube 
containing Monosodium Glutamate 0.08 mg/kg 
body weight/day at 10 am daily for 14 days. Rats in 
group C were fed on laboratory diet and was given 1 
ml of distilled water containing diltiazem 10 mg/kg 
body weight/day and 0.5 ml distilled water 
containing Monosodium glutamate 0.08 mg/kg body 
weight/day by oral gavage tube at 10 AM daily for 
14 days. The animals were euthanized by ether 
anesthesia after 5 cc blood was drawn through 
cardiac puncture. This blood was collected in 
labelled non-heparinized test tubes and centrifuged 
at 5000 rpm for 5 minutes to separate serum. Serum 
was then placed in freezer at -20C for hormone 
assay. 

Data was analysed using SPSS-18. Mean 
and standard deviation (SD) were calculated for 
serum estrogen and progesterone levels of control 
and experimental groups. Comparison of the 
variables were made using the ANOVA followed by 
post-hoc Tukey test. p-value of ≤0.05 was 
considered as statistically significant.  

RESULTS 
The mean serum estrogen level of control group-A 
was 83.53±9.87 pmol/l, for group-B it was 
136.97±12.50 pmol/l, and for group C it was 
64.79±17.85 pmol/L. The difference in the mean of 
serum estrogen levels between three groups were 
found statistically significant. (Tabel-1). The mean 
serum progesterone level of control group A was 
24.47±2.11 ng/ml, for group B it was 30.29±1.15 
ng/ml, and for group C it was 26.86±1.31 ng/ml. 
The difference in the mean serum progesterone 
levels between three groups was found statistically 
significant. (Tabel-2). 

Table-1: Comparison of estrogen levels between the 
groups 
Groups 

Parameter A 
Mean±SD 

B 
Mean±SD 

C 
Mean±SD 

F p 

83.53±9.88 136.97±12.51  112.4 0.000 
 136.97±12.51 64.79±17.85 109.6 0.000 

Estrogen 
level 
(pmol/l) 83.53±9.88  64.79±17.85 8.4 0.014 

p-value ≤0.05 is statistically significant. 

Table-2: Comparison of progesterone levels 
between the groups 

Group Parameter 
 A 

Mean±SD 
B 

Mean±SD 
C 

Mean±SD 
F p 

24.47±2.11 30.29±1.15  58.7 0.000 
 30.29±1.15 26.86±1.31 38.8 0.000 

Progestrone 
level 
(ng/ml) 24.47±2.11  26.86±1.31 9.2 0.006 

DISCUSSION 
MSG is the sodium salt of the non-essential amino 
acid glutamic acid and has long been used due to its 
flavour enhancing properties as it increases the 
appetite by stimulating the appetite centre as well as 
debated for its safety and harmful effects. 

The mean serum estrogen levels were 
significantly higher in MSG treated group B 
(136.97±12.5 pmol/l) compared to control group A 
(83.53±9.8 pmol/l) (p<0.05) and the group C 
(64.79±17.8 pmol/l) (p<0.05). This implies that 
MSG increases serum estrogen levels and diltiazem 
protects the body from MSG induced increase in 
estrogen level. 

The increase in the levels of estrogen found 
by Obochi was 119.2% but in our study it was 
63.9%. The MSG causes activation of enzyme 
aromatase which catalyzes the conversion of 
testosterone to estradiol, therefore resulting in 
increased estradiol synthesis.6 However, this study 
was different in two aspects; dosage of MSG in this 
study was 100 mg per kg of body weight and duration 
of this study was 60 days but in our study dosage was 
0.08 mg MSG per kg of body weight and duration was 
14 days. This difference explains the differing results 
of the investigation. 

Similar to findings regarding estrogen 
levels, the mean serum progesterone levels were 
also significantly higher in MSG treated group 
compared to control group (p<0.05) and the group 
treated with MSG and diltiazem (p<0.05). These 
findings are similar to the findings of Lamperti and 
Blaha,12 who found increased levels of progesterone 
in the plasma and interstitial tissue in MSG treated 
animals, which were significantly higher than those 
found in control animals. The reason for increase in 
progesterone levels in group B was the increased 
levels of luteinising hormone due to MSG 
treatment. 

CONCLUSION 
Administration of MSG results in an increase in 
serum levels of estrogen and progesterone in rats 
while co-administration of diltiazem has preventive 
effect against the rise in levels of estrogens and 
progesterone.  

RECOMMENDATIONS 
It is a well-recognized fact that MSG is widely used 
throughout the world by almost all populations. 
Based upon the findings of this study, MSG has 
potential threats that lead to gynaecological 
problems. This study recommends exploring the 
role of diltiazem further in prevention of MSG 
induced changes in the human beings which could 
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help in managing a major cause of hormonal 
disturbances and fibroids. 

ACKNOWLEDGEMENT 
The authors wish to acknowledge the help of Dr. 
Hussain Ali, from the National Institute of Health 
(NIH), Islamabad, in animal handling and 
experimentation. The authors declare that they have no 
conflict of interest. 

REFERENCES 
1. Rogers PP, Blundell JE. Umani and appetite: Effects of 

monosodium glutamate on hunger and food intake in human 
subjects. Physiol Behav 1990;48(6):801–4. 

2. Iwase M, Yamamoto M, Iino K, Ichikawa K, Shinohara N, 
Yoshinari F. Obesity induced by neonatal monosodium 
glutamate treatment in spontaneously hypertensive rats: an 
animal model of multiple risk factors. Hypertens Res 
1998;21:1–6. 

3. Gobatto CA, Mello MA, Souza CT, Ribeiro IA. The 
monosodium glutamate (MSG) obese rat as a model for the 
study of exercise in obesity. Res Commun Mol Pathol 
Pharmacol 2002;111(1–4):89–101. 

4. Belluardo N, Mudo G,  Bindoni M. Effect of early destruction 

of the mouse arcuate nucleus by MSG on age dependent 
natural killer activity. Brain Res 1990;534:225–333. 

5. Nayanatara AK1, Vin- odini NA1, Damodar G1, Ahemed B1, 
Rameshwamy CR1, Shabarianth. 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):1–5. 

6. Eweka AO, Eweka A, Om’Iniabohs FAE. Histological studies 
of the effects of monosodium glutamate on the fallopian tube 
of adult female Wistar rats. N Am J Med Sci 2010;2(3):146–9. 

7. Obochi GO, Malu SP, Obi-Abang M, Alozie Y, Iyam M. 
Effect of garlic extracts on MSG induced fibroid in wistar rats. 
Pak J Nutr 2009;8:970–6. 

8. Class SA, Glasser SP. Long-acting diltiazem HCL for 
chronotherapeutic treatment of hypertension and chronic stable 
angina pectoris. Expert Opin Pharmacother 2005;6:765–76. 

9. Gabrielli A, Gallagher TJ, Caruso LJ, Bennet NT, Layon JA. 
Diltiazem to treat sinus tachycardia in critically ill patients: A 
four year experience. Ctitical Care Med 2001;29:1874–9. 

10.  Grossman E, Messerli FH. Calcium antagonists. Prog 
Cardiovasc Dis 2004;47(1):34–57. 

11. Bojanic VV, Bojanic ZZ, Najman S, Savic T, Zivanov-Curlis J, 
Tomin J. Diltiazem prevention of monosodium glutamate 
toxicity on hypothalamus in Wistar rats. Arch Oncol 
2004;12(suppl 1):19–20. 

12. Lamperti, Blaha. Ovarian Function in the Hamsters Treated 
with Monosodium Glutamate. Biol Reprod 1979;21:923–8. 

Address for Correspondence:  
Lt. Col. Khadija Qamar, Anatomy Department, Army Medical College, Rawalpindi (National University of Sciences 
and Technology Islamabad), Pakistan. Cell: +92-333-5171653 
Email: colkhadijaqamar@gmail.com 


