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Effects of chronic consumption of monosodium glutasmte in Sprague
Dawley rats’ liver

Running Headline: Severity of MSG in rats liver

ABSTRACT
The safety of monosodium glutamate (MSG) usage dexserated much controversy,
because of the toxic nature of monosodium glutarmdieh is often added to food to
improve taste and the uneas@22? that this may have deleterious effect on agsns of
the body is on the increase. The evaluation of é¢ffect of monosodium glutamate
(analytical and commercial grade) on the liver gire§ue-Dawley rats was carried out.
Monosodium glutamate administration caused sigaificincrease in the body weight of
experimental rats also the sera revealed that thesaminase enzyme levels were
significantly up-regulated. Evidence from histolmajidata confirmed structural changes like
hydropic degeneration of hepatocytes, periportules infiltration by mononuclear cells,
severe portal and central venous congestion wisicmiindication that the liver functions
may have been affected.
Keywords: Monosodium glutamate; histolopatholodjyer; rats; hepatocytes

INTRODUCTION
Monosodium glutamate (MSG) is a non-essential anaicid that occurs naturally

and it is also called sodium salt of glutamic a@dnomiya, 1998). It is found naturally
occurring in some fruits and vegetables (Spectéi4p The commercial-grade is sold in
most open market stalls and stores in Nigeria gmtfoto”. In most food industry MSG is
used to enhance flavour with a pleasant taste gasthe glutamate that occurs naturally
(Ikeda, 2002).

Monosodium glutamate is often used for taking aw#sins from cloth in some
communities in Nigeria. Although, there are varisaports on the toxic nature of MSG to
human and animals but it still improves appetitd taste (Belluardet al., 1990). Numerous
conditions have been known to be caused by MSGsetlmmnditions include abdominal
discomfort, asthma, ventricular arrhythmia, urti@aneuropathy and atopic dermatitis (Geha
et al., 2001). Onakewhat al. (1998) reported that MSG caused abnormal incrieasgerm
morphology and oligozoospermia in male wistar ralsse dependently. It has also been

reported by Oforofucet al. (1997) to cause degeneration of sperm cell ptipualaand
1
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morphology as well as testicular hemorrhage. MS& aén#oxic effect on many body organs
by altering ionic permeability of neural membraned anduces persistent depolarization
(Robinson, 2006). Conditions likestroke, epilepsy, brain trauma, neuropathic pain,
schizophrenia, anxiety, depression, Parkinson'sadis, Al-zheimer’s disease, Huntington’s
disease, and amyotrophic lateral sclerosis have teg®rted to be neurotoxic effects of MSG
(Samuels, 1999).

The liver is the largest glandular organ of the \hodeighing between 1.4-1.6kg
(Johnson, 1995) and the function in the body inetuglasma protein synthesis, glycogen
storage, productionof ef—an alkaline compound (bile) that helps digestion, and
detoxification of most substances (Garteerl., 2000).Since the liver is involved in the
performance of these varied functions, it may bsceptible to injury resulting from toxic
substances. This study is therefore designed to&eathe effects of monosodium glutamate

in the liver of experimental animals

MATERIALS AND METHOD

Chemicals

Analytical grade MSG (§4sNNaO,.H,0) and the commercially available food grade
package sold in most open market in Nigeria weeediemicals used in this study. Stock
solution was prepared by dissolving known gramdfypoth analar grade and food-grade

monosodium glutamate crystals differently in sefmtzottles in known millilitres (mL) of
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distilled water. The dose scheduled was adjustetthaothe amount of MSG administration

per animal was as per their respective group baslights.
Experimental Animals

Fifty (50) female Sprague-Dawley ratsedbredwa-in- house with an average weight
of about 100 — 150g were used for the experimeme. @xperimental rats had free access to
food and water; they were also maintained underdstalized conditions away from any
stressful conditions. All experimental procedured animal maintenance were conducted in
strict accordance with the ethical guidelines af #mimal care unit of the Department of

Physiology, Ladoke Akintola University of Technojogdgbomoso, Oyo State, Nigeria.
Clinical examination of the experimental animals

Prior to MSG administration, the weights of akk tanimals were recorded and all rats were
confirmed to be healthy. The experimental animase randomly divided into 5 groups of
10 rats each. Group | received 0.10g/kg body wei@nvup Il 0.15g/kg body weight, Group
Il 0.20g/kg body weight of analar grade MSG in rhil50f water daily while Group IV
received 0.20g/kg body weight of commercial fooddgr MSG also in 1.5ml of water daily
for fourteen days. Group V served as the contrdl @hgrades of MSG were administered

orally.

Biochemical Analysis of the serum

Blood samples of the rats were taken through th#ao route at the end of treatment
period and serum was separated by centrifugatiacd0@@rpm for 10 min. The serum was
collected and used for analysis, which includedo8lalucose, total protein, albumin,
globulin and enzymes activities (AST and ALT).

Cholesterol and glucose assay
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The method of Siededt al. (1981) was used to determine cholesterol by eatigm
colorimetric reaction and glucose was determinedpg®ctrophotometric method as described
by Teuscher and Richterich (1971).

Transaminases assay:.

The method of Schmidt (1963) and Oladgi@l. (2014) was used to determine ALT
and AST by spectrophotometric method.
Total serum protein assay

Total serum protein was determined using the biomethod as described by Reinold
(1953).

Albumin assay

Albumin was determined using the BGG (Bromocreseeg) method as described by
Peterset al. (1982).

Histological analysis of the liver

The animals were sacrificed by cervical dislocatainthe end of the experimental
period and they were dissected, the livers wereovewh and fixed in 10% formalin solution
for routine histological technigues. The tissuepgewere embedded in paraffin and sections
were then cut with a microtome, stained with hemyto and eosin and assessed under an
Olympus microscope (Olympus Optical Co., GMBH, Hamgy Germany). Images were
captured using Camedia software (E20P 5.0 Megapiaeiburg, Germany) at 20X
magnification

Statistical Analysis

Statistical analyses of the data gathered wereepsad using SPSS 17.0 software.

Comparison between groups was made using One-waly#ia of variance (ANOVA).
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RESULTS

It was noted that monosodium glutamate increasegetdp and thirst in the
experimental animals. Also, there was increaseha lhody weight of the experimental
animals with more significant increase in the Grélijanimals after the experimental period
as shown in Table 1.

Evaluation of the sera of experimental animals sftbthat monosodium glutamate
administration elevated the expressions of transasa eRzymesalso the levels of globulin
and total protein fractions were up-regulated. @utose and cholesterol levels were down-
regulated with the exception of the cholesteroklexf group Il animals as can be seen in

Table 2.

It was confirmed from the histological data tHa¢re was a mild diffuse hydropic
degeneration of hepatocytes in the group | aninMtderate periportal cellular infiltration
by mononuclear cells was seen in the group Il rAtso, the group Il animals showed
severe portal and central venous congestion whileylV showed a mild periportal cellular

infiltration when compared with the control groupshown in Figure 1.

Table T Body weight of experimental animals before andrdf1SG administration

Groups Weight before treatment Weight after treatment
Group | 120 +1.78F 134 +2.06
Group I 130 + 8.54" 144 + 1.58
Group I 140 + 4.04 162 + 2.006
Group IV 110 + 4.04 129 + 0.57
Group V 110 +9.0% 120 + 0.58

Value = mean * standard deviation; values follovbgdthe same alphabets in the same
column are not significantly different£®.05).
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Table 2 Biochemical analysis of the blood sera of experialerats

Parameters Group | Group Il Group Il Group IV Group V
AST (uKat/L) 1.63 +0.41 1.66 +0.19 1.74+0.18 1.78 +0.18 1.51+0.16
ALT (uKat/L) 0.47 +0.08 0.47 £0.02 0.49+0.07  0.51+0.07 0.38 £ 0.07
ALB (umol/L) 6.23+0.22 6.67 + 0.3% 6.73+0.31 6.59+0.18 6.12 + 0.49
TP (g/L) 84.75+4.88 84.9619.45 86.94+2.11  76.4245.31% 69.60+8.7%
GLOB (g/L) 45.82+7.98 47.44+3.95 48.65+5.28  37.8245.4%  34.25+10.98
CHOL (mg/dL) 77.18+16.36 79.93+7.88 94.74+11.31  64.66x2.24  87.10+11.9%
GLU (mmol/L) 4.47+0.94 4.77+0.98 5.21+0.28 5.26+1.72 5.41+0.79
BIL (umol/L) 7.29+2.89 8.65+1.46 9.86+7.84 6.71+1.98 6.90+0.9%

Value = mean + standard deviation; values followgdhe same alphabets in the same row
are not significantly different £0.05). Gl = Group I; Gll = Group II; GlII = Groul; GIV
= Group IV; GV = Group V.
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Figure 1: Histology of the livers of experimentatsr after MSG treatment. Gl = Group |
(Arrow shows mild diffuse hydropic degenerationhafpatocytes); Gll = Group Il (Arrows
indicating moderate periportal cellular infiltratiddy mononuclear cells); Glll = Group IlI
(Arrow shows severe portal and central venous cstig®; GIV = Group IV (Arrows
indicating a mild periportal cellular infiltration§5V = Group V.
DISCUSSION AND CONCLUSION

One of the widely used additives and flavouring ragein food is monosodium
glutamate and it is mostly used to enhance preferand taste in food (Walker and Lupien,
2000; Chaudari and Roper, 1998). But diseases Jikaricular arrhythmia, endothelial

dysfunction brain lesion, diabetes, coronary he&tase and cancer have been associated

with the consumption of monosodium glutamate (Banal., 2005; Mallick, 2007).
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The significantincrease ofbody weight-taereasebserved in this study has been
previously reported by Oladipa al. (2015). The significant elevation of the expressiof
transaminaseenzyma in the sera of experimental animals is an indocatf liver damage as
tansaminase enzymes are dischaigeda-te the blood upon liver damage and thus are used
as liver damage marker (Al-Mamary, 2002). The digant down-regulation of glucose
levels in the experimental animals is an indicatidrreduction in the tolerance of glucose
(Diniz et al., 2004).

In this study, liver sections of rats treated witv dose of analar MSG showed
considerable structural changes, amongst which milis diffuse hydropic degeneration of
hepatocytes. This is in alignment with the previawsk of Singh (1997) who reported the
distortion and dilatation of the hepatocytes arartbentral vein. He further reported that the
haematopoietic function of the liver may have béehly affected as a result of probable
toxic effect of MSG. As reported by Singh (1997)S® may have acted as toxins to the
hepatocytes, thereby affecting their cellular intggand causing defect in membrane
permeability and cell volume homeostasis. The hyidrand degenerative changes observed
in this experiment may have been caused by thaaytoeffect of MSG on the liver; which
is in agreement with Wateesal. (1994).

The liver section of the rats treated with fooddgradSG showed a mild periportal
cellular infiltration by mononucleacell€e¥S. This is supported by Butler (1996) who
reported hepatocellular necrosis in the peripoai@as and fibroplasia with mononuclear
leucocytic infiltration. The observed necrosis ntigad to hepatitis as reported by Nwaopara
et al. (2007) and the infiltration of mononuclear leugtes into the portal area was probably
an adaptive cellular response to possible hepagisigiting from the toxic effects of MSG.

Furthermore, the animals administered with highedolsanalar MSG showed severe

portal and central venous congestion. Sekt. (2000) stated that liver failure had severe
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underlying cardiac disease that had often led ssiga congestion of the liver. Also, Eweka
et al. (2007) revealed that with increasing dose of nsodaum glutamate consumption; there
was varying degrees of dilatations of the centeh\of the liver which contain lysed red
blood cells. This suggests that the distortionhe tyto-architecture of the liver could be
associated with functional changes that may bendental to the health of the rats.

In conclusion, the results of the present invesitigahave shown that mono-sodium
glutamate (MSG) is capable of producing alterationthe body weight and liver functions.
These alterations appear in the liver probably bseait is mainly responsible for
detoxification of foreign compounds in the body.
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