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A HISTOLOGICAL STUDY OF THE HEPATIC AND RENAL EFFECTS OF SUBCHRONIC,

LOW DOSE ORAL MONOSODIUM GLUTAMATE IN SWISSALBINO MICE.

Adejoke Yetunde ONAOLAPO *, Olakunle James ONAOLAPO %, Tolulope Josiah Mosaku *

Onigbinde, Oluwanisola Akanji'and Oyeleke Abiodun®

ABSTRACT

The effects of low dose, subchronic oral monosodglutamate (MSG) on the histology
of the liver and kidneys were studied. This wadetermine if MSG consumption at these doses
is associated with histological evidence of hepatiaenal injuries. Forty adult Swiss albino
mice weighing between 20-25 mg were assigned irgdps A, B, C and D. Group A served as
control and received normal saline while group£End D received MSG daily at 0.5, 1.0 and
1.5 mg/kg dissolved in normal saline respectivelyZ8days. On day 29 animals were sacrificed;
liver and kidneys removed were processed for logioal study. Statistical analysis was by one
way ANOVA followed by a posthoc test, results werepressed as mean =S.E.M. MSG
consumption is associated with a dose- dependbeit alon statistically- significant increase in
body weight compared to control, significant inGean relative liver weight occurred at 1 and
1.5 mg/kg and significant increase in relative legrnweight at 1.5 mg/kg. Liver and kidney
histology showed loss of normal liver architectwi¢gh varying degrees of disorganization and
apoptotic cell death, contraction of the renal gbomus and thickening of the walls of the renal
tubules. The study concluded that MSG at low deseses hepatic and renal injuries.

Keywords: Glutamate, Anatomy, Pharmacology, Morpbwgl
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10 INTRODUCTION

Monosodium glutamate (MSG) is a naturally occgrsodium salt of glutamic acid
which was initially synthesized from wheat glutart how produced in commercial quantities by
bacterial fermentation (Leung and Foster, 2003)s lan important building block of protein
(Pasquini and Berardelli, 2009). MSG is found imgoguantity in many natural food substances
and as either an additive and flavour enhancer amyncommercially packed food products.
MSG is useful in both home and restaurant cookimgj i& is a common component of Asian
diets (Walker and Lupien, 2000). The unique flavamd taste of this compound has been
categorized and established as a separate tastatisen‘Umami” taste (lkeda, 1909). It is
marketed in Nigeria a#é\jinomotq other trade names include: Vetsin, Accent andtifigs
powder. MSG is composed of white colourless odasrlgrystals that exist in two forms called
enantiomers although only the L forms are usedlagotiring agents (Leung and Foster,
2003).The liver plays an important role in the rbetesm of glutamate , some glutamate is
converted here into lactate while the kidney tgkad in its elimination although some MSG is
metabolised by conversion into alanine in the tmas mucosa (Garattiini, 2000).

MSG is ingested daily either as a component afimaflyy occurring food substance or as a food

additive although only abofmooo of the total mass of glutamate present intissues comes
from exogenous glutamate sources (Hodgson, 2004i)y Mietary composition of glutamate
varies from one race to another, however daily coasumption ranges from 0.5 mg/kg amongst
Americans and over 3g/kg in Taiwanese diets (Zbbal, 2003; Heet al, 2008; Shiet al,
2010), the quantity of MSG consumed by Nigeriansbekeve would fall somewhere between
1-2.5 g/day, Most of the glutamate found in outt déerom natural sources usually a diet rich in

protein (Hodgson, 2001).
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Recent reports unequivocally support the schodhofight that there is no difference between
the MSG added to foods and the glutamate that scwaturally in foods (FASEB, 1995).

Up until recently most reports on the possible aslveeactions to MSG in the literature have
been from case reports and not experimental studiéls most symptoms being transient and
not life-threatening, there however has been somardentations on the various effects of MSG
on organ systems although this studies have use@ BtSdoses significantly higher than the
daily average consumptions /person.The neurotditects of MSG was first demonstrated in
1957 by Lucas and Newhouse (Lucas and Newhous&) 19ty observed retinal degeneration
that was a sequelae of intravenous injection of M&@fant mice. Several other studies have
also reported severe neuropathological effects 8Gvbn animals at significantly high doses.
Park and his colleagues (Pakal, 2000) reported significant injury involving timeurons in
the arcuate nucleus and hypothalamus followingathministration of a single intraperitoneal
injection of MSG, impaired memory retention in aduice was also noticed . Gonzalez-Burgos
reported two important effects resulting from ndahaxposure to MSG the first was an initial
excitotoxicity that resulted in cell death followéy a neuroprotective effect which saw the
proliferation of glial cells and the subsequentakptof glutamate hence favouring survival of the
remaining neurons (Gonzalez-Burgetsal, 2001). Studies have also demonstrated delegeriou
effects on the cerebellum evidenced by tremor, alohstand uncoordinated movements and
ataxia as well as varying degrees of renal injafiofving consumption of high doses of MSG
(Eweka, 2007). Research on the safety of MSG haergone rigorous review by scientific
advisory bodies and various national governmentg. Joint FAO/WHO Expert Committee on
Food Additives (JECFA) evaluation in 1987 decladedlutamate safe by arriving at an

“Acceptable Daily Intake (ADI) not specified” thisas also reaffirmed in 2004 (JECFA, 1987;
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JECFA, 2004). The term “ADI not specified refers tioe total dietary intake of glutamates that
is as a result of their use at the quantitity neaes to achieve the desired effect as food
additives, and from the normal naturally occurrgquantity in food is not hazardous to health
(JECFA, 2004).
During an earlier study on the neurobehaviouraa#f of MSG(Onaolapo and Onaolapo, 2011),
some histological changes were noticed in the ket kidneys of some of the animals randomly
selected necessitating a full evaluation of iteeffon liver and kidney microanatomy at doses
well below those known to be toxic.
2.0 MATERIALSAND METHOD
2.1 EQUIPMENTS AND APPARATUS
Electronic precision balance, plastic animal cagesijle disposable syringes (1, 5, and 10 ml)
and needles and cotton wool.
2.2 REAGENTS AND DRUGS
Normal Saline, 99% monosodium glutamate (Ajinomuatand) was purchased from the market,
weighed and dissolved in measured volume of isotosaline solution to get desired
concentrations. MSG at the varying doses (0.5,ah® 1.5 mg/kg) (Onaolapo and Onaolapo,
2011) was administered orally using a cannula.
2.3 ANIMALS

Healthy adult Swiss albino mice purchased from Engpire Animal farms in Osogbo,
Osun State, Nigeria were used. The animals weigeédeen 20 and 25 g. After being weighed
on an electronic balance, the animals were randahvigled into four treatment groups. The
animals were housed in plastic cages measuring1P8%20” (10 mice in each cage). All

animals had free access to food and watkidibitum They were maintained under standard
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laboratory conditions that is a well aerated rooithwalternating light and dark cycles of 12 h
each and at room temperature of 25°C. The expetahprotocol was approved by the Ladoke
Akintola University Animal Ethics Committee. Alules applying to animal safety and care
were observed.
24 EXPERIMENTAL METHOD

This research work was carried out between Octabvet November 2011 in the
Histology laboratory of the department of Anatorhgidoke Akintola University of Technology
Ogbomosho. Forty animals were used for the expetinféghe animals were randomly assigned
into four groups A, B, C and D. Group A was theteconand received normal saline. Groups B,
C and D received MSG orally at 0.5, 1.0 and 1.5kaqgéspectively for a period of 28 days.
Animals were weighed weekly using a Mettler weighbalance (Mettler Toledo Type BD6000,
Greifensee, Switzerland). At the end of the expental period rats were observed for changes
in their physical characteristics and then sa@&@didy cervical dislocation and the liver and
kidneys of each of the animals dissected out tHroagmidline abdominal incision passing
through the abdominal wall musculature into theitpeeal cavity. The organs were observed
grossly and then fixed in 10% formolsaline for bisgical studies. Paraffin sections were cut
and stained with Haematoxylin and Eosin for genérsatological study. An Olympus BX50
digital light microscope was used to examine tigesland acquire photomicrographs.
25 STATISTICAL ANALYSIS

All behavioral data were analyzed using the one waaglysis of variance (ANOVA)
followed by post hoc tests (Student Newman Keuta)ried out to determine the source of a
significant effect. Results were expressed as Me&rE.M., p<0.05 is taken as accepted level of

significant difference from control.
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3.0 RESULTS
3.1 THE EFFECTS OF MONOSODIUM GLUTAMATE ON BODY WEHT
Figure 1 represents the mean body weight taken lwesler the 28 day period. Result

showed progressive increase in the body weightl itvemtment groups. There was however no
significant difference in growth proportion withine groups throughout the experimental period.
Comparison of the final body weight with the initieody weight in each group revealed a dose
related decrease in percentage weight gain in tbhepg that received MSG. The animals in
groups B, C and D had a percentage weight changd.@b, 15.88 and 12.06% respectively

compared to control group (23.37%). These diffeesngere however not significant.

B GROUPA
B GROUPB
B GROUPC
m GROUPD

Average weight 1 grammes(gm)

WEEK1 WEEK 2 WEEK 3 WEEK 4

Treatment Period

Figure 1: Effect of MSG (0.5, 1.0, 1.5 mg/kg) onekly body weight. Each bar represents Mean
+S.E.M,* p< 0.05 compared to the control, n=10. A control(Band D received MSG at 0.5,

1.0, 1.5 mg/kg respectively.
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3.2 THE EFFECTS OF MONOSODIUM GLUTAMATE ON RELATIVH.IVER AND
KIDNEY WEIGHT

Figure 2 represents the mean relative liver anddydveight following administration of MSG.
There was a significant dose dependent increaselative liver weight in the groups that
received MSG at 1 and 1.5 mg/kg respectively coegbdo control while the relative kidney

weight increased significantly at a dose of 1.5kgglompared to control.

0.08 -
0.07 -
0.06 -
0.05 - .
0.04 -

B LIVER
0.03 -

B KIDNEY

Weightg/kg

0.02 -
0.01 -

001 J GROUPA GROUPB GROUPC GROUPD
TREATMENT GROUPS

Figure 2: Effect of MSG (0.5, 1.0, 1.5 mg/kg) oe thean relative liver and kidney weight. Each
bar represents Mean +S.E.M,¥0.05 compared to the control, n=10. A controlBand D
received MSG at 0.5, 1.0, 1.5 mg/kg respectively
3.3 THE EFFECT OF MONOSODIUM GLUTAMATE ON LIVER MOROANATOMY
Sections through the liver of group A animals (@ldf), showed sheets of radially
arranged hepatocytes with well demarcated nuckiistervening sinusoids, normal central vein
and hepatic artery, features in keeping with normmatology. Examination of the sections
through livers of animals in groups B (plate 2)(pglate 3) and D (plate 4) showed loss of liver

architecture with varying degrees of liver paremobhydisorganization, cell death, dilation of the
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central vein and presence of inflammatory cellshimitand around the central vein there were
also variations in the sizes and shapes of theenu@cuolation and pyknosis (Plate 1).
3.4 EFFECTS OF MONOSODIUM GLUTAMATE ON KIDNEY MUROANATOMY

Sections through the kidneys of group A (Plate rbinals showed normal kidneys with
well demarcated cortex, medulla, normal Bowmanissoée and glomerulus as well as normal
sized renal tubules. The sections of kidneys otigsoB (plate 6), C (plate 7) and D (plate 8)
animals showed widening of the Bowman’s space dusmtraction of the renal glomerulus and
hypercellularity
4.0 DISCUSSION

Monosodium glutamate is consumed in considerableuaits in almost all forms of
foods in Nigeria. MSG is one of the most extensivesearched food additives in the world
(JECFA, 2004; FASEB, 1995). Results of studies iooet to support the finding that at levels
normally consumed as a flavor enhancer, MSG is &afehe general population (Hodgson,
2001). In this study we evaluated the effect ofcémbnic oral MSG on the body weight, relative
liver and kidney weight and liver and kidney morjagy in mice. The results of our study
revealed that at the doses of MSG tested, thereamdsse related increase in body weight
although the percentage weight gain reduced witheasing doses of MSG, the weight increase
observed in the control group however was slighilyher compared to the MSG treatment
group. A number of studies have examined the peatelittk between MSG and body weight.
There have been speculations that people tend targar helpings of food with MSG because it
just tastes better than they would if the food dad contain MSG. Another school of thought
suggests that MSG might interfere with signalingtegns that regulate appetite centres also up

scaling food consumption and hence weight gainaihyt and possibly obesity with chronic
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consumption (Bergental., 1998; Moze®t al, 2004; Kawakitaet al, 2005; Inuweet al, 2011;
Bhattacharyat al.,2011; Tawfik and Al-Badr 2012).

A significant increase in liver and kidney weighaswobserved following administration of MSG
These could be as a result of increase in inflatmmaactivity with resultant tissue oedema,
some other studies have also documented this gaehidoses of MSG (Tawfik and Al-Badr
2012). In this study the liver of experimentalraals showed changes in histological pattern
evident by disruption of hepatic cords, presencénthmmatory cells within and around the
central vein with uneven sizes of nucleus in hepa#&s. Quite a few reports on alteration in
liver histology and/or biochemistry have been doeunted although this studies used doses that
were way above the dose we chose for this studyekBvand Om'Iniabohs 2011; Inuwaal.,
2011; Egbuonuet al, 2009; Ortizet al.,2006). These results would mean that subchronic
administration of oral MSG results in alterationtihe hepatic structure that are comparable with
those of studies that used doses that were at168st000 times the doses in this study

Kidney microanatomy in groups that received MSG @Band D) compared to controls showed
dilatation of the Bowman'’s space, contraction @ ténal glomerulus and hypercellularity which
are in keeping with renal injury, this corroboratesults of studies carried out in 2007 by Eweka
(Eweka, 2007). He investigated the effects of M8(xhe kidney of adult Wistar rats given 3g
and 6g of MSG thoroughly mixed with growers mashtfe period of fourteen days, results of
kidney microanatomy showed varying degrees of ggtatectural distortion and reduction in
the number of renal corpuscles in the treated groumpich was at variance with that of the
control group. Ingestion of MSG resulted in celtut@crosis of the Bowman’s capsule, at a dose
of 6 g degeneration and atrophy of the kidneys vgeren, he concluded that high doses and

chronic ingestion of MSG resulted in the degeneeaéind atrophic changes observed in the renal
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corpuscle, although we used lower doses of MSG Wesused by Eweka the progressive renal
injury at increasing doses of MSG was evident.
The effects observed in both the liver and kidneysld have occurred because these organs are
involved in the metabolism of glutamate or as iother study it may be due particularly in the
liver exacerbation of trans-fat induced fatty livdisease in mice by a mechanism that includes
increased central adiposity and alterations in blo#patic and white adipose tissue gene
expression (Collisoet al, 2009). MSG has been reported to increase oxglatress and some
studies have also documented amelioration of thmatb&oxic or nephrotoxic effects by the
administration of radical scavengers such as vitaiior C (Faronmbi and Onyeama, 2006;
Onyemaet al. 2006). The risk of hepatic or renal injury may hdesn increased because MSG
was administered as a bolus, this school of thoiggbtipported by Takasakt al, who while
studying the mechanisms by which glutamate indumac injury came to the conclusions that
in order to produce neurotoxic effect in infant emiSG has to be given not only in relatively
high concentration but also as a bolus solutiok&$aki, 1978).
5.0 CONCLUSIONS

This study concluded that MSG at doses testedteelsin varying degrees of liver and
kidney injury. It is important to note that all dssof MSG used in most published studies were
very high and if MSG at the doses we have studmdved some evidence of organ injury, and
then more research needs to be conducted to wbefgafety profile of this widely used food

additive.
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