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Abstract

Monosodium Glutamate has been recognized aslish additivethat adversely affects liver
function's parameters. The aim of this study wasstesshe effects of Monosodium Glutamate
on the liver enzymenarkers, lipid profile and antioxidant system and alspeculatedthe
ameliorating effects of Vitamin E and propolis tine rat liver tissues. Matursale rats
(weighing 150-200 g and each group of seven anjmase given Monosodium Glutamate (60
mg/Kg bw) and/or Vitamin C (200 mg/Kg) and/or Prbp¢200 mg/Kg) extract daily via gavage
for 4 weeks. In the present study, Monosodium Ghatie exposure resulted in an increase in the
TBARS level and a decrease in the SOD, CAT, GPXvisies in liver homogenates, with
respect to the control. Supplementations of Vitamiand/or propolis to Monosodium Glutamate
treated group induced decrement in the level of AVJincreased SOD, CAT, GPX activities. As
a result, Monosodium Glutamate afforded hepatottyxievhich is reduced by administration of
Vitamin E and/or selenium to a great amplitude bg entire recovery of the liver function
markers and the antioxidant status.

Key words: Monosdium Glutamate, Vitamin C, propolis, Oxidatstress, Liver functions.

Abbreviations: MSG: Monosodium Glutamate, Vit.E: Vitamin E, SOBuperoxide dismutase, CAT:
Catalase, MDA: Malondialdhyde , GPX: Glutathionepédase.

Corresponding author: Dr.Reham Z. Hamza
E-mail: dr_reham_z@yahoo.com
1-Introduction

Eating behavior playan essentiarole in metabolis and diet-relatelsturbancesSome
mechanisms for foodlesring may benefit mammal$rom the scarcity of nutrients
otherwise overfeeding dhsty and savourfood may cause amponderablentake of
nutrients . Monosodium glutamate (MSG) is one ef tfostplentiful naturally occurring
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non-essential amino acids and MSG-treatment is @blproduce metabolic changes,
which can further result in intense antractable bodily disordejE].

Glutamate is one of the ma$tnty amino acids in nature. Glutamatehich is a
subalternof I-glutamic acid is reported to be a naturalrieut in many foods. Today it is
increasingly used (in the form of its salt MSG (rmasadium glutamate) in food
processsing and home cooking all over the worldsaimupgradethe savory of the food
for humans. It gives a particular taste named umambw renownedas the fifth basic
taste. Recently it waknown as a triggering neurotransmitter in mammalian nervous
system [2].

During intestinal absorption, a largeantity of glutamic acid idransmittedand
eventuallyalanine levels in thé&lood of portal veinsare elevated. If large amounts of
glutamate areabsorbed portal glutamate levels wiklevate this elevationresultin an
increase hepatic metabolism of glutamate, leadinghe release of glucose, lactate,
glutamine, and other amino acids, into systemicutation [3].

Antioxidants have been reported gerform a significantrole in the protection against
lipid peroxidation[4]. Some investigators reported that antioxidantsbibichemical
causing cancerous diseas#sen the antioxidants are administered either mraduring
carcinogenic changgs].

Antioxidants as vitamins, can prevent themate non-controlledormation Of
free radicals, or inhibit their reaction with bigioal sites, also the destruction of most
free radicals rely on the oxidation of endogenausaidants mainly by scavenging and
reducing molecules [6]. Vitamin C, as a water stdumtioxidant is reported tequalize
ROS andninimize oxidative DNA damage and hence genetic mutatidhs [

Propolis hasaught awarenessf researchers because of its various biological
activities and therapeutic properties. Propolisaissiscid, resinous product that is
produced by honeybees for the constructommmservation and servicirgf their hives.lti
is made byblendingthe honeybees own waxes with the resins thah@remulatedrom
various plants. Propolis contains a variety of citaihcompounds, such as polyphenols
(flavonoid aglycones, phenolic acids and their rsstand phenolic aldehydes), alcohols
and ketones, sesquiter-penequinones, coumarin®igste amino acids, and inorganic
compoundfg].

One of the biologicglerformance®f propolis, its antibacterial and antifungal
activities of propolis is the mosihclusively investigated[9]. Its pharmacological
activities, such as anticancglQ], anti-inflammatory[11], antibiotic [12], antioxidative
[13], antiviral [14] anaesthetic and immunostimulg® havebeen described to the
ethanolic extracts of propolis.

In the last few years, There are mamjicitudeabout the adverse effects and toxicity of
MSG, with few number of literatureoncerningthe dangerousiochemical orsevere

histological effect of MSG on the hepatic toxicdf animals treated with MSG.So, the
present study was designed to elucidate the effg@ictdSG on the male rats hepatic
tissues. In addition, to the best of our knowledgecomprehensive study concerning the
protective effect of vit C and propolis on MSG-ied hepatic dysfunction. The main



objective of the present work is to study the dffgqropolis or vit Geach alone or their
combinationand their role in the amelioration of the hepatixic¢ity induced by MSG.

2-Material and methods:

2.1. Chemicals:

Monosodium glutamate ¢EgNO,.-Na) Purity 99% NT, it was sold ian extermly open
market under the license of Ajinomoto Co.INC.Tokyo, Jap#nstock solution was
prepared by dissolving 60 g of MSG crystals in 10000f distilled water. The dose
schedule was so adjusted that the amount of MSGnagtration per animal was as per
their respective weight. Thetilized doses werehoosenaccording td15].Vitamin (C)
was supplied by Merck (Germany) and it was dissblvedist.water and administered
orally for 30 successive days at a dose 200 mglkp [

Commercially obtainablediagnostic UV kits were used tdeductalanine transferase
(ALT), lactate dehydrogenase (LDH) and total pma¢e{(Human diagnostic worldwide,
Germany). Moreover, total cholesterol and high dgrgpoprotein-cholesterol (HDL-c)
were bought from Bio-diagnostic, Egypt.

2.2. Propolis preparation:

Fifty grams of the resinous material of Egyptiangwlis weresplit into small pieces and
extracted with 600 ml of 80% (v/v) ethanol at 60f@@ 30 min. After extraction, the
mixture was centrifuged and the supernatant waparated to complete dryness under
vacuum at 40°C 1[7]. It was preservedat 4 °C for further useA propolis watery
suspension was prepared in 1% gum acacia suspemsidnorally administered to the
animals for 3 weeks at a dose of 200 mg/&).|

2.1.Animals and experimental design:

Seventymale rat{Weighing 150-200 g), were used in all experimeritdhis study. They
were obtained from the Animal House of Faculty dlaffmacy , Zagazig University ,
Zagazig, Egypt. The animals wekept on solid-bottom shoe box, type polycarbonate
cages with stainless steel wire-bar lids, using@den dust free litter as a bedding
material. Animals were allowed free access to dmed water in good air conditioned
room and were allowed free access and tap watetwiorweeks before starting the
experiment. We have followed the European commubitgctive (86/609/EEC) and
national rules on animal care. One group servecdoagol. Animals were weighed and
randomly allocated into 7 groups (7 rats eachpéswing:

Group 1 — control rats treated with 1 mg/kg BW corthper day; Group 2 — MSG-
treated rats (60 mg/Kg BW per day in distilled wa{d5]; Group 3— Vit C treated rats
(200 mg/kg BW per day in corn o0il)[16]; Group Grodp— Propolis treated rats (200
mg/kg BW per day in distilled water) [18]; GroupMSG plus Vit.C-treated rats. Group
6 — MSG plus propolis.Group 7 — MSG treated ralioWwed by MSG and propolis daily
for successive 30 days.The doses were administerte morning (between 9.30 and
10.30 h) to non-fasted rats.The first day, whenahinals were treated was considered
experimental day 0. At the end of the 30 daysedttnent, all animals were scarified.



2.4. Biochemical Analyses

2.4.1. Lipid profile

Triglycerides, cholesterol and high density lipdpm-cholesterol (HDL-c) were
determined using the commercial kits. Low densipoprotein-cholesterol (LDL-c)
levels were calculated by using the following fotenaf Muruganandan et al.[19] LDL-c
= total cholesterol—(HDL-c + triglycerides)/5. Vdla low density lipoprotein-

cholesterol (VLDL-c) levels were calculated by wsihe following formula :VLDL-c =

triglyceride/5.

2.4.2. Hepatic markers

Serum aspartate transaminase (AST), alanine trangaen (ALT) and lactate
dehydrogenase (LDH) enzyme activities were detegthinvith kits from Human

diagnostic worldwide, Germany.

2.5. Tissue homogenates preparation and estimation of antioxidant capacities parameters:

The excised liver tissue was washed with distilleater for the removal of blood, and
later the fatty parts were removed. Tissues weredgenized inice-cold 50 mM sodium
phosphate buffer (pH 7.4) containing 0.1 mM ethglliaminetetraacetic acid (EDTA).
The supernatant was separated by means of cettibagat5000 rpm for 20 min at@.
The supernatant was used for the analyses ofalhbimical parameters

2.5.1. Lipid peroxidation assay

TBARS content was evaluated by using the thiobarigitacid (TBA) test asubstantive
by Ohkawa et al. [20]. After incubation bfer homogenates with TBA at 96, TBARS
reacts to form a colored complex. Absorbance waasomed spectrophotometrically at
532 nm to determine the TBARS content. The levekjgressed as nmol/mg protein.
2.5.2. Measurement of superoxide dismutase (SOD)

SOD activity was measured according to the methestmbed according to Misra and
Fridovich [21] by assaying the auto oxidation ofgmallol at 440 nm for3 min. One unit
of SOD activity was calculated as the amount oft@rmothat caused 50% pyrogallol
autooxidation inhibition. A blank without homogeeatvas used as a control for non-
enzymatic oxidation of pyrogallol inTris—EDTA buffé50 mM Tris, 10 mM EDTA, pH
8.2). The SODactivity is expressed as U/mg protein.

2.5.3. Measurement of catalase (CAT)

CAT activity was measured according to the methescdbed by Aebi [22] by assaying
the hydrolysis of HO,and the resulting decrease in absorbance at 2406vema 3 min
period at 25C. Before determination of the CAT activity, sangpleere diluted 1:9 with
1% (v/v) Triton X-100. CAT activity is expressedm@msnol/mg protein.

2.5.4. Measurement of glutathione peroxidase (GPx)

GPx activity was measured using®das substrate according to the method described by
Paglia and Valentinen [23]. The reaction was maadandirectly as the oxidation rate of
NADPH at 240 nm for 3 min. A blank without homogénavas used as a control for
non-enzymatic oxidation of NADPH upon addition ofdnogen peroxide in0.1 M Tris
buffer, pH 8.0. Enzyme activity was expressed aslimy protein.



2.6. Statistical analysis:

Data were collected, arranged and reported as medandard error of mean (SEM) of
twelve groups, andthen analyzed using the comprgram (SPSS/versionl15.0). The
statistical method was one way analyzes of varigh®©VA test, and if significant
differences betweenmeans were found, Duncan’s phelltange test (Whosesignificant
level was defined as P < 0.05) according to [24d4tmate the effect of different treated
groups.

3. Results:

3.1.Biomarkersof liver and lipogram assessment:

All the parameters of the lipid profile (TG, TC, LEc and VLDL-c) were increased
except the HDL-c was decreased when the rats edposthe dose of MSG (Table.l).
Administration of Vit C or/and propolis to the MSated group restored most normal
values of the parameters cited above (Fig.1).Sekum activity of Vit C and propolis
groups elicited non-significant changes when coegbawith the control group. In the
MSG-treated group, the ALT was significantly inged by 78 fold when compared to
control (Table. 2). The group treated with MSG (66/Kg) in combination with Vit C
and propolis induced decrement in the activityAbfT more than MSG combination
with each compound separately.The same observatisnbeen noticed in the AST
activity that increased by administration the doE®SG and decreased by the treatment
of each antioxidant separately and the most incnémvas recorded in the combination of
both antioxidants (Vit.C and propolis) with MSG @le. 2). LDH enzyme highly
increased in MSG-treated group by 1890 fold whemmared with the control group ,
but increased by 543 and 545 fold in the groupsteict with the MSG and Vit C or MSG
and propolis, respectively (Table. 2).The best doatibn group that highly decreased
LDH value was recorded in the group treated wittbmbination of Vit.C and propolis
with MSG as LDH was increased by 340 fold as comg@o a normal control group.

3.2.Assessment of enzymatic antioxidants and non-enzymatic lipid peroxidation as
oxidative biomarkers:

As shown in Table (3) and Fig (2), the data showed treatment with MSG caused a
significant (p < 0.05) decrease in the activity QDD level in MSG treated group as
compared to control group. Meanwhile the adminigiraof Vit.C alone and propolis
alone to rats elicited non-significant changes asnmared to normal control
group.Administration of Vit.C in combination withrgpolis exhibited slight significant
decrease in SOD activity with respect to contrabugr by 27.35 % .In addition, a
significant recovery relating to CAT and GPX waselved in response to the presence
of Vit.C with propolis in treated rats with MSG. éatment of the rats with MSG alone
decreased the CAT and GPX activities. However, @miaistration of Vit.C and
propolis with MSG increased the CAT and GPX adtgitas compared with the MSG

group.



The treatment of the rats with MSG alone inducdugaly significant increase in MDA
level (non-enzymatic antioxidant) as MDA is the diinproduct marker of lipid
peroxidation.The treatment of rats with Vit.C anegwolis in combination with MSG
afforded asignificant increase in MDA but with teggnificant reduction in MDA as
compared to SG treated group only by 53.2%.

4. Discussion:

The present study was conducted to elueithet protective role of Vit.C or propolis
separately or in combination against MSG-induceplaic damage and oxidative stress
in liver tissues of rats. There is no literaturpag available on the efficacy of Vit.C and
propolis in combination in cases of MSG exposureaits. In this respect, the present
study bears originality.

Variation in total cholesterol levels wesignificantly within the groups; however,
MSG treated group induced significant increase holesterol levels more than other
groups treated with a combination of MSG and Vit@ aropolis, which suggest a direct
correlation between MSG administration and the eneent of cholesterol level and
affecting on fat metabolism. Inuwa et al.[25] foutitht the potential explanation for
MSG - obesity link lies in the alteration of regoly mechanisms that affect fat
metabolism.Also, another explanation in this studhted to increased levels of TG,
LDL-c and vLDL-c and decreasing HDL-c level suggasiat MSG could be a risk factor
or coronary heart disease [26].

According to our previous results recordgdHamza et al.,[27] as they reported the
role of propolis in decreasing blood glucose levelgliabetic rats and thus enhancing
lipid metabolism as it is known that liver is organvolved in glycogenesis,
glycogenolysis, gluconeogenesis, and glycolysistand affecting by direct way on lipid
metabolism and this confirmed our obtained resudis decreased the levels of
TC,TG,LDL-c and vLDL-c in groups treated by eith@opolis or combination between
propolis and MSG.

Results of EImazoudy et al [28] supported i@sults as they clearly indicated that
previous administration of the propolis induced kearchange in lipoproteinsand elicited
marked fall in the total cholesterol and LDL-c levén rats induced by CPF in the rat
blood serum.

The elevated levels of ALT and AST levetsiid be an indication of hepatocellular
damage induced by MSG [25].Our findings are grestlgported by our previous results
obtained by Diab et al.,2012 as they showed thatAST activity determined to be
higher in the group that was administered Chlofpgrand AST was demonstrated to be
decreased Iin the groups that were administered oRsopn combination with
Chlorpyrifos.

Ramadan et al., [29] reported that oral iatstration of Propolis for 70 days;
decreased the activities of AST and ALT in plasibso, Sforcin et al., [30] reported
that treatment of rats with Propolis does not iredany alteration in AST level.
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Moreover, Mani et al., [31] found no alteéoatin AST value in the serum of Propolis
treated rats for (30 or 90 or 150 days) at dosd4,d8 and 6 mg/kg/day) and so all these
findings supported our obtained results that prigpplrotect against hepatotoxicity
induced by MSG administration.

It has been generally accepted that thiratfon of LDH enzyme corresponds well
with the viability of the cell membrane, thus beagood marker of the damage of the
plasmatic membrane and/or necrosis of hepatocg2&s The present significant elevation
in liver enzymes AST and ALT in MSG treated groughys may confirm that the hepatocytes
are more affected by the exposure to MSG.

Oxidative stress refers to the disruptantehe redox equilibrium between the
production of free radicals and the ability of setb protect against damage caused by
these species. Defense against oxidative stress pegserved by using several
mechanisms which include antioxidant defence sysiEme lipids are among the first
cellular components which are susceptible to damiagefree radicals , proteins ,
carbohydrates and nucleic acids; this in turn gaml sellular structure and function [32].

It has been indicated that the LPO is onne molecular mechanisms involved in
pesticide-induced cytotoxicity [33]. These findingapport the presence of oxidative
stress in the present study induced by MSG. Thie @ppearance induced by MSG may
be associated with the enhanced production of RQ&eancrease in MDA levels [34].

Among the antioxidant enzymes, SOD, CA® &Px are the first line of defense
against oxidative injury. SOD is the primary steptloe defense mechanism in the
antioxidant system against oxidative stress bylyatay the dismutation of superoxide
radicals (@) into molecular oxygen (£ and hydrogen peroxide ¢8,) [35]. H,O, is
neutralized by the combined action of CAT and GRxall vertebrates [36]. These
enzymes act in coordination and the cells may tshea to oxidative stress state if any
changeoccurs in the levels of enzymes.

Our obtained data were confirmed by thelteobtained by Hamza and AL-Harbi,
2014 who reported that MSGaused increasing in the leadllipid peroxidation parallel
with significant decline in SOD, CAT as well as G&btivities inhepatic tissues
Thepresendataindicated thaMSG-induced reduction in the activities of the axidlant
enzymes (SOD, CAT and GPx) and the conteribeffinal product of lipid peroxidation
(MDA). This effect might be due tive increased productief H,O, and ROSriggering
which in turnstimulatesoxidative stress.

In the present study, a significaigtcline was recordenh the specific activity of
SOD in the hepatic tissuesas observed in MSG-treated groupgdicatesan increased
superoxide radical production and other ROS thenethyce oxidative stress [37].

GPx is theommonname of an enzyme family with peroxidase actiwtyose main
biological role is to protect the organism fromdaative damage. The biological function
of GPx is tominimize lipid hydroperoxides conversion to thewngruenialcohols and to
reduce free kD, reaction [38].

In our present study, a significant deseesn GPx activity was observed in MSG-
treated group. This observation may be due to amdwhnfree radical production (as



evidence by increase LPO) and apart from CAT aisolved in thesliminationof H,O,.
H,O, generated due to MSG toxicity, Hence, the GPx lleliminished after MSG
administration.

It was found that the administration of @tand/or propolis to MSG-treated rats
restored SOD , CAT and GPx activity to neanlyrmal control level. However, MDA
level was declined significantly after Vit C administration asmulatedto MSG.
Therefore, the present decrease in GPx activityrastbration of SOD activity to nearly
control level,in additionto the decrease in MDA content in the hepatic @sswould
indicate the antioxidant properties of Vit C. Isalincreased the antioxidant enzymatic
activity.

In full agreement with the obtained resylise mild oxidative state observed in the
hippocampus due to MSG administration may be dudkeonplicit high content of Vit C
in this brain area as well as our observationgau treated with Vit.C either alone or in
combination with MSG. Thexhaustiorof vit C is useful for the antioxidant effect as i
offers an effective and safe way of increasing bmayune system against free radicals
and, at the same time, keeps the oxidative stnegstate of equilibriunj39].

The results indicate the ameliorative effettvit C and/or propolis in combating
oxidative stress. In addition, the high antioxidaativity was found in the rat treated with
vit C alone and in combination with propolis asadpd before by Hashim [40] and Diab
et al.2012 [41]. This result indicates that vit @lgropolis are a strong scavenger of free
radicals.

Conclusion:

In conclusion, the present findings sflgnindicate that hepatic damage |,
hyperlipidemia and oxidative stress resulting frtd8G in dose dependent manner is
involved in toxicity mechanisms of liver of rat. NkSincreased the enzymes leakage of
LDH due to increase of the generation of free r@dias hepatic MDA increased. MSG
decreased the enzymatic and non-enzymatic antistsd@hese results suggest that these
MSG-induced metabolic disorders associated withdatkre stress while,Vit.C and
propolis exhibited strong antioxidant activitieh€elresults emphasize the importance of
reassessment of MSG toxicity, a substance widedg uis food industry. Protection can
be derived from treatment of the rats with antiexidvit C and propolis that increased
the stability of membrane and decreased the lilmgraif cellular enzymes. Treatment
with vit C and propolis after treatment with the @3estored the same efficiency of the
antioxidant enzymes, and they plays a preventite against MSG-induced cellular
oxidative stress
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Tables

Table (1):Effects of treatment of Monosodium Glutamate, Vitai@, Propolis and their
combinations with MSG on Lipid profile parameters.

Groups Cholesterol Triglycerides HDL-c LDL-c VLDL-c

(mg/dl) (mg/dl) (mg/dI) (mg/dI) (mg/dl)
1- control group 67.2214.57¢ 98.99+4.77"' 36.78+3.62%" 33.24+2.52" 6.64+2.45°
2-Mono sodium Glutamate (MSG) 255.14+22.1° 193.62+9.54° 7.25+2.428 210.23%+12.45% 42.04+4.21°
3-Vitamin C 70.11+2.15° 100.25+10.25° 31.2045.24° 37.20+5.42° 7.44+3.52°%
4-Propolis 69.11+2.15% 101.6348.65° 33.25+3.24" 36.52+3.52° 7.3045.75%
5-MSG+Vit.C group 99.41+6.75™ 135.74+6.48° 20.34+3.21° 115.32+4.36° 23.06+6.75"
6-MSG+Propolis 97.5243.54° 142.03+7.25™ 17.28+3.21 128.98+6.38" 25.79+3.68°
7- MSG+Vit.C + Propolis 81.08+4.12° 129.2449.45° 27.36+2.75¢ 69.21+4.12° 13.8443.96°

Means within the same column in each category caymjifferent litters are significant at €20.05)
using Duncan's multiple range tests, where thedsigimean value has symbol (a) and decreasingue val
were assigned alphabetically.

Table (2): Effects of treatment of Monosodium Glutamate, Vitai@, Propolis and their
combinations with MSG on Liver function parameters.

Groups ALT (U/L) AST (U/L) LDH(U/L)
1- control group 13.00+0.56° 12.2040.54% 310.66+20.63°
2-Mono sodium Glutamate (MSG) 91.00+1.18° 177.80+7.39° 2200.40%25.37°
3-Vitamin C 12.35+1.42 11.98+0.23° 341.30+23.10°
4-Propolis 13.01+1.35% 12.24+1.01% 345.69+17.33"

5-MSG+Vit.C group 70.45+1.18° 109.36+5.36° 853.12+23.04
6-MSG+Propolis 78.80+1.82" 107.80+6.02° 855.40+25.37°

7- MSG+Vit.C + Propolis 20.40+0.30° 55.40+1.12° 650.21+18.23

Means within the same column in each category taymjifferent litters are significant at €P0.05)
using Duncan's multiple range tests, where thedsigimean value has symbol (a) and decreasingue val
were assigned alphabetically.

Table (3):Effects of treatment of Monosodium Glutamate, ¥fita C, Propolis and their combinations with MSG on
antioxidant parameters capacities in liver homotgna

Groups MDA (nmol/mg CAT (nmol/mg SOD (U/mg GPx (nmol/mg
protein) protein) protein) protein)

1- control group 0.24+0.01° 0.86+0.12° 9.65+0.36%° 6.67+0.63%°
2-Mono sodium Glutamate (MSG) 0.92+0.03% 0.25+0.10° 2.63+0.45° 1.10+0.85'
3-Vitamin C 0.25+0.02° 0.85+0.23° 9.30+0.96° 6.55+0.74°
4-Propolis 0.26+0.02° 0.87+0.15° 9.38+0.42° 6.50+0.36°
5-MSG+Vit.C group 0.63+0.01° 0.43+0.18° 5.55+0.36° 3.79+0.10%
6-MSG+Propolis 0.76+0.04° 0.49+0.20% 5.58+1.20¢ 3.8740.57°
7- MSG+Vit.C+ Propolis 0.43+0.03° 0.65+0.35" 7.01+1.11c 4.36+0.85°
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Means within the same column in each category taymjifferent litters are significant at €P0.05)
using Duncan's multiple range tests, where thedsgimean value has symbol (a) and decreasingue val
were assigned alphabetically.
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Fig (1):Effects of treatment of Monosodium Glutamate, Vitai@, Propolis and their
combinations with MSG on Lipid profile parameters
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Fig (2):Effects of treatment of Monosodium Glutamate, Vitau@, Propolis and their
combinations with MSG on antioxidant parametersacdfes in liver homogenates.
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