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ABSTRACT

Present study has been undertaken to search the effect of vitamin-C on Mono Sodium Glutamate (MSG) induced
hepatotoxicity in rat. MSG has impaired various parameters such as SGPT, SGOT, Alkaline phosphatase, total
protein, serum SOD and catalase activity and the histological structure of liver significantly in all the experimental
groups of animals. Significant improvement has also been noticed after applicatiuon of vitamin-C to the MSG
treated animals of different doses along with improvement of histological status of liver.
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INTRODUCTION

Various environmental chemicals, industrial pollutant
and food additives have been implicated as causing
harmful effects. Monosodium Glutamate (MSG) is one
of the most widely used food-additives in commercial
foods known as AJI-NOMOTO.™ MSG is the sodium
salt of glutamate and is simply glutamate, water and
sodium. In the early 1900s scientists isolated the
ingredient in plants that is the essential taste component
responsible for greatly enhancing flavour.?™ In the early
part of twentieth century, MSG was extracted from
seaweed and other plant sources. Today, MSG is
produced from many sugar cane or sugar beets, as well
as starch and corn sugar. MSG when present in its free
form, not bound together with other amino acids in
protein, glutamate has a flavour enhancing effect in
foods. When MSG is added to foods, it provides a
flavouring function similar to naturally occurring free
glutamate.’®! MSG is used to enhance the natural flavours
of meats, poultry, sea foods, snacks and soups.™
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Figure 1: structure of MSG.

Its application has increased over time and it is found in
many different ingredients and processed foods
obtainable in every market or grocery store. MSG gives a
special aroma to processed foods which is known as
‘umami’ in Japanese. This taste sensation is also called

“savoury”.[m]

Beside its flavour enhancing effects, MSG has been
associated with various forms of toxicity. MSG has been
linked with obesity, metabolic disorders, Chinese
restaurant syndrome, neurotoxin effects and detrimental
effects on the reproductive organs. MSG acts on the
glutamate receptors and releases neurotransmitters which
play a vital role in normal physiological as well as
pathological processes.*Y) Glutamate receptors have
three groups of metabotropic receptors (mGIuR) and four
classes of ionotropic receptors (NMDA, AMPA, delta
and kainite receptors). All of these receptor types are
present across the central nervous system. They are
especially numerous in the hypothalamus, hippocampus
and amygdala, where they control autonomic and
metabolic activities.**™! Results from both animal and
human studies have demonstrated that administration of
even the lowest dose of MSG has toxic effects. Although
MSG has proven its value as an enhancer of flavour,
different studies have hinted at possible toxic effects
related to this popular food-additive. These toxic effects
include CNS disorder, obesity, disruptions in adipose
tissue physiology, hepatic damage and reproductive
malfunctions. These threats might have hitherto been
underestimated. In the meantime, people keep using ever
larger amounts of MSG unaware of the possible
consequences. Further studies need to be undertaken in
order to assess the connection between MSG and
cardiovascular disorders, headache, and hypertension in
human models. MSG is a controversial food-additive
used in canned food, crackers, meat, salad dressings,
frozen dinners and other products.
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Vitamins have indispensable role in almost all
biochemical reactions and they are ideal antioxidants
able to increase tissue protection from oxidative stress
due to their easy, effective and safe dietary
administration in a large range of concentrations. 2%

Figure 2: Structure of Vit-C.

L-ascorbic acid known as vitamin C, is the first to
become depleted on the exposure to oxidative stress.
Normal L-ascorbate level has a therapeutic benefit due to
its ability to reduce the oxidative stress by reacting with
superoxide and hydroxide radicals as well as alkyl,
peroxyl and alkoxyl radicals, thereby it can neutralize
these radicals and stop the initiation and propagation of
chain reaction.™®

So, the present study has been undertaken to evaluate the
damaging effect of MSG specifically on liver and also
the protective effect of vitamin-C.

MATERIALS AND METHODS

Experimental Animals

Adult male rats weighing 120-130 g were used in the
present study. Rats are kept in well designed and cleaned
polypropylene cages. They were maintained under
Normal conditions and fed a normal diet with free access
to Water ad libitum.

Animal grouping and treatment

Rats were randomly divided into 5 groups having 6 rats
in each group.

Group I: This group of animals having healthy normal
rats and serves as untreated control group. This group
was given distilled water at a dose of 0.5 ml /100 gm of
body weight for 28 days.

Groups I1-111: Animals of these groups were orally
given Monosodium Glutamate at a dose of 1.5 gm/kg
and 4 gm/kg body weight respectively for 28 days.
Groups I1V-V: animals of these groups were orally given
Monosodium Glutamate at a dose of 1.5 and 4 gm/kg
body weight in addition with vitamin C at a dose of 1.5
gm/kg body weight daily for 28 days.

At the end of the treatment, overnight fasted animals
were sacrificed using diethyl ether, followed by cervical
dislocation.

Animal sacrifice and measurement of parameters
At the end of the experimental duration of 28 days, the
animals were weighed, anesthetized, and sacrificed.

The final body weights of all the rats were taken by the
electronic balance. The rats were then anesthetized one
after another with anesthetic ether followed by cervical
dislocation and blood was collected directly from the
hepatic portal vein and allowed to coagulate. Clear serum
was collected and stored at 20°C for enzyme assay. Liver
of each rat was dissected out and weights were taken
with the help of electronic balance. Liver from each
experimental animal was processed for histology and 5p
thick sections were taken and stained with hematoxylin
and eosin™” for further observation. Serum glutamate
pyruvate transaminase (SGPT), serum glutamate
oxaloacetate transaminase (SGOT), and serum alkaline
phosphatase (ALP) were measured of all the control and
experimental animals by the supplied standard Kit
(“COGENT,” Clinical Chemistry division of Span
Diagnostics Ltd.). The total serum protein was estimated
by the Lowry method with a standard curve of BSA.I*8
Serum SOD and catalase activity were measured to
determine the oxidative stress in all the experimental
animals, including the control animals by the methods of
Marklund and Marklund,™ and Beers Jr. and Sizer!?
respectively.

Statistical Analysis

The statistical analysis was carried out by Student’s “t”
test’?! to generalize the results of various biochemical
parameters of experimental groups in comparison to their
respective control group and P < 0.05 was considered as
a significant result.

RESULTS

Effect on Body Weight

The initial and final body weights of all rats in both
control and treatment animals were presented in Table 1.
There was no significant reduction in the body weights
of both the low and high dose Monosodium Glutamate
(MSG) treated groups (groups I1-111), when compared to
control group. After 28 days Treatment of the rats with
Vitamin-C resulted normal growth pattern (groups IV
and V).

Table 1: Results of body weight gain % of different experimental groups including the control group. Values are

mean+SEM (gm, n=6) followed by two-tail t-test.

Gr-I(Control) [ Gr-1(MSGL) | Gr-111(MSGH) | Gr-IV(MSGL+Vit C) | Gr-V(MSGH+Vit C)
Initial | 125.00£5.62 | 127.00£5.43 | 126.00+4.99 126.00%5.91 125.00+4.94
Final | 136.008591 | 134.00+4.92 | 137.005.71 135.00%6.01 139.00£5.21

** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit
C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit

C.
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animals. It has been also reduced towards control
significantly (p<0.05) after supplementation of vitamin C
in respect of MSG treated groups of rat.

Effect on liver weight
Weight of the liver of MSG induced rat was significantly
(p<0.05) increased in comparison with control group of

Table 2: Results of liver weight of different experimental groups including the control group. Values are
mean+SEM (gm%, n=6) followed by two-tail t-test.

Gr-I1(Control) | Gr-lI(MSGL) | Gr-lII(MSGH) | Gr-IV(MSGL+Vit C) Gr-V(MSGH+Vit C)
2.914+0.201 3.119+0.233 3.481+0.341 3.057+0.299 3.290+0.216
** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit
C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit
C.

Effect on SGPT
SGPT level was increased significantly (p<0.05) after
MSG administration in dose dependent manner when

compared with control animals. After administration of
vitamin C, it has been decreased towards normal range in
significant way (p<0.05).

Table 3: Results of SGPT of different experimental groups including the control group. Values are mean+SEM

(1U/L, n=6) followed by two-tail t-test.

Gr-1(Control) | Gr-1I(MSGL) | Gr-11I(MSGH) | Gr-IV(MSGL+VitC) | Gr-V(MSGH+Vit C)
32.10+3.62 48.62+3.41 54.28+3.63 40.14+3.23 46.64+3.69

** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit

C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit

C.

Effect on SGOT

Levels of SGOT in MSG treated groups of animals were
significantly (p<0.05) increased in dose dependent
manner in comparison with the control animal.

Supplementation of vitamin C reduced this level
significantly (p<0.05) when compared with MSG treated
animals.

Table 4: Results of SGOT of different experimental groups including the control group. Values are meantSEM

(1U/L, n=6) followed by two-tail t-test.

Gr-1(Control) | Gr-lI(MSGL) | Gr-l1I(MSGH) | Gr-IV(MSGL+Vit C) | Gr-V(MSGH+Vit C)
45.60+4.21 62.03+4.03 72.32+4.23 49.52+3.91 61.10+4.83

** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit

C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit

C.

(p<0.05). Also the reduction in Alkaline phosphatase
level was observed after supplementation of vitamin C in
significant manner (p<0.05) in both the treated groups.

Effect on Alkaline phosphatise

As the increased levels of SGPT and SGOT observed in
MSG treated animals, Alkaline Phosphatase level was
also increased in MSG treated animal in significant way

Table 5: Results of Alkaline phosphatase of different experimental groups including the control group. Values

are meanSEM (1U/L n=6) followed by two-tail t-test.

Gr-I(Control) | Gr-11(MSGL) | Gr-11I(MSGH) | Gr-IV(MSGL+VitC) | Gr-V(MSGH+Vit C)
68.18+3.93 89.65+4.41 110.02+5.02 78.22+4.85 97.32+4.74

** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit

C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit

C.

has increased the total protein level towards normal
range in significant manner (p<0.05) when compared
with MSG treated group of animals.

Effect on Total protein

Level of total protein has been significantly (p<0.05)
reduced in MSG treated animals in comparison with the
control group of animals. Supplementation of vitamin C

Table 6: Results of serum total protein of different experimental groups including the control group. Values are
mean+SEM (gm/100ml, n=6) followed by two-tail t-test.

Gr-1(Control)

Gr-11(MSGL)

Gr-111(MSGH)

Gr-IV(MSGL+Vit C)

Gr-V(MSGH+Vit C)

6.82+0.69

6.10+0.47

5.86+0.57

6.40+0.91

6.20+0.83
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** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit
C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit
C.

Effect on SOD activity Supplementation of vitamin C has shown marked
SOD activity was decreased significantly after increase in SOD activity in both the experimental groups
application of MSG in dose dependent manner in of animals.

comparison with the control group of animals.

Table 7: Results of serum SOD activity of different experimental groups including the control group. Values are
mean+SEM (U/ml, n=6) followed by two-tail t-test.

Gr-1(Control) | Gr-1I(MSGL) | Gr-l1I(MSGH) | Gr-IV(MSGL+Vit C) | Gr-V(MSGH+Vit C)
60.82+1.29 39.10+1.47 36.86+1.57 56.40+1.71 52.20+1.53
** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit
C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit

C.

Effect on catalase activity comparison to the control group. Significant rise in this
Catalase activity has been significantly decreased after parameter has also been noticed after vitamin C
MSG application in both the experimental groups in supplementation in dose dependent manner.

Table 8: Results of serum catalase activity of different experimental groups including the control group. Values

are mean+SEM (U/ml, n=6) followed by two-tail t-test.

Gr-I(Control) | Gr-11(MSGL) | Gr-11I(MSGH) | Gr-IV(MSGL+VitC) | Gr-V(MSGH+Vit C)
48.32+1.67 36.34+1.39 31.56+1.45 41.63+1.47 39.94+1.39

** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit

C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit

C.

Histopathological effect dependent manner. The improvement was also seen after
After administration of MSG, the structure of liver has vitamin C supplementation in both the MSG applied
been changed significantly. The structural change groups of experimental animals.

observed after the application of the drug was in dose

la: Histology of liver of control
animal. 1b: Histology of liver of
MSGL  treated animal. 1c:
Histology of liver of MSGH
treated animal. 1d: Histology of
liver of MSGL+Vit C treated
animal. le: Histology of liver of
MSGH+Vit C treated animal.

Figure: 1(a-e): Histological structure of liver of control, MSG treated and Vitamin C supplemented animals.

** MSGL-Monosodium Glutarate low dose group, MSGH-Monosodium Glutarate high dose group, MSGL+Vit
C- Monosodium Glutarate low dose with vitamin C, MSGH+Vit C- Monosodium Glutarate high dose with Vit
C.

DISCUSSION shown no significant effect on general growth i.e. body
The present observation leads to disclose the effect of weight of experimental rats of two groups. So, obviously,
vitamin C on MSG induced liver of experimental rats. It there was no such difference found regarding the body
has been well observed that, application of MSG has weight changes among all the experimental groups of
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animals. As the MSG intake proportionately increases
the energy intake, it might be the probable cause of
insignificant changes of general growth of experimental
rats of MSG treated groups.?22

After application of MSG, significant increment in liver
weight has been found in experimental rats in dose
dependent manner like earlier studies®®?* (Fig.1A). This
weight increment may have its reflection on liver

[ TSR S VA R Y

inflammation.””? Supplementation of vitamin C has
balanced the weight of liver in experimental animals
significantly. It might be due to antioxidant activity of
vitamin C.I*®¥ Oxidative stress which was shown in MSG
treated animals has been taken off after supplementation
of antioxidant agent like vitamin C. This observation is
well supported by earlier study.?
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Fig. 1(A-G): Graphical presentation of different parameters involving control, MSG treated and vitamin C

treated animals.

SGPT is thought to be concerned with the integrity of the
mitochondrial®” and it is also abundant in liver and acts
as a marker of metabolic activity.E" In the present study,
significant increase in SGPT level was found in all the
MSG treated animals in dose dependent manner.
Supplementation of vitamin C has shown its effect to
reduce back the level of SGPT towards its hormal value
significantly in both the experimental groups (Fig.1B).
So, there may be the metabolic disruption after
administration of MSG. SGOT has integrity with
lysosomes® and adrenal corticoids stimulate SGOT
activity® (Fig.1C). SGOT and Alkaline phosphatise has
shown same type of effect after administration of MSG
dose dependently (Fig.1D). Significant balance was also
found after supplementation with vitamin C in case of
both these parameters like SGPT.

All the metabolic marker enzymes have been disturbed
after administration of MSG in experimental animals in
this present study. SOD was significantly decreased in
experimental animals in dose dependent manner
(Fig.1F). So, superoxide might be produced as a by-
product of oxygen metabolism which is harmful agent
may cause many types of cell damage.® Catalase
activity was also decreased in both the experimental

groups indicating the oxidative stress (Fig.1G). Catalase
catalyzes the decomposition of hydrogen peroxide to
water and oxygen® and serves as an important enzyme
in protecting the cell from oxidative damage by reactive
oxygen species. Present study indicates significant
reduction in catalase activity in both the MSG treated
experimental groups in dose dependent manner. After
vitamin C supplementation, the activity of the same
enzyme has been recovered significantly.

After application of MSG, total serum protein was
significantly reduced in both the experimental groups
which  were recovered well after vitamin C
supplementation (Fig.1E). This might be due to increased
oxidative stress after MSG application. Oxidative stress
may cause free radical formation which leads oxidative
damage in many molecules, such as lipids, proteins and
nucleic acids. Many diseases have criticality been
attributed to oxidative damage including atherosclerosis,
aging, and cancerous diseases. Antioxidant foods are
protective agents against these ailments.?®!

Consistent lesions that included Cytoplasmic fatty
vacuolation of centrilobular hepatocytes have been found
after MSG treatment in both the experimental animal
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groups. Isolated cell necrosis is also prominent in these
two MSG treated group. Vitamin C supplementation has
improved these histopathological conditions in present
study.

CONCLUSION

In this context, it can be said that, MSG application has
hampered the activities of major enzymes of liver in both
the experimental animal groups. It also altered the
histopathological status of liver. The oxidative stress is
also prominent in both the treated groups indicating the
loss of activity of SOD and Catalase. Supplementation
with Vitamin C has improved all these negative effects
of MSG due to its antioxidant properties.

REFERENCES

1.

Eweka AO. Histological Studies of the Effects of
Monosodium Glutamate on the Kidney of Adult
Wistar Rats. The Internet Journal of Health, 2007;
6(2): 2.

Maragakis NJ and Rothstein JD. Glutamate
Transporters in Neurologic Disease, 2001; 58(3):
365-70.

Inuwa HM, Ania VO, Baba G, Aim OI, Leehman J.
Determination of Nephrotoxicity and Hepatoxicity
of Mono sodium Glutamate Consumption. British
Journal of Pharmacology and Toxicology, 2011; 2:
148-153.

Iwase M, Ichikawa K, Tashiro K, lino K, Shinohara
N, lIbayashi S, Yoshinari M and Fujishima M.
Effects of Monosodium Glutamate-Induced Obesity
in Spontaneously Hypertensive Rats Vs. Wistar
Kyoto Rats: Serum Leptin and Blood Flow to Brown
Adipose Tissue. Hyperten Res., 2000; 23: 503-510.
Nakagawa T, Ukai K, Ohyama T, Gomita Y and
Okamura H. Effect of Chronic Administration of
Sibutramine on Body Weight, Food Intake and
Motor  Activity in Neonatally Monosodium
Glutamate-Treated Obese Female Rats Effect with
Monoamines. Exp Anim, 2000; 49: 239-249.
Nakanishi Y, Tsuneyama K, Fujimoto M, Salunga
TL, Nomoto K, An JL and Shimada T. Monosodium
Glutamate (MSG): A Villain and Promoter of Liver
Inflammation and Dysplasia. J Autoimun, 2008; 30:
42-50.

Onyema OO, Farombi EO, Emerole GO, Ukoha Al
and Onyeze GO. Effect of Vitamin E on
Monosodium Glutamate Induced Hepatotoxicity and
Oxidative Stress in Rats. Indian Journal of
Biochemistry and Biophysics, 2006; 43: 20-24.
Cadenas S and Cadenas AM. Fighting the
StrangerAntioxidant Protection against Endotoxin
Toxicity. Toxicology, 2002; 180(1): 45-63.

Inuwa HM, Alna VO, Baba G, Alm Ol and
Leehman J. Determination of Nephrotoxicity and
Hepatoxicity of Monosodium Glutamate (MSG)
Consumption. British Journal of Pharmacology and
Toxicology, 2011; 2(3): 148-153.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Xiong JS, Branigan D and Li M. Deciphering the
MSG controversy. Int J Clin Exp Med., 2009; 2:
329-336.

Abdallah CG, Jiang L, De Feyter HM, Fasula M,
Krystal JH, Rothman DL. Glutamate metabolism in
major depressive disorder. Am J Psychiatry, 2014;
171: 1320-1327.

Zhu S and Gouaux E. Structure and symmetry
inform gating principles of ionotropic glutamate
receptors. Neuropharmacology, 2017; 112: 11-15.
Solomon U, Gabriel OO, Henry EO, Adrian 10,
Anthony TE. Effect of monosodium glutamate on
behavioral phenotypes, biomarkers of oxidative
stress in brain tissues and liver enzymes in
mice. World J Neurosci, 2015; 5: 339-349.

He K, Du S, Xun P, Sharma S, Wang H, Zhai F.
Consumption of monosodium glutamate in relation
to incidence of overweight in Chinese adults: China
Health and Nutrition Survey (CHNS). Am J Clin
Nutr, 2011; 93: 1328-1336.

Araujo TR, Freitas IN, Vettorazzi JF, Batista TM,
Santos-Silva JC, Bonfleur ML. Benefits of L-alanine
or L-arginine supplementation against adiposity and
glucose intolerance in monosodium glutamate-
induced obesity. Eur J Nutr., 2017; 56: 2069-2080.
Afzal A, Mahmood MS, Hussain L, Akhtar M.
Adulteration and Microbiological Quality of Milk
(A Review). Pak J Nutrit, 2011; 10(12): 1195.
Llewellyn BD. Nuclear staining with alum
hematoxylin. Biotech Histochem, 2009; 84: 159-77.
Lowry OH, Rosebrough NJ, Farr AL, Randall RJ.
Protein measurement with the folin phenol reagent. J
Biol Chem., 1951; 193: 265-75.

Marklund S and Marklund G. Involvement of the
superoxide anion radical in the autoxidation of
pyrogallol and a convenient assay for superoxide
dismutase. Eur J Biochem, 1974; 47: 469-74.

Beers RF Jr. and Sizer IW. A spectrophotometric
method for measuring the breakdown of hydrogen
peroxide by catalase. J Biol Chem., 1952; 195:
133-40.

Das D, Das A. Statistics in Biology and Psychology.
4th ed. Kolkata: Academic Publishers, 2005;
117-26.

Bergen HT, Mizuno TM and Taylor J. Hyperphagia
and Weight Gain after Gold-Thioglucose and
Monosodium Glutamate: Relation to Hypothalamic
Neuropeptide. Endocrinology, 1998; 139(11):
4483-4488.

Mozes S, Sefcikova Z, Lenharde L and Raeek L.
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,
2004; 53: 177-186.

Diniz YS, Fernando AA, Campos KE, Mani F,
Ribas BD and Novelli EL. Toxicity of Hyper
Caloric Diet and Monosodium Glutamate: Oxidative
Stress and Metabolic Shifting in Hepatic Tissue.
Food and Chemical Toxicology, 2004; 42: 319-325.

WWW.ejpmr.com

| Vol 11, Issue 1, 2024.

ISO 9001:2015 Certified Journal | 270



http://archneur.jamanetwork.com/article.aspx?articleid=778622
http://archneur.jamanetwork.com/article.aspx?articleid=778622

Karmakar et al.

European Journal of Pharmaceutical and Medical Research

25.

26.

217.

28.

29.

30.

3L

32.

33.

34.

35.

36.

Manal ST and Nawal AB. Adverse Effects of
Monosodium Glutamate on Liver and Kidney
Functions in Adult Rats and Potential Protective
Effect of Vitamins C and E. Food and Nutrition
Sciences, 2012; 3: 651-659.

Das SK, Karmakar SN and Roy S. Protective action
of hydroethanolic extract of Moringa oleifera flower
on acetaminophen-induced hepatotoxicity in rats.
International Journal of Green Pharmacy, 2020;
14(1): 98-105.

Park JS, Choi MA, Kim BS, Han IS, Kurata T and
Yu R. Capsaicin Protects against Ethanol-Induced
Oxidative Injury in the Gastric Mucosa of Rats. Life
Science, 2000; 67: 3087-3093.

Abdulrahman LAM and Ahmed ARS. Bees Honey
Attenuation of Metanil-Yellow-Induced
Hepatotoxicity in Rats. Evidence-Based
Complementary and Alternative Medicine, 2013;
2013: 1-9.

Das SK, Karmakar SN and Halder A. Protective
effect of honey on metanil yellow induced
hepatotoxicity in rat. International Journal of
Modern Pharmaceutical Research, 2022; 6(10):
68-74.

Wilkinson JM. Principles and Practices of
Diagnostic Enzymology. United Kingdom: Edward
Arnold Publishers, 1976; 87-95.

Das D. Biochemistry. 10th ed. Kolkata: Academic
Publishers, 2000; 132-4.

Lee D, Holland RK, Groufsky AK. Integrity of
lysosomes in the isolated perfused rat liver before
and after exposure to dimethyl sulphoxide.
Cryobiology, 1979; 16: 18-23.

Forsham PH. The adrenals. In: William RH, editor.
The Text Book of Endocrinology. 4th ed.
Philadelphia, PA: W. B. Saunders, 1968; 310.
Hayyan M, Hashim MA, Al Nashef IM. Superoxide
ion: Generation and chemical implications. Chem
Rev., 2016; 116: 3029-85.

Chelikani P, Fita I, Loewen PC. Diversity of
structures and properties among catalases. Cell Mol
Life Sci., 2004; 61: 192-208.

Perez E, Rodriguez-Malaver AJ. Antioxidant
capacity of Venezuelan honey in wistar rat
homogenates. J Med Food, 2006. 9: 510-16.

WWW.ejpmr.com | Vol 11, Issue 1, 2024.

1SO 9001:2015 Certified Journal

271




