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muscle tissues of rats under ammonium sulfate-induced stress

Yuvaranjani Gali, Siva Kumar Tekuri, Neeraja Pabbaraju

Department of Zoology, Division of Molecular Physiology and Toxicology, Sri Venkateswara University, Tirupati, Andhra Pradesh, India

Correspondence to: Neeraja Pabbaraju, E-mail: pneeraja.bio2015@gmail.com

Received: April 20, 2019; Accepted: May 13, 2019

ABSTRACT A

Background: Ammonia is an important source of nitrogen metabolism and it is necessary for the synthesis of protein and
amino acids. An excessive level of ammonia leads to disturbing the physiological functions of the body, causes to increase
the free radical levels in tissues and body fluids, its reveal that damage of tissue by reactive oxygen species (ROS) changes
of acid-base lances in the body fluid’s causes’ physiological disturbance and damage of organs. Aims and Objectives: The
present study was conducted to assess the mitigating role of zinc on ammonium sulfate (AS)-induced biochemical
alterations (lipid peroxidation [LPO] and antioxidants) in rat liver and muscle. Materials and Methods: Rats were divided
into four groups (six animals in each group). Group I (GI) served as control and rats provided with normal diet and water,
Group II (AS) rats treated intraperitoneal (i.p) with 18.3 mg/kg b.w of AS, Group III (zinc chloride [Zc]) rats administered
with Zc (4 mg/kg b.w i.p), and Group IV (AS + Zc) treated with both of AS (18.3 mg/kg bwi.p) plus Zc (4 mg/kg b.w i.p)
Zc given after 1 h dosage of AS. Results: In the present investigation, AS-treated animals showed a significant increase
in the levels of LPO and declined levels of selected antioxidants such as superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx), and glutathione reductase (GR) levels in the liver and muscle of rats. On the other hand, only
zinc-treated rats (Zc) showed no significant variations in LPO and antioxidants in the liver and muscle. However, in AS
+ Zc treated animals, elevated levels of LPO and decreased SOD, CAT, GPx, and GR antioxidant levels were reversed to
normal when compared with AS-treated rats. Conclusion: Accordingly, these findings suggest that zinc supplementation
significantly inhibits the oxidative stress in hepatic cells and muscle cells in AS toxicity.
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INTRODUCTION and synthetic fiber intermediates (methyl methacrylate,

acrylonitrile, and caprolactam).l. Ammonium compounds
Ammonium compounds are actually commercial inorganic  are also used in food and beverage industries and printing
fertilizers used for high yield of crops in the agriculture  industries. Utilization in excess of nitrogenous pollutants
area as well as houschold gardening. They are also used  actually enters the aquatic ecosystem and runoff from
as coproduct in the production of formic acid, acrylamide,  Jand and industrial sewage, results in toxic effect on living

forms as well as terrestrial forms through the food chain,

Access this article online and gets accumulated in their body.>?) In the present days,
Website: www.njppp.com Quick Response code most of the ammonium compounds used as a quaternary
E E form in commercial products such as shampoos, bathroom
cleaners, cosmetics, hair color dyes, and food additives.[*%
DOI: 10.5455/njppp.2019.9.0416013052019 |I:- . The overexposure of these products in our daily purpose
= enters into our body and accumulates in body fluid causes
E the multiorgan dysfunctions through disturbing the urea
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cycle pathway. The liver is the one and only chief organ
for metabolization of excessive levels of ammonium levels
through ornithine cycle and excreted by the kidneys in the
form of urine. However, excessive levels of ammonium levels
in the body fluids lead to hyperammonemia condition, which
is responsible for the functional impairment of hepatocytes
in the liver causing hepatic encephalopathy.”- Ammonia
noxiousness arises essentially by redox homeostasis, which
leads enhanced, increasing lipid peroxidation (LPO) and
the generation of free radicals and reactive oxygen species
(ROS) in the liver and muscle tissues by the oxidative stress.
Oxidative stress aggravated by ammonia causes unnecessary
synthesis of superoxide radical (O2-) and hydrogen peroxide
(H,0,)." Excessive ROS damage the lipids, proteins, and
DNA by decreasing levels of antioxidant enzyme levels and
enhanced levels of stress markers malondialdehyde (MDA)."!

In the present study, ammonium sulfate (AS) toxicity on the
antioxidant enzymes superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPx), and glutathione
reductase (GR). The stress marker LPO MDA levels were
investigated in male albino rat liver and muscle tissue.

Zinc is a multipurpose trace element required for different
metabolic functions in all living organisms.'7 A sufficient
intake of zinc is important for as it supports the body to
regulate the key functions including cell proliferation, immune
functions, protein synthesis, cell division, carbohydrate
metabolism, DNA synthesis, and reproductive functions.!!-133!
Zinc is considered as an endogenous antioxidant for the stress
suppressor for the many toxicants because zinc is one of the
internal parts of Cu-zinc SOD antioxidant and regulates the
SOD depended on CAT levels." The excessive free radicals
are consumed by zinc and control the internal metabolic
stress for proper functioning of organs.I'"! Previously,
several reports reported on the beneficial (antioxidant)
role of zine, against the toxic chemicals.'"! Zinc deficiency
leads to hepatic encephalopathy and muscle fatigue.[!”:'®!
Zinc supplementation protects the liver by increasing of
antioxidants under the cadmium,!'” aluminum sulfate,?"
nickel,?] and arsenic toxicants.?!

Consequently, the intention of the present work is to study
whether the zinc might chelate the ammonia generating
oxidative radicals and reduce the ammonia stress by
enhancing of antioxidants and reduction of MDA levels in
the liver and muscle tissue of the male rat.

MATERIALS AND METHODS

Procurement of Chemicals

AS and zinc chloride (Zc) (analar grade) chemicals were
used for the present study and purchased from Molychem,
Mumbai (Maharashtra).

Animal’s Acclimatization and Maintains

In the present study, 24 animals are used for experimental
purpose. Healthy Wistar strain male albino rats are obtained
from authorized scientific company Sree Raghavendra
Enterprises, Bangalore. Before experimentation, all animals
are acclimatized to laboratory condition and fed with proper
healthy rat chew purchased from the same scientific company
mentioned above. The laboratory conditions are maintained at
27 + 2°C temperature, humidity 45 + 3, and sterile paddy husk
used as bed material in the cages. Animals are fed with standard
rat chew and water ad libitum, and maintained with 12 h light
and 12 h dark cycle during the entire experimental period. The
experiments were carried out in accordance with the guidelines
of the Institutional Animal Ethical Committee, Sri Venkateswara
University, Tirupati, India (Resolution No. 10/(i)/a/CPCSEA/
IAEC/SVU/ZOOL/PN/Dt. July 08, 2012).

Experimental Design

In the present study, a total of 24 healthy 80-day-old male
Wistar strain rats, weighing 220 = 10 g were used. The 24
animals were randomly divided into four groups, six animals
in each group. Group I (G1) animals taken as a control,
Group II (G2) animals treated with 18.3 mg/kg b.w of AS
through intraperitoneally to 24 h time interval, Group III
(G3) animals supplanted with Zc (4 mg/kg b.w i.p), and
Group IV (G4) animals administered with both of AS and
Zc, after 1 h time interval of AS injected. After the end of
the experimental period (7 days), all animals were sacrificed
by cervical dislocation and selected tissues, namely liver
and muscle (thigh), were isolated, quickly washed in 0.9%
saline. The liver and muscle tissues were kept in deep freeze
at —40°C for the analysis of biochemical parameters.

Biochemical Assays

Oxidative stress marker lipid peroxidation (MDA) levels in
liver and muscle tissues were assayed by previously described
method by Ohkawa et a/.** The antioxidant enzyme levels such
as SOD, CAT, GPx, and GR activity were estimated according
to the methods of Misra and Fridovich,?*! Aebi,> Flohé and
Giinzler,?% and Carlberg and Mannervik.*”! The total protein
levels were estimated by the method of Lowry ef al.(1951).2%

Statistical Analysis

Data were statistically analyzed using one-way analysis of
variance followed by Dunnett’s multiple comparison test.
P < 0.05 was considered statistically significant. The results
were represented as mean =+ standard deviation (SD) of six
observations. % - Percent change over control and AS,
“Values are significantly over control at P <0.05, *Values
are significantly over ammonium sulfate at P <0.05. “Not
significant over control. All statistical tests performed using
the Statistical Package for the Social Sciences, Version 16.0.
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Figure 1: Effect of zinc lipid peroxidation changes in the liver and muscle tissue of rats on control and experimental rats. Each value is
mean+tstandard deviation for six rats in each group, a — Values are significantly over control at P<0.05, b — Values are significantly over

ammonium sulfate at P<0.05. “Not significant over control

Related findings found allied to ammonium nitrate (220 mg/
kg b.wt orally) and AS (18.3 mg/kg b.w i.p) treatment in
liver and kidney tissues of the rat.’'*?! Hence, these findings
support the AS treatment leads to alteration in the antioxidant
defense mechanism by the excessive generation ROS and
oxidative stress, whereas AS + Zc parallel treated rats (GIV)
showed that stabilized levels of LPO and increased levels
of antioxidants (SOD, CAT, GPx, and GR) in the liver and
muscle when compared with AS-treated animals. Group III
animals (treated with Zc) showed that slightly increased
levels of antioxidants and decreased content of LPO when
compared with control, these slightly increased and decreased
levels of antioxidant, LPO levels were not significantly over
control.

Antioxidant defense system plays an important role in the
response of LPO by depleting of ROS or free radicals. SOD
and CAT are considered as the first line of defense antioxidants
against consumption of ROS.B% SOD catalyzes the conversion
of O,~ to H,0 and H,0,, and the later H,O, further degraded
into HO and O, by CAT, GPx, GR, and many types of
peroxides.”! GPx is a major defense system against oxidative
damage of essential intracellular compounds (e.g., proteins and
polyunsaturated fatty acids), particularly by reducing HP to
water. GR or reduced GSH is the natural antioxidant of the cell.
It has a key role in the detoxification process by destroying the
formed free radicals in the cells. Therefore, deficiency of the
GR causes greater LPO leading to cell damage.* Zinc is one
of the exogenous antioxidant, considered as multipurpose trace
element and it is suggested for remedial supplementation of
many stressful and pathological conditions.? Zinc deficiency
has a significant impact on different aspects in the human health
as well as animal health.5® Present observations showed that
the SOD, CAT, GPx, and GR levels were significantly increased
with zinc supplementation under the AS stress in the liver and
muscle. Increased levels of selected antioxidant in the liver
and muscle tissue denote that zinc treatment chelating the AS
generated ROS and prohibits the oxidative stress as the role
of antioxidant nutrition. Previous research reports also have
suggested on zinc as having antioxidant role of toxic chemicals.
Zinc supplementation protects heavy metals (cadmium,

aluminum, nickel and arsenic, etc.) induced oxidative stress in
liver, kidney, and brain.l'>??! Zinc supplementation enhances
the endogenous antioxidant enzyme levels; these enhanced
elevated enzymes work together to eliminate ROS and alleviate
the harmful substances in the liver and muscle of rats.’”
Hence, in the present investigation, it is clearly indicated that
zinc supplementation successfully inhibits the AS toxicity by
diminished levels of LPO and restores the levels of antioxidants
in the parallel administration animals (AS + Zc) when compared
with AS-treated animals. Zinc supplementation may be reduced
the hepatic and muscle stress by enhancement of antioxidants
and prevent of LPO under the AS toxicity. The limitation of
the present study is inability to estimate the liver marker
enzymes, components in carbohydrate metabolism in the liver
and muscle tissue to identify the exact constituents. Further,
planning to identify the AS toxicity causes any histological
changes in the liver and muscle; zinc might be protecting the
liver and muscle histomorphological changes.

CONCLUSION

AS toxicity causes the oxidative stress in liver and muscle
tissues of rat evidenced by reduced levels of SOD, CAT,
GPx, and GR antioxidant enzymes and increased levels
of stress marker levels (MDA), so ammonia toxicity leads
to antioxidant functional disturbance. Zinc successfully
diminishes the ammonia oxidative stress and significantly
increased the defense enzyme levels by reduction of stress
markers in both the tissues of albino rat, so that zinc might be
used as a remedial therapeutic drug for ammonium exposed
chemicals or liver dysfunctional patients.

REFERENCES

1. Acar A, Yal¢in E, Cavusoglu K. Protective effects of
B-carotene against ammonium sulfate toxicity: Biochemical
and histopathological approach in mice model. J Med Food
2018;21:1145-9.

2. Kumar TS, Rani AS, Sujatha K, Purushotham B, Neeraja P.
Toxicity evaluation of ammonium sulfate to albino rat. Asian J
Pharm Clin Res 2017;10:313-6.

2019 | Vol 9 | Issue 7

National Journal of Physiology, Pharmacy and Pharmacology

698



Gali et al.

Protective role of zinc on ammonium sulfate-induced oxidative stress

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Kumar TS, Rani AS, Purusotham B, Yuavaranjani G,
Neeraja P. Nephroprotective role of zinc against the ammonium
sulfate toxicity in male albino rats. Asian J Pharm Clin Res
2019;12:550-5.

Zhang C, Cui F, Zeng GM, Jiang M, Yang ZZ, Yu ZG, et al.
Quaternary ammonium compounds (QACs): Areview on
occurrence, fate and toxicity in the environment. Sci Total
Environ 2015;518-519:352-62.

Melin VE, Melin TE, Dessify BJ, Nguyen CT, Shea CS,
Hrubec TC, et al. Quaternary ammonium disinfectants
cause subfertility in mice by targeting both male and female
reproductive processes. Reprod Toxicol 2016;59:159-66.
Mulder I, Siemens J, Sentek V, Amelung W, Smalla K,
Jechalke S. Quaternary ammonium compounds in soil:
Implications for antibiotic resistance development. Rev
Environ Sci Biotechnol 2018;17:159-85.

Levitt DG, Levitt MD. A model of blood-ammonia homeostasis
based on a quantitative analysis of nitrogen metabolism in the
multiple organs involved in the production, catabolism, and
excretion of ammonia in humans. Clin Exp Gastroenterol
2018;11:193-215.

Kanimozhi S, Bhavani P, Subramanian P. Influence of the
flavonoid, quercetin on antioxidant status, lipid peroxidation
and histopathological changes in hyperammonemic rats. Indian
J Clin Biochem 2017;32:275-84.

Birben E, Sahiner UM, Sackesen C, Erzurum S, Kalayci O.
Oxidative stress and antioxidant defense. World Allergy Organ
J2012;5:9-19.

Stefanidou M, Maravelias C, Dona A, Spiliopoulou C. Zinc:
A multipurpose trace element. Arch Toxicol 2006;80:1-9.
Roohani N, Hurrell R, Kelishadi R, Schulin R. Zinc and its
importance for human health: An integrative review. J Res
Med Sci 2013;18:144-57.

Brand IA, Kleineke J. Intracellular zinc movement and its effect
on the carbohydrate metabolism of isolated rat hepatocytes.
J Biol Chem 1996;271:1941-9.

Fallah A, Mohammad-Hasani A, Colagar AH. Zinc is an
essential element for male fertility: A Review of zn roles in
men’s health, germination, sperm quality, and fertilization.
J Reprod Infertil 2018;19:69-81.

Lee SR. Critical role of zinc as either an antioxidant or
a prooxidant in cellular systems. Oxid Med Cell Longev
2018;2018:9156285.

Phaniendra A, Jestadi DB, Periyasamy L. Free radicals:
Properties, sources, targets, and their implication in various
diseases. Indian J Clin Biochem 2015;30:11-26.

Marreiro DD, Cruz KJ, Morais JB, Beserra JB, Severo JS,
de Oliveira AR, et al. Zinc and oxidative stress: Current
mechanisms. Antioxidants (Basel) 2017;6:E24.

Katayama K, Kawaguchi T, Shiraishi K, Ito T, Suzuki K,
Koreeda C, et al. The prevalence and implication of zinc
deficiency in patients with chronic liver disease. J Clin Med
Res 2018;10:437-44.

Cordova A, Alvarez-Mon M. Behaviour of zinc in physical
exercise: A special reference to immunity and fatigue. Neurosci
Biobehav Rev 1995;19:439-45.

Jamakala O, Rani UA. Amelioration effect of zinc and iron
supplementation on selected oxidative stress enzymes in liver and
kidney of cadmium-treated male albino rat. Toxicol Int 2015;22:1-9.
Bhasin P, Singla N, Dhawan DK. Protective role of zinc
during aluminum-induced hepatotoxicity. Environ Toxicol

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

36.

37.

2014;29:320-7.

Sidhu P, Garg ML, Dhawan DK. Protective role of zinc in
nickel induced hepatotoxicity in rats. Chem Biol Interact
2004;150:199-209.

Kumar A, Malhotra A, Nair P, Garg M, Dhawan DK. Protective
role of zinc in ameliorating arsenic-induced oxidative stress
and histological changes in rat liver. J Environ Pathol Toxicol
Oncol 2010;29:91-100.

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in
animal tissues by thiobarbituric acid reaction. Anal Biochem
1979;95:351-8.

Misra HP, Fridovich 1. The role of superoxide anion in the
autoxidation of epinephrine and a simple assay for superoxide
dismutase. J Biol Chem 1972;247:3170-5.

Aebi H. Catalase in vitro. Methods Enzymol 1984;105:121-6.
Flohé L, Giinzler WA. Assays of glutathione peroxidase.
Methods Enzymol 1984;105:114-21.

Carlberg I, Mannervik B. Glutathione reductase. Methods
Enzymol 1985;113:484-90.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the folin phenol reagent. J Biol Chem
1951;193:265-75.

Rahal A, Kumar A, Singh V, Yadav B, Tiwari R, Chakraborty S,
et al. Oxidative stress, prooxidants, and antioxidants: The
interplay. Biomed Res Int 2014;2014:761264.

Satpute R, Lomash V, Hariharakrishnan J, Rao P, Singh P,
Gujar N, et al. Oxidative stress and tissue pathology caused
by subacute exposure to ammonium acetate in rats and their
response to treatments with alpha-ketoglutarate and N-acetyl
cysteine. Toxicol Ind Health 2014;30:12-24.

Muneer AD, Mudasir S, Arshad HM, Rajinder R, Shahid P. Effect
of repeated oral administration of roundup and ammonium nitrate
on liver of Wister rats. Proc Nati Acad Sci Ind Sec B 2018;24:1-6.
Kumar TS, Neeraja P. Ameliorative effect of zinc on ammonia
induced alterations in antioxidant enzyme levels in kidney
tissue of albino rat. Asian J Pharmacol Toxicol 2015;3:31-5.
Lghodaro OM, Akinloye OA. First line defence antioxidants-
superoxide dismutase (SOD), catalase (CAT) and glutathione
peroxidase (GPX): Their fundamental role in the entire
antioxidant defence grid. Alex J Med 2018;54:287-93.
Mansour SA, Abbassy MA, Shaldam HA. Zinc ameliorate
oxidative stress and hormonal disturbance induced by
methomyl, abamectin, and their mixture in male rats. Toxics
2017;5:E37.

Chasapis CT, Loutsidou AC, Spiliopoulou CA, Stefanidou ME.
Zinc and human health: An update. Arch Toxicol
2012;86:521-34.

Deshpande JD, Joshi MM, Giri PA. Zinc: The trace element of
major importance in human nutrition and health. Int J Med Sci
Public Health 2013;2:1-6.

Li S, Tan HY, Wang N, Zhang ZJ, Lao L, Wong CW, et al. The
role of oxidative stress and antioxidants in liver diseases. Int J
Mol Sci 2015;16:26087-124.

How to cite this article: Gali Y, Tekuri SK, Pabbaraju N. Role
of zinc on lipid peroxidation and antioxidant status in liver and
muscle tissues of rats under ammonium sulfate-induced stress.
Natl J Physiol Pharm Pharmacol 2019;9(7):695-699.

Source of Support: Nil, Conflict of Interest: None declared.

699

National Journal of Physiology, Pharmacy and Pharmacology

2019 | Vol 9 | Issue 7




