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Introduction

The neurological complications of
hyperammonemia in the central nervous system
(CNS) are now receiving more attention. Ammonia
is a neurotoxin that has been strongly implicated in
the pathogenesis of hepatic encephalopathy[1].
Ammonia has also been a major pathogenetic
factor associated with inborn errors of urea cycle,
Reye’s syndrome, organic acidurias, and disorders
of fatty acid oxidation[2]. Ammonia-induced
neurotoxicity has been reported to include a
dysfunction of multiple neurotransmitter system
glutamate-mediated excitotoxicity,
electrophysiological disturbances, and defects in
brain bioenergetics[1,3]. In spite of extensive
investigations, the precise mechanisms involved in
ammonia neurotoxicity are not completely
understood. Oxidative stress is an evolving concept
in ammonia neurotoxicity. Its effect on oxidative and
nitrosative stress in the CNS has been recently

© 2014, IJCRCPS. All Rights Reserved

164

Abstract

This study was aimed to evaluate the antioxidant effects of Semecarpus anacardium nut milk extract (SAE) against
ammonium chloride (NH4CIl) - induced experimental hyperammonemia. Experimental hyperammonemia was
induced in adult male Wistar rats (180—200 g) by intra-peritoneal injections of NH,Cl (100 mg/kg b.wt). Oral administration
of SAE (150 mg/kg b.wt) on blood ammonia, plasma urea and antioxidants in kidney tissue of normal and experimental
animals were analysed. Administration of SAE in hyperammonemic rats improved the levels superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx) and reduced glutathione (GSH) in NH,CI treated rats. Oxidative
stress was effectively modulated by SAE administration. SAE significantly improved the status of antioxidants and
decreased ammonia, urea as compared to NH,ClI treated rats. The study offers evidence for the antihyperammonemic
and antioxidant effects of SAE against oxidative stress in the kidney, induced by NH,4CI.
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reviewed[1l]. Recent studies have reported an
increased production of free radicals in cultured
astrocytes after treatment with pathophysiological
concentrations of ammonia[4]. A concurrent
increase of superoxide production and a reduction
in the activities of various antioxidant enzymes have
been seen in animal models with acute ammonia
toxicity[5]. Oxidative stress-mediated lipid
peroxidation has also been seen as one of the
characteristic features of hyperammonemia[6-8].
Presently available potent synthetic anti-
hyperammonemic agents/therapies lie in their
toxicity and the reappearance of symptoms after
discontinuation[9]. The screening and appraisal of
drugs for their anti-hyperammonemic activity is
pursuing till date, essentially from traditional
medicinal plants and natural products.
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Semecarpus anacardium, commonly known as
‘marking nut’ has high priority and applicability in
indigenous system of medicine against various
diseases. Semecarpus anacardium nut milk extract
(SAE)potentiated the efficacy of commonly used
anti-cancer drugs like mitomycin, fluorouracil and
methotrexate[10]. SAE contains more than 20
active phyto-constituents. SAE was subjected to
investigation against hepatocellular
carcinoma[ll],mammary carcinoma[12] and
rheumatoid arthritis[10] in experimental mammals
for its beneficial effects. Further, SAE is known to
offer hepatoprotective[11], anti-inflammatory[13],
antiatherogenic[14], cardio protective[15] and
antiglycemic properties[16].

To our knowledge, this report is the first study to
investigate the effect of SAE on circulation and
kidney lipid peroxidation and antioxidant status in
ammonium chloride (NH4Cl)-induced
hyperammonemic rats. Therefore, the objective of
the present study is to investigate the influence of
SAE on blood ammonia, plasma urea and
superoxide dismutase (SOD), catalase (CAT),
glutathione peroxidase (GPx) and reduced
glutathione (GSH) in kidney tissue of an animal
model of NH,CI -induced hyperammonemia.

Materials and Methods
Experimental animals

All the experiments were carried out in male
albino Wistar rats (180-200g), obtained from
Central Animal House, Faculty of Medicine,
Annamalai University, Tamil Nadu, India. They were
housed in polypropylene cages (47x34x20 cm) lined
with husk, renewed every 24 h, kept under 12:12
h light/dark cycle at 23+2°C and had free access to
drinking water and food. The rats were fed with
standard pellet diet (Pranav Agro Industries Ltd.,
Maharashtra, India). The experiments were carried
out according to the guidelines of the Committee for
the Purpose of Control and Supervision of
Experiments on Animals (CPCSEA), New Delhi,
India and approved by the Animal Ethical
Committee of AnnamalaiUniversity (Approval no.
537; dated 20/03/2008).

Chemicals

Ammonium chloride was purchased from Sisco
Research Laboratories, Mumbai, India. All other
chemicals used in the study were of analytical
grade.
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Semecarpus anacardium nut milk extract (SAE)

The preparation contains purified nuts of
Semecarpus anacardium, cow's milk and ghee. The
SAE was prepared by boiling the nuts (200g) with
500 ml of milk. After decanting the decoction, 500
ml of milk was added to the boiled nuts and the
mixture was again boiled for 15 minutes. The
decoction was recovered and the process was
repeated again with the milk. All the three portions
of milk nut decoction were mixed with ghee and
boiled till dehydrated, then filtered and stored[17].

Induction of experimental hyperammonemia

Hyperammonemia was induced in Wistar rats by
intraperitoneal injections of ammonium chloride at
a dose of 100 mg/kg body weight (b.wt) thrice
in a week for 8 consecutive weeks[18,19].

Experimental design

The rats (180- 200 g) were divided into 5 groups of
6 rats each. Group | rats were administered with
olive oil (as vehicle) 0.5 ml each; group Il rats were
administered with SAE (150 mg/kg b.wt. dissolved
in 0.5 ml olive oil) orally by using an intragastric
tube (thrice a week for 8 consecutive weeks)[10];
group lll rats were injected intraperitoneally with
NH4CI (100 mg/kg b.wt); group IV rats were given
NH4ClI + SAE (thrice a week for 8 consecutive
weeks) and SAE control and group V rats (SAE
control) were orally administered with milk and ghee
extract without SA nuts (thrice a week for 8
consecutive weeks respectively).

At the end of 8th week, the rats were made to fast
overnight and sacrificed by cervical dislocation.
Blood samples were collected; plasma and serum
were separated by centrifugation. Kidney tissue
were excised immediately and rinsed in ice-
chilled normal saline; 500 mg of the tissues
were homogenized in 5.0 ml of 0.1 M Tris-HCI
buffer (pH, 7.4). The homogenate was centrifuged
and supernatant was used for the estimation of
biochemical indices.

Biochemical Estimations

Blood ammonia[20], Plasma urea[21l], SOD[22],
CAT[23], GPx[24] and GSH[25].

Statistical analysis

Statistical analysis was performed using one-way
analysis of variance (ANOVA) followed by Duncan’s
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multiple range test (DMRT) using SPSS software
package 9.05. Results were expressed as mean *
SD from 6 rats in each group. P values <0.05 were
considered as significant.

Results

Table 1 shows the levels of blood ammonia and
plasma urea in normal and experimental rats. The
levels of circulatory ammonia and urea were
significantly higher in NH,Cl-treated rats when
compared with normal. Hyperammonemic rats
treated with SAE significantly normalized the levels
of ammonia and urea and lipid peroxidation
products, as compared with hyperammonemic rats.
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Table 2 shows the levels of antioxidants in kidney
tissue of normal and experimental groups. The
levels of SOD, CAT, GPx and GSH were
significantly lower in NH4Cl-treated rats, and these
levels were significantly normalized in
hyperammonemic rats treated with SAE.

Discussion

This study is one of the series of studies showing
that chronic hyperammonemia causes an
imbalance in the oxidative status of the renal tissue
and that the resulting free radicals damage the

Table 1: Effect of SAE on changes in the levels of blood ammonia and plasma urea of normal and
experimental rats.

Groups Blood Urea
ammonia (mg/dl)
(mmol/L)

Normal 85.16+2.03° 12.58+0.78°

Normal + SAE(150 mg/kg) 84.16+0.68° 12.08+0.53°

NH,CI (100 mg/kg) 323.16+2.91° | 24.83%0.55"

NH,Cl+ SAE 145.0+£1.91° 16.16+0.68°

SAE control 86.33+1.49° 12.41+0.67°

Each value is mean + SD for six rats in each group. Values not sharing a common superscripts(a, b and

c) differ significantly at P < 0.05 (DMRT)

Table2:Effects of SAE on changes in the levels of SOD, Catalase, GPX and GSH in kidney tissue of

normal and experimental rats.

Groups SOD Catalase GPx GSH
(UYmg (U¥mg (U*/mg protein) (mg/100 g
protein) protein) tissue)

Normal 2.83+0.14° 2.10+0.14* 7.25+ 0.65% 50.16 + 3.13°
Normal + SAE (150 2.91+0.11° 2.06 +0.18% 7.20 +0.76 51.41 +4.10°%
mg/kg)

NHA4CI (100 mg/kg) 1.62 + 0.05° 1.35+0.10° 4.0 +0.52° 22.37+2.32°
NH4CI + SAE 2.22 +0.12° 1.65+0.11° 6.01 + 0.67°¢ 41.40 + 3.52°
SAE control 2.80+0.12° 2.08 +0.18% 7.21+0.68% 50.42 + 3.63°

Each value is mean + SD for 6 rats in each group. Values not sharing a common superscripts (a, b and
c) differ significantly at P < 0.05 (DMRT). U! - one unit of activity was taken as the enzyme reaction, which

gave 50% inhibition of NBT reduction in 1 minute.

U? - u mole of hydrogen peroxide consumed/minute. U*- pg of glutathione consumed/min.
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kidney through a peroxidative mechanism. In the
liver, ammonia is removed either in the form of urea
in periportal hepatocytes and/or as glutamine in
perivenoushepatocytes[26]. Increased levels of
blood ammonia might indicate hyperammonemic
condition in rats treated with ammonium chloride,
which may be due to liver damage caused by
ammonia intoxication[27, 28]. The reduction in
levels of ammonia during SAE treatment shows
significant anti-hyperammonemic activity of this
extract[29]. Various investigations have
documented that plant extracts containing phonetic
compounds and flavonoids offer ammonia
detoxication by removing excess ammonia, urea,
uric acid and creatinine during various disease
conditions such as hyperammonemia,
nephrotoxicity, etc[30]. Decreased levels of blood
ammonia and plasma urea in the SAE and NH,CI
treated rats may be due to the antioxidant potential
of SAE.

We observed that, NH,Cl-induced rats exhibited
decreased activities of SOD and catalase in kidney
tissues. The decrease in the activities of antioxidant
enzymes is in close relationship with the induction
of lipid peroxidation[31]. The decrease in the
activities of these antioxidant enzymes might be
due to damage of kidney tissues. SAE
administration significantly normalized the activities
of SOD and catalase in kidney tissues of NH,CI -
induced rats and it was also reported that SAE
possesses the ability to enhance the activity of SOD
and catalase content in arthritic rats[32]. We
observed decreased levels of GSH and GPx in
kidney tissues of hyperammonemic rats; this might
be due to the increased utilization in protecting ‘SH’-
containing proteins from lipid peroxides. SAE
treatment significantly increased the levels of GSH
and GPx in kidney tissues of NH,Cl-induced rats;
this might be due to SAE being able to increase the
level of GSH and GPx in arthritic rats[32]. The
present investigation shows that the SAE exerts
protection to NH4Cl-induced hyperammonemia in
rats against oxidative stress. However, the exact
mechanism is still unclear and further research on
the action of SAE is underway.

References

[1] Norenberg MD, Rama Rao KV, Jayakumar AR.
Ammonia neurotoxicity and the mitochondrial
permeability transition. J Bioenerg Biomembr
2004;36:303-7.

[2] Qureshi IA, Rama Rao KV. Decreased brain
cytochrome C oxidase activity in congenitally

© 2014, IJCRCPS. All Rights Reserved

167

Int.J.Curr.Res.Chem.Pharma.Sci.1(7): 164-168

hyperammonemicspf mice: Effects of acetyl-
Icarnitine. In: Mardini RL, editor. Advances in
Hepatic Encephalopathy and Metabolism in
Liver disease. UK: Ipswich Book Company;
1997. p. 385-93.

Rama Rao KV, Jayakumar AR, Norenberg MD.
Diff erential response of glutamine in cultured
neurons and astrocytes. J Neurosci Res
2005;79:193-9.

Murthy CR, Rama Rao KV, Bai G, Norenburg
MD. Ammonia induced production of free
radicals in primary cultures of rat astrocytes. J
Neurosci Res 2001;66:282-8.

Kosenko E, Kaminsky A, Valencia M, Lee L,
Hermenegildo C, Felipo V. Superoxide
production and antioxidant enzymes in
ammonia intoxication in rats. Free Radic Res
1997;27:637-44.

Lena PJ, Subramanian P. Effects of melatonin
on the levels of antioxidants and lipid
peroxidation products in rats treated with
ammonium acetate. Pharmazie 2004;59:636-9.
Essa MM, Subramanian P, Manivasagam T,
Dakshayani KB, Sivaperumal R, Subash S.
Protective influence of Hibiscus Sabdariffa, an

[3]

[4]

[5]

[6]

[7]

edible medicinal plant, on tissue lipid
peroxidation and antioxidant status in
hyperammonemic rats. Afr J Trad CAM

2006;3:10-21.
Subash S, Subramanian P. Effect of morin on
the levels of circulatory liver markers and redox
status in experimental chronic
hyperammonaemic rats. Singapore Med J
2008;49:650-5.
Srinivasan K,

[8]

[9] Muruganandan S, Lal J.
Evaluation of anti-inflammatory activity of
Pongamia pinnata leaves in rats. J
Ethanopharm 2001;78:151-157.

[10]Premalatha B, Sachdanandam P. Semecarpus
anacardium Linn. nut extract administration
induces the in vivo antioxidant defence system
in aflatoxin Bl mediated hepatocellular
carcinoma. JEthnopharm 1999;66:131-139.

[11]Premalatha B, Sujatha V, Sachdanandam P.
Modulating effect of Semecarpus anacardium
Linn. nut extract on glucose metabolizing
enzymes in aflatoxin Bl-induced experimental

hepatocellular carcinoma. PharmRes
1997;36:187-192.
[12]Sujatha V, Sachdanandam P. Effect of

Semecarpus anacardium Linn nut extract on
experimental mammary carcinoma in Sprague—
Dawley rats with reference to tumor marker
enzymes. Pharm Pharmacol Commu
2000;6:375-379.



PHARMACEUTICAL SCIENCES

[13] Singh D, Agrawal A, Mathias A.

Immunomodulatory activity of Semecarpus

anacardium extract in mononuclear cells of

normal individuals and rheumatoid arthritis
patients. J Ethnopharm 2006;108:398-406.

[14]Mary NK, Babu BH, Padikkala J. Anti-

atherogenic effect of Caps HT2, a herbal

Ayurvedic medicine formulation. Phytomede

2003;10:474-482.

Asdag SMB, Chakraborty M. Myocardial
potency of Semecarpus anacardium nut extract
against Isoproterenol induced myocardial
damage in rats. Int J Pharm Sci2010;2:10-13.
[16] Arul B, Kothai R, Christina AJ. Hypoglycemic

and antihyperglycemic effect of Semecarpus
anacardium Linn in normal and streptozotocin-
induced diabetic rats. Methods and Finding in
Experimental and Clinical Pharmacology 2004;
26: 759-762.

[17]Formulary. Formulary of Siddha Medicine.
Published by Indian Medical Practitioners Co-
operative Pharmacy and Stores Ltd., Madras,
India, 1927; (2nd edn), pp. 197.

[18] Subash S, Subramanian P. Morin, a flavonoid
exerts antioxidant potential in  chronic
hyperammonemic rats: a biochemical and
histopathological study. Mol Cell Biochem
2009;327:153-161.

[19] Essa MM, Subramanian P. Temporal variations
of lipid peroxidation products, antioxidants and
liver marker enzymes in experimental
hyperammonemic rats. Biological Rhy Res
2007;38:327-332.

[20]Wolheim DF. Preanalytical increase of ammonia
in blood specimens from healthy
subjects.ClinChem 1984;30:906-908.

[21] Varley H, Gowenlock AH, Bell M. Practical
Clinical Biochemistry. CBS Publishers New
Delhi, 1998; (1), 4th ed: 161-210.

[22] Kakkar P, Das B, Viswanathan PV. A modified
spectrophotometric  assay of superoxide
dismutase.Ind J Biochem Biophy 1978;21:130-
132.

[23]Sinha KA. Colorimetric assay of catalase.
AnalBiochem1972;47:389-394.

[24] Rotruck JJ, Pope AL, Ganther HE, Swanson
AB. Selenium: biochemical role as a component
of glutathione peroxidase. Sci 1973;179:588-
590.

[25]Ellman  GL. Tissue  sulfhydrl

ArchiBiochemBiophy 1959;82:70-77.
Nelson DL, Cox MM. Lehninger Principles of

Biochemistry. Macmillan, London, 2000.

[27] Essa MM, Subramanian P. Pongamia pinnata
modulates oxidant- antioxidant imbalance during

© 2014, IJCRCPS. All Rights Reserved

[15]

groups.

[26]

168

Int.J.Curr.Res.Chem.Pharma.Sci.1(7): 164-168

hyperammonemic rats. Fund Clini Pharm
2006;3:299-303.

[28] Lena PJ, Subramanian P. Effects of melatonin
on the levels of antioxidants and lipid
peroxidation products in rats treated with
ammonium acetate. Pharmazie 2004:;59:636-
639.

[29] Vijayakumar N, Subramanian P, Protective
effect of Semecarpusanacardium nut extract
against hyperammonemia in rats. J Herb Med
Toxicol2010;4:77-82.

[30] Shirwaikar A, Malini S, Kumari SC. Protective
effect of Pongamia pinnata flowers against
cisplatin and gentamicin induced nephrotoxicity
in rats. Ind J ExpBiol 2003;4:58-62.

[31] Jagetia GC, Rajanikant GK, Rao SK, Baliga
MS. Alteration in glutathione, glutathione
peroxidase, superoxide dismutase, and lipid
peroxidation by ascorbic acid in the skin of mice
exposed to fractionated gamma radiation.
CliniChemActa 2003;332:111-121.

[32] Ramprasath VR, Sachdanandam P. Evaluation
of antioxidant effect of Semecarpus anacardium
nut extract on the components of immune
system in adjuvant arthritis. Vas Pharmacol.
2005;42:179-186.



