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ABSTRACT

The present study was designed to determine the ameliorative effect of melatonin (Mel),
vitamin C (Vit.C) alone and their combination on liver and kidney functions in acrylamide (ACR)
intoxicated rats(administration ACR for 45days). Forty eight adult male rats were divided randomly
into two main groups. Control group (no=20) subdivided into two groups: groupl: ten animals of
control administration distal water and group Il:ten animals give Mel(5mg/kgBW) for 21 days.
second group: the ACR treated group(n=40) subdivided into ACR+distal water orally, ACR+Mel
(5mg/kg BW/day), ACR+Vit.C (200 mg/kg BW/day), ACR+Mel (5mg)+Vit.C (200 mg)’kg BW/day
for 21 days. The result revealed that no significant differences in serum AST, ALT and ALP
enzymes levels between control group treated with Mel and control group. A significant reduction in
serum AST, ALT and ALP levels were recorded in all treated groups compared with ACR-non
treated group in which the above cited parameters still significantly higher compared with control.
No significant differences were recorded in serum total protein, urea and creatinine concentrations
between control+Mel treated group compared with control. A significant improvement in serum total
protein, urea and creatinine concentrations were recorded in all treated groups compared with ACR-

non treated group.

INTRODUCTION

Acrylamide is odorless, white crystalline solid at room temperature and have chemical
formula: C3HsNO and structure H,C=CHCONH, , acrylamide is a, B-unsaturated vinyl monomer of
polyacrylamide (CH,CH-CONH,), it is a water soluble substance (1and2). Acrylamide monomer has
been reported to be formed in certain foods cooked in high temperature, levels of acrylamide as 3500
ug/Kg have been reported in potato chips and french fries, it was first detected in certain foods in
April 2002 and the toxicity studies on animals indicate the results that acrylasmide is carcinogenic, in

rodent caused toxic effects on the reproductive and nervous systems while in the human causes only
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neurotoxicity (3).Metabolism of acrylamide occurs by two ways either by conjugation with
glutathione or oxidation to glycidamide. Melatonin secretion is not only in blood and also in all types
of bodily fluid which including: saliva, cerebrospinal fluid, aqueous humor of the anterior chamber,
follicular fluid and also in breast milk. Melatonin receptors are distributed in all tissues and organs
and also present so far been confirmed in the brain (including the SCN), pituitary gland, spinal cord,
retina, thymus, spleen, liver, heart, kidney, adrenal gland, lungs, testes, ovaries, blood vessel,
osteoblasts and lymphocytes (4 and 5).Melatonin is a direct scavenger of radical oxygen and nitrogen
species (OH, O, and NO) (6). The melatonin is a most effective lipophilic antioxidant has been
proven to be twice as active as vitamin E and C, which differs from other classic antioxidants, it has
amphiphilic properties and proved to be better protected against mitochondrial oxidative stress (7).
Stimulator actions of melatonin on the synthesis of another important antioxidant intracellular,
glutathione (8) and also its protection of antioxidative enzyme from oxidative damage (9). The
present study was aimed to determine the ameliorative effect of Mel, Vit.C and their combination on

ACR induced liver and kidney disfunctions by biochemical and histological changes.

MATERIALS AND METHODS

Animals and housing: sixty adult male rats were used in this study. They were kept in animal house
under constant environmental condition for 2 weeks to acclimatization before beginning of the
experiment. Food and drinking water were provided ad libitum throughout the experiment.

Experimental Design: rats were divided randomly into two groups as follows:

1-Control group (n=20): adult male rats administered distalled water daily by gavage for 45 days.2-
Treatment group(n=40): adult male rats administrated ACR (5mg/kg BW/day) for 45 days by

gavage.

At the end of experimental period the animals of each group were divided into the following
subgroups:The control group was divided into two equal groups: Gl(-ve control) (n=10)
administrated distal water by gavage for 21 days.G2 (+vecontrol)(n=10) administrated (5 mg/kg
BW/day) orally for 21 days by gavage. The ACR group (n=40) divided into four equal
ubgroups:ACR+distal water (G3): administrated distal water. ACR+Mel (G4): administrated Mel
Smg/kg BW/day. ACR+Vit.C  (G5): administrated VitC (200 mgkg BW/day).
ACR+Mel+Vit.C(G6): administrated both Mel (5mg)+Vit.C (200 mg)/’kg BW/dayby gavage for 21
days.
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Collection of blood samples:At the end of treatmentt peroid the animals were anesthized using
diethyl ether and sacrificed. The blood samples were collected directly by cardiac puncture into clean
dry testtube and serum were separated and stored at -20°C until used for hormonal analysis. The liver
and kidney were excised directly and fixed in neutral buffered formalin 10% for histological study
according to Luna (10).

Biochemical Measurments: Some biochemical measurements were done on the serum after

separation by using special enzymatic kits as follow:

Serum Aspartate aminotransferase (AST) and Serum Alanine aminotransferase (ALT)
Estimation(U/I):Aspartate = and alanine aminotransferase is measured by monitoring the

concentration of oxaloactate hydrazone formed with 2,4-dinitrophenyl-hydrazine (11).

Serum Alkaline Phosphatase (ALP) measurment(U/I): This estimation was done by using the

colorimetric determination of alkalin phosphatase activity (12).

Total Protein Measurement: Colometeric method described by Young (13) and Titez (14). By
using the biuret reagent contains sodium potassium tartrate to complex cupric ions and maintain their

solubility in alkaline solution

Urea Measurement : Urea is hydrolyzed in the presence of water and urease to produce ammonia
and n dioxide (15).

Serum Creatinine Measurment:Creatinine is endogenously produced and released to body fluids at
a stable rate and its plasma and serum levels are maintained within narrow limits, it can be measured

as an indicator of glomerular filtration rate (GFR) (16).

RESULTS

The results as demonstrated in the table (1) showed that serum ALT concentration increased
significantly (P<0.05) in ACR-non treated group compared with control and other treated groups
after 21 days of treatment. While no significant differences were observed between ACR+Mel,
ACR+Vit.C and ACR-Mel+Vit.C treated groups compared with the control. No significant
differences were recorded in serum ALT concentration between ACR+Mel and ACR-Vit.C treated
groups compared with control. While serum ALT concentration still significantly (P<0.05) higher in
ACR+DW group compared with control and other treated group. Serum AST concentration was
significantly (P<0.05) higher in ACR-non treated group compared with control and other treated

groups, while no significant differences were recorded in control+Mel and ACR+Mel treated groups
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compared with control. The low significant (P<0.05) value of serum AST concentration was
recorded in ACR+Mel+Vit.C treated group compared with control and all other treated groups. No
significant differences were observed in serum ALP concentrations between all treated groups and
control at the end of treatment peroid except in ACR-non treated group in which ALP concentration

still significantly (P<0.05) higher than those of control and all other treated groups.

Table (1): Effect of Mel, Vit.C alone and their combination on serum liver enzymes of ACR-

treated adult male rats (M+SD.): (n=10)

Parameters ALT AST ALP

Groups (un) (un (un
G1(Control) 18.38+3.37° | 21.98+2.10° | 11.44+0.72°
G2(Control+Mel) 19.95+4.88° | 22.1743.04° | 12.00+0.47°
G 3(ACR +DW) 31.73+4.82% 39.66+1.21° 18.09+1.38 2
G4(ACR+Mel) 2021491 | 22.16+1.65¢ | 10.84+0.61°
G5(ACR+Vit.C) 21.3542.56™ | 25.25+3.60° | 14.14+0.63°
G6(ACR+Mel+Vit.C) | 24.03+1.24° | 18.48+1.54% | 11.54+1.25°

LSD 4.08 3.08 1.16

Values expressed in small letters mean significant differences at (P<0.05) levels.

The data in table (2) revealed the serum total protein concentration that no significant

difference was observed between control+tMel, ACR+DW, ACR+tMel, ACR+Vit.C and
ACR+Mel+Vit.C treated groups compared with control. While serum total protein concentration still
significantly (P<0.05) lower in all treated groups compared with control. After 21 days of treatment
serum urea concentration indicated no significant differences between control+Mel and ACR+Mel
treated groups compared with the control. However significant (P<0.05) elevation in serum urea
concentrations were recorded in ACR+DW, ACR+Vit.C and ACR+Mel+Vit.C treated groups
compared with control. While serum urea concentrations still significantly higher in ACR+DW
group compared with control and all other treated groups. Finally serum creatinine concentrations
revealed that no significant differences were observed between control+Mel and ACR-+Mel
compared with control. However in ACR-non treated and ACR+Vit.Ctreated groups serum
creatinine concentrations were significantly higher compared with control and other treated groups.
The creatinine concentrations still significantly higher compared with control and other treated

groups.
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Table (2): Effect of Mel, Vit.C alone and their combination on serum total protein, urea and

creatinine concentrations in ACR-treated adult male rats (M£SD): (n=10)

Parameters Tota.l Urea Creatinin
protein

g/l mg/dl Mbn kg/l

G1 (Control) 8.39+0.51* 62.39+7.86 ¢ 4.23+0.50°¢

G2(Control+Mel) 7.87+0.59" 61.95+8.87¢ 3.59+0.78"

G 3(ACR+DW) 7.33£0.82° | 107.72+£11.43* | 6.84+0.47"

G4 (ACR+Mel) 7.31+0.67" 65.51+5.40° | 3.58+0.70"

G5(ACR+Vit.C) 7.36+0.61° 84.32+4.59" 5.47+1.04°

G6(ACR+Mel+Vit.C) | 7.72+0.63" 76.01+3.93° 2.72+0.64°

LSD 0.67 8.31 0.85

Values expressed in small letters mean significant differences at (P<0.05) levels.
DISCUSSION

The results of the present study as illustrated in the table (1) revealed that no significant
differences were observed in serum ALT, AST and ALP enzymes in normal Mel. treated group for
21 days compared with control. These results are in accordance with Bhatti et al. (17) and Sulaiman
(18) who found that no significant differences were observed in adult male and female rats treated
with 10 mg/kg BW of Mel compared with control group. Similarly Ebaid ez al. (19) mentioned that
adult male rats treated with Mel 10mg/kg BW/day for 3 weeks revealed no significant differences in
plasma ALT, AST and ALP levels compared with control. The results also indicated that the ACR-
non treatment group the levels of serum ALT, AST and ALP enzymes still significantly higher at the
end of the experiment which may be occurred either due to the toxic effects of ACR. on liver tissue
and other organs which not regenerated at the end of experiment or the period of withdrawal (21

days) not enough to regeneration takes place.

While in ACR+Mel, ACR+Vit.C and ACR+Mel+Vit.C treated groups the levels of serum
ALT, AST and ALP enzymes showed non significant differences compared with control. These

results are in line with those of Sulaiman (18) who concluded that the intoxicated of both adult male
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and female rats with both chlorpromazine and lipopolysacchride revealed a significant increase in
ALT, AST and ALP enzymes compared with control. While pretreatment with 10 mg/kg BW of Mel
cause significant reduction in serum ALT and ALP levels and nonsignificant reduction in serum AST
level compared to the control group. Similarly fluoride intoxicated adult female rats showed a
significant increase in serum ALT, AST and ALP enzyme levels compared with control and the
cotreatment with Mel 10 mg/kg BW. for 28 days resulted in a significant elevation of these
parameters compared with fluoride intoxicated female rats but still significantly higher than that of

control group (20).

The results are also in agreement with Ebaid ef al. (19) who demonstrated that adult male rats
treated with carbon tetrachloride (1 mg/kg) for 15 days cause significant elevation in serum liver
enzymes AST, ALT and ALP levels while Mel treatment for 3 weeks resulted in improvement of
these parameters compared to CCly intoxicated group but still significantly higher compared with
control.The results of ACR-groups treated with Vit.C consistent with Mongi et al. (21) who
indicated that Wistar rats administrated deltamethrin (1.28 mg/kg) resulted in a significant increase
in serum AST, ALT and ALP. While pretreatment with Vit.C (200mg/kg) normalize the above cited
parameters. Similarly Hussein et al. (22) showed a significant elevation in serum AST and ALT in
adult male rats treated with fenvalerate in dose of (2-8mg/kg) for 30 days compared with control.
However the administration of Vit.C causes significant decrease in serum AST and ALT activity
compared with control. Shawky et al. (23) showed a significant increase in serum levels of AST,
ALT and ALP enzymes in Lead acetate treated male mice compared with control. However
coadministration of Vit.C resulted in ameliorating the above cited parameters compared with the
Lead intoxicated group but still significantly higher compared with control. Soliman (24) mentioned
a significant elevation in serum AST, ALT and ALP activity in adult male rats treated with ACR
compared with control. The coadministration of Vit.C cause significant reduction of these parameters
compared to the group of control. The present results also coincidence with Elzoghby ef al. (25) who
found that administration of Vit.C to malathion intoxicated male rats resulted in significant
reduction of serum AST, ALT and ALP toward the normal values compared with the control group.
In agreement with these results Ahmadizadeh et al. (26) reported that adult male rats exposed to
different doses (200, 400 and 600 mg/kg) syrene cause significant elevation in serum AST, ALT and
ALP levels in a dose dependent manner. While pretreatment with Vit.C (200mg/kg BW) I/P cause a
significant reduction in these parameters compared with syrene group but still significantly higher
than those of controls. Vit.C is water soluble (hydrophilic) and considered one of important

antioxidant trapping the free radicals in extracellular fluid and protecting the biomembranes from
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peroxidation damage. On other hand the co-treatment of Mel and Vit.C causes an improvement in
serum AST, ALT and ALPlevels in male rats treated for 21 days compared with ACR-untreated
group, but still significantly higher than that of control these results are inconsistent with Soliman
(23) who I indicated that the ACR-intoxicated adult male rats showed a significant elevation in
serum stand ALT levels these parameters begin to improve after treatment with Mel, Vit.C and both
Mel and Vit.C but still significantly higher than that of control.The present results as illustreated in
table (2)indicated that no signifciant differences were observed in serum total protein, urea and
creatinine concentrations between Mel-treated group compared with control. Moreover no significant
difference was recorded in serum total protein between Mel treated male rats and control (27 and
17). Our resultes are also parallel to those recorded by Bharti& Srivastava (20) and Ebaid ef al. (19)
who found that no significant differences were recorded in plasma total protein, creatinine and urea

between Mel treated female rats compared with control.

In ACR-non treated group which administrated distal water for 21 days showed a significant
increase in serum urea and creatinine compared with control while serum total protein showed no
significant differences compared with control. A significant restoration of above parameters to
normal values were recorded in ACR+Mel treated group compared with ACR-non treated and
control groups. These results were matched with Bharti & Srivastava (20) who demonstrated that
Mel treatment of fluoride intoxicated female rats lead to significant reduction of serum urea and
creatinine levelscompared with the control. In agreement with the results of the present study Ismail
(28) showed a significant increase in serum urea and creatinin in adult male rats intoxicated with the
malathion compared with the control. While no significant difference in serum total protein was
observed. The administration of Vit.C to malathion intoxicated group resulted in restoration of above
parameter to near normal value. However Ismail & Ismail (29) mentioned the mercury intoxicated
adult rats showed a significant increase in serum urea concentration and non significant changes in
serum creatinine concentration compared with the control. Administration of Vit.C with mercury
kept the urea level within its normal range compared with the control. In the same line Elzoghby et
al. (25) demnstrated a significant increase in serum BUN and creatinine and a signifiicant decrease in
serum total protein concentrations in adult male rats intoxicated with malathion compared with
control. However coadministration with Vit.C lead to restoration of these parameters toward normal
values compared with control. A similar results were recorded by Ahmadizadeh ef al. (26) in styrene
indicated toxicity in adult male rats treated with Vit.C,the present results also observed that ACR
group treated with combination of Mel and Vit.C cause improvement in serum urea and creatinine

concentrations compared with control and ACR-non treated groups. The results consistent with those
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obtained by Soliman (23) who found a significant increase in serum urea and creatinin
concentrations compared with control. But administration of Mel, Vit.C alone and their combination
lead to restoration of all these parameters toward the normal values but still significantly lower than
those of the control. The data are in accordance with Quiroz (30) and Ebaid et al. (19) who reported
that a significant increase in serum urea and significant decrease in serum total protein levels in adult
male rats treated with carbontetrachloride while administration of Mel, Vit.C alone and their
combination resulted in restoration of all above cited to their normal levels. The administration of
Vit.C protect the liver from the effect of free radicals resulted from oxidative stress. Vit.C also cause
improvement of total protein concentration due to reduction in apoptotic properties to white blood

cells due to its antiooxidant properties (31).

G 4 s83 A Al g all Ciilliy o LaadS g Labaa ol 7 (el gl gidlsall (8 ) il
Aladl YL daamal) ALl
asmmall 3 e Gl ¢ (AISI dea) deaa anlas ¢ Ol e AV lue a5
Bl galeo pomlles ool Axdln ¢ sl ol A0S ¢ cLiasl 4y 521 5 ALl 8

-

AadAll

b S Akl el e lae LaadSy Ladan 5 inalid s o Dall il il spaad 2 jall o328 apenal o
(20> 60) Al ) sSAl Gla s apdl &5 a5 (a5 45 3aal 2Dl SYL Cie ja) 2Bl )SYL deana) G 5SA 13
D GldsY) Ao sandl) e i (e sene ) Coand (20 =222) 3okl de sana () Gie saaae ) (S sdie (S
[ pala 5) (i sihae Cuhae) G s 3 ke (G2 Al Ae sendll 5 jhats el Ao a3 jlawl) A geaa (e Gl g B yle
Ciaud (40 = 222) ACR 22 SYL e ja Al de senall Al 4y ) de ganall Lagy 27 32l () )5 (e aaS
(oo [ and) (D5 e paS [aale5) (i sBhe + 23 SYRe senay aill 33k e Lhie sle + 230 SV I A LS
Ol +(arle5) 0 50 + 2003 SV Ae sanasi(psn [ aall 05 0 p3S [aike 200) 7 el +ae3k SY) A ganas
Glay 3V Clsie (A dysine $98 39a s aae dagiill Cing Leg 21 Baay asr [ auall )5 (e @3S /(p2le 200)
S sia paladd) Jaand &5 5 kel de gana s 0 533l Caalge (A5 lad) de sana G pall dias 3 ALPSALTSAST
slet 223 Y Ao gana pe A5 )lie Aallaall e sanall gaen (3 ALP lisisn s cadll Jome 8 ALT 5 AST <l sivsa (8
o Ay sine DA (gl Jat Al 3 k) de sene g Aol LS JeT J1 3 Y odlel ) sShall dallaall aadlaall g e
as B okadl de sane ae & lae 0 53he + 5kl de sane (g pall diae (B il SH g Ly sl g JSI g 5l 50 8
de gana go A lie Aalladll Cile ganall aead Jaaall (8 cpiily SNy Ly gll g JSH g pll 580 5 (3 S cpaad Jaausd
ki slat 203 Y

471



Basrah Journal of Veterinary Research,Vol.15, No.3,2016
Proceeding of 5™ International Scientific Conference,College of Veterinary Medicine
University of Basrah,Iraq

10.

REFERENCES

. Asha, S.; Renu, S. and Jyotsna, J. (2008). Biochemical changes in the liver of swiss Albino

mice oraly exposed to acrylamide. Mj. Int. J. Sci. Tech.; 2(03): 542-550.

Schwend, T.; Moéller, M.; Schabacker, J.; Ruppert, T. and Wink, M. (2009). Alkylation
of adenosine deaminase and thioredoxin by acrylamide in human cell cultures. Z. Naturforsch
C.; 64(5-6): 447-453.

World Health Organization (2012). Acrylamide in drinking water. Background document
for development of WHO Guidlines for drinking-water quality WHO/SDE/WSH103.04/71
Rev./1.

Ishii, H.; Tanaka, N.; Kobayashi, M.; Kate, M. and Shakuma, Y. (2009). Gene structures,
biochemical characterization and distribution of rat melatonin receptors. J. Physiol. Sci.;
59:37-47.

Ikegami, T.; Azuma, K.; Nakamura, M.; Suzuki, N.; Hattori, A. and Ando, H. (2009).
Diurnal expressions of four subtypes of melatonin receptor genes in the optic tectum and
retina of goldfish. Comp. Biochem. Physiol.; A 152, 219-224.

Pohanka, M. (2011). Alzheimer's disease and related neurodegenerative disorders:
implication and counteracting of melatonin. J. of Applied Biomedicine; 9(4): 185-196.
Lowes, D.A.; Webster, N.R.; Murphy, M.P. and Galley, H.F. (2013). Antioxidants that
protect mitochondria reduce interlekin-6 and oxidative stress, improve mitochondria function
and reduce biochemical markers of oegan dysfunction in a rat model of acute sepsis. Br. J.
Anaesth; 110(3): 472-480.

Winiarska, K.; Fraczyk, T.; Malinska, D.; Drozak, J. and Bryla, J. (2006). Melatonin
attenuates diabetes-induced oxidative stress in rabbits. Journal of Pineal Research; 40:168—
176.

Mayo, J.; Sainz, R.; Tan, D.; Hardeland, R.; Leon, J.; Rodriquez, C. and Reiter, R.
(2005). Anti-inflammatory action of melatonin and its metabolites, N'-acetyl-5-
methoxykynuramine (AFMK) and N-acetyl-1-5-methoxy kyuramine (AMK) in mecrophages.
J. Neuroimmunol.; 165:139-149.

Luna, L.G. (1968). Manual of; histologic staining methods of the armed forces institute of
pathology. 3rd ed. McGraw-Hill, New York, NY.

472



Basrah Journal of Veterinary Research,Vol.15, No.3,2016
Proceeding of 5™ International Scientific Conference,College of Veterinary Medicine
University of Basrah,Iraq

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Schumann, G. and Klauke, R. (2003). New IFCC reference procedures for the
determination of catalytic activity concentrations of five enzymes in serum: preliminary
upper reference limits obtained in hospitalized subjects. Clin. Chim. Acta; 327(1-2): 69-79.
Tietz, N.W. (1999). Textbook of clinical chemistry. 3" ed. C.A. Burtis E.R. Ashwood W.B.
Saunders: 676-84 Et 1429-1431.

Young, R.J.C. (1995). Foucault on race and colonialism. New Formations; 25: 57-65.

Titez, N.W. (2006). Clinical guide to laboratory test. 4™ ed.; 638-9ET: 1062-1065.

Tietz, N.M. (1996). Fundamentals of clinical chemistry. 31 ed., W. B. Sanders Co., PP 584-
595.

Bartels, H.; Bohmer, M. and Heierli, C. (1971). Serum creatinine determination without
protein precipitation.Clin. Chim. Acta;37:193-197.

Bhatti, P.; Mirick, D.K. and Davis, S. (2014). The impact of chronotype on melatonin
levels among shift workers. Occup. Environ. Med.; 71:195-200.

Sulaiman, A.A. (2011). Protective effect of melatonin against idiosyncratic liver injury in
rats chellenged with chlorpromazine and lipopolysaccharide. International Research of
Pharmacy; 2(3): 221-225.

Ebaid, H.; Ahmed, O.M.; Mahmoud, A.M. and Ahmed, R.R. (2013). Limiting prolonged
inflammation during proliferation and remodeling phases of wound healing in streptozotocin-
induced diabetic rats supplemented with camel undenatured whey protein. BMC
immunology; 14: 31.

Bharti, V. and Srivastava, R.S. (2011). Effect of pineal protein S and melatonin on certain
biochemical parameters of rats exposed to high-fluoride drinking water. Fluoride; 44(1): 30-
36.

Mongi, S.; Mahfoud, M.; Amel, B.; Kamel, J. and Abdelfattah, F. (2011). Protective
effects of vitamin C against haematological and biochemical toxicity induced by deltamethrin
in male Wistar rats. Ecotoxicol. Environ. Saf.;74(6):1765-9.

Hussein, H.K.; Elnaggar, M.H. and Al-Dailamy, J.M. (2012). Protective role of Vitamin C
against hepatorenal toxicity of fenvalerate in male rats. Global Advanced Research Journal of
Environmental Science and Toxicology; 1:060-065.

Shawky, S.M.; Ramadan, S.G.A. and Orabi, S.H. (2014). Hemato-biochemical,
Behavioral and Neurological effects of Vitamin C administration against lead exposure in

mice.International Journal of Advanced Researc; 2(12): 418-429.

473



Basrah Journal of Veterinary Research,Vol.15, No.3,2016
Proceeding of 5™ International Scientific Conference,College of Veterinary Medicine
University of Basrah,Iraq

24,

25.

26.

27.

28.

29.

30.

31.

Soliman, G.A.Z. (2013). Protective effect of Solanum nigerum, vitamine C or melatonin on
the toxic effect of acrylamide on rats. IOSR Journal of Pharmacy and Biological Science;
5(5): 47-54.

Elzoghby, R.R.; Hamuoda, A.F.; Abdel-Fatah, A. and Farouk, M. (2014). Protective
effect of vitamin C and green tea extract malathion-induced hepatotoxicity and
nephrotoxicity in rats.

Ahmadizadeh, M.; Abdolkany; E. and Afravy, M. (2015). The Preventive Effect of
Vitamin C on Styrene-Induced Toxicity in Rat Liver and Kidney. Jundishapur J. Health Sci.;
7(2): 14-19.

Ogeturk, M.; Kus, I.; Kavakli, A.; Zararsiz, I.; Ilhan, N. and Sarsilmaz, M. (2004).
Effects of melatonin on carbon tetrachloride-induced changes in rat serum. J. Physiol.
Biochem.;60(3):205-10.

Ismail, S.M. (2013). Protective effects of vitamin C against biochemical toxicity induced by
malathion pesticides in male albino rat.J. Evol. Biol. Res.; 54-59.

Ismail, S.M. and Ismail, H.A. (2014). Protective effect of L-ascorbic acid (vitamin C) on
mercury detoxication and physiological aspects of albino rats. Journal of Zoological
Sciences; 2(2): 1-5.

Quiroz, Y.; Atilio, F.; Freddy, R.O.; Nosratola, D.V. and Bernardo, R. (2008). Melatonin
ameliorates oxidative stress, inflammation protein uria and progression of renal damage in
rats with renal mass reduction. Am. J. Physiol. Renal Phsiol.; 294: F336-F344.

Ambali, S.F. (2009). Ameliorative effect of vitamins C and E on neurotoxicological,
haematological and biochemical changes induced by chronic chlorpyrifos in Wistar rats. PhD

Dissertation, Ahmadu Bello University, Zaria, Nigeria.

474



