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Abstract

Cisplatin is an inorganic complex; the therapeutic effects of it are
significantly improved by dose escalation. However high-dose therapy with
cisplatin is limited by its cumulative nephrotoxicity and neurotoxicity.

The aim of study was to compare between the effect of melatonin and zinc
sulfate in prevention of cisplatin induced-nephrotoxicity in rats.

Forty male abino rats weighing (200-250gm) were equally divided into four
groups: normal group (0.2 ml isotonic saline group), control group “cisplatin
group” (12 mg/kg cisplatin, single dose |.P.), melatonin group (15 mg/kg I.P.)
prophylactically one day prior to cisplatin administration and continued for further
3 days, and zinc sulfate group (50 mg/ kg |.P.) prophylactically one day prior to
cisplatin administration and continued for further 3 days.

There was significant difference (p<0.05) between zinc sulfate and melatonin
in reducing serum creatinine and BUN (melatonin more effective in reducing these
parameters), and there was no significant difference (p>0.05) between them in
reducing serum malondialdhyde (MDA) and increasing serum glutathione (GSH).

As a conclusion, melatonin (15 mg/ kg 1.P.) and zinc sulfate (50 mg/ kg |.P.)
had protective effects against cisplatin- induced nephrotoxicity in rats. Melatonin
was found to be more effective than zinc sulfate in its ability to reverse the
abnormal renal function and preventing histopathological changes.
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I ntroduction:

Cisplatin is a platinum anticancer drug approved by FDA in 1978 I, It is the
queen of chemotherapy with applications in more than 50% of human cancers 3.
It is a heavy metal compound [ with therapeutic effects that significantly improved
by dose escaation. However, high-dose therapy with cisplatin is limited by its
cumulative nephrotoxicity and neurotoxicity . It gets accumulated in the tubular
epithelia cells of proximal kidney tubule, causing nephrotoxicity ™. Cisplatin
causes tubular injury through multiple mechanisms, including hypoxia, oxidative
stress, inflanmation, and apoptosis !, production of tumor necrosis factor-a (TNF-
o) by renal parenchymal cells, and generation of reactive oxygen species (ROS) 1.
However, the generation of free oxygen radicals in tubular cells has been proposed
as an important pathogenic process . Melatonin, a chief secretary product of the
pineal gland. It plays a crucial role in regulating circadian rhythm and it is involved
in immunomodulation, hematopoiesis, and antioxidative processes %, Melatonin
antioxidant activity may be related to its ability to scavenge reactive oxygen species
including hydroxyl, superoxide anion, peroxyl radicals, singlet oxygen, nitric oxide,
peroxynitrite anion and hypochlorous acid™ and its ability to stimulate antioxidant
enzymes such as superoxide dismutase, glutathione peroxidase and catalase V.
Zinc is an essential biologica trace element *3. Over 300 enzymes have been
shown to contain zinc. Another large group of zinc containing proteins is
transcription factors, many of which contain zinc fingers and similar structura
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motives®®. It is an essential nutrient required for the maintenance of cell growth,
immune maturation, and reproduction, and is known to function as an antioxidant
viainduction of metallothioneins !*4.

Materialsand Methods:

Forty male rats weighing (200-250 gm) were selected. The animals were
housed in the animal house of Institute of Embryo Researches and Infertility
Treatment/ Al-Nahrain University under condition of controlled temperature,
allowed free access to water and food. The rats were equally divided into four
groups (10 rats/ group) as follow: Normal group (isotonic saline group) :rats were
received 0.2 ml of isotonic saline intraperitoneally (I.P.) for four days and
sacrificed one day after.

Control group (cisplatin- induced nephrotoxicity group): rats were received
0.2 ml of isotonic saline (1.P.) one day prior to cisplatin administration (single |.P.
injection of 12 mg/kg of cisplatin) and continued for further three days.

Melatonin group: rats received melatonin (15 mg/ kg I.P.) prophylactically one day
prior to cisplatin administration and continued for further three days.

Zinc sulfate group: rats received zinc sulfate (50 mg/ kg 1.P.) prophylactically one
day prior to cisplatin administration and continued for further three days. Then rats
were sacrificed after 3 days of cisplatin administration in the last three groups
mentioned above. Levels of serum creatinine [, blood urea nitrogen (BUN) [*¢,
serum glutathione (GSH) ™7 and serum Malondiaddehyde (MDA) ' were
measured, and histopathologica study was achieved by staining with hematoxylin /
eosn  stain  and  examining  under  light  microscope 9

In this study, the obtained data were presented as mean + standard error of
mean (SEM). Student's (unpaired) t-test for independent data was used to test the
significance of difference between the results of any two groups . P-value of less
than 0.05 was considered significant.

Results

Cisplatin administration resulted in a significant increase in serum creatinine
(P=1.923x10") (Fig.1), BUN (P=3.9x10°) (Fig.2) and serum MDA (P=0.000339)
(Fig.3), while serum glutathione level significantly decreased (P=5.314x10™")
(Fig.4) when compared to that of normal group.

Section of the kidneys of rats treated by cisplatin showing degeneration and
necrosis of the proximal and distal convoluted tubules (Fig.6) when compared with
normal group (Fig.5).

Melatonin administration resulted in a significant decrease in serum
creatinine (p=3.29x10°) (Fig.1), BUN (p=6.9x10°) (Fig.2) and serum MDA
(p=0.00015) (Fig.), while serum glutathione level was significantly increased
(p=2.49x10) (Fig.4) when compared to control group.

There were so minimal degenerative changes in kidney tissues of rats treated
with melatonin (Fig.7) compared to that of control group (Fig.6). Zinc sulfate
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administration resulted in a significant decrease in serum creatinine (p=0.02)
(Fig.1), BUN (p=0.018) (Fig.2) and serum MDA (p=0.000158) (Fig.3), while
serum glutathione level was significantly increased (p=4.63x10°) (Fig.4) compared
to that of control group and there was a mild protective effect of zinc sulfate on
kidney tissues (Fig.8).

There was a significant difference between the effect of zinc sulfate and
melatonin (P=0.0098) on serum creatinine level [the reduction of this parameter
level in melatonin group was higher than with zinc sulfate group (Fig.1)]. In
addition, there was a significant difference between the effect of zinc sulfate and
melatonin (P=0.00143) on BUN level [the reduction of this parameter level in
melatonin group was higher than with zinc sulfate group (Fig.2)]. Regarding
oxidative stress status, there were no significant difference between the effect of
melatonin and zinc sulfate on serum MDA levels, which decreased and became
comparable to that of normal group (Fig.3). In addition, there were no significant
difference between the effect of melatonin and zinc sulfate on serum GSH levels,
which elevated and became comparabl e to that of normal group (Fig.4).

Histopathological study showed that melatonin was more effective in
protection against the damage of kidney tissues induced by cisplatin, represented by
less degeneration and necrosis of the proxima and distal convoluted tubules
(Figures 7, 8).
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Figure-1. Effectsof Tested Agentson Mean
Serum Creatinine (mmol/L) (n=10/Group)

* =Significant difference (P =1.923x 10'7) when compared to corresponding value in normal group

+ =Significant difference (p =3.29x 10'6) when compared to corresponding value in control group

. =Significant difference (p =0.02) when compared to corresponding value in control group

% =Significant difference (p =0.0098) when compared to corresponding value in melatonin group
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Figure -2: Effects of Tested Agents on
Blood Urea Nitrogen BUN (mmol/L) (n=
10/Group)

t =Significant difference (P =3.9x 10°) when compared to corresponding
vaue in normal group.
+ = Significant difference (p =6.9x 10%) when compared to corresponding
vauein control group.
L JE Significant difference (p = 0.018) when compared to corresponding valuein control group.
= Significant difference (p = 0.00L) when compared to corresponding valuein melatonin

group.
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Figure-3: Effect of Tested Agents on Mean
Serum Malondialdehyde (MDA) (umol/L) (n=
10/Group)

% = Sgnificant difference (P =0.000339) when compared to corresponding

value in normal group.

+ =Significant difference (p = 0.00015) when compared to corresponding
value in control group.
@ =Significant difference (p = 0.000158) when compared to corresponding value

in control group.

154



AJPS, 2012, Val. 12, No.2

-

S

2 0.716 0.603 0-650
13 | o
[y

i)

g 0.14

@

g 14

< 0.000 -

= Treatment Groups

g | Normal mControl = Melatonin m Zinc sulfate |

Figure-4: Effects of Tested Agentson Mean
Serum glutathion (mmol/L) (n=10/Group)

@ =Significant difference (p =5.314x 10™) when compared to

corresponding valuein normal group.

+ = Significant difference (p = 2.49x 10°) when compared to
corresponding valuein control group.

@ = Sgnificant difference (p = 4.6x 10°) when compared to

corresponding value in control group.

Figure-5: Normal appearance of glomeruli, proximal and distal convoluted tubules of rat'skidney.
(Magnification: 200 X, staining; haematoxylline and eosin)
G: glomerulus, PT: proximal tubule, DT: distal tubule
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Figure-6: Nephrotoxic effect of cisplatin on rat'skidney.
(Magnification: 200 X, staining; haematoxylline and eosin)
G: glomerulus, PT: proximal tubule, DT: distal tubule N: Necrosis, P: Pyknosis

Figure-7: Protective effect of melatonin on cisplatin-induced nephrotoxicity in rat's kidney
(Magnification: 200 X, staining; haematoxylline and eosin)
G: glomerulus, PT: proximal tubule, DT: distal tubule
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Figure-8: Protective effect of zinc sulfate on cisplatin-induced nephrotoxicity in rat's kidney
(Magnification: 200 X, staining; haematoxylline and eosin)
G: glomerulus, PT: proximal tubule, DT: distal tubule

Discussion:

Nephrotoxicity is amajor complication and dose- limiting factor for cisplatin
therapy and the usefulness of cisplatin is limited by its toxicity to normal tissues,
including cells of the kidney proximal tubules?!. It has been reported that cisplatin
induced-nephrotoxicity was closely associated with an increase in lipid
peroxidation in the kidney. In addition, cisplatin has been found to lower the
activities of antioxidant enzymes and to induce depletion of GSH levels . Recent
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studies have shown increasing tissue contents of inflammatory mediators together
with inflammatory cell infiltration, suggesting that inflammation plays an important
role in cisplatin-induced renal injury. Marked attenuation of cisplatin-induced renal
damage by inhibition of TNF-a indicates that TNF-a has a central role in mediating
cisplatin-induced inflammatory renal injury 2.

In the present study, using an experimental model of cisplatin-induced
nephrotoxicity in rats (single dose of 12 mg/kg |.P.) was characterized by
aterations in renal function as a significant increase in serum creatinine and BUN
levels compared to normal group (fig.1,2), and these results were compatible with
those observed by many others>#%. Cisplatin in this study cause an elevation in
MDA levels with glutathione depletion (Fig. 3, 4), which indicate severe kidney
damage. Histological results of this study indicated that severe degenerations at the
proximal tubular cells (Fig.6) could be correlated with the harmful effects of
cigplatin paralel to high MDA and low GSH levels. The increase in the thickness
of the glomeruli basement membrane could be a result of membrane disturbance
due to cisplatin administration. Lipid peroxidation mediated by oxygen free
radical's causes destruction and damage to cell membranes %,

Melatonin (15 mg/kg 1.P.) administration resulted in significant reduction of
serum creatinine and BUN levels compared to control group (Fig.1, 2). There was
significant reduction in serum MDA levels and significant elevation in serum GSH
levels compared to that of control group (Fig.3, 4). Since it is known that free
radicals are responsible for the lipid peroxidation caused by cisplatin, the inhibition
of this effect by melatonin may be attributed to the free radical scavenging ability
4 The histological damages caused by cisplatin had been reduced, represented by
very mild degenerative changes of the proximal and distal tubule (Fig.7). This
could be related to the fact that melatonin is an efficient free radical scavenger and
antioxidant *>??, The production of nitric oxide (NO-) is one of the mechanisms
by which cisplatin causes tubular injury . In 1998, Gilad et al. '*" reported that
melatonin inhibits nitric oxide production from the inducible isoform of nitric oxide
synthase (iINOS) and mentioned that melatonin exerts protective effects in septic
and hemorrhagic shock and during inflammation. Oxidative stress resulted from
cisplatin administration lead to activation of nuclear factor kappa B (NF-kB), which
can promotes the production of TNF-a . Melatonin inhibits NF-kB activation and
reduces the levels of TNF-o 1#"%,

Zinc sulfate (50 mg/kg 1.P.) administration resulted in significant reduction
of serum creatinine and BUN levels compared to control group (Fig.1, 2). There
was significant reduction in serum MDA levels and significant elevation in serum
GSH levels compared to that of control group (Fig.3, 4). Zinc has anti-
inflanmatory actions*” and Molle et al. in 2007 reported the protective effect of
zinc sulfate against TNF -induced lethal inflammation and mentioned that zinc has
dose-responsive protection against TNF-induced hypothermia, systemic induction
of interleukin-6, as well as against TNF-induced bowe! cell death. *". Du and Yang
32 in 1994 found that zinc ameliorated gentamicin nephrotoxicity via scavenging
reactive oxygen metabolites by induction of metallothionien synthesis. Many
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studies have shown that metallothionein has antioxidant effects under various
conditions of oxidative stress, including radiation exposure, toxicity of anticancer
agents and other various chemicals 2*. Other study of the effect of zinc sulfate
on intestinal injury in ethanol-administered rats showed that pretreatment with zinc
sulfate caused decrease in histological damage, serum creatinine, BUN and lipid
peroxidation level, but increase the glutathione contents %%, and these results were
compatible with those of the present study. Comparing to zinc sulfate group,
melatonin was more effective in lowering serum creatinine and BUN levels
(Fig.1,2) at the same time, the effect of zinc sulfate in lowering MDA levels and
elevating GSH levels was comparable to that of melatonin (Fig.3,4).The
histopathological studies showed that melatonin had more protective effects on
tissues of kidney rat's than that of zinc sulfate (Fig.7,8)

References:

1- Todd, R.C. and Lippard, S.J. (2009). Inhibition of transcription by platinum
anti- tumor compounds. Metallomics. Vol. 1(4): Pp. 280-291.

2 - Boulikas, T. (2007). Molecular mechanisms of cisplatin and its liposomally
encapsulated form, Lipoplatin™, Lipoplatin™ as a chemotherapy and
antiangiogenesis drug. Cancer Therapy. Vol. 5: Pp.351-376.

3- Hanigan, M.H. and Devargjan, P. (2003). Cisplatin nephrotoxicity: molecular
mechanisms. Cancer Therapy. Vol. 1: Pp.47-61.

4- Brundage, D. (2008). Cancer chemotherapy and treatment. In: Chisholm-
Buns MA. Wells BG., Schwinghammer TL. , Maone PM., Kolesar JM.
and Rotschafer JC. Pharmacotherapy principles and practice. McGraw-Hill
Companies. New York. Pp. 1291.

5- Joy, J and Nar, C.K. (2008). Amelioration of cisplatin induced
nephrotoxicity in Swiss albino mice by Rubia cordifolia extract. Journal of
Cancer Research and Therapeutics. Vol. 4(3). Pp.111-115.

6- Choi, D.E.; Jeong, J.Y.; Lim, B.J.; Lee, K.W. ; Shin, Y. and Na, K. (2009).
Pretreatment with darbepoetin attenuates rena injury in a rat mode of
cisplatin- induced nephrotoxicity. The Korean Journal of Internal Medicine.
Vol.24 (3). Pp. 238-46.

7- Ali, B.H.; Al-Moundhri, M.; Eldin, M.T.; Nemmar, A.; Al- Siyabi, S. and
Annamalai, K. (2008). Amelioration of cisplatin-induced nephrotoxicity in
rats by Tetramethylpyrazine , a maor Constituent of the Chinese Herb
Ligusticum wallichi. Experimental biology and medicine. Vol. 233 (7). Pp.
891-896.

8- Gama €l-Din, A.M. and Al-Bekairi, A.M. (2006). Carvedilol, a beta
adrenoceptor blocker with antioxidative potential, attenuates Cisplatin-induced
Nephrotoxicity in Rats.Journa of Applied Scienes Research. Vol. 2(6)
Pp.331- 35.

9- Fan,L.;Sun, G.; Wel, W.; Wang, Z.; Ldl, G.E.; Fu, W. and Wang, H. (2010).
Melatonin and doxorubicin synergistically induce cell apoptosis in human

hepatoma cell lines World Journal of Gastroenterology. Vol. 16(12).
158



AJPS, 2012, Vol. 12, No.2

10 -

11 -

12 -

13-

14 -

15-

16 -

17 -

18 -

19 -

20 -

21 -

22 -

Tan, D.X.; Manchester, L.C.; Reiter, R.J.; Plummer, B.F.; Limson, J.;
Weintraub, S.T. and Qi, W. (2000). Melatonin directly scavenges hydrogen
peroxide:  Apotentially new metabolic pathway of melatonin
biotransformation. Free Radical Biology and Medicine. Vol. 29 (11). Pp.
1177-1185.

Millan-Plano, S.; Piedrafita, E.; MianaMena, F.J.; Fuentes-Broto, L.;
Martinez- Ballarin, E.; Lopez-Pingarron, L.; Saenz, M.A. and Garcia, J. J. (
2010). Melatonin and structurally- related compounds protect synaptosomal
membranes from free radical damage. International Journa of Molecular
Sciences. Vol. 11(1). Pp. 312- 28.

Hu, H.; Bandell, M.; Petrus, M.J.; Zhu, M. X. and Patapoutian, A. (2009). Zinc
activates damage-sensing TRPA1 ion channels. Nat Chem Biol. Vol. 5(3).
Pp.183- 190.

Haase, H. and Rink, L. (2009). The immune system and the impact of zinc
during aging. Immunity and Ageing. Vol. 6 (9).

Kodavanti, U.P.; Schladweller, M.C., Gilmour, P.S., Wallenborn, J.G.,
Mandavilli, B.S. and Ledbetter, A.D. (2008). The Role of Particulate Matter
Associated Zinc in Cardiac Injury in Rats. Environmental Health
Perspectives. Vol. 116 (1). Pp. 13-20.

Henry, R.J. (1974).Clinical chemistry, principles and tecnics ,2™ edition,
Harper and Raw. Pp.525.

Fawcett, JK. and Scott, J.E. (1960). Determination of ureain blood or serum.
J.Clin.Path. Vol.13. Pp. 156-159.

Godin, D.V.; Wahaieb, SA. and Garent, M.E. (1988). Antioxidant enzyme
ateration in experimental and clinical diabetes . Mol Cell Biochem. Voal. 84.
Pp.223-231.

Karatas F., Kara H., Servi S., Tug T., Erulas F.A. and Koca M. (2005)
Investigation of antioxidant vitamins (A, E, C) and lipid peroxidation levelsin
rats injected N-(1, 3-Benzothiazol-2-yl)- N-(4, 5-dihydro-1H-imidazol-2-yl)
amine. Molecules. Vol. 10. Pp. 922- 928.

Bauer, J.D.; Ackermann, P.G and Toro, G. (1978). Clinical lab methods. The
C.V.mosby company Saint Louis. Pp. 813-817.

Daneil, W.W. (1983). Biodtatistics: A foundation for analysis in the health
sciences.3rd ed. John Wiley and Sons. New Y ork health. Pp.89- 92.

Kuhad, A.; Pilkhwal, S.; Sharma, S.; Tirkey, N. and Chopra, K. (2007). Effect
of curcumin on inflammation and oxidative stress in cisplatin- induced
experimental nephrotoxicity. Journal of agricultural and food chemistry. Vol.
55(25). Pp.10150-10155.

Kim, M.; Yang, H.N.; Kim, H., Jo, S.; Cho, W.Y. and Kim, H.K. (2010). IL-
10 mediates rosiglitazone -induced Kkidney protection in cisplatin
nephrotoxicity. Journal of the Korean Academy of Medical Sciences. Vol.
25(4). Pp. 557-563.

159



AJPS, 2012, Vol. 12, No.2

23 -

24 -

25 -

26 -

27 -

28 -

29 -

30 -

31-

32 -

Arda-Pirincci, P.; Bilgin-Sokmen, B.; Yanardag, R. and Bolkent S. (2009).
Effects of zinc on intestinal injury and some serum parameters in ethanol-
administered rats.Biosci. Biotechnol. Biochem. Vol. 73(2). Pp. 260-267.
Oktem, F.; Ozguner, F.; Mollaoglu, H.; Koyu, A. and Uz, E. (2005) Oxidative
damage in the kidney induced by 900-MHz-emitted mobile phone: protection
by melatonin. Archives of Medical Research. Vol. 36(4). Pp. 350-355.
Shifow, A.A.; Kumar, K.V.; Nadu, M.U.R. and Ranakar, K.S.
(2000).Mélatonin, a  pineal hormone with antioxidant property, protects
against gentamicin- induced nephrotoxicity in rats. Nephron. Vol. 85. Pp. 167-
174.

Sener, G.; Paskaloglu, K.; Toklu, H.; Kapucu, C.; Ayanoglu-Dulger, G. and
Kacmaz, A. (2004).Melatonin ameliorates chronic rena failure- induced
oxidative organ damagein rats. J. Pinea Res. Vol. 36 (4). Pp. 232- 241.

Gilad, E.; Wong, H.R., Zingarélli, B.; VIRA"G L, O’Connor, M.; Salzman,
A.L. and Szabo, C. (1998). Mdatonin inhibits expression of the inducible
isoform of nitric oxide synthase in murine macrophages: role of inhibition of
NFkB activation. FASEB J. Vol.12. Pp. 685-693.

Davis, C.A.; Nick, H.S. and Agarwal, A. (2001). Manganese superoxide
dismutase attenuates cisplatin-induced renal injury: importance of superoxide.
Journal of the American Society of Nephrology. Vol. 12. Pp. 2683-2690.
Triantefillidis, A. (2009). Melatonin: a potent antioxidant agent with anti-
inflammatory and anti-apoptotic effects that might be useful in the treatment
of IBD patients. Annals of Gastroenterology. Vol. 22(1). Pp.10-12.

Prasad, A.S. (2008). Zinc in human health: effect of zinc on immune cells.
Mol Med. Vol. 14(5-6). Pp.353-357.

Molle, W.V.; Roy, M.V.; Bogaert, T.V.; Dgager, L.; Lint, P.V. and Vanlaere,
[.(2007). Protection of zinc against tumor necrosis factor-induced lethal
inflammation depends on heat shock protein 70 and alows safe antitumor
therapy. Cancer Research. Vol. 67(15). Pp. 7301-7307.

Du, X.H. and Yang, C.L. (1994). Mechanism of gentamicin nephrotoxicity in
rats and the protective effects of zinc —induced metallothionein synthesis.
Nephro. Did. Transplant. Vol. 9 (4). Pp.135-140.

160



