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Protective Role of Melatonin against Chromium-Induced Nephrotoxicity in Male Rabbits
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Abstract: The present study was designed to investigate the potential protective effects of melatonin on
potassium dichromate (K,Cr,0;)(hexavalent chromium) induced nephrotoxicity in adult male rabbits. Animals
were randomly divided into four experimental groups. The first group received saline solution daily for 30 days.
The second group received melatonin at a dose of 10 mg/kg b.w./day. The third group was treated with 0.4
mg/kg b.w. K,Cr,O, The fourth group was treated with 0.4 mg/kg b.w. K,Cr,0, plus 10 mg/kg b.w. melatonin.
Results showed normal kidney tissue and normal kidney functions in the first two groups. Histopathological
observations of the third group showed structural abnormalities in the renal cortex including glomeruli and
tubules. Histomorphometric study in the third group revealed significant decreased of the mean values of
glomerulus area and glomerulus diameter, while, the mean percentage of the glomerular affection and tubules
lumen area showed significant increased. Biochemical results of the third group showed significant increased
of the levels of serum urea and creatinine. Melatonin co-treatment to the chromium-administered rabbits
attenuated the increase of urea and creatinine and also improved the histopathological and histomorphometrical
changes in the kidneys. The present study suggests that melatonin may be useful in ameliorate kidney damage
due to chromium toxicity.
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INTRODUCTION

Chromium (Cr) is a heavy metal that occurs
predominantly in two valence states-hexavalent chromium
Cr (VI) and trivalent chromium (Cr IIT) which they are the
most common types in the environment [1]. Chromium
compounds are abundant in the earth’s crust and are
extensively used by humans in stainless steel
manufacturing, leather tanning, wood treatment, chrome
plating, paints, metal finishes, photography, etc., which
leads to environmental pollution[2,]. Chromium is a strong
oxidizing agent, causes dermatotoxicity, immunotoxicity,
neurotoxicity, genotoxicity, cytotoxicity, mutagenesis
and carcinogenicity [3]. Chromium can mainly causes
nephropathy in rats [4] and humans [5]. Hexavalent
chromium Cr (VI) is stable and the most common heavy
metal pollutants in the ambient environment and known to

cause toxicity in humans and animals [1]. In aqueous
solution, Cr (VI) predominately exists as chromate ion,
which easily penetrates biological membranes and causes
cellular damage by inducing oxidative stress [6,7]. Many
researchers have suggested that Cr(VI) is more toxic than
Cr (TIT) [2,8,9]. The kidney is the main route of Cr excretion
and it has been reported that acute exposure with K,Cr,0,
induces an increase in Cr kidney content in rats [10].
[2,11,12] demonstrated that Potassium dichromate is
recognized as a human carcinogenic.

Melatonin, a hormone (N-acetyl-5-
methoxytryptamine) produced especially at night time
from the pineal gland [13]. It is powerful antioxidant and
its antioxidative actions protect from oxidative stress [14]
and anti-inflammatory functions [15]. Melatonin can easily
cross cell membranes and the blood brain barrier [16].
Many authors reported the protective role of melatonin on
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the liver and kidney exposed to different toxic substances
[17-19]. Melatonin acts to stabilize cell membranes,
thereby making them more resistant to free oxygen radical
attacks [20,21]. Several investigators believe that
melatonin’s antioxidant properties are due to its ability
to scavenge ROS and increase cellular antioxidants
[22,23]. After its release, melatonin exerts its functions in
the extracellular space, where it acts as a free radical
scavenger [24].

MATERIALS AND METHODS

Animals: Twenty-four adult male New Zealand White
rabbits ( 2.20 + 0.07 kg) were obtained from a farm in Taif
city, KSA. Animals were kept at standard housing
facilities (24+1 °C, 45+£5% humidity and 12 h light/dark
cycle). They were supplied with standard laboratory food
and water ad-libitum and left to acclimatize for 1 week
before the experiments. The experimental protocol was
approved by the Local Animal Care Committee and the
experimental procedures were carried out in accordance
with international guidelines for care and use of
laboratory animals. Animals were randomly divided into
four equal groups (n=6, each):

Chemicals: Potassium dichromate (K,Cr,0O,) was obtained
from Merck (Darmstadt, Germany). Melatonin was
purchased from Sigma Chemical Company, St. Louis, MO,
USA.

Experimental Protocol: The rabbits were divided into four
groups, 6 individual for each.

Group I: served as controls and received a subcutaneous
injection of physiological saline.

Group II: served as melatonin group: the animals were
daily injected with freshly prepared melatonin at dose of
10 mg/kg b.w. / day 2 h before lights off.

Group III: rabbits received i.p. injection of potassium
dichromate (K,Cr,0,) (hexavalent chromium salt)
dissolved in sterile distilled water at a dose of 0.4 mg/kg
b.w. [25].

Group IV: rabbits were injected i.p. with potassium
dichromate (0.4 mg/kg b.w./day) which was preceded, 30
min earlier, by a subcutaneous melatonin injection with
a dose of 10 mg/kg body weight 2 h before lights off.
All the injections were repeated daily for 30 days.
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Histopathology: Animals were sacrificed under ether
anaesthesia. Kidneys were carefully separated and
immediately fixed in neutral buffer formalin. Paraffin
sections of (5 um thickness) were prepared for
histopathological and morphometrical examinations.
Sections were stained with hematoxylin and eosin (H
and E) using the standard techniques [26] and then
examined under light microscope.

Histomorphometry: For morphometrical study, 5 slides
from kidney of H and E stained sections of each individual
(6 sections per slide) were measured. 10 non overlapping
microscopic fields were studied. The number of the
affected glomeruli was expressed as a percentage in
relation to the total number of the glomeruli in each
field. Kidney measurements included glomerulus area,
glomerulus diameter and proximal and distal convoluted
tubules lumen areas. Sigma Scan Pro (version 4.0, Jendel
Scientific, SPSS Inc., Chicago, USA) was used for image
analysis and morphometrical data acquisition.

Biochemical Determinations: Blood samples were
collected from the marginal ear vein of the rabbits and
were placed into plain Vacutainer® silicone- coated tubes
then, allowed to clot at room temperature. The blood
samples were centrifuged at 3000 rpm for 15 minutes.
Serum samples were frozen immediately at- 20°C and
stored until required for analysis. The levels of urea and
creatinine in serum were estimated spectrophotometrically
using commercial diagnostic kits according to [27].

Statistical Analysis: For statistical analysis, quantitative
results were expressed as means + S.D. Differences
between means were tested by univariate Analysis of
Variance followed by Mann-Whitney Rank Sum Test. The
values were considered significantly when P<0.05. All
statistical analyses were performed SPSS (version 12).

RESULTS

Histopathological Observations: The histological
examination of the H and E-stained kidney of control and
melatonin groups showed normal structure of renal
tubules and glomeruli (Figs. 1 and 2). Kidney sections of
the K,Cr,0,-treated group showed remarkable changes in
the renal cortex versus control animals (Fig. 3). These
changes include shrinkage of the glomeruli, tubular
epithelial cells degeneration and tubular swelling were
observed. Furthermore, presence of hyaline cast in
renal tubular lumens was seen (Fig.4). Lymphocytic
infiltration and congestion were also observed (Fig.5).
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Photomicrograph of the kidney of control rabbits showing normal architecture of renal tubules and glomeruli.
Photomicrograph of the kidney of melatonin-treated rabbits showing normal renal parenchyma with well-defined

Photomicrograph of the kidney of rabbits treated with Potassium dichromate for 30 days illustrating glomerular
shrinkage (thick arrow), tubular epithelial cells degeneration (thin arrow) and tubular dilatation (TD). (H and E,

Photomicrograph of the kidney of rabbits treated with Potassium dichromate for 30 days showing presence of
hyaline cast in renal tubular lumen (thin arrow) as well as, tubular damage(thick arrow). (H and E., X 400)
Photomicrograph of the kidney of rabbits treated with Potassium dichromate for 30 days displaying lymphocytic

Fig. 1:
(H and E, X 400)
Fig. 2:
glomeruli and tubules. (H and E, X 400)
Fig. 3:
X 400)
Fig. 4:
Fig. 5:
infiltration (LI) and congestion (arrow). (H and E., X 400)
Fig. 6:

Photomicrograph of the kidney of rabbits treated with Potassium dichromate plus melatonin for 30 days
illustrating improvement in the glomeruli and renal tubules compared to that of Potassium dichromate treated

group. (H and E., X 400)

When melatonin was given to K,Cr,O,-administered-
rabbits, some morphological changes were reduced and
glomeruli and renal tubules cells affected become few

(Fig. 6).

Biochemical Results: The results showed that the
creatinine and urea levels of K,Cr,O, treated group were,
respectively, higher (+0.89 and +72%) and (+15.5 and
+43%) in comparison with the control group.
Administration of melatonin decreased the creatinine and
urea levels (- 0.36 and- 17%) and (-6.86 and- 13%) versus
those that measured in K,Cr,0, group (Table 1).

Morphometry: The percentage measurements of the
affected glomeruli of K,Cr,0, and K,Cr,0O, + melatonin
groups (Table 2) showed statistically significant increase
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in their values in comparison with the corresponding
control group. While, K,Cr,0,+melatonin group showed
a significant decrease in comparison with K,Cr,O, group.

Data obtained from kidney histomorphometrical
measurements (Table 3) demonstrated statistically
significant decreased (P<0.05) of the mean values of
glomerulus area, glomerulus diameter of K,Cr,0-- treated
rabbits in comparison with their control group (-4784 and-
16.5%) and (-28.93 and- 10 %) respectively. While the
mean values of glomerulus area, glomerulus diameter were
statistically significant increased (P<0.05) when rabbits
treated with melatonin (+2178 and +9 %) and (+ 10.63 and
+4 %) respectively. Otherwise, proximal and distal
convoluted tubules lumen area showed statistically
significant increased (P<0.05) of K,Cr,0;- treated rabbits
in comparison with the control group (+357 and + 9.6 %).
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Table 1: Kidney functions of rabbits of the different groups. Data presented

as means + Standard deviation, n = 6 animals

Groups Parameter

Creatinine (mg/dl) Urea (mg/dl)
Control 1.23 +£0.05 35.61+1.14
Melatonin 1.25+£0.06 36.51+1.01
K,Cr,0;, 2.12+0.16 * 51.11+145*
% higher than control 72% 43%
K,Cr,0, +Melatonin 1.76 £0.11 * 4425 +1.59 *
% lower than K,Cr,0;, 17% 13%

* Significant difference at P<0.05 compared with control group.

Table 2: The mean percentage of the number of affected glomeruli in the
experimental groups. Data presented as means + Standard

deviation, n = 6 animals

Groups Mean = SD
Control 11.43 + 3.78
Melatonin 12.27 + 4.46
K,Cr,0; 33.82 +9.84*
K,Cr,0; +Melatonin 20.67 + 6.34*

Table 3: Histomorphometrical measurements of the glomeruli. Data

presented as means + Standard deviation, n = 6 animals

Glomerulus Glomerulus

Groups area (sq pixel) diameter (pixel)
Control group 28967 + 495 289.60+18.15
Melatonin group 28994 + 508 293.54+19.82
K,Cr,0, group 24183 £ 312* 260.67+14.87*
% Reduction vs. control %16.5 % 10
K,Cr,0; and melatonin group 26361 +323* 27130+ 11.6*
% Stimulation vs K,Cr,0- treated % 9 % 4

* Significant difference at P<(.05 compared with control group.

Table 4: Histomorphometrical measurements of the tubules lumen area.

Data presented as means + Standard deviation, n = 6 animals

Groups Tubules lumen area (sq pixel)
Control group 3696 + 14.48
Melatonin group 3645 +13.52
K,Cr,0; group 4053 +11.87*

% increased vs control % 9.6

K,Cr,0; and melatonin group 3865+ 12.95*

% Reduction vs. K,Cr,0;- treated group % 4.6

* Significant difference at P<(.05 compared with control group.

Tubules lumen area of K,Cr,0,+ melatonin treated rabbits
(Table 4) showed statistically significant decreased
(P<0.05) in comparison with K,Cr,0, treated rabbits (-188
and- 4.6 %).
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DISCUSSION

The kidney is the main route of Cr excretion. It has
been reported that acute exposure to K,Cr,O, in rats
induced an increase in Cr kidney content [11]. Exposure
to Cr (VI) compounds can lead to nephrotoxicity in
humans and experimental animals [28]. The present work
showed nephrotoxicity in rabbits when exposed to
chromium. Histopathological changes due to chromium
administration are in agreement with those of many
authors [29-32]. Results of the present study are
consistent with the previous reports that the dichromate
causes acute tubular necrosis and glomerulonephritis
[5,33,34]. Renal tubules showed dilatation, degeneration
and epithelial cells damage. These observations are
consistent with previous report [11]. Degeneration of
tubular epithelial cells and tubular damage which
observed when exposure to Cr (VI) may be due to the
accumulation of inflammatory cells associated with
chromium toxicity [35]. Studies of the of effects of
chromium on histomorphometry of the kidney of rabbits
are very rare. In the present work, Cr (VI) has been shown
to cause shrinkage of glomeruli (expansion of spaces
inside the Bowman's capsule). This is in accordance with
[36-39] in several studies on fishes.

It is known that melatonin was found to be an
antioxidant and free radical scavenger. It detoxifies a
variety of free radicals and reactive oxygen intermediates,
[14]. In the current study, melatonin pretreatment
significantly increased the glomerular area, glomerular
diameter and decreased the tubules lumen area. Results of
the present study showed increased serum creatinine
level after K,Cr,O, administration, this may be due to toxic
injuries of tubules and tubular obstruction by cell debris
[40]. Data obtained from the present work show that
increased levels of kidney function markers in serum (urea
and creatinine) after K,Cr,O,-administration may be due to
dysfunction of cell membrane permeability and loss of

functional integrity in the kidney. In contrast,
pretreatment with melatonin had improved the increase of
kidney function markers caused by K,Cr,0,
administration.

The role of melatonin in this work to ameliorate
toxicity of K,Cr,0,is in agreement with several studies. In
both in vitro and in vivo experiments, melatonin has been
found to protect cells, tissues and organs against
oxidative damage induced by a variety of free-radical-
generating agents [41,42]. Calvo ef al. [43] indicated that
melatonin is effective on inhibiting kidney and liver
damage.
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It is known that, besides the antioxidative properties
of melatonin, which serve to protect lipids from oxidative
abuse due to detoxification of free radicals, it also
enhances the activity of antioxidative enzymes. Mealtonin
was shown to prevent the loss of important dietary
antioxidants including Vitamins C and E [44], bind iron
and participate in maintaining iron pool at appropriate
level resulting in control of iron haemostasis [45], thereby
providing tissue protection.

CONCLUSION

It can be concluded that K,Cr,0,- administration
caused impairments of renal function markers,
histopathological and histomorphometrical changes in
both renal tubules and glomeruli of rabbits kidney. Pre-
treatment with melatonin led to a significant attenuation
in all of these parameters. This work suggest that
melatonin might be a useful against K,Cr,O,-induced
nephrotoxicity.
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