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LABORATORY STUDY

Effects of melatonin on diclofenac sodium treated rat kidney:

a stereological and histopathological study

Habib Khoshvakhti, K. Kiibra Yurt, B. Zuhal Altunkaynak, Aysin P. Tirkmen, Ebru Elibol, Isinsu Aydin,

Elfide G. Kivrak, M. Emin Onger, and Siileyman Kaplan

Department of Histology and Embryology, Faculty of Medicine, Ondokuz Mayis University, Samsun, Turkey

Abstract

Objective: In this study, we aimed to investigate the effect of diclofenac sodium (DS) and
melatonin (MEL) on kidney of the prenatally administered rats. Materials and methods: Pregnant
rats were divided into the control, physiological saline, DS, and DS + MEL groups. All injections
were given beginning from the 5th day after mating to the 15th day of the pregnancy. Physical
dissector and Cavalieri principle were used to estimate the numerical density and total number
of glomeruli and the volumetric parameters of kidney, respectively. Results: Our stereological
results indicated that DS application during the pregnancy lead to decrease in the mean
volume, numerical density, and total number of the glomeruli (p<0.05). In addition, we
determined that usage of the MEL with the DS caused increases in the mean volume, numerical
density, and total number of the glomeruli (p <0.05). So, there was no significant difference in
terms of the any parameter between the CONT and DS+MEL groups (p>0.05). Light
microscopic investigation showed congestion in blood vessels and shrinkage of the Bowman'’s
space in the DS group. Moreover, there was degeneration in nephrons including
glomerulosclerosis and tubular defects, and an increase in the connective tissue in the kidneys
of the DS-treated group. However, usage of the MEL with the DS caused preventing of these
pathological alterations in the kidney. Discussion: We suggested that DS might lead to adverse
effects in the kidneys of the rats that are prenatally subjected to this drug. Fortunately, these
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adverse effects can be prevented by the melatonin supplementation.

Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are com-
monly used for the treatment of various diseases, such as
osteoarthritis, rheumatoid arthritis, ankylosing spondylitis,
and acute muscle pain conditions. Diclofenac sodium (DS) is
a drug, which belongs to the class of NSAIDs. NSAIDs
generally prevent cyclooxygenase (COX) activity and so
block prostaglandin production. Prostaglandins play a key
role in inflammatory response by regulating immune function
and in the control of cell proliferation.'

Several reports indicated that the toxic doses of DS can
cause nephrotoxicity in adult humans and experimental
animals.” The effects of NSAIDs on the kidney of experi-
mental animals have been extensively studied biochemically
and histologically. But, there is a little knowledge about the
effects of the DS on renal tissue of the developing kidney.”

Gokcimen et al.* noticed that fetal neuronal apoptosis
is significantly induced in DS-treated pregnant rats.
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Moreover, Chan et al.’ showed that rodents treated with DS
deliver fetuses with severe morphological abnormalities, such
as defects of the palate, limbs, and ductus arteriosus. Recent
studies report that trace concentrations of DS may induce
toxic effects on different organisms as well as developmental,
reproductive, and renal damage.®’ In addition to these
studies, Stepanova et al.® notice that the subchronic exposure
of DS had effects on mortality and some parameters of
oxidative stress (GST, GR, and TBARS). Occurring reactive
oxygen species (ROS) and free radicals in tissues may lead to
damage of the biologically important materials, such as DNA,
protein, carbohydrates, and lipids.g’10 Melatonin (MEL) is a
peptide hormone and it made by the pineal gland. It is a
strong antioxidant and it is found in meats, grains, fruits, and
some vegetables. In the literature, it was reported that MEL
has neuroprotective effects on peripheral nerve that prenatally
exposure to DS.'"'? But till now, there is no other study
investigating possible protective effect of MEL on developing
kidney prenatally subjected to DS.

Therefore, the present study was carried out to evalu-
ate the effect of the DS and MEL on the kidney of adult
male rats with the histological and stereological points
of view.
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Materials and methods

This study was approved by Ethic commission of animal
researches in Ondokuz Mayis University, Samsun-Turkey.
Rats were obtained from the Animal Research Center of
Ondokuz Mayis University. During the study, rats were
preserved on a 12:12-h day/night cycle in a temperature-
controlled animal room (22 + 1°C) and access to food and
water were supplied ad libitum. For this purpose, pregnant
rats were divided into the five groups. Rats were followed
during pregnancy by beginning from the Oth day of pregnancy
and they were put in separate cages. At the 5th day of the
mating, the DS, DS + MEL and PS injections were started.

The study groups used in this study are summarized as
follows:

(1) CONT Group: This group was not exposed to any special
protocol.

(2) PS Group: Between the 5th and15th days of pregnancy
every day 1 mL/kg i.p. PS injection was made at 16:00
and17:00 pm.

(3) DS Group: In this group, DS injections were intraper-
itoneally performed by beginning from 5th day to 15th
day of pregnancy with a dose of 3.6 mg/kg/day (Voltaren
75mg/3mL, Novartis, istanbul, Turkey) at 16:00-
17:00 pm.

(4) DS +MEL Group: In addition to the protocol of the DS
group, from the 5th—15th days of the pregnancy 50 mg/kg
i.p. melatonin (Lyophilized MEL Powder M5250 10 g
(Sigma Aldrich Comp., Interlab A.S., Istanbul, Turkey)
was daily given at 16:00-17:00 pm.

The kidneys were then removed from all animals and
processed by graded alcohols (Sigma Chemical Comp.,
St. Louis, MO) and xylene (Sigma Chemical Comp.,
St. Louis, MO). Then, immersed in paraffin series and
embedded in fresh paraffin (Merck, Darmstadt, Germany).

Sections were cut at 10-pm thicknesses from the blocked
kidney tissues by using a rotary microtome (Leica RM 2135,
Leica Instruments, Nussloch, Germany). Each slide was
stained with hematoxylin—eosin dye (H-E) for light micro-
scopic examination and stereological analysis (Leica RM
2135, Leica Instruments, Nussloch, Germany). For stereo-
logical analysis, a computer-assisted analysis system called
Stereo Investigator software version 9.0 was used (Micro
Bright Field Inc., Colchester, VT).

Stereology
Tissue sampling and stereological methods

Based on a pilot study, we obtained almost 240 sections from
each kidney. We decided to select every 31st specimen and its
adjacent sections as dissector pairs from the tissue sections
using a systematic random sampling approximate. Because of
this sampling strategy, nearly 15-20 section pairs for each
kidney were used. The physical dissector-counting method
was applicative to these section pairs to estimate the number
of glomeruli in each kidney.

A 90-pum distance separated the first selected section and
its adjacent section, called the dissector pair. A stereology
analysis system (Stereoinvestigator 9.0, Microbrightfield,
Colchester, VT) was used for the stereological estimation of
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the kidneys’ volume and number of glomeruli. The level of
coefficient of errors (CE) for number of glomeruli and kidney
volume estimation was determined to be in an admissible
range."?

Volume estimation with the cavalieri principle

Volumetric evaluation of a structure that has any shape and
size can effectively obtained by the Cavalieri principle.'* An
important rule of this origin is as follows: in order to get a
impartial estimate of the volume of an objective, the objective
must be cut to serial and parallel planes separate by a fixed
interval'>'® and using a point-counting grid for the area
estimate of section profiles. The point density of the grid was
designed to obtain a proper CE for the serial paraffin sections
of the study. The CE and coefficient of variation were
estimated and the volumes of the kidneys were estimated with
the following formula'®:

a
V=tx-x P cm’®
5x 2.

where, V is the mean volume of the kidney, ¢ is the mean
section thickness, a/p is the inter-point area, and XP is the
total number of points hitting whole serial sections of the
kidney.

Estimation of glomerulus number

The boundary of a section that belongs to the dissector pair
called the reference section was traced with Stereoinvestigator
software and then it was used to determine the section’s cut
surface area. The estimated reference section area of each
kidney profile was divided into equal fields in the x- and
y-axes of the microscope. Finally, the images of all fields in
each step, as determined previously via motorized stages of
the microscope, were taken using a charge-coupled device
(CCD) camera. The same procedure was applied to the other
section of the section pair, called the look-up section. Then,
the adjacent fields were located on the PC screen and a
suitable unbiased counting frame was manually placed on the
kidney photographs with a fixed rule. Finally, the dissector-
counting method was applied to these section pairs.
Reference and look-up sections were reversed in order to
double the number of dissector pairs without taking new
sections.'?!?

The mean numerical density of glomeruli (Nvyg,) was
estimated using the following formula:

where, > 0y, is the total number of counted glomeruli seen
in the reference sections but not in the look-up sections, 7 is
the mean section thickness, and A is the area of the counting
frame. Then, the total number of glomeruli was estimated by
multiplying of the mean numerical density of glomeruli
(Nvgio) With mean volume of the cortex.

Statistical analysis

Data obtained from specimens were analyzed by using the
one-way ANOVA and Bonferroni’s post-hoc test. Statistical
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Table 1. Morphometrical evaluations in the control and experimental groups with their +SEM.

Estimation Cont PS DS DS + MEL
Total volume of proximal tubules (mm3) 1203 +217* 909 + 139 1539 + 528 2158 +241¥
Total volume of distal tubules (mm?) 1792 +235* 1543 +281 1915 £ 586 2830 £ 577¥
Mean volume of glomerulus (pm3) 162 + 14* 158 +23 117+ 19 156 + 16¥
Mean numerical density of glomeruli (gL/mm?) 178 +£30* 169 + 18 156 +37 161 +22

Total number of the glomeruli (mm3 )

416,229 + 1200*

381,992 + 5400 279,268 + 900 398,098 + 1300¥

Note: *, ¥ show significant differences between the CONT/PS and DS, also between the DS and DS + MEL groups at p <0.05 level.

analyses were performed using statistical package program
SPSS 15.0 (IBM Corp., Armonk, NY) and statistical signifi-
cance was determined when p values were less than 0.05.

Results
Stereological results

All stereological data are summarized in Table 1 and
submitted under subtitles with detail as given in the following
sections.

Total volume of the proximal tubules

The total volume of the proximal tubules in the kidney of
DS+MEL group was significantly higher than those of the
CONT, PS and DS groups (p<0.05). However, the total
volume of the proximal tubules in the kidneys of the DS group
was significantly higher than those of the CONT and PS
groups (p <0.05). There was no significant difference among
to the CONT, PS and DS + MEL groups in terms of the total
volume of the proximal tubules (p > 0.05).

Total volume of distal tubules

The total volume of the distal tubules in the kidney of the
DS +MEL group was significantly higher than those of the
CONT, PS and DS groups (p <0.05). Furthermore, the total
volume of the distal tubules was significantly increased in the
DS group in comparison to those of the CONT and PS groups
(p<0.05).

Mean volume of the glomeruli

There was a significant difference between the CONT and DS
groups (p <0.05). In addition, volume of the glomeruli in the
DS group was significantly decreased in comparison to those
of the CONT, PS and DS + MEL groups (p <0.05). There was
no difference among to the CONT, PS and DS + MEL groups
(p>0.05).

Mean numerical density of the glomeruli

The mean numerical density of the glomeruli (glomeruli/mm?)
in the DS group was significantly less than those of the
CONT, PS and DS +MEL groups (p<0.05). Additionally,
there was no significant difference among the CONT, PS and
DS + MEL groups (p > 0.05).

Total number of the glomeruli

The total number of glomeruli of the DS group was
significantly decreased than those of the Cont, PS and
DS +MEL groups (p <0.05). However, the total number of

glomeruli in the DS + MEL group was significantly more than
that of the DS group (p<0.05). Additionally, there was no
significant difference among the CONT, PS, and DS + MEL
groups (p>0.05).

Histological results

The renal cortex of the control rats contained glomeruli,
vessels, tubules, and interstitium. When evaluating these renal
specimens by light microscopy on H-E stained sections, the
overall cellularity of the glomeruli, the symmetry of the
glomerulus and the thickness of the capillary walls were
normal. Renal tubules (the long and winding neck) formed as
the proximal tubule, the loop of Henle and the distal tubule.
Our results indicate that DS application leads to patho-
logical alterations in the kidney. Bowman spaces were smaller
and irregular shaped glomeruli were seen according to that of
the control sections (Figures 1 and 2). Light microscopic
investigation showed congestion in blood vessels, degener-
ation in nephrons, including glomerulosclerosis and tubular
defects, and an increase in the connective tissue in the kidneys
of the DS treated group (Figure 2). In addition, there were
many mononuclear leukocytes in the sections of the DS group
(Figure 1). However, MEL treatment groups have seen
normally tissue structures (Figures 1 and 2). There were
normally shaped glomeruli, Bowman spaces, and tubules.

Discussion

DS is commonly used for certain medical purposes by women
in the different periods, such as pregnant and lactating,
although it has certain harmful effects on body organs.'” The
present investigation was constructed to study the effect of
DS, which administered during pregnancy, on the morpho-
metric and histological alterations of the kidney in adult male
rats. The results of the present work clearly illustrated that the
application of 3.6 mg/kg body weight of DS to pregnant rat
during gestation (515 days) had induced noticeable results in
the histological features of the kidney of such treated animals.

During the recent years, an increasing number of studies
and researches have been published concerning the nephro-
toxic effects of several drugs, including NSAIDs, in develop-
ing fetus. Sabry Sahar et al.’ indicated that treatment of
pregnant subjects with NSAIDs during pregnancy could cause
renal dysgenesis in neonates. The light microscopic investi-
gation and morphometric data approved that DS has negative
effects on the kidney and could disrupt the normal renal
morphology and structure.

Siu et al.'® reported that DS crosses the human placenta
easily during the first trimester. Therefore, possible toxic
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Figure 1. Images obtained from the kidney of the DS (D, E, F), Cont (A), PS (B) and DS + MEL (C) groups. Notes: Tubular necrosis (nt), sclerosis
(sg), dilated glomerular capillaries (arrowheads), many mononuclear cells (in circled area) and segmental necrosis (*) of the glomeruli were detected in

kidney samples of the DS group.

Figure 2. Images obtained from the kidney of the Cont (A), PS (B), DS (C) and DS + MEL (D) groups. Note: More collagen contained interstitial tissue

areas were seen in kidney samples of DS group (C and D).

effects of DS were among the main causes of the histological
changes. It was observed in present study that toxic effect was
in the kidney because of diffusion and excretion of DS
through the renal tissue. Also, Triebskorn et al.'” and

Hussain et al.?® observed histopathological changes in liver
and kidney of some animals, which are treated with DS.
Additionally, DS increases the rate of pregnancy termination
and it may have potential teratogenic effects.”! It was been
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reported by Chan et al.** that exposure to high levels of DS
also results in embryo toxicity in rat whole embryos. They
also demonstrated in another study that DS-treated rat
embryos develop pronounced malformations in the caudal
neural tube and hindlimb.*

DS at high dose causes alterations in hematological,
biochemical parameters and histopathological changes in liver
and kidney of male rats. These adverse effects may contribute
to oxidative stress induced by the drug.? Our study examined
the toxic effects in tissues that may have occurred by
oxidative stress.

The synthesis by pineal gland melatonin is the strong
antioxidant hormone.”**** Due to the lipophilic nature, MEL
can easily pass the blood-brain barrier. MEL is an electron-
rich molecule and it has direct antioxidant properties because
of its both oil and water-soluble character. Thus, it easily
enters to the cytosol of the each cell and the other structures in
the cells and therefore, it is more effective than the vitamins
and the minerals.”

Yaurt et al.’s?® study on the obese rats suggested that after
the melatonin treatment, kidney structures and glomerular
morphology was returned to normal, healthy structure. Our
DS-MEL treatment group had same property. In the
melatonin-treated group, that is not any decrease in the
number of glomeruli, mean volume of glomeruli, mean
volume of proximal and distal tubules. These results are
consistent with the strong antioxidant effects of melatonin.
Additionally, that can detoxify the harmful effects of drugs.

We suggested that DS usage might lead to renal
deformities because of histopathological changes, such as
vascular congestion, tubular defects, and connective tissue
enlargement of the kidney in rats that are prenatally subjected
to this drug. These drugs are widely used for therapeutic
purposes in humans. These negative effects may get prevented
by the exogenous melatonin application. Therefore, further
investigations are needed to confirm these findings.
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