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Abstract:

Background: In kidney, basal lamina is the main component of the glomerular filtration barrier and podocytes

have a major role in its synthesis.

Objective: To study the effects of different oral doses of exogenous melatonin on glomerular filtration barrier by

using methylene blue injections.

Material & methods: In this study, sixteen male rats of five weeks of age were used, they were divided into three
groups: Group | was control group, groups 1l and Il were treated orally with melatonin in a dose of 250

& 500 pgrkg body weights subsequently.

Results: Focal segmental glomerulosclerosis was caused by 500 pg/kg body weight melatonin, but when
methylene blue was given intraperitoneally; its particles appeared in renal interstitial tissue in both 250

& 500 pg/kg body weights treated rats.

Conclusion: Melatonin has an effect on the glomerular filtration barrier.

It is recommended to use

immunohistochemical techniques to evaluate the subcellular level changes.
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Introduction:
P revious studies showed that the renal
corpuscle is an important unit in the process

of filtration in which the glomerular filtration

barrier is found within it, this barrier includes the

followings:

1-Fenestrated endothelium of the glomerular
capillaries and the mesangial cells: The fenestrae
of endothelial cells are large (70-90 nm) in
diameter and are more numerous than in the
fenestrated capillaries of other organs. .
They lack the thin diaphragm commonly
observed spanning the openings of other fenestrated
capillaries . Besides endothelial cells, there are
the mesangial cells that are considered as a major
constituent of renal glomerulus, they play a critical
role in the regulation of glomerular filtration rate
and renal blood flow within the glomerular
capillaries %3], These cells represent a contractile
smooth muscle-derived like cells ! that contain a-
smooth muscle actin and myosin Pl They
synthesize the amorphous matrix to support the
capillary walls and also act as macrophages to clean
the endothelial side of the basal lamina from
particulate material that accumulates during the
filtration process ™.
2-Basal lamina: This basal lamina is derived from
the fusion of capillary- and podocytes- produced
basal lamina ™ It is about (3) times the usual
thickness of other basal laminae found else where
in the body. It is the main barrier that is newly
synthesized by adding new material to it on
epithelial side (podocytes) and removal of old
material from its endothelial side by phagocytic
activity of mesangial cells &7,

3-The visceral layer of Bowman's capsule or the
podocytes that have cell body from which arises
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several primary processes which give rise to
secondary processes called pedicels.

They are highly specialized cells whose
functions include support of the glomerular
capillaries, synthesis of the glomerular basal
lamina, regulation of glomerular permeability and
phagocytic function to remove large molecules
which become trapped in the outer layer of the filter
(2&8] ‘they have a very limited potential for repair
and are unable to replicate postnatally ™. Junqueira
(2003) found that the secondary processes (foot
processes) of these cells interdigitate at a regular
distance of about (25nm) wide which are called as
the filtration slits that bridged by diaphragm of
about (6nm) thick ™.

The aim of the present research is to study the
effects of different oral doses of exogenous
melatonin on glomerular filtration barrier by using
methylene blue injections.

Materials & Methods:

Sixteen male Wistar albino rats of five weeks
old (before puberty) were used, four rats in each
group, their average body weight was (64) gram at
the beginning of the experiment. The drug used in
the experiments was; N-acetyl-5-methoxytrytamine
(melatonin) tablets, from Nature's Bounty INC,
Bohemia, NY11716, U.S.A. The animal house was
of constant controllable temperature (ranging
between 20-24°C). The light-dark cycle was (12:12)
with free access to food, except for one and half-
hour prior to meal containing melatonin supply.
Water was provided ad libitum. The study included
(3) groups of animals: control group which was
divided into two subgroups (la) not received
methylene  blue injections, (Ib) received
intraperitoneal injections of methylene blue, second
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and third groups (Il & I1) treated with 250ug/kg
and 500pg/kg body weight subsequently of
melatonin hormone that was given as a single oral
dose per day, two hours prior to sunset.
Intraperitoneal injections of methylene blue were
given in a dose of (Img/kg) on alternate day (6
injections) for (14) days for control group (Ib) and
treated animals. The animals were sacrificed by
dissection under effect of diethyl ether, left kidney
was removed when the heart was still beating, it
was separated from the surrounding connective
tissues, fat and suprarenal gland, and then bisected
longitudinally through the pelvis of the kidney and
used for paraffin sections. Transverse serial
sections of kidneys of (3) um in thickness were
stained with H. & E. for control subgroups and
treated groups.

Results:
Cellular filtration barrier components, which
include podocytes, endothelial cells of the
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glomerular capillaries and the mesangial cells, were
seen under light microscope in transverse sections
of kidneys of the control group of rats, stained with
H. & E., podocytes appeared as spindle-shaped
cells, had fine processes, their cytoplasm was thin
with dark nucleus. However, endothelial cells
appeared as squamous cells, and mesangial cells
appeared as polygonal cells with large euchromatic
nucleus between capillary loops. Histological
examination of treated groups (with 250 and
500ug/kg body weight) showed that they were
affected. The hormone induced significant
structural changes in the Kkidney, in a dose
dependent manner i.e. more histological changes
appeared in those treated with 500ug/kg body
weight represented by decreasing in the number of
mesangial cells per field (under magnification
power of x800), table (1), and dilated their
capillaries, but the most obvious change was the
detachment of podocytes from its glomerular
basement membrane into urinary space, figure (1).

Table I: The effects of dietary exogenous melatonin on number of mesangial cells per glomeruli
in five weeks old male rats.

Daily dose of melatonin (ug/kg) body weight

Number of mesangial cells per glomerulus

Group la& Ib

39.4+2.12

Group Il (250ug/kg)

2875 + 2737

Group Il (500ug/kg)

15.067 + 1.79

{3Values were presented as mean *+ SD.

Multiple groups comparisons were performed by analysis of variance (ANOVA).
£} Inter group’s difference was assessed by the Student’s t-test. Significance of difference in

comparison with the control groups: *** (P<0.0001).

Figure 1: Transverse section of kidney's rat (five weeks old male rat treated with a dose of
500pg/kg) shows shed podocyte in urinary space (arrow). H. & E. stain, x1000.

In control group (Ib) there were no
particles of methylene blue seen inside renal
tissue and no histological difference from

control group (la), figure (2), while small dark
particles of methylene blue were seen scattered
through renal tissues of rats treated with
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250ug/kg body weight, figure (3), which
become larger and more in number in those
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treated with 500pg/kg body weight, figure (4).

Figure 2: Transverse section of kidney's rat (five weeks old male rat, control) demonstrates no
particles of methylene blue. H. & E. stain, x200.

Figure 3: Transverse section of kidney's rat (five weeks old male rat treated with a dose of
250ug/kg) demonstrates small particle of methylene blue (arrow). H. & E. stain, x200.

Figure 4: Transverse section of kidney's rat (five weeks old male rat treated with a dose of
500pg/kg) demonstrates large particle of methylene blue (arrow). H. & E. stain, x200.

Discussion:

In this experiment, methylene blue was used to
assess the membrane integrity of the kidney ©
10810 " song et al, (1993) I has identified
iodomelatonin binding sites in the kidneys of
mammals which supports the possibility of the
direct action of melatonin on the renal system,
especially on glomerular filtration barrier %, The
kidneys of rats treated with the dose of 500ug/kg
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body weight were more affected than those treated
with the dose of 250ug/kg body weight, in which
melatonin effects are dose-dependent M4 the
effects is in the form of focal segmental
glomerulosclerosis that one of its feature is
detachment of podocytes ™. Glomerular filtration
depends on well cell-cell and cell-matrix contacts
of glomerular podocytes; the structural link
between the cell-matrix and cell-cell contacts is
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maintained by the actin cytoskeleton ™. Wong et
al, (2000) ™ has shown that podocytes are highly
specialized cells that make up a major portion of
the glomerular filtration barrier in the normal
physiological and pathological kidney functions of
humanbeing. Recent evidence suggests that the
important role of podocyte in glomerular filtration
barrier comes through its main cell adhesion
protein nephrin 8 %200 This protein is a
transmembrane protein and it is an essential
component of the glomerular filtration barrier in
maintaining the normal function of the kidney
[21.22823] * the exact physiological role of the
filtration barrier which consists of endothelial cells
of glomerular capillaries, a basement membrane
and a visceral epithelium (podocytes), has not yet
been determined #*?%4%°1 However, the location of
nephrin has been identified as the filtration slit-
diaphragm of the glomerular podocyte which is
considered as the site of renal ultrafiltration **
19&23]

Damage to nephrin occurs in focal segmental

glomerulosclerosis ™! leading to increase
permeability (damage) of the filtration barrier and
appearance of methylene blue particles within renal
tissue. Thus, it is preferable to give antioxidant
agent in diseased conditions that cause increase in
the production of free radicals, to countercount
their damage effects on human body cells 71,
It is not advisable to give antioxidant to healthy
individuals, because they have normal oxidant-
antioxidant balance and this supplement or
additional antioxidant can produce oxidant-
antioxidant imbalance.

References:

1- Junqueira L & Carneiro J (2003). Basic
Histology, 10th edition. Chapter 19:383-401.

2-Wheater's Functional Histology. A text and color
atlas, 3" edition. (1993). Chapter 16:282-303.

3-Chen H., Guh J., Chang J. and Lai Y. Differential
effects of FMLP-activated neutrophils from
patients with IgA nephropathy enhanced
Endothelin I production of glomerular mesangial
cells. Nephron. (2006). 89(3): 274-279.

4-Pizzinat N., Girolami J. and Parini A., with the
technical assistance of Pecher C. and Ordener C.
Serotonin metabolism in rat mesangial cells;
Involvement of a serotonin transporter and
monoamine oxidase A. Kidney International.
(2008). 56(4): 1391-1399.

5-Kimura K., Suzuki N., Ohba S., Nagai R., Hiroi
J., Mise N., Tojo A., Nagaoka A., Hirata Y.,
Goto A., Yazaki Y. and Omata M. Hypertensive
glomerular damage as revealed by the expression
of a-smooth muscle actin and non-muscle
myosin. Kidney International. (2005).
46(suppl.55): S-169-S-172.

6-Ham W. and Cormack D. Histology, eight
edition. (1979). Pp. 755-780.

271

Mustafa Mohammed Ibraheem

7-Bloom and Fawcett. A textbook of histology,
11" edition. (1986). Chapter 30: 755-793.

8-Nakamura T., Ushiyama C., Suzuki S., Hara M.,
Shimada N., Ebihara I. and Koide H. The urinary
podocyte as a marker for the differential
diagnosis of idiopathic focal glomerulosclerosis
and minimal change nephritic syndrome.
American journal of Nephrology. (2000). 20(3):
175-179.

9-Hara M., Yanagihara T. and Kihara I. Urinary
podocytes in  primary focal segmental
glomerulosclerosis. Nephron. (2001). 89(3): 342-
347.

10-Akshay-B., Sweaty-K., Awvtar-S., Saroj-P.,
Lakshmi-C., Meiyi-H., Mani-M. and Hari-K.
Effects of methylene blue on HK-2 cells, a line
of proximal tubular epithelial cells from normal
rat kidney. J-urol. (2002). 168(1): 253-259.

11-Alexander-S., Stefanie-O., Yu-H., Rainer-O.,
Andreas-H., Stefan-F., Kazuo-M., Shigeru-O.,

Uwe-W. and Johannes-S. Selective
dopaminergic neurotoxicity of isoquinoline
derivates related to Parkinson's disease.

Biochem-pharmacol. (2007). 63(5): 909-920.

12-Song-Y., Ayre-EA. and Pang-SF. [125 ]
iodomelatonin binding sites in mammalian and
avian kidneys. Biol-Signals. (1993). 2(4): 207-
220.

13-Ching-AC., Hughes-MR., Poon-AM. and Pang-
SF. Melatonin receptors and melatonin inhibition
of duck salt gland secretion. Gen-Comp-
Endocrinol. (1999). 116(2): 229-240.

14-Richter-K., Peschke-E. and Pescke-D. A
neuroendocrine releasing effect of melatonin in
the brain of an insect, priplaneta maericana (L).
J-Pineal-Res. (2008). 28 (3): 129-135.

15-Ibraheem-M A thesis submitted for the degree
of Master of Science of Anatomy, Histology and
Embryology in the histological study on male
rats' kidney after administration of exogenous
melatonin.  College of  Medicine, Al-
Mustansiriyah University. (2002). 73-87.

16-Matthias-K. Regulation of adhesive interaction
between podocytes and glomerular basement
membrane. Microsc-Res-Tech. (2002). 57(4):
247-253.

17-Wong-M., Cui-S. and Quaggin-S. Identification
and characterization of a glomerular-specific
promoter from the human nephrin gene. Am-J-
Physiol-Renal-Physiol. (2000). 279(6): F1027-
1032.

18-Bonnet-F., Cooper-M., Kawachi-H., Allen-T.,
Boner-G. and Cao-Z. Irbesartan normalizes the
deficiency in glomerular nephrin expression in a
model of diabetes and  hypertension.
Diabetologia. (2008). 44(7): 874-877.

19-Patrakka-J., Ruotsalainen-V., Ketola-I.,
Holmberg-C., Heikinheimo-M., Tryggvason-K.
and Jalanko-H. Expression of nephrin in

Iragi J. Comm. Med., Oct. 2009 (4)



Exogenous melatonin effects on Glomerular Filtration Barrier in male albino rats.

pediatric kidney diseases. J-Am-Soc-Nephrol.
(2007). 12(2): 289-206.

20-Moin-S., Hare-M., Reiser-J., Coward-R.,
Inward-C., Farren-T., Xing-C., Ni-L., Mathieson-
P. and Mundel-P. A conditionally immortalized
human podocyte cell line demonstrating nephrin
and podocin expression. J-Am-Soc-Nephrol.
(2002). 13(3): 630-638.

21-Ruotsalainen-V., Ljungberg-P., Wartiovaara -J.,
Lenkkeri-U., Kestila-M., Jalanko-H., Holmberg-
C. and Tryggvason-K. Nephrin is specifically
located at the slit diaphragm of glomerular
podocytes. Proc-Natl-Acad-Sci-U-S-A. (1999).
96(14): 7962-7967.

22-Palmen-T., Ahola-H., Palgi-J., Aaltonen-P.,
Luimula-P., Wang-S., Jaakkola-L., Knip-M.,
Otonkoski-T. and Holthofer-H. Nephrin is
expressed in the pancreatic beta cells.
Diabetologia. (2001). 44(10): 1274-1280.

23-Pauliina-L., Niclas-S., Dmitry-N. and Harry-H.
Podocyte-associated molecules in  puromycin

272

Mustafa Mohammed Ibraheem

aminonucleoside nephrosis of the rat. Lab-
Invest. (2002). 82(6): 713-718.
24-Tryggvason-K., Ruotsalainen-V. and
Wartiovaara-J. Discovery of the congenital
nephrotic syndrome gene discloses the structure
of the mysterious molecular sieve of the kidney.
Int-J-Dev-Biol. (1999). 43(5 spec. No):445-451.

25-Solin-M.,  Pitkanen-S., Taanman-J. and
Holthofer-H. Mitochondrial dysfunction in
congenital nephrotic syndrome. Lab-Invest.

(2000). 80(8): 1227-1232.

26-Jorgen-R., Klaus-Q. and Boner-G. Sieve plugs
in fenestrae of glomerular capillaries-site of the
filtration barrier. Cells-Tissues-Organs. (2002).
170(2-3): 132-138.

27-Rezzani R., Rodella L., Corsetti G. and Bianchi
R. Does methylene blue protect the kidney
tissues from damage induced by ciclosportin A
treatment? Nephron (2001). 89(3): 329-336.

* Lecturer, Ph.D., College of Medicine Al-Mustansirya
University- Department of Anatomy.

Iragi J. Comm. Med., Oct. 2009 (4)



