Bull. Egypt. Soc. Physiol. Sci. 29 (1) 2009 El-Sherbeny & Abd EI-Rahman

A study on the Effect of Erythropoietin Treatment on
Healing of Renal Damage in Male Albino Rats

Romysa A. EI-Sherbeny and Mohamed N. Abd EI-Rahman
Physiology and Pharmacology Departments,
Faculty of Medicine, Tanta University

ABSTRACT

This study investigated the healing effect of erythropoietin treatment on renal damage
in male albino rats. This work was carried out on 24 male albino rats, divided into
four equal groups. Group (1) Control group: injected by 0.2ml saline intraperitonealy
(2) Mercuric chloride (HgCl,) treated group: rats were injected intraperitonealy by
single dose(3mg/kg) of HgCly,, group(3): Erythropoietin (Epo) treated group: rats
were treated by intraperitoneal injection of Epo (1000u/kg) /day for 2 weeks, and
group (4) HgCl, and Epo treated group: rats were injected by single dose of HgCl,
and Epo for 2 weeks. At the end of experimental period, rats were sacrificed and
blood samples were collected and sera were separated for estimation of serum levels
of creatinine, wurea, glutathione peroxidase, glutathione concentration,
malondialdehyde and haematocrit value. The abdomen was dissected and kidney was
excised and fixed in formalin for histopathological examination. The results showed
in HgCI2 treated group, significant increase in serum creatinine, urea and
malondialdehyde levels, and significant reduction in glutathione concentration,
glutathione peroxidase and haematocrit value (HV) levels compared with control.
Epo treated group showed significant reduction in serum levels of creatinine, and
malondialdehyde, and significant increase in HV value levels, compared with the
control. HgCl, and Epo treated group showed, signification reduction in
malondialdehyde, creatinine and urea and significant increase in glutathione
concentration, glutathione peroxidase and HV compared with HgCl, group.
Histopathological examination showed necrosis of renal tubular epithelium and
dilated proximal and distal tubules and wide Bowman's capsule in HgCl, treated
group. HgCl, and Epo treated group showed improvement of renal tubular
epithelium, mild dilatation of Bowman's capsule and bone marrow derived cells. It is
concluded that, Epo treatment improved renal damage due to HgCI2 and promote
healing of renal tissue, and it is recommended to be used in chronic renal disease.

INTRODUCTION breast fed infants exposed to internal
Epo in mothers milk®.

Erythropoietin  is present in Recovery of renal function after
human milk®™. During fetal life, tubular damage, whether ischemic or
enterocytes  are  exposed  to toxic depends on the replacement of
erythropoietin (Epo) contained in lost epithelial cells. The new epithelial
swallowed amniotic fluid®, and in cells may originate from endogenous

renal cells, or from cells derived from
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bone marrow®. Adult stem cell

plasticity, is a phrase that has been
used to describe a change in cell fate,
such as, from bone marrow to renal
tissue, but it should be made clear
that, there is no well-defined renal
stem cell population within the adult
mammalian kidney®. Bone marrow
allograft contributions to renal tubular
parenchyma in human and mice®,
that contained Y chromosome—
positive cells developed epithelial
cells in acute tubular necrosis?”.
Several studies have defined the
observation that, bone marrow gives
rise to renal parenchyma®. An
example of a haematopoietic stem
cells population from male mice,
helped in the regeneration of renal
tubular epithelium after renal ischemic
injury®, and transient ischemia
mobilized stem cells population into
the circulation from bone marrow,
forming bone marrow-derived renal
tubular  epithelial cells®. Several
groups have to identify factors that
accelerate recovery from renal injury,
and some have tested HgCl, whether
it affect bone marrow to kidney cell
trafficking"”, or it may be due to
changes in cytokine”. Considering
the cytokine which might be involved
is Epo, which has emerged as a most
promising multifunctional cytokine
that can play a significant role in
regeneration of the kidney 2. Epo is
produced mainly by peritubular
fibroblast within the adult kidney in
response to hypoxia. The released Epo
into circulation primarily is the main
factor for regulation of red cell
population in bone marrow, by
preventing apoptosis of erythroid
progenitor cells. Epo receptors have
been localized in several

haematopoietic tissues, brain, retina,
heart, lung, spleen, kidney and
endothelial cells™.

Mercuric chloride (HgCly) is a
toxin that causes renal damage, as it
affects the S; segment of the proximal
tubules selectively ™, causing direct
acute tubular necrosis, which doesn’t
suppress division of endogenous renal
cells. The aim of the present work was
to study the effect of erythropoietin in
renal damage induced by mercuric
chloride (HgCl,) in male albino rats.

MATERIAL & METHODS

This study was carried out on 24
male albino rats aged 8 weeks and
weighing 140-180 gm. The rats were
kept individually in cages and fed
milk and bread and had free water
access. The rats were divided into four
group each containing 6 rats.

Group (1): Control group: rats were
injected intraperitonealy by 0.2 ml
saline daily for two weeks.

Group (2): Mercuric chloride treated
group: rats were injected by a single
dose of HgCl, (Sigma) in a dose of
3mg/kg BW intraperitonealy.
Group (3): Erythropoietin treated
group: rats were injected Epo
(Amoun) intraperitonealy in a dose of
1000 u/kg BW/ day ™ for two weeks.
Group (4): Erythropoietin and HgCl,
treated group: rats were treated by
single dose of HgCl,, and Epo by
intraperitoneal injection in a dose of
1000u/kg BW/day for two weeks.

At the end of experiment, no
treatment was given for three days,
then the rats were scarified, and blood
samples were collected, and sera were
separated for determination of the
following parameters:
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Serum creatinine according to the
method of Henry"?.

Serum urea according to the method
of Patton and Crouch 7.

Glutathione concentration by
ﬂl}gl)rometric method of Hissin and Hi
fiv™®.

Glutathione peroxidase by the method
of Splittgerber and Tappel ™.

Serum malondialdehyde by the
method of Buege and Aust @*.
Haematocrit value% is measured by
the method of Henry®.

The abdominal cavity was
opened, kidney was excised and fixed
in 10% formalin for histopathological
examination.

Statistical analysis

The results were expressed as
means + SD. A two way analysis of
variance was used to analyze data,
that were considered significant when
P values were less than 0.05.

RESULTS

The results of the present work are
shown in table (1):
Serum creatinine level (mg/dl):

Results  showed,  significant
increase of serum creatinine in HgCl,
treated group compared with the
control group, P< 0.05. The Epo
treated group showed, significant
decrease  of serum  creatinine
compared with the control group, P<
0.05. The HgCl, and EPO treated
group showed significant increase of
serum creatinine compared with the
control group, and significant
reduction compared with  HgCl,
treated group, p<0.05, Fig (1).
Serum urea level (mg/dl):

Results  showed, significant
increase of serum urea in HgCl,

treated group compared with the
control group, P<0.05. The Epo
treated group showed, non significant
reduction of serum urea compared
with the control group. The HgCl, and
EPO treated group showed significant
increase of serum urea compared with
the control group, and significant
reduction compared with the HgCl,
treated group, P< 0.05, Fig (2).

Glutathione concentration(umol/L):

Results  showed  significant
reduction of glutathione level in
HgCl, treated group compared with
the control group, P< 0.05. Epo
treated group showed, non significant
increase of glutathione compared with
the control group. HgCl, and Epo
treated group showed significant
reduction of glutathione concentration
compared with the control group, and
significant increase compared with the
HgCl, treated group, P< 0.05, Fig (3).
Glutathione peroxidase level
(u/gmHb):

Results  showed  significant
reduction of glutathione peroxidase in
HgCl, treated group compared with
the control group, P<0.05. Epo treated
group showed insignificant increase
compared with the control. Epo and
HgCl2  treated group showed,
significant reduction of glutathione
peroxidase level compared with the
control group, and significant increase
compared with HgCl, treated group,
P<0.05, Fig (4).

Malondialdehyde level (umol/ml):

Results  showed  significant
increase of malondialdehyde level in
HgCl, treated group compared with
the control group, P<0.05. Epo treated
group showed significant reduction in
malondialdehyde compared with the
control group, P< 0.05. HgCl, and
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Epo treated group showed significant
increase of serum malondialdehyde
level compared with the control
group, and significant reduction of
malondialdehyde level compared with
HgCl, treated group, P<0.05, Fig(5).
Haematocrit value %:

The results showed significant
reduction of HV% in HgCl, treated
group compared with the control
group, P<0.05. Significant increase of
HV% in group treated by Epo
compared with the control group,
P<0.05. The HgCl, and Epo treated
group showed significant increase of
HV% compared with the control and

significant increase compared with the
HgCl, treated group, P<0.05, Fig(6).
Histopathological examination
showed:

Kidney of control group, with
normal Bowman's capsule, normal
convoluted tubules and collecting duct
Fig (7). Kidney treated by HgCl,,
showed extensive necrosis of tubular
epithelial cells, dilatation of proximal
and distal renal tubules and wide
Bowman's capsule Fig (8). Kidney
treated by HgCl, and Epo showed
improvement of renal tubules and
mild dilatation of Bowman's capsule,
mild congestion of renal stroma and
bone marrow derived cells Fig (9).

Table (1): Effects of erythropoietin and HgCl, treatment on serum creatinine, urea,
glutathione concentration, glutathione peroxidase activity, malondialdehyde and

haematocrit value (mean 6 + SD).

Epo and
Parameter Control HgCI2 Epo HgCl,
Serum creatinine mg/dL 0.9+£0.05 | 2.88+0.04* | 0.71+0.05* | 1.08+0.15*
Serum urea mg/dL 24.86+0.43 79£9.6* 23.83+0.23 | 65.5+£7.8*
Glutathione concentration umol/L | 11.86+0.43 | 6.74+£0.92* | 12.25+0.39 | 9.634+0.58*
Glutathione peroxidase u/gm Hb  [22.28+1.64 | 16.5340.53* | 23.55+0.72 |18.92+1.44*
Malondialdehyde umoL/mL 1.5+£0.09 | 2.48+0.24* 1.30+0.1* 1.75*+0.1
Haematocrit value % 38.06+0.95 | 35.35+1.48* | 44.6+1.46* | 40.7+1.49*

*= Denotes statistical significance
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Fig (1): Effect of Epo and HgCl, treatment on serum creatinine
level mg/dL in male albino rats
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Fig (2): Effect of Epo and HgCI2 treatment on serum urea mg/dL
level in male albino rats
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Fig (4): Effect of Epo and HgClI, treatment on serum glutathione peroxidase u/gm
Hb in male albino rats
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Fig (7): Section in rat kidney of control group showing normal Bowman's capsules,
normal convoluted tubules and collecting ducts (H&E Mag x125)

Fig (8): Section of rat kidney dmaged by HgCI2 showing widing of Bowman's
capsules, severe degeneration of convoluted tubules (H&E Mag x250).

Fig (9): Section of rat kidney treated by HgCI2 and Epo showing marked
improvement of convoluted tubules, mild congestion, bone marrow derived cells
(H&E Mag x250).
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DISCUSSION

The adult mammalian kidney has
no well-defined stem cell population,
and is wunable to produce new
nephrons in responses to metabolic
demand or damage ®®. Tubular cell
turnover and regeneration were
thought by most to occur by
expansion of the resident
epithelium®. The results of the
present work showed that, the HgCl,
treated group showed impairment of
renal function and degeneration of
renal tubules in the form of acute
tubular  necrosis.  Erythropoietin
treatment  increased  haematocrit
levels, which confirms Epo main
biological activity, and improvement
of renal function that was disturbed by
HgCl, and caused reduction of serum
creatinine and urea. Also the
improvement of healing of renal
tubules and reduction of fat oxidation
product malondialdehyde and
elevation of glutathione concentration
and glutathione peroxidase.
Glutathione serves as a major
protective substrate against many
foreign toxic substances, and clears
oxidative intermediates that are
formed in the cell. Because of its
involvement in the metabolism of
oxygen free radicals and toxic
metabolites, depletion of glutathione
peroxidase has been used as an index
of oxidative stress®®. It protects cells
and prevents the oxidative damage by
fat oxidation products, unsaturated
fatty acids which increased in renal
damage, and caused reduction of
glutathione peroxidase and increase in
lipid oxidation products,
malondialdehyde®.

The role of Epo in improvement
and healing of renal tubules may be
explained by the anti-apoptotic action
of erythropoietin on various tissues of
body including heart *®, and kidney
@6 Also, the mechanism of renal
protection and healing after heavy
metal toxicity may be due to
stimulation of bone marrow and
increasing the number of bone-
marrow-derived tubular cells®”. The
histopathological examination showed
improvement of renal damage in
HgCI2 and Epo treated group, which
showed as regeneration of renal
tubules and appearance of bone
marrow derived cells, with the
improvement of renal function, as
reduction of serum creatinine and
urea. These results may be due to
some circulating factors that might be
involved, especially erythropoietin
which emerged as a most promising
multifunctional cytokine that can play
a significant role in regeneration of
the kidney">*®. In the circulation, the
primary recognized role of Epo, is the
regulation of red cell production in the
bone marrow (by preventing apoptosis
of erythroid progenitor cells).*”.
Several groups have thought to
identify  factors that accelerate
recovery from renal injury and some
have tested whether they affect bone
marrow-to-kidney cell trafficking.
Iwasaki et al"® reported that,
cisplatin-induced renal failure,
showed bone marrow-derived cells
mobilized by granulocyte-colony-
stimulating factor (G-CSF) that
accelerated the recovery of renal
function and prevented renal tubular
injury. Regeneration after renal
damage by Epo treatments is assisted
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by recovery from acute tubular
necrosis, which proved as improved
renal functions and the prevalence of
regenerative bone marrow derived
tubular epithelial cells V. In addition,
it may be  suggested that
erythropoietin has Epo receptor gene
on tissues, that may respond by
activation or inhibition of growth®".
Moreover Epo healing effect may be
due to stimulation of Ieptin, that
induces autocrine and paracrine
cascades and promotes proliferation of
epithelial cells®”. Also, renal healing
may be explained by the transgenic
action of erythropoietin, which is
performed through growth hormone
action on protein, Epo passed to blood
stream and fused with growth
hormone for transfer of protein to the
healing epithelium®?. Moreover, Epo
has a trophic effect on rat stomach and
induced growth and proliferation of
gastric mucosal cells .
Conclusion and Recommendation:

It is concluded that erythropoietin
treatment in renal damage promotes
healing of renal tissue. It is
recommended that patient with
chronic renal disease to treated by
Epo.
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