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Abstract

Glycerol encouraged kidney damage through originating an oxidative injury to renal tubular cells which
further leads to tissue necrosis and inflammation. While, roflumilast N-oxide is an active metabolite of
roflumilast that rising the cyclic adenosine-3’, 5'-monophosphate by inhibiting PDE4.

Thirty rabbits were divided into three groups, control group was received normal saline intra-muscularly and
drived from water for eighteen hours before. Second group was received a single dose glycerol injected intra-
muscularly after drived from water for eighteen hours .Third group was received roflumilast intraperitoneal
daily for three days after received a single dose of glycerol .

All animals were sacrificed after 72 hour, and then blood collected by cardiac puncture for evaluation the
changes in the levels of renal function tests and histopathological study of rabbit’s kidneys tissues are
evaluated evaluation and scoring the changes of tested agents. The numerical data are expressed as means +
standard error means and analyzed by using SPSS version 20.

The results of the levels serum urea and creatinine found to be significantly reduced by roflumilast using
ANOVA test. Besides, the histopathological changes showed ameliorative effects of roflumilast in compared
to glycerol group. From this study, one could be concluded the protective effect of roflumilast in case of

renal failure induction by glycerol.
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Introduction

Acute kidney encompasses smaller changes in the
renal function without obvious failure that could be
resulted in significant worse consequences and the rate of
disease in a population, moreover may be ended to death
(- The incidence rate of these emergent cases that is
needed to hospitalization reached to 2-5%. Acute kidney
impairment developed within one month postoperatively

Haider F. Al-Saedi Corresponding author

PhD Pharmacology and Toxicology

College of pharmacy—University of Al-Ameed
hasaedi@alameed.edu.iq Corresponding author email
Mobile: 009647735244677

in rate 1 of 100 patients of general surgery cases and
arises in up to near 70 % of intensive care unit patients
) Nephrotoxicity induced by drug overdose or time
dependent is a frequent problem in nephritic-medicine
and the incidence of drug-accompanying acute kidney
impairment may be as high as sixty percent® . The
etiology of pathological condition associated with
acute renal failure is septic shock at 47.5 % of total
patients that needed hospitalization. The percent of
death to total hospital mortality was 60.3%® . Other
causative condition of acute renal function deterioration
is a myoglobinuric case, which is uremic syndrome
followed rhabdomyolysis and muscle destruction with
releasing of intracellular elements such as myoglobin
and other intracellular constituents into blood stream



Indian Journal of Forensic Medicine & Toxicology, October-December 2020, Vol. 14, No. 4

©). The myoglobin casts producing its effects by tubular
obstruction or damaging of tubular epithelium with
leakage of filtrate across it after reducing glomerular
filtration rate (. Acute nephrotic injury given that an
increase in serum creatinine often lags two and three
days behind the onset of injury that may reflect the
damage might be included two third parts of kidney were
included 7. Indication of roflumilast in case of chronic
obstructive respiratory disease, it is effective in reducing
the frequency of respiratory disease exacerbations®).
The current study aimed to evaluate and investigate the
potential nephroprotective effect of roflumilast against
nephrotoxicity induced by glycerol in rabbits.

Experimental Design and Method

Rabbits (albino & domestic) of different sexes were
weighing (1- 2 Kg) were acclimated for new animal
house for ten days before any experimental procedures
and fed with commercial pellets and allowed water ad
libitum. They were reserved under dominated condition
of temperature (23 £+ 2 °C) and humidness (55 £+ 15%).
Also, lighting was systemized lighten to half day then
to darken later. All methods performed in this current
study were in accordance with regulatory content on the
maintenance and practice of lab animals and reported to
ethical committee approval of college of pharmacy. In the
present study, after 72 hour of water deprivation, three
groups of rabbits (n = 10 for each group involved control
group was received intraperitoneal (5 ml) of normal
saline (0.9 % of sodium chloride); group 2 (induction
group) was only received given dose of diluted glycerol
(50 %; 8 ml/ kg, i.m.), the total dose was divided equally,
then administered in each hind limb muscle (18). Group
3 was given glycerol intramuscularly as single dose
plus roflumilast that was given intraperitoneal after 60
minutes of the glycerol injections(1 mg/kg)® .Blood
samples are collected by cardiac puncture to prepare
serum, and then kidneys tissues were harvested for
further biochemical and histopathologic analyses.

Measurement of serum urea concentration involved
the usage of a commercially available kit (Biosystems)
R (19 The urea levels in the samples react with the
kit’s reagent components (!, Measurement of serum
creatinine concentrations were done by using a
commercially available kit was used (Biosystems)?

. The auto- analyzer apparatus is used to measure the
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absorbance of standard and samples after 30 and 90
second based on spectrophotometric measurement at
505nm(12’ 13).

involved  the
then
microscopic evaluation (4 (19 A pathologist, who

Histopathological — assessment

macroscopic examination of the kidneys,
was unaware of the group assignments, performed a
semiquantitative analysis of the kidney sections using
a light microscope!®. The statistical analyses were
performed by using statistical package of social science
(SPSS version 20). All numerical data are expressed as
mean =+ standard error of the mean (SEM). The data were
evaluated by one-way analysis of variance (! and Mann
Whitney U test. P value is considered significant when

its value equal or less than 0.05(1%).

Findings

Induction was done by glycerol-received group
and it showed a significant elevation of urea level
compared to control group. While, treatment group
(roflumilast-treated group) displayed a significance
reduction of urea level in comparison with induction
group (shown in table 1). In addition, induction group
exhibited there is significance elevations of serum
creatinine level compared to control one. While the
treatment group (roflumilast treated group) offered a
significance reduction of creatinine level in comparison
with induction group as shown in table (1(.

Sections of kidneys of control group revealed normal
appearance of renal tubules in both cortex and medulla
(figurel).Glyceroltreated groupshowedareaofinterstitial

inflammation and others changes discussed in scoring
system (figure 2, table 2). While, roflumilast treated group
showed as clearly improvement of histopathological
changes (figure 3). Kidneys in the induction group
showed moderate to severe lesions. Lesions were
included deposition of hyaline material in the tubules
of cortex and medulla, marked dilation of renal
tubules, vacuolization of the renal tubular epithelium
particularly in the medullary region, this group showed
marked epithelial vacuolation to obtained score 4 in
statistical significant level of P < 0.01 than control
group (displayed in table 2). Some of the epithelial cells
revealed statistically significant level of necrosis (P<
0.05) than both G1 and G3, this change was indicated
by fragmentation of cell membrane and absence of
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nuclear staining to get score 2 as showed in table 2.
Some apoptotic cells were also observed indicated by
fragmentation of nuclei with intact cell membrane to give
score 1 but it was statistically non-significant (P > 0.05)
in comparison with both G1 and G3 (table 2). Marked
(score 2) interstitial lymphocytic infiltration was noted in
this group, it was significant in comparison with G1 and
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G3 (table 2) but no significant glomerular changes had
been detected in the level of light microscopic inspection
(table 2). Complete absence of hyaline casts in the renal
tubules, no necrosis and apoptosis in the renal tubular
cells ((figures 3), (tables 2)). As G1 and G2, there were
no obvious glomerular changes at the level of light
microscope illustrated table2.

Table (1) Effect of roflumilast on level of serum creatinine against glycerol- induced acute renal failure

Urea level .
Group Serum creatinine
(mg16)
Control 43.58 0.79
Glycerol 61.43* 1.25%
Roflumilast 31.80*# 1 *#

* means p < 0.05 when compared to control group; # means p < 0.05 when compared to glycerol (induction)

group

Table ( 2) represent the scores of interstitial inflammation, evacuolation, necrosis, apoptosis and epithelial
cell glomerular injury in the groups of study

S Group chre of inter'stitial Score of epithfelial cell Score of epith'elial cell
inflammation vacuolation necrosis
1 Gl 00+00 A score0 00+00 A score0 00+ 00 A score 0
2 G2 40% =+ 0.32 B score 2 84% + 0.2 B score 4 25% + 0.14 B score 2
3 G3 10 % £ 0.11 A score 1 37%+00 C score 3 00+ 00 A score 0
P Value P<0.01 P<0.01 P<0.05
S Group Score of epithelial cell apoptosis Score of epithelial cell glomerular injury
1 Gl 00+00 A score 0 00+ 00 score 0
2 G2 13 % =00 B score 1 00+ 00 score 0
3 G3 00+ 00 A score 0 00+ 00 score 0
P Value P<0.05 P>0.05

These notes applied for all tables

Values were expressed as a mean + standard error.

P values < 0.01 was considered as significant.

different capital letters refer to the significance among the groups.
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Figure (1) Kidney of control group shows normal proximal renal tubules
(white arrow head), distal tubules (black arrow head), glomerular tuft
(blue arrow head) and bowman's space (yellow arrow head) in the
renal cortex (3) HEE 500X

Figure (2) Kidney of _Glycerol treated group shows area of interstitial
inflammation [yellow arrow head) HS&E 500X
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Figure (3) Kidney of glycerol + roflumilast treated group shows normal

renal tubules (red arrow head) with normal glomerulus (green arrow

head) in the cortex HE&E 500X

Discussion

Glycerol-induced kidney impairment is cardinal
of the most remarkably used model of experimental
rhabdomyolysis inducing renal failure and is reflected
as an experimental similarity of human myoglobinuric
renal failure that resulted from transfusion problems or
crush injury or random traffic accident!?) .

Myoglobin-induced tubular damage; or by renal
actions of cytokines released®”. Glycerol mediated
nephrotoxicity by different mechanisms including
a uncorrected renal ischemia of renal blood vessels
, whereby blood flow ceases or arterial or arteriolar
constriction®!) . This may be interpreted to increment of
high proteins level in the blood leading to elevation of
osmotic pressure and reduction of hydrostatic pressure
, then both of them leading to reduced glomerular
filtration pressure and reduced filtration process through
glomerulus to Bowman’s capsule , leading to elevation
levels of both serum urea and serum creatinine?” .The
reduction of blood flow leading to persistence ischemia
and free radical formation ended with glomerulopathy
terminated with allow high molecular weight molecules
such as protein to penetrate into tubules and elevate

intratubular pressure that may equilibrate with oncotic
pressure and diminished the glomerular filtration rate. In
contrast , when intratubular oncotic pressure increased
leading to loss of diffusion process so loss of kidney
filtration function!”. Glycerol treated group showed
epithelial cells vacuolation and apoptotic cells besides
the deposition of hyaline casts in the renal tubule?"
Roflumilast is mainly effective through selective
PDE 4 inhibitors , pleotropic effects including anti-
inflammatory, anti-emphysema, and antibiotic®®

Also, the beneficial effects were including pulmonary
hypertension and hypersecretion of mucus ?%. The
pharmacological actions behind nephroprotective effects
attributed to inhibition of reactive molecules formation
besides

epithelial cells inhibition of neutrophils

recruitment. Furthermore, it modulate vascular
remodeling due to endothelial cells and probably some
inflammatory cells®®. Roflumilast is the one of drugs
that could be item for further researches for improving
these beneficial effects through improving effects on
levels of kidney function biomarkers and ameliorating
histopathological change®®: Inhibition of glomerular
vasoconstriction one of the other two mechanisms

participating in the development of acute renal failure
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is the decrease in blood flow in the glomerulus®”). The
roflumilast advantageous role of specific diesterase
inhibition may be through blocking signaling pathways
of inflammation and refreshing cell survival®®. These
results informed the advantageous role of PDE4
suppression in treating of nephrotoxicity, possibly
through histopathological changes amelioration®®. Also
, The vasodilator effect may be considerable effect for
roflumilast shared with another drug of PDEs inhibitor
on reversing nephrotoxicity®?.

Conclusion

Roflumilast had a therapeutic effect against
glycerol induced renal failure and ameliorating the renal
impairment by rendering the level of urea, creatinine and
histopathological tissue feautres.
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