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Abstract

Objectives: To evaluate the effect of a combination of angiotensin re-
ceptor blocker losartan, and antioxidant Ferulic acid on the recovery of
renal function and renal damage after rellef of partial ureteral obstruc-
ton (PUQ) of a solitary kidney. Methods: thirty-two male mongrel dogs
were classified Into three groups: sham (8), control (12) and study (12).
Right nephrectomy was done and dogs in the study and control groups
were subjected fo 4 weeks of PUO. Serum creatinine, creatinine clear-
ance (CrClj, and renographic clearance (RC} were measured at baseline,
4 weeks of obstruction and 8 weeks after relief of obstruction. Markers
of lipld peroxidation (malondialdehyde MDA), superoxide dismutase
(SOD), and reduced glutathione (GSH), and imm unostaining of markers
of apoptosis (caspase 3 and Bcl2), cell proliferation (ki67} and intersti-
tial fibrosis in the kidney were evaluated at the end of experiment. Re-
sulls: a combination of losartan and FA enhanced the recovery of ser-
um creatinine, CrCl and RC by an extra 830%, 30%, and 47% of the
basal values at 8 weeks, after relief of 4 weeks obstruction, respectively,
Also, this combination caused significant decrease in MDA, and signifi-
cant Increase in GSH and SOD. Moreover, this combination significantly
reduced the interstitial fibrosis, and caspase 3 expression, and signifi-
cantly increased the expression of Bel2 and kif7 In kidney tssues at
8™ week after rellef of obstruction. Conclusion: combination of losar-
tan and FA enhances the recoverabllity of renal function and minimizes
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the renal damage through reduction of oxidative stress, tubular apopto-
sis and the interstitial fibrosis in the solitary kidney after rellef of PUO.

Introduction

Obstructive uropathy is the
eventual outcome of many urologi-
cal disorders such as urinary
stone and ureteric stricture. Ure-
teric obstruction (UO) is a com-
mon clinical finding in a solitary
kidney(l). The pathophysiology of
renal damage in UO is complex
and it was reported that the renal
démage continues even after relief
of U02,3), Within the first week
of induction of UO, a network of
inflammatory, vasoactive and ap-
optotic processes results in the
appearance of signs of tubular
atrophy and features of tubuloin-
terstitial fibrosist4). Ureteral ob-
struction triggers tubular cell
death by apoptosis and necro-
sis(®), interstitial inflammatory in-
filtration!®), and progressive fibro-
sis with loss of renal parenchyma,
myofibroblast activation and ex-
tracellular matrix deposition(7.8)-
All these changes contribute to re-
nal parenchymal damage leading
to sustained decrease in renal
function.

Reactive oxygen species (ROS)

play an important role in pa-
thophysiology of  obstructive
uropathy!®). They may have an im-
portant role in the tubulointersti-
tial inflammation assoclated with
obstructive nephropathy (10), due
to the tubular injury caused by
mechanical  disturbance, which
leads to a proinflammatory state
and tubulointerstitial fibrosis(!1).
After release of the obsiruction,
ROS12 causes overexpression of
fibrogenic cytokines and chemoat-
tractants{11), It was reported that
reduction of endogenous antioxl-
dants (such as catalase) during
cbstructive uropathy aggravates
renal apoptosis, while the admin-
istration of exogenous antioxi-
dants attenuates tubular apopto-
sis(13.14) Also, chronic UO
increases the renal expression of
tumor necrosis factor [alphal
(TNF-alpha), FAS ligand, and cas-
pase activity}®), In a recently
study from our lab, we found that
ferulic acid {FA), powerful antioxi-
dant, enhanced the recovery of re-
nal functions when given after re-
lef of obstruction{i6). This was
done increasing the activity of Bel
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2 (proapoptotic protein) and de-
creasing the activity of caspase
316.

Angiotensin II, a potent vaso-
constrictor, mediates its biological
action through its interaction with
one of two recepfors: angiotensin
I type 1 (AT) and AT,(17). AT, re-
ceptors are more abundant and
appear to be more biologically sig-
nificant than AT, receptors in
mammalian kidneys(18.19), I pro-
longed UUO, a significant rise is
noted in both ATy receptor expres-
slon and renal angiotensin II con-
tent(20).  Angiotensin If and ATy
receptors have been linked to
many of the pathophysiologic pro-
cesses involved in renal obstruc-
tion, including alterations in renal
hemodynamics, fibrosis, and
apoptosisl21.22),  Angiotensin 11
up-regulates the expression of
several profibrotic cytokines and
transcription factors, including
TGF-B1, TNF-¢, and NF-xB (23.24),
Moreover, the blockade of ATy re-
ceptor inhibition has been corre-
lated with a reduction in collagen
expression, macrophage recruit-
ment, and renal tubulointerstitial
fibrosis(24), Also, in a recent study
by our lab, we reported that losar-

tann (AT receptor blocker} en-
hanced the recovery of renal func-
tions in a canine model of chronic
partial ureteral obstruction (25),

On the basis of the observa-
tions that reactive oxygen species
and Angll are imperative in initiat-
Ing and promoting renal damage,
apoptosis, and fibrosis even after
relief of obstruction, we hypothe-
sized that a combined therapy
with exogenous antioxidant and
Angll blockade may have additive
or synergistic effects on recovery
of renal functions after release of
obstruction by simultaneously
blocking the pathogenic actions of
ROS and Ang II. In this study, we
aimed to study the impact of a
combination of losartan and ferul-
lc acid on the recovery of renal
functions after relief of UO in a
solitary kidney, and its effect on
apoptosis, flbrosis, and oxidative
stress markers after UO relief.

Materials and Methods

Experimental animals and de-
sign :

Thirty two male mongrel dogs
aged 2-3 years, weighing 18-25 kg
were involved in this study. The
dogs were randomly divided into 3
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groups: 1} Sham group: 8 dogs;
right nephrectomy + left sham
surgery + no medications, ii) Con-
trol group: 12 dogs; right nephrec-
tomy + left partial ureteral ob-
struction (PUO) + no medicaiions,
and iii) Study (FA and Losartan)
group: 12 dogs; right nephrectomy
+ PUO + FA. The dogs were
housed in individual boxes under
habitual conditions in a tempera-
ture controlled room (24°C). They
received a balanced diet plus free
access to water. Experiments were
performed according to the Guide
for the Care and Use of Labhoratory
Animals. All protocols were ap-
proved by our local comrittee of
Animal Care and Use Cominiitee.
Our
study and animal care standards
were adhered to Imstitute for La-
boratory Animal Research, Nation-
al Research Council, Washingion,
DC: National Academy Press, no.
85-23, revised 1996.

institution approved the

Experimental model

Dogs were anaesthetized by thi-
opental sodium (10mg/kg) with
endotracheal intubation and me-
chanical ventilation. Right neph-
rectomy was carried out. The
model of unilateral left PUO was

performed as described by Sho-
keir, 26), The study and control
groups were subjected to 4 weeks
of left PUO. Then, were reopened
and subjected to Lich-Grigoir ure-
re-implantation. All
dogs of the control and study
groups were sacrificed by the end
of the 8th weck after relief of ob-
struction.

terovesical

Sham cperated animals
The abdomen was entered
with a midiine incision and

right nephrectomy was done. The
bladder was opened, a 6 F ure-
teric catheter was inserted into
the left ureteric orifice for 2 hours
for collection of urine samples and
a blood sample was taken from
the left renal vein. The catheter
was then removed and the bladder
and wound were closed without
induction of left PUO. Dogs of the
sham group Wwere subjected to
sham surgery at basal condition,
4 and 8 weeks and sacrificed
thereafter.

Ferulic acid and losartan
treatment

Dogs of the study group were
given FA (purchased from Sigma,
USA) in the drinking water (or
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milk or bone soup) at a dose 70
mg/Kg per day with the onset of
relief of 4 -week obstruction and
continued until sacrifice. Also, Lo-
sartan was given at a dose of 2
mg/kg once daily in drinking wa-
ter (after overnight fasting of dogs)
throughout the duration of the
study. -

Renal functons :

Blood and urine samples
were collected from the corre-
sponding kidney during surgery
just before induction of obstruc-
tion, during relief of obstruction
(at 4 weeks of obstruction) and at
sacrifice of the dogs at the end of
the 8th week after relief of ob-
struction. Two urine samples were
collected, each for 2 hours from
the corresponding ureter and
blood samples obtained from the
corresponding renal vein. Blood
samples and the mean of two
readings of urine samples were
used for calculation of the creati-
nine clearance (CrCl) from the fol-
lowing equation(27);

Urine creatinine {mg/dl)
X urine volume (ml/24hr)
CrCl {ml/min) =
Serum creatinine (mg/dl)
X 1440 (minutes)

Doppler ulirasonography and
resistive index

Doppler ultrasonography (DUS)
with measurement of renal resis-
live Index (RI) of the correspond-
ing kidney were carried out at ba-
sal condition before induction of
obstruction, just before relief of
obstruction (at 4" week of ob-
struction) and at 4 and 8 weeks
after relief of obstruction.

Renograma :

Radioisotope renography with
calculation of the split function of
the corresponding kidney was per-
formed. Renogram was carried out
at basal condition before induc-
tion of obstruction, just before re-
lief of obstruction {at 4th week of
obstruction) and at 4 and 8 weeks
after relief of obstructon as previ-
ously described28,

Morphometric evaluaton of
renal intersttial fibrosis

Kidney tissues for the histologt-
cal study were fixed in 10% for-
malin (pH 7.4) and embedded in
paraffin. Sections (3 pm thick)
were prepared, and stained with
Hx & E and Masson's trichrome
to evaluate the fibrosis of corti-
cal interstitium. The sections were
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observed on a Olymbus BX51 light
microscopy. Pictures Were ob-
tained by a PC-driven digital cam-
era (Olymbus E-620). The comput-
er software (Cell* Olymbus Soft
Imaging Solution GmbH) allowed
the performance of morphometric
analysis. Interstitial volume index
was determined as described be-
fore(29) by superposing a grid con-
taining 100 (10x10) sampling
points on pictures of 10 non-
overlapping fields (X 200) of Mas-
sor’s trichrome stained sectons.
The pumber of points overlaying
interstitial space Were counted
and expressed as percentage of all
points. Large arteries and glome-
ruli are excluded from the quanti-
fication.

fmmunohisiochemistry for as-
sessment of apopiotic index, an~
iapopiotic activily and prolifera-
tive index

For immunohistochemistry, 3
pm thick sections were prepared
on coated slides and deparaffin-
ised. All sections Were incubated
for 30min with 0.3% hydrogen
peroxide in methanol and micro-
wave heated in 10mM citrate
buffer, pH 6.0, for 10-20 min.

Subsequently, an indirect immu-
noperoxidase technique was ap-
plied, using monoclonal antibod-
jes for: Anti-caspase 3 {(Abcam
Cat.# ab79123) cytoplasmic stain-
ing with human tonsils as positive
control. Anti-Bel2 (Abcam Cat.#
ab59348) staining
with human colon carcinoma tis-
sue as positive control. Anti-K67
(Abcam Cat.# ab86373) nuclear
staining with human lymph node
as positive control. Indirect immu-

cytoplasmic

noperoxidase was performed using
ImmunoPure Ultra-Sensitive ABC
Peroxidase (Thermo Scientific Cat.
# 32052) with (DAB) as chromo-
gen.

Apoptotic index and antiapop-
totlc activity were assessed with a
standard point counting method
for the percentage of labelled tu-
pbular cells in each of the exam-
ined ten non-overlapping random-
ly selected X 400 fields of each
slide. Labelling indices were ex-
pressed as the average scores of
thel10) fields(@0). The proliferation
index was defined as the percent-
age of the counted immunoreac-
tive nuclel per at least 1000 tubu-
lar cells®1),
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Estimation of oxidative and
antioxidative parameters.

Kidney tissue was perfused
with a PBS (phosphate buffered
saline} solution, pH 7.4 conttaining
0.16 mg / ml heparin to remove
any red blood cells and clots.
Then, kidney was weighed,
minced, homogenized in 5 - 10 ml
cold buffer (t.e. 50 mM potassium
phosphate, pH 7.5. 1 mM EDTA).
Homogenates were centrifuged at

* 10000 x g for 15 minutes at 4°C

and the supernatant was kept at -
80°C till used for analysis of lipid
peroxides malondialdehyde, MDA),
superoxide dismutase {SOD), and
reduced glutathione (GSH). MDA,
SOD, and GSH were measured by
using colorimetric kit {Blo-
Diagnostics, Dokki, Giza, Egypt)
according to manufacturer's in-
structions.

Statistical analyais :

The data of dogs of the three
groups were compared at differ-
ent time points of assessment.
Statistical analyses were carried
out with the 2-tail student's t
and ANOVA tests. A p value
<0.05 was considered as signifi-
cant.

Results

Changes in the serum creati-
nine :

The mean values of serum
creatinine were comparable
among dogs of the sham, control
and combination groups at the
basal conditions. The sham oper-
ated group showed stable serum
creatinine level during the whole
duration of the study (Fig. 1). By
the end of the 4th week of obstruc-
tion, the mean values of serum
creatinine of both the combination
and control groups were signifi-
cantly higher than the sham
group (P < 0.01) (Fig. 1). There
was no significant difference in
the mean value of serum creati-
nine of the combination group (4.1
* 0.8 mg/ dl) and the control
group (3.5 * 0.62 mg/ dl) at the
end of the 4th week of obstruction
(Fig. 1}, The mean serum creati-
nine of the combination group (1.2
+ 0.3 mg/ dl) was significantly
lower than that of the control
group (2.1 £ 0.19 mg/ dl) by the
end of the 8th week after relief of
obstruction, (P<0.01) (Fig. 1). At 4
weeks of obstruction; there was no
significant difference in the per-
centage decrease of serum creati-
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pine in both combination and
control groups. The ability of the
kidney to regain its function at 8
weeks after relief of obstruction
was significantly better in the
combination group compared with
the conirol one. Combination of
losartan and Ferulic acid en-
hanced regain of the serum
creatinine at 8-weeks after relief
of obstruction by extra 30% in
comparison to the control group
(Table 1).

Changes in the Creatinine
clearance

The mean values of creatinine
clearance of the left kidney were
comparable among dogs of the
three groups at the basal condi-
tions. The sham operated group
showed stable creatinine clear-
ance level of the left kidney during
the whole duration of the study
(Fig. 2). By the end of the 4th
week of obstruction, the mean val-
ues of creatinine clearance of both
the combination and control
groups were significantly lower
than the sham group. There was
no significant difference in the
mean value of creatinine clearance
of the combination group (22.8 &
9.6 ml/ min) and control group
(25.6 + 2.8 ml/ min) at the end of

the 4th week of obstruction (P =
0.39) {Fig. 2). The mean creatinine
of the combinaton
group (34.8 + 3.5ml/ min) was sig-
nificantly higher than that of the
control group (31.5 + 4.5 m}l/ min)
by the end of the 8th week after
relief of obstruction, (P< 0.01) (Fig.
2). At 4 weeks of obstruction;
there was no significant difference

clearance

in the percentage decrease of crea-
tinine clearance in both combina-
tion and control groups. The abili-
ty of the kidney to regain its
function at 8 weeks after relief of
obstruction was significantly bet-
ter in the combination group com-
pared with the control one. Com-
bination of losartan and Ferulic
acid enhanced regain of creatinine
clearance at 8-weeks after relief of
obstruction by extra 30% of the
basal value in comparison to the
control group (Table 1).

Changes in the renographic
clearance :

The mean values of split reno-
graphic clearance of the left kid-
ney were comparable among dogs
of the three groups at the basal
conditions. The sham operated
group showed stable split reno-
graphic clearance level of the left

kidney during the whole duration

28




Fx-

Benha M. J,

Vol. 29 No 1 Jan. 2012

of the study (Fig. 3). By the end of
the 4th week of obstruction, the
mean values of renographic clear-
ance of both the combination and
control groups were significantly
lower than the sham group. There
was no significant difference in
the mean value of renographic
clearance of the combination
group (21.93 * 3.6 ml/min) and
the control group (23.8 + 2.4ml/
min) at the end of the 4th week of

- obstruction (P = 0.67) (F ig. 3). Sig-

nificant higher values of the split
renographic clearance in combina-
tion group compared with the con-
trol one was observed at 4 and 8
weeks after relief of obstruction
(Fig. 3). The mean split renograph-
lc clearance in combination group
(36.4 + 1.7 mul/min) is significantly
higher than the control group
(28.2 £ 4.2 ml/min) at 8 weeks af-
ter relief of obstruction (P<0.01).
At 4 weeks of obstruction; there
was no significant difference in
the percentage decrease of reno-
graphic clearance in both combi-
nation and control groups. The
ability of the kidney to regain its
function at 8 weeks after relief of
obstruction was significantly bet-
ter in the combination group com-
pared with the control one. Com-

bination of losartan and Ferulic
acid enhanced regain of split reno-
graphic clearance at 8-weeks after
relief of obstruction by extra 47 %
of the basal value in comparison
to the control group (Table 1),

Renal resiative index {RI)

There was no significant differ-
ence in the mean RI of the left kid-
ney of the sham (0.45 + 0.04);
control (0.47 + 0.03} and combina-
tion group (0.49 £ 0.06) groups at
basal condition. The mean RI of
the sham operated group re-
mained stable during the whole
study duration (Fig.4). After 4
weeks of obstruction, there was a
significant rise in mean renal RI
from a basal value of 0.47 + 0.03
to 0.71 £ 0.02 in the control group
and from a basal value of
0.48+0.04 to 0.7+0.05 in the com-
bination group; (P values < 0.001
& < 0.001, respectively). By the
end of the 4th week of obstruc-
tion, there was no significant dif-
ference in the mean RI of the com-
bination group (0.7 + 0.05} and
the control one (0.71 + 0.02),
Marked drop of the RI to near ba-
sal values was observed at 4
weeks after relief of obstruction in
both the control (0.4810.02) and
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ithe combination (0.47 + 0.05)
groups. Follow-up of Rl at 8 weeks
after relief of obstruction showed
almost stable values stmflar to
those of 4 weeks after relief of ob-
struction in both the control and
combination groups (Fig. 4).

Morphometric evaluation of
renal interstitial fibrosis

Compared with the sham-
operated animals, the harvested
kidneys of the control group €x-
hibited a marked interstitial fibro-
sis mosily in perivascular and in-
tertubular areas, indicated by a
positive blue color in Masson's tri-
chrome-stained sections. In con-
trast, harvested kidneys from ani-
mals treated with FA and losartan
had significantly less sclerotic
damage. The mean percentage of
fibrosis in the animals treated
with FA and losartan was signifi-
cantly lower than the control
group (p< 0.05) (table 2). A combi-
nation of FA and losartan reduced
interstitial {ibrosis by 49.23% in
comparison with control. Figure 5-
a represents one of the sham
group, figure 5-b represents the
control group, while figure b-c
represents one "of the animals
treated with FA and losartan.

Assessment of apoptotic indi-
ces, antiapoptoiic activity and
proliferation indices:

There was significantly lower
tubular apoptosis, higher expres-
sion of Bcl2, and higher eXpres-
sion of Ki 67 in the kidneys har-
vested from animals treated with
FA and losartan compared with
the control one (table 2). A combi-
nation of FA and losartan reduced
apoptosis by 58.86%, increased
expression of Bcl2 by 191.64%.
and increased expression of Ki 67
by 98.01% compared with control
group (table 2). Figures 6-a & b,
7.a &b, and 8-a & b are examples
of the tubular apoptosis indices,
Bel2, and KiB7 expression in the
control and combination groups
respectively.

Assay of ocxidants and antiox-
idants :

There was significantly lower
MDA, higher GSH, and higher
sOD levels in the combination
group compared with the control
one (p<0.05). A combination of lo-
sartan and FA reduced MDA by
57.27%, increased levels of GSH
by 85.06%, and increased levels of
SOD by 70.65% compared with
the control group respectively (ta-
ble 3).
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Table {1): Percentage regain of renal function 8 weceks afier relicf of obstruction in

the Combination and control groups

Contralgroup | Combination group| P value

Serum creatinine {(mezn £ 3D, mg/dl)

4 W obstruction 3.520.62 4.140.8 0.1
W after relief of obstruction 2.1£0.19 12£03 <001
Creatinine improvement 1.4 29 <0.01
%% improvement from 40 k1) <001
basal value

Creatinine Clearance (mean =

5D, ml/min})

4 W obstruction 256828 228476 .39

8W after relief of obstruction 3133 345435 <0.01

Cr C1 improvement 5.9 12 <0.01
o : % improvement from 23 53 <0.01
i basal valuc

Renographic Clearance (mean

£ 8D, ml/min}

4'W obstruction 233274 21936 0.67

&W afler relief of obstruction 282442 36.3%1.7 <0.01
& Ct Cl improvement 44 14.4 <001

% improvemenst from 18 65 <0.01

basal value

Table (2): Score of interstitial fibrosis (%), Ki 67 expression, Bel2 expression, and
apoptosis (caspase 3) expression in different groups at the end of study

Group % Interstitial | Apoptosis | Antlapoptotic | K167
fibrosis (caspase +ve Bcl2
cells)

Sham group I17 £0.98 | 267£0.80 | 13.83 2444 | 067+0381
Control group 260 % 6.0° | 1276231 | 646 £2.87" | 5.54 +£1.51
Comblned group 1320 £ 339" | s25:16% | 19842 345 | 1097+ 130%
% change of the mean in] 4943 -58.36 + 19564 +98.01
combined group compared
with contrel group

All data are expressed a3 Mean & SD. One way ANOVA test with posthoe Scheffe’s

test. o= significant with sham, and b= significant with control.
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Table (3% Markers of oxidative stress (MDA) and antioxidants (GSH and SOD) in
different groups at the end of study

Group MDA mmol/gm GSHEmgigm | SOD % inhibition
tissue tissue

Sham group 1.56 %0 .46 177.02:7.808 8997+ 4.52

Control group 1161 % 3.94° 111,24 =4.787 4130718

Combined group 496+ 1.87" 505 BT =47.00~ | 1133 & 12.607

% change of the mean - 57.27 +85.06 +70.65

iz combined group

compared with control

group

MDA= malondialdehyde, GSH= Teduced glutathione, SOD (superoxide
dismutase).All data are expressed as M+3D. One way ANOVA test with posthoc
Scheffe's test. a= significant with sham, b= significant with control.

& -
Pi # Sham Group
5 4 ® Control Group
& Combination Group

Serum Creatinine {mg/dl}

Basal 4-week obstruction 8-week De-
obstruction

Fig. (1): Changes in the mean serum creatinine of the left kidney after 4 weeks of
obstruction and 8 weeks after relief of obstruction in the study and
combination groups and in the sham group at basal condition, 4 and 8
weeks of sham surgery (W=Week; Obst= obstruction; De-obst, = de-
obstruction; P, = combination and control versus sharm; Py = combination
versus control).
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& Sham Group

8 Control Group

a5 - & Combinatian Group
P2

Creatintne Clearance (mi/min)

Basal 4-week 8-weekbe-
chstruction obstruction

Fig. (2): Changes in the mean creatinine clearance of the left kidney after 4 weeks of
obstruction and 8 weeks after relief of obstruction in the combination and
control groups and in the sham group at basal condition, 4 and 8 weeks of
sham surgery (W=Week; Obst. = cbstruction; De-obst. =de-obstruction; P,
= combination versus control versus sham; P, = combination versus

control).
# Sham Graup
a Control Group
45 - # Cambination Group

E 40 - P2

£

> 35 4

E

o 30

(v}

c

B 25 4

8

S 20 A

2

= 15 4

ga 106 4

2

&4 5

[~

0 4
Basal 4-week ohstruction g-weekDe-

obstruction

Fig. (3): Changes in the split renographic clearance of the lef kidney after 4 weeks of
abstruction and 4 and 8 weeks after relief of ebstruction in the combination
and control groups and in the sham group at basal condition, 4 and 8 weeks
of sham surgery (W=Week; Obst. = obstruction; De-obst. =de-obstruction;
P; = combination versus control versus sham; P; = combination versus
control).
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0.8 1 P & Sham Group

6.7 4 m Lontrol Group

05 4 B Combination Group
0.5 -
0.4 -

0.3 1

Renal Resistive index

0.2

0.1 4

0 -

Basal fweek 4-weekDe- 3-weekDe-
abstruction obstruction obstruction

Fig. (4): Changes in the renal RI of the left kidney after 4 weeks of obstruction and 4
and 8 weeks after relief of obstruction in the combination and control
groups and in the sham group at basal condition, 4 and 8 weeks of sham
surgery (W=Week; Obst. = obstruction; De-obst. =de-obstruction; P =
combinztion and control versus sham}.

Fig. (5): The cross section of the harvested kidney from animals of different groups
showed minimal interstitial fibrosis mostly in perivascular and intertubular
areas, indicated by a positive blue cofor in Masson’s trichrome-stained
sections. Interstitial fibrosis is 45% in the control group (a), and 11% in the
combination group (Masson trichrome stain X 100)
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i

Fig. (6): The cross section of the harvested kidney from control and combinat

ion group-
treated animals, Tmmunostaining of caspase 3 labeling index is 10% in the contro!

group (a), and 5% in the combination group (Immunoperoxidase DAP X 400)

Fig. (7): The cross section of thcharvcste;.! k]cy from control and combination group-

treated animals, Immunostaining of Bel2 labeling index is 4% in the control
group (a), and 24% in the combination group (Immunoperoxidase DAP X 400)

& B b, S A8
Fig. (8): The cross section of the harvested kidney from control and combination
group-treated animals. Immunostaining of Ki 67 labeling index is 7% in the

control group (a), and 14% in the combination group (Immunoperoxidase
DAP X 400)
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Discussion

Many factors may play an ac-
tive role in the progression of re-
nal damage in obstructive uropa-
thy after relief of obstruction. In
this regard, it is not surprising to
find out that targeting hyperactive
RAS alone as in current clinical
therapy may only have limited effi-
cacy in preventing the progressive
loss of renal functlon in Uo. In,
the present study we examined
the hypothesis that a combined
therapy by simultaneously target-
ing multiple pathogenic pathways
may be more effective in prevent-
ing the progression of chronic re-
nal fibrosis and damage in UO In
solitary kidney. In the present
study, we found that a combina-
tton of losartan and ferulic acid
enhanced regain of the serum
creatining,
and renographic clearance at 8-

creatinine clearance,

weeks after relief of obstruction by
extra 30%, 30%, and 47% respec-
tively in comparison to the control
group. These findings indicate this
combination enhanced the recov-
ery of renal function after relief of
UO. In a recent study from our iab
we found that FA alone enhanced
regain of serum creatinine, creati-
nine clearance, and renographic

clearance by extra 22%, 26%, and
33.7% respectively. Also, Soliman
et al(25) found that losartan en-
hanced regain of creatinine clear-
ance, and renographic clearance
by extra 26%, and 26%, respec-
tively. These findings indicate that
this combination do not provide
more protection than each drug
alone in enhancing the recovery of
renal functions after relief of UO
in solitary kidney.

Both oxidative stress and hy-
peractive Tenin angiotensin sys-
tem are involved in pathogenesis
of renal damage caused by uo.
Also, many studies reported that
they are involved 1n progression of
renal damage after relief of ob-
struction2:16), The renal damage
involves tubular cell apoptosis
and necrosis®), interstitial inflam-
matory infiltration(®), and progres-
sive fibrosis with deposition of ex-
tracellular matrixd7:8).  So, the
next step of our study was to in-
vestigate the impact of the combi-
nation on renal fibrosis induced
by UO. In the present study, we
found that a combination of losar-
tan and ferulic acid improved re-
nal fibrosis by 49.23%. This is
more than FA alone because FA
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alone improved renal fibrosis by
34.81%U6) These findings sug-
gest that addition of AT1 receptor
blocker to FA might stop or slow
the process of fibrosis. In agree-
ment with our results, Young et
al.,12) examined a combination of
AT1 receptor blocker, losartan,
and hepatocyte growth factor
(HGF) in protection against renal
damage caused by UO. They
found that AT1 blocker synergisti-
cally inhibits renal smooth muscle
actin (SMA) expression (marker of
renal fibrosis) and myofibroblast
activation and attenuates renal in-
terstitial fibrosis in obstructive
nephropathy in mice.

In a previous study by our
group, we reported that tubular
cell apoptosts (as indicated by sig-
nificant elevation of caspase3 and
significant lowering of antiapoptot-
ic protein Bcl-2) was still evident
after 8 weeks after UO release.
Moreover, tubular cell prolifera-
tion (as indicated by significant el-
evation of ki67) was significantly
Increased in obstructed kidney
when compared to sham groupls6,
In the present study we found
that a combination of losartan
and FA significantly reduced

apoptosis by B58.86%, Increased
expression of Bcel2 by 191.64%,
and increased expression of Ki 67
by 98.01% compared with control
group. This effect is better than
FA alone as reported by our previ-
ous study(16),

As mentioned in the back-
ground, oxidative stress plays
an important role in pathogene-
sis of tubulo-interstittal inflamma-
ton during obstructive nephropa-
thy32),  and after reltef of
obstruction{2), Manucha et a1.(33)
and Suglyama et al.,B4) demon-
strated an increase in the concen-
tration of reactive oxygen species
(ROS} In obstructed kidney, to-
gether with decreased activities of
the major protective antioxidant
enzymes superoxide dismutase
(SOD), catalase (CAT) and glutath-
ione peroxidase (GSH-Px). The
downregulation of antioxidant en-
zymes CAT, GSH-Px, and SOD
from tubular cells from the ob-
structed kidney increases the vul-
nerability of the kidney to oxida-
tive damage(35), The results of our
study are In consistence with the
findings of the previous studies. In
the present study, a combination
of losartan and FA reduced MDA
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by 57.27%, increased levels of
GSH by 85.06%, and increased
levels of SOD by 70.65% com-
pared with the control group re-
spectively. When we compare
these findings with the results of
our previous study16), we can say
that addition of losartan to FA
don't offer more protective effect
on oxidative stress in UO than FA
alone. These findings suggest
that this combination might
slow the progress of fibrosis by
a mechanism other than inhibi-
tion of oxidative siress. This may
include inhibition of the release
of transforming growth factor B
(TGF-B). Both losartan and FA
might act synergistically to inhibit
the expression of TGF-B. However,
in our study this was not meas-
ured, so this point is one of the
limitations of our study and it will
considered on a next studles.

In conclusion, a combination of
FA and losartan did not enhance
the recovefy of renal functions in
UO of a solitary kidney model of
dogs. However, this combination
slows the progress of fibrosis and
apoptosis of renal tubular cells.
Further studies are recommended
to understand the underlying

mechanisms of this combination
in inhibition of renal fibrosis.
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