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Abstract

Background: Nephrotoxicity is a major problem of Cyclosporine(8sA) treatment,
despite its beneficial role in organ transplantatemd in a variety of immunologic
disorders.

Objective: This study was undertaken to investigate the piatderenoprotective role of
telmisartan in amelioratioof chronic CsA induced nephrotoxicity.

Materials and Methods. the rats were randomized into 4 equal groups. rbu
received normal saline (control), group 2 recei@@mophor EL and ethanol (CsA
vehicle), group 3 received CsA 25mg/kg/day s.c gnoup 4 received telmisartan
3mg/kg/day orally in addition to CsA. The rats werair fed a standard chow diet
throughout the experiment period (8 weeks).

Results: CsA nephrotoxicity was assessed in terms of inee&Cr, blood urea and
serum K. CsA also caused significant increase (ER0in MDA and significant
decrease (p<0.01) in GSH and catalase in renaletiSeelmisartan failed to restore the
altered renal functions. On the other hand, it eaus significant improvement in the
histological changes including the tubulointerslisibrosis and arteriolopathy (p<0.01).
It also caused significant reduction (p<0.01) inA@sduced oxidative stress. These
findings suggested that telmisartan has a promigngprotective effect against chronic
CsA induced nephrotoxicity
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Cyclosporine A (CsA), an immunosuppressant dhigds to cyclophilin to inhibit
phosphatase calcineurin, and thereby prevents @épbadphorylation of nuclear factor
of activated T-cells that is essential for synthesf many lymphokine mediators,
particularly IL-2. It is widely used to prevent eefion of organ transplants. Also it is
used to treat autoimmune diseases like rheumatthdtes, psoriasis, atopic dermatitis,
and nephrotic syndrome. One of the most importdueise effect that restrict the use
of CsA is renal toxicitf). The term CsA nephrotoxicity (CSAN) comprises two
particular and very distinct forms of renal inju@sA-induced acute nephrotoxicity is a
hemodynamically mediated phenomenon, characteligethe absence of permanent
structural changes and by the reversibility witlerdase or discontinuation of the drug.
Conversely, chronic CsAN is an insidious lesionoasged with an irreversible and
progressive renal interstitial fibrosis, followedy mportant decrease in renal
functiod®. Underlying renal insufficiency, intravascular uole depletion; age older
than 60 years, excessive dose, and concomitantvilseother nephrotoxic drugs or
drugs that inhibit CsA metabolism by inhibiting C¥& system are considered as risk
factors for CsANP.
Telmisartan is a nonpeptide antagonist of the AeEeptors. Signalling through the AT
receptor results in vasoconstriction and sodiurbgesgption, and also promotes cellular
growth, hypertrophy, activation of fibroblasts, amdracellular matrix deposition in the
kidney?. Telmisartan exerts a variety of pleiotropic effedtecluding antioxidative,
antiapoptotic, and anti-inflammatory efféél‘glt acts as a partial agonist of PPAR-
There is growing evidence that activators of PPABxert anti-inflammatory, anti-
oxidative and anti-proliferative effects on vascuball cells?. Also by blocking the
effects of Angll, telmisartan will block Angll-meaied ROS generatiéh ROS are
involved in many of the Angll signalling pathw&JsTelmisartan had protective effect
in many animals model of renal inj{. Therefore, it may be a convenient renal-
protective drug. This study was conducted to irngast the renoprotective role of
telmisartan on amelioratiasf chronic CsAN.

Materials and methods

Animals

A total of 30 adult male Albino Swiss rats aged @+wleeks with weight of 140-155g,
were obtained from Animal Resource Center, theitirist of Embryo Research and
Treatment of Infertility, Al-Nahrain University. Ehanimals were apparently healthy
and they were housed in individual cages, at teatpe¥ controlled environment
(25+ZC) with ambient humidity. Lights were maintained anl2-h light/dark cycle.
The rats received standard chow diet with watets Rathe study were maintained in
accordance with the guidelines established by tber@ittee on the Care and Use of
Laboratory Animals of the Institute of Laboratoryifal Resources, National Research
Council.

Preparation of thedrugs

CsA (Novartis pharma, Austria) was diluted with 9%.%aline in a ratio of (1:5).
Telmisartan (Boehringer Ingelheim Pharma.) was eoded in D.W containing 0.5%
carboxylmethyl cellulose (CMC). CsA vehicle was pgaeed by mixing 2part
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cremo;)hoc?EL with 1part ethanol and diluted with 0.9% salimethe same ratio of
CsA'). The doses were prepared freshly every day.

Experimental groups

After one week acclimatization period, the rats evendomized into 4 groups each
contain 6 rats and all types of treatments wereiwoed for 8 weeks.

Group 1 received normal saline s.c daily, groug&ived Cremophor EL and ethanol
(CsA vehicle) s.c daily, group 3 received CsA 25wmdgay s.c once daif}*? and
group 4 received telmisartan 3mg/kg/day orallyddition to CsA?.

The rats were allowed free access to standard rathenv and water until the onset of
injections. After that, the rats were allowed fr@ecess to water but with restricted
access to food, except for the CsA only group wiiiatl free access to diet and water.
The average daily food consumed by CsA only rats wsed to pair-feed all other
ratd®® in the following da§#®. This was done because food consumption reduced in
CsA-treated animals and this might affect renatfiom measuremefi’. Body weight
and the average daily food consumed by CsA-tre@ttsdvere recorded daily.

Collection and preparation of samples

After 24hr from the last injection, the rats werpesthetized with phenobarbital
50mg/kg s.cand blood was obtained by cardiac puncture. Eacldoksample was
divided into 2 parts. The first part was place@itube containing disodium EDTA (22
mg/ml) and used for determination of Hct% and Hbdby automatic analyzer. The
remaining blood was placed in a tube without amtiedant and left for 30 minutes in
room temperature and used to obtain serum via ifiggdation at 3000 rpm for 10
minutes and then used for determination of bloahut.Cr and TSP by Randox assay
kits, while serum Na and k were determined by &ttedlyte analyzerKidneys were
quickly removed and the right kidney was rinsechwie cold 0.9% saline to remove
any RBCs or clots. It was decapsulated and disgdettm the medulla. Then
transported to the deep freezer and stored at -89 used in oxidative stress
measurement and in determination of tissue proféie. left kidney was fixed in 10%
formalin for histopathological evaluation.

Measurement of oxidative stress parametersin renal cortex

10% tissues homogenates were prepared by homoggmih 0.1M PBS (pH=7.4) for
MDA and tissue protein determination or with 50mMtassium phosphate buffer
(pH=7.0) for GSH and catalase determination. MD/AHGand catalase were measured
by using commercial assay kits (BioAssay Systemayward, CA, USA). Tissue
protein was determined by modified Lowry method.

Histopathological evaluation of the kidney

The scoring system for histological findings wasdivided into three categories:
tubular injury, interstitial inflammation and scag, and arteriolopatf#?.

Findings ascribed to tubular injury included vadzation, tubular collapse. Features of
interstitial inflammation were mononuclear infiltes. The findings of scarring were
matrix-rich expansion of the interstitium with didion of the tubules. Renal
arteriolopathy in chronic CsAN was characterizedhlgglinization and destruction of
the afferent arterioles. A minimum of 20 fields4ftXX magnification were assessed in
each biopsy and graded semiquantitatively by agbagfst blinded to treatment groups.
For tubular injury: 0 no tubular injury; 0.5 = <58 tubules injured; 1 = 5 to 20%; 1.5
=21 to 35%; 2 = 36 to 50%; 2.5 = 51 to 65% and=865% of tubules injured.
Tubulointerstitial fibrosis (TIF) was estimated bgunting the percentage of injured
areas per field of cortex and medulla: 0 = nornméérstitium; 0.5 = < 5% of areas
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injured; | =5 to 20%; 1.5 = 21 to 35%; 2 = 36 @& 2.5 = 51 to 65% and 3 = > 65%
of areas injured.

Hyalinosis was determined by counting the percentaf) juxtaglomerular afferent
arterioles with a minimum of 100 glomeruli per béypassessed: 0 = no arterioles
injured; 0.5 = < 15% of arterioles injured; 1 = ttH30%; 1.5 = 31 to 45%; 2 = 46 to
60%; 2.5 = 61 to 75% and 3 = > 75% of arteriolggrad.

Statistical Analysis

One-Way ANOVA test followed by Post Hoc. LSD tesaswvused for difference
between more than 2 groups. Mann-Whitney test wsed ufor histopathological
parameters. P value less than 0.05 was considageificant. Data were expressed as
mean + SEM, and all statistical analyses were tatled with SPSS version 10.

Results
Effect of telmisartan on body weight, hematological parameters and renal function

At the end of experiment, rats treated with @sdy showed a significant decrease in
B.W (p<0.01), as compared to pair-fed vehicle grokprthermore, chronic CsA
treatment resulted in significant increase (p<0i@1)lood urea and S.Cr, as compared
to vehicle group. Also, it resulted in significantrease (p<0.05) in serum K. while, it
led to insignificant changes in serum Na, TSP, HB Ect%, as compared to vehicle
group (p>0.05). Significant differences (p>0.05wEen vehicle and normal saline
(N.S)-treated groups were not observed in all patara that have been studied. The
addition of telmisartan to CsA treatment regimesh ot improve (p>0.05) body weight
changes in CsA treated rats. Moreover, it faileddstore (p>0.05) the altered renal
function parameters in these rats.

Table (1): Body weights, renal function parameters and hematological parametersin different
study groupsat the end of the experiment.

Study groups

Parameters

N.S Vehicle CsA CsA+Temisartan
Body weight (g) | 167.3+3.0 | 169.6+4.1 | 151.6+2.5 | 154.8+3.8°
S.Cr mg/dl 0.52+0.16 | 0.57+0.18| 1.29+020| 0.97 +0.17°
B.U. mg/dl 24.69 +1.89 29.02+1.5| 75.88+2.33| 78.20 +4.7°
Hct% 43.15+1.3539.49+1.8341.24+251| 41.93+1.29
Hb g/di 13.58 +0.60 11.75+0.73 12.25+0.87 | 12.91+1.18
Serum Nameg/l | 135.83 +5.2 138.33 +4.1] 138.16 + 7.1 | 141.66 =38
Serum K meg/l | 3.43+0.18 | 3.61+0.33| 5.23 +0#43| 4.86 +0.79°
TSP g/dl 541+0.26 | 49+0.25 5.16 £ 0.27 55+034

128




Kufa Med.Journal 2011.VOL .14.No.1

*p<0.01vsvehicle group**p<0.05vs vehicle group. ns: not significams CsA group at 0.05 level.
Effect of telmisartan on oxidative stress parameters

In comparison with vehicle group, CsA treatmentuhesl in significant increase in lipid
peroxidation marker; the MDA by means of elevatd8lARS levels in renal tissue
(p<0.01). Also it resulted in significant decredp&0.01) in the antioxidant enzyme;
catalase and in renal GSH content. Telmisartan cwatibn treatment with CsA was
found to be significantly (p<0.01) reduced rensstie MDA, and significantly (p<0.01)
increased GSH content and the catalase enzymétyaativCsA treated rats.

Table (2): Oxidative stress parametersin renal tissue for different study groups at the end of the

experiment.
Study groups
Parameters
N.S Vehicle CsA CsA+Temisartan
. 0.74 + 0.92 + 2.96 +
MDA nmol/mg protein 1.31 + 0.255
0.13 0.17 0.43%
Catalaseactivity U/mg |237.8+ |226.1% 101.3 £
184.67+17.61
protein 14.1 12.7 6.34
GSH umol/mg 1772+ |17.05% 5.13
15.90 +2.29
protein 1.42 1.57 1.44

*p<0.01vs vehicle group?p<0.01vs CsA group.

Effect of telmisartan on renal histology

CsA treatment was associated with increase (p<Oiflhistopathological scores
including tubular injury, arteriolopathy and TIFdding telmisartan to CsA treatment
resulted in insignificant difference in tubularuny score as compared to Ce& se
group (p>0.05). While, it caused significant retituc in arteriolopathy and TIF scores
(p<0.01).

Table (3): Mean scores of histopathological parametersfor different study groups at the end of the

experiment.
Histopathological Study groups
Parameters N.S Vehicle CsA CsA+Telmisartan
o 0.08+ | 0.166 + 158 +
Tubular injury score 1.25 +0.2%°
0.02 0.1 0.1
Tubulointerstitial fibrosis 0.0 1.75+
0.0+0.0 0.75+0.11
score 0.0 0.1r
_ 0.08% 1.833 +
Arteriolopathy score 0.0+0.0 0.667 + 0.1
0.02 0.16°

*p<0.01vs vehicle group”p<0.01vs CsA group. ns: not significans CsA group at 0.05 level.
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Figure (1) Representative photomicrographs showing the hithopagical changes in CsA treated rats
for 8 weeksA: normal appearance of kidney secti@ CsA induced interstitial fibrosis, nflammatory
cell infiltration, and tubular atrophyC: CsA induced the typical afferent arteriolopathy tékiolar
hyalinosis as shown by arrow$): CsA induced tubular injury including vacuolizatiadnpular collapse
and loss of tubular epithelium. PAS staining; orédimagnification: X40.

Discussion

Nephrotoxicity is a major clinical problem oE& treatment, despite its beneficial
role in organ transplantation and in a variety mimunologic disordersAlthough a
number of mediators have been proposed to accour@gAN, the precise mechanism
remains unknown. The cumulative data suggest afoolROS as one of the postulated
mechanisms in the pathogenesis of CsAN. Furthernmbee effects of scavengers of
ROS and antioxidants in amelioration of CSAN prevatiditional support for a role of
ROS in CsAN™),
As previously mentioned, telmisartan has pleiotogifects, including antioxidative,
antiapoptotic, and anti-inflammatory effects. THere, this study was designed to
investigate the potential renoprotective role dimtsartan in amelioratiorof chronic
CsAN.
At the end of the study we demonstrated that chrtm@atment with CsA resulted in
significant decrease in body weight as comparethéo pair-fed vehicle treated rats
despite of using pair-feeding method between C®atéd rats and other rats. Pair-
feeding is used in this study to exclude the eftdcCsA on food intake. Where, CsA
was reported to reduce food intake in f&snd reduction in protein intake is known to
exert a marked suppressive effect on GFR.
CsA significantly impaired renal functions includirs.Cr, blood urea and serum K,
while, it caused insignificant changes in hematiaalgparameters and TSP lev&he
hyperkalemia associated with CSAN has a multifaatoorigin. It might be due to
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kidney failure, direct tubular toxicity, and inhilwin of the synthesis of aldosterone by
the adrenal glan@”*®)

Concerning the effect of CsA on lipid peroxidationcaused significant increase in
renal tissue MDA. On the other hand, it causedisogmt decrease in the antioxidant
status i.e., GSH and catalase enzyme activity. fhbkecular mechanisms responsible
for enhancement of oxidative stress in renal tissdposed to CsA are poorly
understood. However, some authors have suggestgossible involvement of the
metabolism of CsA by CYP45®, glomerular synthesis of free radic&disand CsA-
induced vasoconstriction, which leads to hypox@axygenation injury that leads to
generation of free radic41s.

The effect of CsA on renal histology was demonsttaby the increments in
histopathological parameters scores including tbujury, arteriolopathy and TIF.
Chronic treatment with CsA vehicle; cremophor ELED) resulted in insignificant
changes in all the studied parameters as compardd S-treated group. There is a
controversy about the effect of this vehicle on kidney. Most authors studying its
effect, suggested that it might play a role in #teite nephrotoxicity that seen during
CsA infusiof?®. This may be explained by the well known anaphidaeaction to
CrEL when given intravenousl} Indeed, in this study CrEL was given to the vkhic
group subcutaneously and the acute effects of G @ehicle on the kidney were not
studied because of the difficulties in multiple ddiosampling from rats.

The absence of significant effect of CrEL on oxinatstress parameters in renal tissue
might be explained by the characteristic properteghis vehicle, where, CrEL has a
extremely low volume of distribution, implying thatls tissue delivery is probably
insignificant*®. It has a pharmacokinetic selectivity for the cahblood/bone marrow
compartment. This may be the cause for lacknofivo effect on the tissie, and in
support with this observation, Sparreboom et &96ldemonstrated that CrEL levels in
normal and tumor tissue were not detectable in iiceConcerning the effect of
telmisartan on CsA treatment, it failed to resttive altered renal functions including
S.Cr, blood urea and serum K. This may be explaimedhe paradoxical effects of
ARBs on renal functidA’?® They reduced proteinuria and improved morbiditgl a
mortality in diabetic nephropathy. On the otherdan states of low fixed RBF, they
could worsen renal function and even precipitatgeacenal failuré”?®. Furthermore,
CsA had a direct vasoconstrictive effect on remedrg and it reduced RBF and it had
been shown to impair renal autoregulatory mechagism

Telmisartan did not improve CsA induced hyperkakentiowever, it did not lead to
worsening of it. Gillum et al., 1990 observed teaalapril co-treatment with CsA led to
worsening of seum K in a chronic model of CsAN atsf®. This may be explained by
the observation of Schmidt et al., 2001 who studireddifference between the effect of
ACE-I and ARBs on potassium homeostasis in reraaislant recipients treated with
CsA. They found that administration of ACE-I ledewacerbation of hyperkalaemiea
reduction of aldosterone production. While the «ile ARB; losartan caused
insignificant elevation in serum K. They explairteé difference between the two drugs
on K(gfg)omeostasis by the degree of RAS blocked whedms to be less marked with
ARB™Y.

Reduction in CsA-induced oxidative stress by telriem is evident by the decrease in
renal tissue MDA and the increase in GSH and csgad¢@zyme. This shows a potential
protective effect of telmisartan against renal akikk damage in CsA-treated rats. A
reasonable explanation is that telmisartan acenamntioxidant and this may be in part
by blockin(I:; the effects of Angll, which will in tar block Angll-mediated ROS
generatiofi’. Reduction in ROS generation will decrease lipierogidation and
conserve the endogenous antioxidants.
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Telmisartan did not significantly improve CsA-indwtctubular injury. This result may
be explained by the direct toxic effects of CsAtba renal proximal tubular epithelial
cell and it induced apoptosis in low doses whehgégis doses induced necrosis. Where,
Healy et al., 1998 observed that DNA is a vitagédrfor CsA injury and the mechanism
of cell death induced by CsA in the proximal tuludells is dose depend&ft So the
high dose and long duration in the present studyhiminduce necrosis in the tubular
cells which might not be prevented by CsA.

Improvement in the histological changes including @nd arteriolopathy was occurred
via telmisartan co-treatment.  The protective rail telmisartan against arteriolopathy
might be due to RAS blockad®. Indeed arteriohopathy occurs in sites where ¢nénr

is markedly stimulated. This suggests that stinmadf renin may also lead to a local
generation of Angll through the presence of ACE ldl angiotensinogen which lead
to the subsequent Angll-mediated injury at thetesE?.

The observed effect of telmisartan on TIF mightesglained by the crucial role of
Angll in the development of chronic CsAN. Johnsomale 1992 observed that Infusion
of Angll provoked histological changes in rat kigaesimilar to those observed in
CsAN®Y. Kagami et al., 1994 had demonstrated a link betwengll and TGH by
showing that Angll-stimulation of ECM protein sye#hs in rat glomerular mesangial
cells is mediated by both an increase in TgGBynthesis and an increase in the
conversion from latent to active TG, Shihab et al., 1996 proposed that TBE-a
key fibrogenic cytokine involved in the developmeninterstitial fibrosis by enhancing
ECM deposition and inhibiting its degradatféh Other possible explanation that ARBs
blocks the effect of Angll on triggering of intrawa innate immune response which
might be responsible for the development of inflamtion and fibrosis in chronic
CsANC®. Recently Yoon et al., 2010 suggested that theeptive effect of ARBs was
via the inhibition of ageing process in the kidigyblocking the effect of Angll on the
suppression of the anti-ageing gene (Klotho gemahé kidney and by decreasing the
oxidative stres®”. The protective effect of telmisartan on TIF wasoaobserved by
Cibulskyte et al., 2007 in a model of chronic CsitiNigs>?.

Regarding the relationship between renal functiod structure in chronic CsAN, the
dissociation between renal functional and architettdamage in the chronic CsAN
model had been observed by other investigators,revtigurdmann et al., 1995
concluded that the pathogenesis of chronic CsANhtnige related to a direct
stimulatory effect of CsA on renal tissue scarrprgcesses independent on CsA and
Angll-induced vasoconstriction and it can be dissted from those causing glomerular
and tubular dysfunctidit’. Other authors observed this effect like Ahn et 2007°°.
These findings suggested that telmisartan has migpimg renoprotective effect against
chronic CsAN
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