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Abstract

Salt sensitive hypertension is known to be a contributing factor for the progression of kidney disease.
This study was undertaken to investigate the role of excessive dietary salt on renal function and to
evaluate the effect of valsartan and amlodipin given as a combination therapy on blood pressure and
parameters specific to the renal function in salt loaded SHR rats. 48 male SHR rats at age of 20
weeks and body weight ranging between 270-350 g were used. SHR rats were divided into 3 groups:
control group of rats -SHRC (n = 16) given tab water ad libitum and two salt treated groups in which
tab water was replaced with a solution of NaCl (1%) from age of 8 weeks given ad libitum:
SHRVAL+AMLO group (n = 16) where investigated drugs were administered at a dose of 10
mg/kg/ b.w. (valsartan) and 5 mg/kg/ b.w. (amlodipin) by gavage and SHR NaCl group (n = 16) that
received saline in the same volume and the same time intervals as the SHRVAL+AMLO group. For
a period of 12 weeks we have investigated the effect of the VAL+AMLO drug combination on
systolic blood pressure (SBP), body weight and renal function tests. Salt loading with 1% solution in
the SHR NaCl group has lead to significant increase of blood pressure, proteinuria and decrease in
creatinine clearance. Combined treatment with AT1-receptor blocker and calcium antagonist has
managed to control blood pressure and ameliorated renal damage.
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Introduction
Salt sensitive hypertension is known to

receptor blocker (ARB) and calcium antagonist
(CA) is mentioned. ARB and CA lower blood

be a contributing factor for the progression of
kidney disease as well as for cardiovascular di-
seases [1, 2]. Increased dietary salt intake be-
yond elevating the arterial pressure promotes
kidney damage through non pressure related
effects [3]. Antihypertensive drugs particular
those that target the rennin-angiotensin system
are able to blunt the progression of renal dise-
ase in hypertension [4-6]. As one of therapeu-
tic strategies a combination of angiotensin 11

pressure by reducing peripheral resistance with
calcium influx blockage and reduction of Ang
Il vasodilatation as complementary mechanisms.
This complementary mechanism suggests that a
combining therapy would lead to an optimal
control of the blood pressure and slower pro-
gression of hypertension with potentiating of
the protective effect of the kidneys as a hyper-
tension target organ.
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The spontaneously hypertensive rats (SHR)
are considered a suitable model of essential hy-
pertension as the natural progression of hyper-
tension and organ damage including the kid-
neys are similar to man [7, 8]. As in humans,
kidney damage and the progressive decline in
glomerular filtration rate (GFR) occur at a
much later stage in SHR [9]. SHR rats are also
considered to be a salt-sensitive animal model
[10, 11]. Salt sensitivity in SHR is more pro-
nounced if salt loading is started at younger pe-
riod (8 weeks old) leading to increased arterial
blood pressure and development of structural
and functional changes [12].

Goal of this study is to investigate the
role of excessive dietary salt on renal function
and to evaluate the effect of valsartan (ARB)
and amlodipin (CA) given as a combination
therapy on the blood pressure and parameters
specific to the renal function in salt loaded
SHR rats.

Materials and methods

In this study 48 male SHR rats were
used. These animals were 5 generation of rats
originating from Charles River Laboratories
Inc. breaded at the animalia of the Institute of
Preclinical and Clinical Pharmacology and
Toxicology, Med. Fac. SK.

In order to minimize the effects of the
inter-individual differences, all animals were at
age of 20 weeks and body weight ranging bet-
ween 270-350 g. Rats were fed with standard
rats chow and housed in cages in groups of 5-6
in a temperature controlled environment (~22°C)
and 12h light/dark cycle. The experimental pro-
tocol met the national guidelines on proper care
and use of animals in laboratory research.

SHR rats were divided into 3 groups:
control group of rats -SHRC (n = 16) that were
given tab water ad libitum for the complete
course of the study and two salt treated groups
in which from age of 8 weeks tab water was re-
placed with a solution of NaCl (1%) given ad
libitum: SHRVAL+AMLO group (n = 16) in
which investigated drugs were administered at a
dose of 10 mg/kg/ b.w. (valsartan) and 5 mg/kg/
b.w. (amlodipin) by gavage and SHRNaCl
group (n = 16) that received saline in the same
volume and the same time intervals as the
group of animals receiving the tested drugs.

For a period of 12 weeks we have investi-
gated the effect of the VAL+AMLO drug com-
bination on systolic blood pressure (SBP),
body weight and renal function tests. SBP was
measured by a pletismografic method (IITC
Life Science MRBP Blood Pressure System,
California, USA) on the rats tail. Body weight
was measured every second week of treatment.
Renal functional tests were performed periodi-
cally (every 4 weeks) after urine was collected
in metabolic cages in 24 hour intervals for de-
termination of the following parameters: diure-
sis (24 hour urine), pH analysis, proteinuria and
urine creatinine. Urine pH was measured by
using test strips (Combina 10 M, Human GmbH,
Germany), urine protein in 24-hour urine sam-
ples were determined turbidimetrically (Bio-
chemical analysator ChemWell Awareness
Technology) with sulfosalyc acid according to
the method of Meulemans at all [13].

Creatinine clearance was used as a spe-
cific sensitive marker for detection of altered
renal function of the animals. In order to deter-
mine the serum levels of creatinine, blood was
taken by venipuncture from the orbital sinus of
the rats. Blood samples of 400 ul were taken
for serum separation (200 ul). Serum and urine
creatinine were determined photometrically ac-
cording to the method of Bartels at all [14].
Creatinine clearance (CrCl) was calculated from
the creatinine concentration in the collected
urine sample, urine flow rate ant the plasma
concentration of creatinine.

Statistical analysis: Data were expressed
as mean + SD. Student‘s unpaired and paired t-
test and one way analysis of variance ANOVA
were used as appropriate. P values < 0.05 were
considered as statistically significant.

Results

Body weight: For the investigative pe-
riod, compared to the control group a decrease
of body weight was noticed in the SHR NaCl
group as well as in the SHRVAL+AMLO
group (p <0.001). The decrease of body weight
in the SHR NaCl group of rats was gradual for
the whole treatment period and by week 12 was
significantly lower compared to baseline values
(17.4%). In the SHRVAL+AMLO group a mar-
ked decrease of body weight was noticed star-
ting from week 2 to week 4 (12.36%). Since
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decrease of body weight was followed by a
decrease of blood pressure, from week 4 a dose
adjustment was made to 5 mg/kg/ valsartan +
2.5 mg/kg/amlodipine. This dose was given till
the end of the study. Body weight in the
SHRVAL+AMLO group by week 8 till week
12 was significantly higher compared to SHR
NaCL group (p < 0.01) (Figure 1).
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Figure 1 — Effects of valsartan/amlodipin combination
on body weight in salt loaded SHR rats in comparison
to a control group for a investigative period of 12 weeks

Systolic blood pressure: For the investi-
gative period gradual increase of blood pres-
sure was noticed in the SHR NaCL group. In
the SHRVAL+AMLO group a significant de-
crease of blood pressure was noticed in the first
4 weeks of dosing (35%). For the period of 4—
12 weeks with the adjusted dose the decrease
of blood pressure was still statistically signifi-
cant (p < 0.001) between SHR NaCL and
SHRVAL+AMLO group (Figure 2).
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Figure 2 — Effects of valsartan/amlodipin combination
on systolic blood pressure in salt loaded SHR rats
in comparison to a control group for a investigative
period of 12 weeks

Serum Creatinine: Compared to the con-
trol group of rats a significant increase of serum
creatinine was noticed in the SHR NaCl group
as well as in the SHRVAL+AMLO group (p <
0.001). In the SHR NaCl group continuous
increase of the serum creatinine was noticed. By
week 12 creatinine was increased to 61.45 +
6.12 umol/L (38.65%) compared to baseline
values. In the SHRVAL+AMLO group a decre-
ase of serum creatinine compared to SHR NaCl
group was noticed from week 8 as 16.9% (p <
0.05) to 23% for week 12 (p < 0.01) (Figure 3).
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Figure 3 — Effects of valsartan/amlodipin combination
on serum creatinine levels in salt loaded SHR rats
in comparison to a control group for a investigative

period of 12 weeks

Diuresis: For the investigative period,
compared to the control group of rats a increase
of diuresis was noticed in the SHR NaCl group
as well as in the SHRVAL+AMLO group (p <
0.001). In the SHR NaCl group by week 12
diuresis was increased to 37.31 + 5.72 ml/24h
(9.96%) compared to baseline values. In the
SHRVAL+AMLO group a significant (p <
0.001) decrease of diuresis compared to SHR
NaCl was noticed starting from week 4 as
30.63 + 3.3 ml/24h (22.45%) to 24.38 + 3
ml/24h (38.27%) for week 8 and 22.63 + 2.9
ml/24h (42.7%) for week 12.

Urine pH: Between the three investigated
groups of animals there was no significant dif-
ference in urine pH.

Proteinuria: In the SHR NaCl group a
significant (p < 0.001) increase of the proteinu-
ria compared to baseline values was noticed.
Proteinuria was increased to 26.17 + 1.97
mg/24h for week 4 (4.22%), 26.71 + 1.86
mg/24h for week 8 (6.37%) and 27.84 + 1.58
mg/24h (10.87%) for week 12.



88

Kalina Gjorgjievska, et al.

In the SHRVAL+AMLO group protei-
nuria increase was less pronounced than the
SHR NaCl group -values ranging from week 4
as 24.87 + 2.1 mg/24h, week 8 as 24.47 + 1.86
mg/24h (1.6% p < 0.01) and 24.02 + 1.69
mg/24h (3.41% p < 0.001) for week 12 (Figure 4).
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Figure 4 — Effects of valsartan/amlodipin combination
on urinary protein excretion in salt loaded SHR rats
in comparison to a control group for a investigative

period of 12 weeks

Creatinine clearance: Creatinine clearance
was used as specific parameter to assess GFR.
In the SHR NaCl group creatinine clearance
gradually decreased in comparison to the control
group and the baseline values (16% p < 0.05).
Treatment with the combination of valsartan
and amlodipin prevented the decrease of crea-
tinine clearance and by week 12 in the
SHRVAL+AMLO group decrease of creatinine
clearance was 6.9% (p < 0.001) (Figure 5 and 6).
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Figure 5 — Effects of valsartan/amlodipin combination
on creatinine clearance in salt loaded SHR rats in
comparison to a control group for a investigative

period of 12 weeks
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Figure 6 — Decrease/Increase of creatinine clearance
(%) at the end of the study

Discussion

Many epidemiological studies in humans
have suggested a positive correlation between
habitual salt intake and the prevalence of hy-
pertension [15-18]. Although the relationship
between salt intake and blood pressure can be
clearly demonstrated by comparing populations
with extremes in salt intake, this is less ap-
parent when individuals are placed on diets
with different contents of salt [19]. As one of
possible explanation is that the increase of
blood pressure to a large extend depends on ge-
netic factors.

Variations of genetic susceptibility to salt
can be investigated on experimental animals.
Spontaneously hypertensive rats are often used
animal model of human essential hypertension
[7]. In SHR rat hypertension can be influenced
from the interaction between genetic and
environmental factors [20-22]. Since develop-
ment of hypertension is genetically determent
and blood pressure progressively rises after the
8th week of their lives reaching maximum of
170-210 mmHg the additional environmental
influences such as excessive salt intake can
modify the course and the severity of hyperten-
sion. Salt sensitivity in SHR is also influenced
by age. Young rats (8 weeks old) have incre-
ased arterial pressure in response to salt loading
inn contrast to adult rats (17 weeks) who are
less sensitive [23]. In our study we have inves-
tigated the effects of salt loading as 1% solu-
tion of NaCl given from the period of 8 to 32
week of age.

Long-term salt loading in the SHR NaCl
group has lead to 17.4% decrease of body we-
ight and gradual increase of blood pressure.
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Compared to the control group increase of
blood pressure was significant (p < 0.001) for
the entire investigative period. Proteinuria and
creatinine clearance were used as more specific
parameters of renal function and glomerular
filtration rate. A significant (p < 0.01) increase
of urine protein values was recorded in the pe-
riod 4-8 week of the study. These values were
additionally increased (10.87% p < 0.001) for
week 12. Creatinine clearance gradually de-
creased in comparison to baseline values (16%
p < 0.05) leading to a conclusion that in the
SHR NaCl group a renal suffering in a form of
chronic renal failure has started to develop.
Several authors have investigated effects of salt
loading in SHR rats in similar salt concentra-
tions [24, 25] and reported results confirming
SBP increase followed by aggravation of vas-
cular changes (thickening of aortic media, nar-
rowing of lumina and greater wall thickness in
small intrarenal arterial vessels). Matavelli et
all. have investigated the effects of different
concentrations of salt in rats chow (4%, 6% and
8% of NaCl) starting from 8 weeks of age. Salt
loading even in the 4% NaCl deteriorated renal
function, renal and glomerular hemodynamic in
SHR rats independent of arterial pressure.
Proteinuria and albuminuria rised progressively
in the second week of salt loading in the 6 and
8% group of rats [26].

The rennin angiotensin aldosterone sys-
tem (RAAS) is mentioned as one of possible
mechanisms by which renal injury with salt
loading happens. Salt loading suppresses ren-
nin release from the renal juxtaglomerular ap-
paratus leading to a reduction in systemically
generated angiotensin 11 [27]. However, experi-
mental studies have demonstrated a local parti-
cipation of the RAAS in the kidneys suggesting
that despite the systemic suppression during
salt loading locally generated renal RAAS is
stimulated [28-30]. Antihypertensive drugs par-
ticular those that target the rennin-angiotensin
system are thought to able to control the pro-
gression of renal disease in hypertension [25,
32]. Valsartan and amlodipin lower blood pres-
sure by reducing peripheral resistance with cal-
cium influx blockage and reduction of Ang Il
vasoconstriction as complementary mecha-
nisms. In this study a combination therapy of
valsartan and amlodipin was used (starting

dose of 10 mg/kg/ b.w. valsartan and 5 mg/kg/
b. w. amlodipin).

Because of marked decrease of body
weight in the SHRVAL+AMLO group followed
by a decrease of blood pressure, from week 4 a
dose adjustment was made to 5 mg/kg/ valsartan
+ 2.5 mg/kg/amlodipine. Combination therapy
with the adjusted dose in the SHRVAL+AMLO
group had lead to significant decrease of blood
pressure (216 + 10.48 vs. 155 + 5.48 week 12)
followed with decrease of serum creatinine and
proteinuria. Combination therapy also preven-
ted the decrease of creatinine clearance.

Conclusion

Salt loading with 1% solution in the SHR
NaCl group has lead to significant renal
damage. Combined treatment with angiotensin
Il receptor blocker and calcium antagonist has
managed to control blood pressure, excessive
urinary protein excretion and creatinine clea-
rance.
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ITPOTEKTUBHHU E®EKTHU
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HA AT1 PEHEIITOPEH BJIOKATOP
N KAJIHUYM AHTATOHUCT

BP3 PEHAJIHATA ®YHKIINJA

KAJ CIIOHTAHO XUIIEPTEH3UBHU
CTAOPLHA OIITOBAPEHMU CO CO.JI

Kaunna loprueBckal, Tumue 3adupos?,

Maja Jypxap-IlaBioBa?, Ceernana IlekoBcka®,
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8 I/IHCTI/ITyT 3a MCIUIIMHCKAa M CKCICPpUMCHTAIHA
onoxemuja, Menununacku ¢akynrter, Ckomje, P.
Makenonuja

[To3Haro e Jeka XumepTeH3HujaTa 3aBUCHA O]
COJI TIPUJIOHECYBa KOH Iporpecuja Ha OyOpexHUTe
3a0osyBama. OBa HCIUTYBaWkE OeIIe MPe3eMeHO CO
Hen Jla ce OJpeau BIHMjaHHETO Ha EKIECUBHOTO
BHECYBam€ COJ Bp3 OyOpexHara GyHKIH]ja, KaKO U
Ja ce oapean e(eKTOT Ha BalcapTaH M aMJIOAWIIHH
JlaJIeHd BO KOMOWHAIMja Bp3 KPBHUOT MPUTHCOK M
napameTpure creuupuuHu 3a OyOpekHara (yHK-

[Ija Kaj CIIOHTAHO XUIEPTEH3WBHU CTAOPIIH OITO-
BapeHu co cosl. Bo ncrmtyBamero 6ea ynorpedeHu
BKYITHO 48 CTaoOpIM OJf MAIIK{ IMOJI Ha BO3PACT O
20 nenenu u TenecHa Texxuna mery 270-350 rpama.
Craopuure Oea mozeieH! BO TpY TPYINH: KOHTPOJIHA
rpyna SHRC (n = 16), kaj Koja BO TEKOT Ha EJIOTO
ucnuTyBame Oerre naBaHa Boxa ad libitum, u aBe
TPyIH CTAaOpIM Kaj KOM Ha BO3pAcT Of & Hememn
Bojara Oemre 3ameHeta co pactBop Ha NaCl (1%)
ad libitum: rpyma SHRVAL+AMLO (n = 16) xaj
Koja JIekoBHTE Oea ammuuupaHu Bo 1o3a ox 10
mg/kg/ T.1. (valsartan) u 5 mg/kg/ T.1. (amlodipin)
co mHTparactpuuHa couaa u SHRNaCl rpymna (n =
16), koja mpumaiiie (hU3UOJIOMIKK PACTBOP BO HCT
BOJYMEH W BO HCT BPEMEHCKH HHTEPBAT KaKo
rpynata SHRVAL+AMLO. Bo nepuoxa on 12 ne-
nenu Oeme oapeayBaH eeKToT Ha KoMOWHAIMjaTa
Ha BajcapTaH CO aMJIOJUIIMH BP3 KPBHUOT IIPU-
THCOK, TeJlecHaTa TEXWHAa W MapaMeTpH CIIelH-
¢uanu 3a OyOpexxHara ¢pyHkiuja. OnToBapyBamETO
co coxn kako 1% pactBop Bo rpynara SHRNaCl no-
BEAC 10 CI/IFHI/I(bI/IKaHTHO 3rojiceMyBamk-€ Ha KPBHUOT
MPUTHUCOK, M0jaBa Ha MPOTCHHYPHja U HAMalyBambe
Ha KJIHPEHCOT Ha KpeaTWHUH. KomMOWHHMpaHHOT
TpermaH co AT1 perenrtopeH GIOKaTOp U KaJIIMyM
AQHTaroOHUCT COOJIBETHO T'0 KOHTPOJIMpAIE KPBHUOT
MIPUTHCOK | ja Ioo0pu OyOpexHaTa (yHKIHja.

Kayunu 360poBu: omroBapyBame co coy, OyOpeskHa
¢ynkuuja, CXP-cTaopuu, BajgcapTaH, aMJIOIHITHH.



