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Long term effects of amlodipine on organ damage, stroke and life span
in stroke prone spontaneously hypertensive rats
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The long term effects of amlodipine, a new long acting Ca’* channel antagonist on organ damage, stroke and life span, were
examined 1n stroke prone spontaneously hypertensive rats (SHRSPs) Blood pressure of the SHRSPs increased over the first 16
weeks and reached a stable level of about 250 mmHg 1n controls and about 200 mmHg 1n the amlodipine treated group At 15
weeks after starting amlodipine treatment, all control SHRSPs exhibited varying degrees of myocardial fibrosis, proliferative
and/or necrotic vasculitis and glomerular lestons, whereas only a few animals 1n the amlodipine group showed shight lesions The
average life span of animals was estimated to be 43 3 weeks and 71 1 weeks for control and amlodipine groups, respectively,
which suggested a 1 6-fold prolongation of their life span by amlodipine treatment These results indicate that the long term
treatment of amlodipine suppresses the incidence of organ damage and stroke in SHRSPs and prolongs their life span

Amlodipine, Spontaneously hypertensive rats, stroke prone (SHRSPs), Cardiac hypertrophy, Renal lesion, Stroke, Life span

1. Introduction

Amlodipine 1s a new long acting Ca?" channel an-
tagonist of the 1,4-dihydropyridine class, with highly
selective preference for the vascular system (Burges et
al, 1987, 1989, Matlib et al, 1988; Yamanaka et al,
1991b) It produces a stable lowering of blood pressure
1n hypertensive animals and man without changes 1n
heart rate (Burges et al., 1988, Julus, 1988, Yamanaka
et al, 1991a), and exerts cardioprotective effects during
1schemia with mncreasing coronary blood flow (Gross et
al., 1989, Hoff et al., 1989, Nayler, 1989), thus indicat-
ing a potential clinical use in the therapy of hyperten-
sion and angina pectoris.

Hypertension 1s well known to be aggravated by the
mcidence of vascular and organ damage such as car-
diac hypertrophy, atherosclerosis and nephrosclerosis
(Saxena and Man In’t Veld, 1991, Struyker Boudier et
al., 1990) Therefore, 1deal antihypertensive agents are
believed to be those capable of preventing or improv-

Correspondence to K Yamanaka, Pharmacology Laboratory, New
Product Development Center, Pfizer Pharmaceuticals Inc, 5-2 Take-
toyo-Cho, Chita-Gun, Aichi1 470-23, Japan Tel 81-569-72-6816, Fax
81-569-73-1064

g such complications, as well as lowering blood pres-
sure.

In this respect, long term treatment with amlodipine
has been shown to attenuate cardiac hypertrophy and
aortic collagen synthesis 1n spontaneously hypertensive
rats (SHR) (Chichester and Rodgers, 1987, Nayler,
1988). It also prevents the development of sclerotic
calcinosis of the mesenteric artery in Dhal-S rats
(Fleckenstein et al , 1988, 1989), at a high dose regimen
that mamntains blood pressure in the near-normal range
Furthermore, amlodipine slows aortic atherogenesis in
cholesterol fed rabbits and alters low density lipopro-
tein metabolism by human skin fibroblasts (Nayler and
Gu, 1990, Paolett1 and Berninmi, 1990). The evidence
would seem to indicate that amlodipine has potential
benefits 1n antihypertensive therapy n terms of cardio-
vascular protection

The present study was undertaken to assess whether
long term treatment with amlodipme affects the inci-
dence of organ damage, stroke and life span of stroke
prone spontaneously hypertensive rats (SHRSPs) even
at a daily dose which leaves the animals hypertensive
This stramn 1s the well accepted model that exhibits
complications as severe hypertension progresses, simi-
lar to those encountered in human essential hyperten-
son
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2. Materials and methods
21 Amlodipine treatment of amimals

Stroke prone spontaneously hypertensive rats
(SHRSPs) were kindly donated by Prof Okamoto
(Kinki University, Japan) and bred n our laboratory
Each SHRSP was kept 1n an individual cage 1n a colony
room with a 12 h day/night cycle at constant tempera-
ture (23 + 2°C) and humidity (55 + 5%), and given ad
lib access to powder diet (Oriental Yeast Co , MF) and
tap water

32 male SHRSPs (initial age of 5 weeks) were used
in this experiment and divided ito two groups for
control and amlodipine treatment The animals of the
latter group were given a daily dose of 3 mg/kg am-
lodipine as an admixture with powder diet, throughout
the experimental period until death or killing The
dose of amlodipine was selected on the basis of its
effective dose (2 3 mg /kg) producing reduction of blood
pressure by 30 mmHg 1n SHR (Yamanaka et al , 1991a)
The amount of amlodipine added to the diet was
corrected every week based on the estimation of food
consumption and body weight of the animals 11 rats in
each group were used to assess survival rate and sys-
tolic blood pressure and fed until death An additional
five rats in each group were killed at 15 weeks after
beginning amlodipme treatment and used for the
histopathological assessment of organs and hematologi-
cal assays

2 2 Blood pressure measurement

Systolic blood pressure (SBP) and heart rate of
SHRSPs were measured once a week for the first 10
weeks and thereafter once every 2 weeks, by a tail-cuff
method using an electrosphygmomanometer
(Muromachi, MK-1000) Before each measurement, the
rats were warmed for 6—12 min 1 a box kept at 37°C to
assist measurement of the SBPs

2 3 Histopathological and hematological assays

At 15 weeks treatment with amlodipine, blood sam-
ples were collected from the abdominal aorta of five

TABLE 1

rats in both control and treated groups under ether
anesthesia, for the assay of blood parameters (blood
urea mitrogen, creatinine, total cholesterol, triglyceride,
phospholipid and non-esterified fatty acid) Further-
more, several organs (brain, heart, kidney and mesen-
teric arteries) were excised from these ammals and
prepared for histopathological assessment by conven-
tional methods of staiming with hematoxylin-eosin,
azan-Mallory, elastica-Van Gieson and periodic acid-
Schuff (for kidney)

2 4 Data analysis

The sigmificance of difference between treated and
non-treated groups was tested using unpaired Student’s
t test, Mann-Whitney’s U test and Fischer’'s x? test
The ages at which 50% of the ammmals died were
calculated with the least square method

3. Results
31 Development of hypertension

The imtial systolic blood pressure (SBP) of SHRSPs
did not differ statistically significantly between control
and amlodipine groups, corresponding SBPs were 138
+ 4 mmHg and 141 + 4 mmHg, respectively The SBPs
of these anmmals increased rapidly with time and
reached the steady state at about 16 weeks of amlodip-
me treatment (fig 1) The amlodipine group exhibited
significantly lower SBPs than the control group at 4
weeks of treatment and the difference between the two
groups became more marked during subsequent treat-
ment Consequently, the steady state level of SBPs 1n
the treated group was 196 + 2 mmHg and about 50
mmHg lower than that of control animals (251 + 4
mmHg) These levels then remamned constant in both
groups until the amimals died (throughout the expen-
ment, fig 1 only shows the data until the end of 30
weeks) This indicates that the treated animals were
still hypertensive

The anmimals 1n these groups showed similar 1mitial
mean values and time courses of gain in body weight
throughout the experiment

Hematological parameters in SHRSPs with or without 15 weeks of treatment with amlodipine

Each value 1s the mean+S E

BUN CRE TG PL NEFA

(mg/db (mg/dl) (mg/d (mg/db (mg/dl) (mEq/1)
Control (n = 5) 321+140 095+005 64 6+3 56 622+830 834+366 081+008
Amlodipine (n = 5) 214+064 * 081+004 * 564+175 486+150 742+183 077+004

* P <005 by Mann-Whitney U test, BUN blood urea nitrogen, CRE creatimne, T-cho total cholesterol, TG tnglyceride, PL phospholipid,

NEFA non-estenified fatty acid
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Fig 1 Development of hypertension in SHRSPs with or without

amlodipme treatment Amlodipine treatment was started at the age

of 5 weeks Each point 1s the mean+S E of [l ammals *, signifi-

cantly different from control (P < 005), ©, Control group, ®, am-
lodipine (3 mg/kg /day) group

3 2 Hematological change

The SHRSPs treated with amlodipine for 15 weeks
showed significantly lower values of blood urea nitro-
gen and creatinine, by about 33% and 15%, respec-
tively, compared to the value of control SHRSPs (table
1) However, no significant changes were observed 1n
the levels of total cholesterol, triglyceride, phospho-
lipid or non-esterified fatty acid in the treated group

3 3 Histopathological changes in organs

Amlodipme treatment of SHRSPs for 15 weeks pro-
duced small but significant decreases (by about 9-19%)
in the ratios of wet weights of heart, lung, liver, spleen
and brain to the body weights of animals, compared to
those ratios from control amimals (table 2). In other
organs (kidney, adrenals and brain), no significant dif-
ferences 1n the ratios of weights were observed be-
tween the control and amlodipine groups

Histopathological examination revealed sigmificant
lesions of heart and kidneys 1n all control animals (five
SHRSPs) at 15 weeks These changes were character-
1zed by myocardial fibrosis (fig. 2) and proliferative
vasculitis with fibrinoid necrosis (fig 2), glomerular
lesion, tubular atrophy, interstitial fibrosis, interstitial

cell infiltration and proteinaceous cast 1n tubul: (table
3)

TABLE 2
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However, similar changes in heart and kidney oc-
curred m only one animal of the amlodine group and
the extent of the lesion was only slight compared to the
control amimals (table 3)

Additionally, two control animals, but not amlodip-
me treated ammals, exhibited hemorrhage or thrombo-
sts 1n the brain, although no notable lesions were
present in the mesenteric arteries of either control or
amlodipine groups (table 3)

34 Survival rate

All control groups of SHRSPs (11 anmmals) died
34-46 weeks after the start of the study, whereas the
amlodipine treated animals (11 amimals) all died after
53-79 weeks (fig. 3) Therefore, the ages at which 50%
of the ammmals died were estimated to be 43 3 weeks
(95% confidence it 42 4-44 2 weeks) and 71 1 weeks
(95% confidence lmut 68 7-73 5 weeks) for the control
and amlodipine treated animals, respectively, mdicat-
ing about a 1 6-fold prolongation of life span of SHRSPs
by long-term treatment of amlodipine Furthermore,
the main cause ot death seemed to be stroke in the
control group, autopsy revealed an apparent cerebral
hemorrhage in eight of 11 rats, with or without sub-
arachnoid effusion In the amlodipine group, however,
an apparent hemorrhage suggesting stroke was not
found mn any of the rats

4. Discussion

Long term treatment with amlodipine at 3 mg/kg/
day reduced the rapid development of severe hyperten-
sion tn SHRSPs and maintained a steady state blood
pressure of around 200 mmHg which was still hyper-
tensive when compared to SHRs (Okamoto and Aoki,
1963) The SHRSPs (20 weeks of age) receiving am-
lodipine for 15 weeks showed a lower heart weight
suggesting suppression of cardiac hypertrophy as 1n the
case of SHR reported by Nayler (1988) Furthermore,
all (five) control SHRSPs exhibited histopathological
changes in myocardial fibrosis and renal changes such
as proliferative vasculitis, fibrinoid necrosis, glomerular
lesion and tubular atrophy, whereas only one of five
treated SHRSPs showed similar but only slight changes

Ratios of organ weights to body weight in SHRSPs with or without 15 weeks treatment with amlodipine

The ratios of organ weight to body weight were expressed as organ wet weight (mg) per 100 g body weight Each value 1s the mean+S E

Heart Lung Liver Kidneys Spleen Adrenals Bram
(x10%)
Control (n = 5) 52144111 4316491 3161+0033 8026+157 2759+100 188+15 66584256
Amlodipine (n = 5) 43314+ 59 % 3856+58* 3033+0032 * 7878+ 75 2238+ S50 °* 153405 6057+148 *

*, P <005 by Mann-Whitney U test
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Fig 2 Typical histopathological appearance ot myocardium and kidnev in SHRSPs with or without 15 weeks of treatment with amlodipine

(X'100) Amlodipine treatment was started at the age ot 5 weeks, 15 weeks later the animals were killed Myocardium and kidneys of SHRSP<

were stamed with Azan-Mallory and periodic acid-Schiff respectively A myocardium, left control animal (myocardial fibrosis 15 indicated by

arrow), right treated ammal (normal appearance) B kidney, left control animal (fibrinoid necrosis with proliferative vascuhtis 1s indicated by
arrow), right treated amimal (normal appearance)

TABLE 3

Histopathological assessment ot several organs in SHRSPs with or
without 15 weeks treatment with amlodipine

Histopathological changes Control Amlodipine
Heart

Myocardial tibrosis +51/5° +1/5 Y
Kidnev

Fibrinoid necrosis +4+5/5 +1/5*
Prohferative vasculitis ++5/5 +1/5 ¢
Glomerular lesion ++5/5 0/5%
Tubular atrophy ++5/5 0/5%*
Interstitial tibrosis ++5/5 0/5 ¢
Interstitial cell infiltration ++5/5 +1/5¢%
Protemaceous cast tn tubuli ++5/5 +1/5%
Bramn

Hemorrhage ++1/5 0/5
Thrombosis +1/5 0/5
Mesenteric artery 0/5 0/5

4 Number of animals with histopathological changes " Total number
ot amimals examined Chdanges mummum(+), miid(+), moderate
(++4) ¥ P<005by Fischer’s ¢~ test

in heart and kidney Such protection from renal change
was suggested by decreased serum levels of urea nitro-
gen and creatinine 1n the treated animals Similar
suppression of the levels of blood urea nmitrogen and
creatinine in SHRSPs was reported with treatment of
angiotensin converting enzyme mhibitors (Kawakami et
al, 1992) and combined B and « adrenoceptor block-
ing agent (Izumi et al. 1985), which significantly re-
duced blood pressure and protected against cardiovas-
cular and renal damage In the control, but not the
amlodipine group, cerebral hemorrhage and thrombo-
s1s were observed These results indicate that amlodip-
e 1s effective in reducing the incidence of cardiovas-
cular and renal morbidity in SHRSPs.

The average life span of male animals was estimated
in this study to be 43 3 weeks for control SHRSPs and
1S 1n consistent with a report from Okamoto et al
(1974) In the amlodipine treated SHRSPs, 1t was 71 1
weeks, suggesting an approximately 1 6-fold prolonga-
tion of their life span This finding extended the evi-
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Fig 3 Survival rate of SHRSPs with or without amlodipine treat-
ment Amlodipine treatment was started at the age of 5 weeks

dence provided by Nayler and Gu (1990) that after 30
weeks of treatment, survival rates of SHRSPs were
23% and 89% 1n control and amlodipine groups, re-
spectively In the present study, the cause of death of
control, but not trecated animals, seemed to be stroke

It has been shown that there 1s a close correlation
between the incidence of stroke and the severity of
hypertension (more than 180 mmHg) and /or the wnitial
rate of rise of blood pressure, the faster the blood
pressure of rats reaches 230 mmHg, the earher the
animals die with stroke (Okamoto et al , 1974) Accord-
ingly, the prevention of stroke leading to the prolonga-
tion of life span would seem to be the result of signifi-
cant suppression by amlodipine of rapid acceleration in
hypertension and maintenance of blood pressure re-
duction to around 200 mmHg.

A similar explanation may be true for the attenua-
tion by amlodipine of histopathological changes in heart
and kidney, because structural and functional alter-
ations of these organs have been described 1n relation
to hypertension The development of hypertension in
SHRs 1s well known to be associated with early adap-
tive metabolic changes within the cardiovascular sys-
tem even at ages of 4-5 weeks (Yamabe and Loven-
berg, 1974, Ooshima et al, 1974) These changes are
represented by enhanced syntheses of collagen and
non-collagenous proteins, subsequently, such changes
cause the development of adaptive structural changes
(Folkow et al , 1973) such as arteriosclerosis and hyper-
trophy or proliferation of the arterial medial layer at
the ages of 12-16 weeks Glomerulosclerosis in SHR 1s
suggested to be due to an elevation 1n glomerular
pressure with the elevation in systemic pressure, and
also additional non-hemodynamic factors (Kimura et
al, 1991) Thus, the suppression of myocardial fibrosis
and proliferative vasculitis 1n the kidney and protection
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from glomerular lesion might be the result of hypoten-
stve action of amlodipine and also the effect on
metabolic changes It might also stem from the mode
of action on non-hemodynamic factors, since our ob-
servations were obtamed at a dose regimen leaving
SHRSPs hypertensive In support of this, decreased
aortic collagen synthesis and content has been demon-
strated in amlodipine treated SHRs (Chichester and
Rodgers, 1987).

It has been shown that structural alterations of
vessels iIn SHR or SHRSP are a consequence of in-
creased blood pressure (Mulvany, 1987), and long term
adminstration of antithypertensives (Ca*™ channel an-
tagonist and anglotensin converting enzyme inhibitor)
suppresses the incidence of organ damage with a low-
ering of blood pressure in SHR (Mulvany, 1991) Inter-
estingly, nimodipine, a Ca>* channel antagonist pre-
vents vascular damage and stroke without affecting
blood pressure 1n SHRSPs, since mmodipine inhibits
the calcium overload of vessels (Kazda et al, 1987)
Amlodipine also has an mhibitory effect on vascular
calcium accumulation 1n salt loaded Dahl-S rats (Fleck-
enstemn et al, 1989) Accordingly to a certain extent,
the protection against cardiovascular and renal damage
observed 1n our study may result from the calcium
entry blocking effect of amlodipine However, 1t still
remains unclear to what extent the lowering of blood
pressure contributes to organ damage Therefore, n
order to clarify this point, further studies are necessary
at a dose regimen which does not lower blood pressure
in SHRSPs

Nevertheless, the observed changes in cardiovascu-
lar and renal systems are major risk factors for aggra-
vating severe and sustained hypertension through a
vicious cycle of vascular tone, structural changes and
blood pressure Our observations in the present study
suggest that amlodipine could delay or interrupt the
development of such a cycle This possibility may be
further supported by additional evidence that amlodip-
e attenuates atherogenesis i cholesterol fed rabbits
and alters low density lipoprotein metabolism (in-
creases binding and internalization i human skin fi-
broblast) (Paoletti and Bermini, 1990) These effects
would be preferable for preventing aggravation of vas-
cular damage and the accompanying progression of
severe hypertension leading to stroke

In conclusion, the present study indicates that long
term treatment with amlodipine prevents the develop-
ment of hypertension, cardiovascular and renal dam-
age, and stroke in SHRSPs, thereby prolonging their
Iife span These findings support the 1dea of the poten-
tial chinical use of this new Ca?* channel antagonist 1n
terms of reduced cardrovascular morbidity and mortal-
1ity, although the quantitative relationship between the
blood pressure lowering effect of amlodipine and 1ts
effects on organ damage 1s still unclear
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