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ABSTRACT

This paper reviews the data which demonstrate that Lyon genetically hypertensive (LH) rats exhibit a low renin
form of hypertension.  Since when compared to normotensive controls, LH rats exhibit a low renin release and are
salt-sensitive.  Despite this, the blockade of the renin-angiotensin system normalizes the blood pressure level and the
regional blood flows in LH rats.  Such a discrepancy between the compulsory presence of angiotensin II for the
hypertension to develop and the low level of renin release seen in LH rats led to two hypotheses: 1) the existence of
an early, short lasting increase of renin release which would be sufficient for the occurrence of a stable hypertension;
2) an hypersensitivity to the effects of  angiotensin II.  The study of  the long-term effects of early short lasting
blockades of the renin-angiotensin system allowed to exclude the first hypothesis.  Concerning a hypersensitivity to
the effects of angiotensin II,  it was found to exist in the preglomerular vessels of LH rats.  This increased response
of renal vessels to angiotensin II  may well explain the low renin form of hypertension of our model and therefore
represents an important field for further research.

INTRODUCTION

Human essential hypertension is a complex dis-
ease which, according to numerous studies, results from
the interaction of several genes with environmental fac-
tors[1,2].  I t can be classified according to the renin se-
cretion in high,  normal, and low renin forms[3 ].  Al-
though this classification is supposed to reflect the so-
dium status of the patients − from sodium loss to so-
dium retention − the mechanisms which lead to the low

renin form remain to be determined.
Since high blood pressure (BP) is, at least in part,

genetically determined,  it has been possible to select
several strains of genetically hypertensive rats.  Among
them the Lyon hypertensive (LH) rats have some unique
characteristics, one of  the most important being the
existence of two simultaneously selected normotensive
control strains, namely the Lyon normotensive (LN) and
low blood pressure (LL) strains[4].

The existence of these two normotensive control
strains is due to the fact that, originally[5], we aimed to
select three strains with spontaneously differing BP
levels: high, normal,  and low.  It happened that it was
not possible to obtain rats with truly low BP and that
the corresponding strain (LL) exhibited a BP level simi-
lar  to that of normotensive controls (LN).  However,
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this failure turned as an advantage especially for patho-
physiological and genetic studies.  In effect, due to the
genetic drift during the selection process, each strain
differs from another one by nearly 20 % of its genome.
Therefore it can be assumed that at least 5000 gene
differences exist between two strains.  As we know
that only 5 to 6 genes are involved in the determination
of high BP in Lyon rats[6], the comparison of the hyper-
tensive strain to only one normotensive strain will show
4995 differences which are devoid of physiological
significance.  Such a difficult situation is markedly im-
proved when the hypertensive strain can be compared
to two different normotensive controls, as is the case
with LH rats being compared to both LN and LL rats.
In those conditions it is possible to differentiate, among
the many changes observed between LH and LN rats
those which can possibly be related to hypertension −
in that case LH differ in the same direction from both
LN and LL rats − from those which cannot − in that
case LH differ from LN or LL but not from both.

We would like to summarize here the data so far
obtained which demonstrate that LH rat is a model of
“low renin hypertension,” as well as some experiments
performed to address the pathophysiology of  their
hypertension.

CHARACTERISTICS OF LH RATS

As indicated in Tab 1, plasma as well as kidney
renin and prorenin were significantly lower in young
adult LH rats compared to controls.  The urinary ex-
cretion of aldosterone was also significantly decreased,
while a markedly lower urinary aldosterone to potas-
sium ratio suggested an enhanced tubular responsive-

ness to mineralocorticoids.  In addition to its low baseline
values, renin release in LH rats was found to be poorly
responsive to physiological stimuli such as decreases in
renal perfusion pressure and β-adrenergic stimula-
tion[7].

However, despite its low state of  release and of
response,  the renin-angiotensin system was found to
be compulsory for the development of hypertension and
its associated hemodynamic abnormalities such as in-
creased peripheral resistances with marked vasocon-
striction in the splanchnic area and especially in the kid-
neys[8].  In effect, as shown in Fig 1, the systolic BP
measured by the tail-cuff method is identical in LH and
LN rats treated with an angiotensin converting enzyme
inhibitor  perindopril (3 mg/kg per 24 h) star ting at 3
weeks of age.  Interestingly, all the hemodynamic alter-

Tab 1.  Renin, prorenin and aldosterone in 10-week-old LN and LH rats[7 ].

                                                                                                                              LN                                       LH
                                                                                                                (n=10)                         (n=10)

Plasma: renin (ng AI/h/ml)    32±4    15±2***
prorenin (ng AI/h/ml)    54±5    33±3**

Kidney: renin (µg AI/h/mg protein)   3.2±0.4   1.9±0.1**
prorenin (µg AI/h/mg protein)   3.7±0.2   2.1±0.2***

Urinary: aldos terone (ng/24h)   3.4±0.3   2.0±0.1**
aldosterone/K+ 1.47±0.09 0.74±0.04***

** P<0.01; ***P<0.001 versus LN rats

Fig 1.  Evolution with age of the indirect systolic blood pres-
sure (SBP) in control LH and LN rats, and in LH (LH-p) and
LN (LN-p) rats treated with perindopril starting at 3 weeks
of age[8 ].
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ations which characterize LH rats disappeared after
perindopril treatment[8].

Since the kidney plays a major role in the develop-
ment of hypertension through the characteristics of the
pressure-natriuresis curve which determines the long
term BP level[9], we studied the renal functions of LH
rats at several levels of perfusion pressure by using the
technique described[10]. In those experimental conditions,
LH rats differ  from controls by a signif icantly lower
renal blood flow and glomerular filtration rate associ-
ated with a blunted diuretic and natriuretic response to
renal perfusion pressure increase[11] (Fig 2).  Once more,
the inhibition of the formation of angiotensin II with
perindopril given from weaning normalizes all the renal
parameters studied[12 ].

Finally, as frequently observed in patients with a
low renin form of essential hypertension[3], LH rats have
been found to be salt-sensitive[13], as after 3 weeks of
2 % NaCl in the drinking water, the indirect systolic BP
of LH rats is elevated by 40 mmHg compared to 10
mmHg in LN and LL control rats.

In order to explain the paradoxical association of
a low activity of the renin-angiotensin system with the
compulsory presence of angiotensin II  for the hyper-
tension to develop in LH rats, we formulated two

hypotheses.   First, the existence of  a transient early
increase in the activity of the renin-angiotensin system
which will be sufficient to allow the long term develop-
ment of  hypertension despite the disappearance of this
overactivity.  Second,  an increased sensitivity of  LH
rats to the effects of angiotensin II.

LACK OF EXISTENCE OF AN EARLY SHORT

LASTING INCREASE IN RENIN-ANGIOTENSIN

SYSTEM ACTIVITY IN LH RATS

The first hypothesis was primarily suggested by
the fact that in a previous experiment, plasma renin ac-
tivity was higher in young LH than LN rats[14 ].  In
addition, this hypothesis was theoretically made pos-
sible by the fact that, besides vasoconstrictory and al-
dosterone stimulating properties, angiotensin II exerts
a durable influence on the vessels and the kidneys
through the stimulation of several growth factors[15 ].
Finally,  it was strengthened by the repeated observa-
tions that an early short lasting blockade of the renin-
angiotensin system in Japanese spontaneously hyper-
tensive rats (SHR), induced decreases in BP which re-
mained significant several weeks after cessation of the
blockade[16,17].

Fig 2.  Effects of renal perfusion pressure (RPP) on renal blood flow (RBF), glomerular filtration rate (GFR), urinary volume
(UV), and urinary sodium excretion (UNaV) in 8-wk-old LH and LN rats .  * P<0.05, *** P<0.001 versus LN rats at a s imilar
level of RPP[11 ].
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In order to test this hypothesis in LH rats, we de-
signed two treatment protocols.  In a first one, LH rats
were treated from conception up to weaning (3 weeks
of age) with captopril (100 mg/kg per  24 h)  given to
the parents[18].  Captopril was chosen since it was dem-
onstrated to be excreted in the milk and thus allowed
the blockade of the production of angiotensin II in the
pups.   The second one used perindopril (0.4 or 3
mg/kg per 24 h) and losartan (10 mg/kg per 24 h), an
angiotensin type 1 receptor  antagonist.  Drugs were
administered from 3 to 12 weeks of age, ie, during the
period of fast rise of BP in LH rats.  In both protocols,
systolic BP was measured by the tail-cuff method. SBP
of LH rats having received captopril from conception
to weaning was significantly higher than that of  never
treated age matched controls (Fig 3).  In the same way,
in LH rats treated from weaning to 12 weeks of age,
SBP returned to the level of never treated animals in
approximately one week after treatment withdrawal.

Those two experiments allowed to exclude that
an early burst of  activity of the renin-angiotensin sys-
tem could explain the long term development of hyper-
tension in LH rats.  They also demonstrated that the
persistent effect of renin-angiotensin system blockade
observed in SHR was not a generalized property but
might rather be specific to the Japanese strain.

SENSITIVITY TO THE EFFECTS OF ANGIO-
TENSIN II

In search for an elevated response, the overall sen-
sitivity of LH rats to the vasoconstrictor effects of an-
giotensin II  was studied in carefully controlled
conditions.  We used conscious rats, the BP of which
was measured beat to beat through a chronically in-
serted aortic catheter.   They received 10 iv bolus of
angiotensin II so as to determine the dose-response
curve[8].  LH rats differed from LN controls by an in-
crease in the maximum effects of angiotensin II which
is likely to reflect the hypertension induced hypertro-
phy of the cardiovascular system (Fig 4) .  However,
the sensitivity to angiotensin II, as measured by the ED50

did not significantly differ between the strains.
Facing this lack of generalized oversensitivity to

the vasoconstr ictor effects of acutely given angiotensin
II, we examined more specifically the sensitivity of re-
nal vessels.  This was performed using anaesthetized
rats maintained since weaning at the same level of BP
by treatment with perindopril[12].  Two doses of angio-

Fig 3.  A: Evolution with age of the indirect systolic blood
pressure (SBP) in control LH rats, and in LH rats pretreated
with captopril from the conception to weaning (LH-cap).  B:
Evolution with age of the indirect SBP in control LH rats,
and in  LH rats pretreated with  losartan (LH-lo), a low (LH-
lp) or a h igh dose (LH-hp) of perindopril from 3 to 12 weeks
of age[18 ].

Fig 4.  Dose-response curves for angiotensin II in  LH and
LN rats .  DMBP, change in mean blood pressure; E-max,
maximum effect; ED50, dose which elicits 50 % of the maxi-
mum effect.  * P<0.05 versus LN rats[8 ].
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tensin II (10 and 50 ng⋅kg -1⋅min-1) were infused which
allowed to demonstrate (Fig 5) that at a given renal per-
fusion pressure level, LH kidneys responded by a sig-
nificantly larger decrease in renal blood flow, glomeru-
lar  filtration rate and natr iuresis than controls.  This
clearly demonstrates that the vessels and more specif-
ically, the preglomerular vessels of LH kidneys are hy-
persensitive to the effects of  angiotensin II.   Such an
increased sensitivity is unlikely to be secondary to hy-
pertension-induced renal damages since LH rats were
maintained normotensive with perindopril.  Therefore,
it is possible to suggest that the enhanced renal sensi-
tivity to angiotensin II plays a primary role in the patho-
genesis of hypertension in our model.  The next chal-
lenge is to determine the mechanisms of this local hy-
persensitivity in order to disclose a potential new target
for the treatment of “low renin hypertension.”

REFERENCES

1 Harrap SB.  Hypertens ion: genes  versus  environment.
Lancet 1994; 344: 169-71.

2 Hamet P.  Environmentally-regulated genes of hypertension.
Clin Exp Hypertens  1996; 18: 267-78.

3 Laragh JH.  Renin sys tem unders tanding for analysis and
treatment of hypertensive patients.  In: Laragh JH, editor.
Hypertension: pathophys iology, diagnosis and management.

New York: Raven Press; 1995. p1813-36.
4 Vincent M, Sassard J.  Lyon strains .  In: Swales JD, editor.

Textbook of hypertension.  Oxford: Blackwell Scientific
Publications; 1994. p 455-7.

5 Dupont J,  Dupont JC, Forment A, Milon H, Vincent M.
Selection of three strains of rats with spontaneously differ-
ent levels of blood pressure.  Biomedicine 1973; 19: 36-41.

6 Moutier R, Bertand MF, Vincent M, Sassard J.  Les souches
lyonnaises  de rats  hypertendus, normotendus  et normo-
tendus-bas.  Etude génétique.  Symbiosis 1983; 15: 51-4.

7 Medeiros IA, Vincent M, Benzoni D, Sassard J.  Pressure
independence of renin release by isolated kidney of Lyon
hypertensive rats.  Hypertens ion 1992; 19: 582-8.

8 Lantelme P, Lo M, Luttenauer L, Sassard J.  P ivotal role of
the renin-angiotensin system in Lyon hypertens ive rats .  Am
J Physiol 1997; 273: R1793-9.

9 Guyton AC.  Long-term arterial pressure control: an analysis
from animal experiments and computer and graphic models.
Am J  Physiol 1990; 259: R865-77.

10 Roman RJ, Cowley AW Jr.  Characterization of a new model
for the study of pressure-natriuresis  in the rat.  Am J Physiol
1985; 248: F190-8.

11 Liu KL, Benzoni D, Sassard J.  Prostaglandin H2-thrombox-
ane A2 and renal functions in the Lyon hypertensive rat.  Am
J Physiol 1994; 266: R1530-6.

12 Liu KL, Sassard J, Benzoni D.  In the Lyon hypertensive rat,
renal function alterations  are angiotensin II dependent.  Am J
Physiol 1996; 271: R346-51.

13 Florin M, Lo M, Liu KL, Sassard J.  Salt sensitivity in geneti-

Fig 5.  At 90 mmHg of renal perfusion pressure (RPP), acute effects  of angiotensin  II  (AII) on  renal blood flow (RBF),
glomerular filtration rate (GFR), and urinary sodium excretion (UNaV) in 15-wk-old LH and LN rats treated with perindopril
from 3 to 15 weeks of age.  AII was infused at a rate of 10 (AII-10) or 50 (AII-50) ng/kg/min.  * P<0.05, ** P<0.01 versus LN
rats[12].



Sassard J et al / Acta Pharmacol Sin  2003 Jan ; 24 (1) : 1-6· 6 ·

cally hypertensive rats of the Lyon s train.  Kidney Int 2001;
59: 1865-72.

14 Vincent M, Dupont J , Sassard J .  Plasma renin activity as a
function of age in two new strains of spontaneous ly hyper-
tensive and normotens ive rats .  Clin Sci Mol Med 1976; 50:
103-5.

15 Rosendorff C.  The renin-angiotens in system and vascular
hypertrophy.  J Am Coll Cardiol 1996; 28: 803-12.

16 Christensen KL, Jespersen LT, Mulvany MJ.  Development
of blood pressure in spontaneously hypertensive rats  after

withdrawal of long-term treatment related to vascular
structure.  J Hypertens 1989; 7: 83-90.

17 Harrap SB, Van der Merwe WM, Griffin SA, MacPherson F,
Lever AF.  Brief angiotensin converting enzyme inhibitor
treatment in young spontaneously hypertens ive rats reduces
blood pressure long-term.  Hypertension 1990; 16: 603-14.

18 Florin M, Lo M, Sassard J.  Effects of fetal and neonatal
renin-angiotensin system blockade in Lyon hypertensive rats.
J Cardiovasc Pharmacol 1999; 33: 549-53.


