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Lyon genetically hypertensive rats:
an animal model of “low renin hypertension”
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ABSTRACT

This paper reviews the datawhich demonstratethat Lyon genetically hypertensive (LH) ratsexhibit alow renin
form of hypertenson. Since when compared to normotensive controls, LH ratsexhibit alow reninrelease and are
st-sendtive. Despite this, the blockade of the renin-angiotensn sysem normalizesthe blood pressure level and the
regional blood flowsin LH rats. Such adiscrepancy between the compulsory presence of angiotensin Il for the
hypertension to develop and the low level of reninrelease seenin LH rats led to two hypotheses. 1) the existence of
an early, short lagting increase of renin release which would be sufficient for the occurrenceof agtable hypertension;
2) an hypersendtivity to the effects of angiotensin 1. The sudy of the long-term eff ects of early short lasting
blockades of the renin-angiotensin system alowed to exclude the first hypothesis. Concerning ahypersenstivity to
the effects of angiotensin 11, it was found to exis in the preglomerular vessals of LH rats. Thisincreased response
of renal vesselsto angiotensin Il may well explain the low renin form of hypertenson of our model and therefore
represents an important field for further research.

INTRODUCTION
renin form remain to be determined.

Human essentia hypertension isa complex dis
ease which, according to numerousstudies resultsfrom
the interaction of severa genes with environmental fac-
tors*?. It can be classified according to the renin se-
cretion in high, normal, and low renin forms®. Al-
though this classification is supposed to reflect the so-
dium gatus of the patients- from sodium loss to so-
dium retention - the mechanisms which lead to the low
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Since high blood pressure (BP) is, a least in part,
geneticaly determined, it has been possble to sl ect
severd drainsof geneticaly hypertensve rats. Among
them the Lyon hypertensve (L H) rats have someunique
characteristics, one of the most important being the
exigence of two smultaneoudy selected normotensive
contrd strains, namely theLyon normatensive (LN) and
low blood pressure (LL) straing®.

The exigence of these two normotensive control
drainsis due to the fact that, originaly'™, we ai med to
select three strains with spontaneoudy differing BP
levels high, normal, and low. It happened that it was
not possibleto obtain ratswith truly low BP and that
the corresponding strain (LL) exhibited aBP levd smi-
lar to that of normotensive controls (LN). However,
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thisfailureturned asan advantage especialy for patho-
physiologicd and genetic sudies. In effect, due to the
genetic drift during the sl ection process, each grain
differs from another oneby nearly 20 % of its genome.
Thereforeit 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®, the comparison of the hyper-
tensve drainto only onenormotensive strain will show
4995 differences which are devoid of physologica
sgnificance. Such adifficult Stuation ismarkedly im-
proved when the hypertensive strain can be compared
to two different normotensive controls, asis the case
with LH rats being compared to both LN and LL rats.
In those conditionsit is possible to differentiate, among
the many changes observed between LH and LN rats
those which can possbly be related to hy pertension -

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
obtai ned which demongtrate that LH rat isamodel of
“low renin hypertension,” aswell assome experiments
performed to address the pathophysiology of their
hypertension.

CHARACTERISTICS OF LH RATS

Asindicated in Tab 1, plasma as well as kidney
renin and prorenin were s gnificantly lower in young
adult LH rats compared to controls. The urinary ex-
cretion of aldosterone was aso sgnificantly decreased,
while amarkedly lower urinary aldosterone to potas
sum ratio suggested an enhanced tubular respons ve-

nessto mineralocorticoids. 1n addition to itslow baseline
values, renin reeasein LH rats was found to be poorly
responsive to physiologica stimuli such asdecreasesin
renal perfuson pressure and b-adrenergic gimula
tion!”.

However, despiteits low state of rel ease and of
response, the renin-angiotensn sysem was found to
be compulsory for the devd opment of hypertenson and
its associated hemodynamic abnormalities such as in-
creased peripheral resistances with marked vasocon-
grictionin the splanchnic areaand especialy in thekid-
neys?. In effect, asshown in Fig 1, the systolic BP
measured by the tail-cuff method isidentical inLH and
LN ratstreated with an angiotensin converting enzyme
inhibitor perindopril (3 mg/kg per 24 h) sarting at 3
weeksof age. Interestingly, al the hemodynamic alter-
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Fig 1. Evolution with age of the indirect s ystolic blood pres-
sure (SBP) in control LH and LN rats, and in LH (LH-p) and
LN (LN-p) rats treated with perind opril starting at 3 weeks

of age®!,

Tab 1. Renin, prorenin and aldosterone in 10-week-old LN and LH rats"/,

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

Plasma: renin (ng Al/h/ml) 32+4 1542***

prorenin (ng Al/h/ml) 5415 33+3**
Kidney: renin (ng Al/h/mg protein) 3.2404 1.9+0.1**

prorenin (ng A I/h/mg protein) 3.740.2 2.140.2%**
Urinary: adosterone (ng/24h) 3.440.3 2.0£0.1**

adosterone/K* 1.47+0.09 0.7440.04***

** p<0.01; ***P<0.001 versus LN rats
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ations which characterize LH rats disappeared after
perindopril treatment!®.

Sincethe kidney plays amagjor rolein the develop-
ment of hy pertension through the characterigti csof the
pressure-natriuress curve which determines the long
term BP level!®, we studied the renal functions of LH
rats a severa levels of perfuson pressureby usng the
technique described™. | nthoseexperimental conditions,
LH rats differ from controls by a significantly lower
rena blood flow and glomerular filtration rate associ-
ated with ablunted diuretic and natriuretic regponse to
renal perfusion pressureincreasg™ (Fig2). Oncemore,
the inhibition of the formation of angiotensn Il with
perindopril given from weaning normalizesall therena
parameters studied™?,

Findly, asfrequently observed in patients with a
low renin form of essentia hypertension?, LH rashave
been found to be salt-sensitivé™, as after 3 weeks of
2% NaCl in thedrinking water, the indirect systolic BP
of LH ratsis devated by 40 mmHg compared to 10
mmHg inLN and LL control rats.

In order to explain the paradoxical asociation of
alow activity of the renin-angiotensin sysem with the
compulsory presence of angiotensin |1 for the hyper-
tenson to develop in LH rats, we formulated two

hypotheses. First, the existence of atransent early
increase i n the activity of the renin-angiotensin system
which will be sufficient to allow the long term devel op-
ment of hypertension despite the disappearance of this
overactivity. Second, anincreased sendtivity of LH
rats to the ef fects of angiotensin I1.

LACK OF EXISTENCE OF AN EARLY SHORT
LASTING INCREASE IN RENIN-ANGIOTENSIN
SYSTEM ACTIVITY IN LH RATS

The first hypothesiswas primarily suggested by
the fact that in aprevious experiment, plasmarenin ac-
tivity was higher in young LH than LN rats™. In
addition, this hypothes swas theoretically made pos-
sibl e by the fact that, bes des vasocongrictory and a-
dosgterone stimulating properties, angiotensin Il exerts
a durabl e influence on the vessels and the kidneys
through the stimulation of severa growth factors™!,
Finally, it was strengthened by the repeated observa
tions that an early short lasting blockade of the renin-
angiotensn system in Japanese spontaneoudy hyper-
tendve rats (SHR), induced decreasesin BP which re-
mained significant severa weeks after cessation of the
blockade %™,

BF o LNpmes: @ LH@ # 4T
= 10l —
= o anf
g b33 g
T ol 5 20f
a4 s % g
3 a 10t
2
u e il l Ll L k]
106 125 150 0 100 125 150
azr G
- s
%ﬂ + 6__’—‘&__/_‘4 ?E 437
E 14} =
‘E £ 30T
—_— L . =
]_D Y =
B —r ! -
- ok 15T ey
B os e
2 = 1 1 - 0 i
? 100 125 150 L 125 150
RPP {mmHg}

Fig 2. Effects of renal p erfusion 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 similar

level of RPP"!,
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In order totedt this hypothessin LHrats, we de-
sgned two treatment protocols. In afirst one, LH rats
were treated from concepti on up to weaning (3 weeks
of age) with captopril (100 mg/kg per 24 h) given to
the parents®®. Captopril was chosen sinceit was dem-
onstrated to be excreted in the milk and thus alowed
the blockade of the producti on of angiotensin 11 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
adminigered from 3 to 12 weeks of age, ie, during the
period of fast rise of BPin 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 trested animalsin
approximately one week after treatment withdrawal.

Those two experiments a lowed to exclude that
an early burg of activity of the renin-angiotensin sys-
tem could explain thelong term devel opment of hyper-
tensonin LH rats. They aso demongrated that the
pers stent eff ect of renin-angi otensin system blockade
observed in SHR was not ageneraized property but
might rather be specific to the Japanese strain.

SENSITIVITY TO THE EFFECTS OF ANGIO-
TENSIN I

In search for an elevated response, theoverall sen-
stivity of LH ratsto the vasocongrictor effects of an-
giotensin |1 was studied in carefully controlled
conditions. We used consciousrats, the BP of which
was measured beat to beat through a chronicaly in-
serted aortic catheter. They received 10 iv bolus of
angiotensn Il s asto determine the dose-response
curvé?, LH ratsdiffered from LN controls by anin-
crease in the maximum effects of angiotensn Il which
islikely to reflect the hypertens on induced hypertro-
phy of the cardiovascular sysem (Fig 4). However,
the sengitivity to angiotendn |1, as measured by the ED,,
did not significantly differ between the srains.

Facing thislack of generalized oversengtivity to
the vasocongrictor effects of acutely given angiotensin
I, weexamined more specifically the sengtivity of re-
nal vessels. Thiswas performed usng anaestheti zed
rats maintained since weaning at the same level of BP
by treatment with perindopril'*®. Two doses of angio-
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Fig 3. A: Evolution with age of the indirect systolic blood
pressure (SBP) in control LH rats, and in LH rats pretreated
with cap topril from the conception to weaning (LH-cap). B:
Evolution with age of the indirect SBP in control LH rats,
and in LHrats pretreated with losartan (LH-lo),a low (LH-
Ip) or a high dose (LH-hp) of perindopril from 3 to 12 weeks
of age"®!,
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Fig 4. Dose-response curves for angiotensin II in LH and
LN rats. DMBP, change in mean blood pressure; E-max,
maximum effect; EDs,, dos e which elicits 50 % of the maxi-
mum effect. * P<0.05 versus LN rats®!,
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Fig5. 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'"?,

tensin |1 (10 and 50 ngkg™min™) were infused which
allowed to demongtrate (Fig 5) that at a givenrena per-
fuson presaure level, LH kidneys responded by asg-
nificantly larger decrease in rena bloodflow, glomeru-
lar filtration rate and natriuresis than controls. This
clearly demondrates that the vessels and more specif-
ically, thepreglomerular vesselsof LH kidneysare hy-
persendtiveto the effectsof angiotensnIl. Such an
increased sengtivity isunlikely to be secondary to hy-
pertenson-induced rena damagessince LH rats were
maintained normotensve with perindopril. Therefore,
it isposs ble to suggest that the enhanced renal sens-
tivity to angiotensin |1 playsaprimary rolein thepatho-
genesis of hypertenson in our moddl. The next chal-
lenge is to determine the mechanisms of thisloca hy-
persendtivity in order to disclose a potential new target
for thetreatment of “low renin hypertension.”
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