w

Pyridazine Derivatives. XI: Antihypertensive Activity of
3-Hydrazinocycloheptyl[1,2-c]pyridazine and Its Hydrazone Derivatives

JOSE GIL-LONGO*, MARIA DE LOS REYES LAGUNA*, IGNACIO VERDE*, MARIA ELENA CASTRO*,
FRANCISCO ORALLO*, JOSE ANGEL FONTENLA*, JOSE MARIA CALLEJAY, ENRIQUE RAVINA¥,

AND CARMEN TERANY¥

Received August 7, 1991, from the *Department of Pharmacology and the * Department of Organic Chemistry, Laboratory of Pharmaceutical

Chemistry, University of Santiago de Compostela, 15706 Santiago de Compostela, Spain.

Abstract [J 3-Hydrazinocycloheptyl{1,2-clpyridazine (4) and its hydra-
zone derivatives 3-[N'-(isopropylidene)]hydrazinocyclohexyl[1,2-
clpyridazine (8) and 3-{N'-(isobutylidene)]hydrazinocycloheptyl[1,2-
clpyridazine (6) were prepared, and their activity against genetic,
neurogenically-induced, and deoxycorticosterone acetate -NaCl-
induced hypertension was found to be at least as great as that of
hydralazine. The resuits of studying vasorelaxation of rat aorta by 4 and
hydralazine suggest that both these compounds owe their antihyperten-
sive activity to direct relaxation of vascular smooth muscle.

Hydrazinophthalazines were first synthesized .y Gross et
al.l in 1950 and are used clinically as antihypertensives, the
most important being hydralazine and dihydralazine. Struc-
ture—activity studies have shown significant antihyperten-
sive activity to be exhibited by a number of related hydrazine
pyridazines, and this group of compounds continues to be the
object of prospect for new drugs with greater activity and
fewer side effects. For several years we have been working on
the synthesis of modified hydrazino pyridazines, most of
which have proved to have considerable antihypertensive
activity.?

We now report the results of a detailed study of the
antihypertensive activity of 3-hydrazinocycloheptyl(1,2-c}-
pyridazine (4) and its hydrazone derivatives, 3-[N'-(iso-
propylidene)jhydrazinocyclohexyl{1,2-clpyridazine (5) and
3-lV 1-(isobutylidene}]hydrazinocycloheptyl[1,2-c]pyridazine
(6), together with a modified synthetic procedure.

Experimental Section

Chemistry—Melting points were determined with a Gallenkamp
melting point apparatus and were uncorrected. IR spectra were
recorded with a Perkin-Elmer 2640 FT (Fourier transform) spectro-
photometer. 'H NMR spectra were recorded with a Bruker WM 250
spectrophotometer using tetramethylsilane as internal standard.
Microanalysis was performed with a Perkin-Elmer 240 B instrument
in the Microanalysis Service of the University of Santiago de
Compostela; results were within £0.4% of the theoretical values.

3-Chlorocycloheptyl(1,2-clpyridazine (3)—Cycloheptyl|1,2-c)
3(2H)pyridazinone (2; 2 g, 0.0066 mol) was dissolved in tetrachlo-
roethane (50 mL) by heating. Chlorosulphonyl isocyanate (0.16 g,
0.0066 mol) in tetrachloroethane (15 mL) was added, and the
resulting solution was warmed at 60 °C with stirring for 6 h. The
reaction mixture was then left to stand overnight at room tempera-
ture, the solvent was removed under reduced pressure, and the
residue was chromatographed on silica gel, with chloroform-
methanol as eluant, to afford 0.44 g (40%) of a yellow liquid that was
used in the next stage without further purification; IR (NaCl):
3100-2850 (NH); 1600 (C = C arom); 750-640 cm™': no carbonyl
bands were present.

3-Hydrazinocyclohexyl(1,2<]pyridazine (4)—A suspension of 2 g
(0.012 mob) of 3 in 20 mL (0.41 mol) of 98% hydrazine hydrate was
refluxed for 2 h and then cooled to obtain a solid that on recrystal-
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lization from ethanol afforded 1.32 g of 4 in a yield of 89% with a mp
of 137-139 °C; IR (KBr): 3200 (NH), 1640-1600 (C = N, C = C
aromatic) em~'; 'H NMR (CDCl,): 6 (ppm) 6.71 (s, 1H, pyridazine);
3.14 (br s, 3H, NH-NH,); 2.99 (m, 2H, -CH,-CH,-CH,-).

Anal.—Calcd for CgH,,N, (164.2): C, 58.5; H, 7.3; N, 34.1. Found:
C, 58.6; H, 7.16; N, 34.0.

Pharmacology—Antihypertensive Activity—Antihypertensive ac-
tivity was determined indirectly (tail-cuff methods) by measuring
systolic arterial pressure (SAP) in the caudal artery of unanesthe-
tized rats? that were previously accustomed to the procedures (re-
straint in containers, heating to 39 °C) necessary for the measure-
ment of SAP to avoid false values due to stress.

Activity against genetically inherent hypertension was evaluated
with spontaneously hypertensive rats (SHR)4 weighing 275 = 25 g
(from Iffa-Credo), which had basal SAP values of 180 mmHg or more.
Activity against neurogenically-induced hypertension was deter-
mined in male Sprague-Dawley rats (NHR), weighing 325 = 25 gand
manipulated as per Krieger.5 Activity against deoxycorticosterone
acetate NaCl (DOCA-NaCl)-induced hypertension was evaluated as
per Stanton and White¢ with female Sprague-Dawley rats (DOCA-
NaCl rats) weighing 95 % 15 g at the beginning of the experiment.

Lots of six (SHR) or five (NHR and DOCA-~NaCl) rats were starved
for 24 h. Basal SAP and heart rates were determined prior to oral
administration (in 1 mL/100 g body weight) of hydralazine (5, 7.5, or
10 mg/kg), new compounds under test (5, 7.5, or 10 for SHR; or 1, 2.5,
or 5 mg/kg for NHR and DOCA-NaCl rats), or deionized water for
control rats. Effects on pressure and heart rate were recorded 1 h after
administration. SAP was measured with a Narco Bio-Systems PE300
programmed electrosphygmomanometer connected to a Narco Bio-
Systems pneumatic pulse transducer and a Scientific Instrument
Centre model 2125 physiopolygraph. Heart rate was obtained from
the recorded SAP wave. The rats were warmed for 15 minat 39 = 1 °C
prior to measurements.

Isolated Rat Thoracic Aorta—Male Sprague-Dawley rats weighing
250-350 g were killed by a blow on the head. The thoracic aorta was
rapidly removed and stripped of endothelium by rubbing the intimal
surface with a cotton bud. A simple hematoxylin—eosin technique was
used to verify the absence of endothelial cells and the integrity of
underlying smooth muscle. The aorta was cut in cylindrical segments
(4 mm in length) that were immediately transferred to an organ bath
with a Krebs solution containing (mM) NaCl (119), KCl 4.7),
MgSO, - TH,0 (1.2), CaCl, - 2H,0 (2.5), KH,PO, (1.2), NaHCO, (25),
glucose (11), ascorbic acid (0.567), and EDTA (0.03) thermoregulated
at 37 °C and bubbled with 95% O, + 5% CO,. Calcium-free solution
was prepared in the same way but omitting CaCl,.

The aorta segments were set up in the bath by inserting two
stainless steel pins through the lumen, one pin being fixed to the
organ bath and the other to a force-displacement transducer for
recording of isometric tension with a computerized Celaster 10S1
system.

After an equilibration period of at least 1 h under 2 g of resting
tension, isometric contractions induced by 10 uM noradrenaline (NA)
or 60 mM K™ (without keeping osmolarity constant) were recorded for
15 min. Cumulative doses of hydralazine or 4 were then added, and
the effect of each was observed for 10 min.

To measure contractions in a calcium-free medium, artery prepa-
rations were equilibrated for 60 min in normal Krebs solution and
then washed three times over a 20-min period with a calcium-free
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solution tontaining 0.5 mM ethylene glycol-bist-aminoethyl ether)-‘
N,N,N',N'-tetraaceti¢ acid (EGTA) before addition of NA. To amdy
the effectls df hydralazine and 4, the preparations were further washed
in normdl Krebs solution for 60 min (to fill the Ca** stores deplef,ed
by the first contractién), and preincubated for a further 20 min:in
calcium-free solution|before a suitable concentration of hydralazine:
or 4 was added, followed 10 min later by NA. Other aorta rings were;
simultaneously subjected to the same procedure, but omitting 4 and
Hydralazine. i
U 15Cq Inflix—Aortic rings weighing 5-9 mg were equilibrated for at
least 60 min in physidlogical solution |composition (mM): NaCl (139),
KCl (5),! MgCl, (1), CaCl, (1.5), N-2-hydroxyethylpiperazine-N'+2-
e{thanesdlfdmc acid (HEPES) (5) glucose (10)] maintained at 37°C
and aerated with 100 O,. The rings were then incubated for 5 min;
ih a medjum containihg 0.6 uCi - mL~' **Ca (New England Nuclear,
Madrid, Spain; specifi¢ activity 35 mCi - mg™!) with or without 10 M
NA or 60 mM K*. Tojinvestigate the effects of hydralazine and 4lon;
the uptake; these agents were added to the equilibration medium 20’
rtin befdre:incubation and also to the incubation medium. After’
incubation;the rings were washed for 45 min in 500 mL of an ice-cold
calcium-free physiological solution of pH 7.4 containing 2 mM EGTA,,
hich was bubbled with 100% O, to remove extracellular Ca** from;
the tissue. The rings were then blotted, weighed, and digested in 1 mL
H,0, (110 :volumes) iat 115 °C for 90 min. After cooling, 5 mLiof’
Ready-Safe Beckman were added and the radioactivity of the samples;
was measured in a liquid scintillation counter (Beckman LS 3801). |
| Expressian and Stdtistical Analysis of Results—Unless otherwise,
b\pemﬁed rgsults shown in the text and figures are means = standdrd
errors of the mean (SEM). The statistical significance of differentes
between mgans was dstimated by the Student's two-tailed ¢ test for
paired or unipaired data. i
| Antihypertensive activity and effects on heart rate were quantlﬁed :
ds percentdpe change with respect to basal values.? The bD“, (the!
dosage ngcessary to produce a 30% fall in SAP or a 30% rise in heart
rate) was cillculated from the ‘equations of straight lines fitted to Lhe
response--log dosage data.
The *3Ca; uptake was calculated as follows: *°Ca uptake (nmol‘
PCa/kg wetitissue) = [counts per min in tissue/wet tissue weight (kg)] |
[nmol{**Ca in 1 L solution/counts per min in 1 L of sclution]. To!
void inacciracy in the calculation of “*Ca uptake, the 1.5 mM Ca?'
resent in physiological solution was not included in the “nmol 45Ca
h 1 L oflsolution” factor of this expression.
The 50% inhibition concentrations (ICy,) of hydralazine and 4 were!
calculated from their/cumulative dose-response curves. ‘
Drugs and Chemicals—The following drugs were used: (-)noradrén- |
line bitartiate, atropine sulfate, and DOCA (Sigma, Madrid, Spain), :
ydralazine hydrochloride (Ciba Geigy, Barcelona, Spain),and com-
ounds 4, 5, and 6. Hydralazine, 4, 3, 6, and atropine solutions were
issolved in deionized water immediately before use. Microsuspen-
ton of DO@A (1%) was prepdred in a 0.25% polysorbate 80 (Tween
0), 0.125% carboxymethyl celluluse, and 0.9% of NaCl. NA was
prepared daily with deionized water from a 100 mM stock solution
Kept at —20°C; 0.2% sodium bisulfite was added to prevent uxxdatmn ;
i Thech nxrucals used Pn the preparation of the physiological aulutloms :
were of dnalytical gmde

okl = B - VAR 3
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Re$ults and Discussion

Chelﬂlsrﬂry—Con'hpound 4 was previously prepared? by a
general|four-step procedure: (1) synthesis of the morpholin-'

ium salt of cycloheptanone 1; (2) reaction with hydrazine:
Hydrate| to give cy¢loheptyl|1,2-c|3(2H) pyridazinone, 2; (3)!

chlorindtion with phosphoroub oxychloride; and (4) introduc-

tion of the: hydrazino group. The limiting step of this prode- |
dure is step 3, whxc{h has yields of 20% or less. We have now |

fbund that these yields can be increased to 40-50% with the
xu.cntlyl described chlorinating agent® chlorosulphonyl iso-
qyanate (Scheme l);

The hydrazones 3- [N‘«(xsopropyhdene)lhydrazmocycl\o-:
hexyl{l ,2-¢)pyridazine 5 and 3-{(N'-(isobutylidene) |hydrazin- |
oLyclohepnylll 2-cJpyridazine 6 were prepared from 4 as

d\escnbeId by Ravina and Estevez.?

Pharma&ology—ﬁntzhypertenszue E/fects—Antlhyperteh ;
sjve actl'Vlty was evaluated for hypertension of three different
orlgms i The new pompounds tested clearly reduced SAP

5§ Rp=CHy .
6 Rz=CaHg i 3
) CHO-COOH, morpholine; b) NHz-NH>H,0; ¢i o-¢-N -S0;CH d) NHa-NHy H20
Scheme |

(ﬁ able I) and increased heart rate (Table II)in SHR 1 h after
administration. At a dosage level of 5 mg/kg, the percentage
reductions in SAP induced by 4 {40:24 = 1.14%) and 6 (38.29
+ 1.52%) were significantly greater (p < 0.05) than that
ihduced by hydralazine (33.33: = :1.14%); at other dosage
levels, the differences were notistatistically significant and
neither were the differences in percentage increase in heart
ﬂhte (at any dosage level). As shownin Tables I and II, the new
qupounds were clearly more effective than hydralazine in
reducing both neurogenically- ahd DOCA-NaCl-induced hy-
pertension 1 h after administration. There were no significant
variations in either SAP or Heart rate following control
akimlmstratmn of deionized water.

! Vasorelaxation in Normal Krelis Solution—NA (10 uM) and
mgh potassium concentration (60 mM) produced sustained
contractions of 4137 + 402 and 3239 * 304 mg (n = 10),
respectively, in isolated rat aorta arterial rings. These con-
tt'actlons were considered the maximum response (100%).

i Hydralazine (0.1-5 mM) and 4 dose dependently and non-
specifically inhibited the contractions induced by NA (IC;, =
0.68 + 0.019 and 2.1 = 0.16 mM, respectively) and by K'

IC50) = 0.6 = 0.064 and 4.2 + 0,28 mM, respectively; Figure
1y. For neither hydralazine nor 4 was there any significant
duﬂ'erence between the IC,, valugs obtamed with K* and NA
(th—5 p > 0.05; Flgure2) :

i Vasorelaxation in Calcium- Fm'e Krebs Solution—NA (10
/.LM) produced its characteristic two-component contraction;
that is, an initial transient (fast component) tension of 1125
3& 51 mg (n = 10) relaxing to a:sustained (slow component)
t¢nsxon of 270 = 24 mg. Both phmses were strongly inhibited

1 mM hydralazine, which reduced the transient tension to
95.6 = 8 mg and the sustained tension to 40 = 5 mg (n = 5,
pi< 0.01), and by 4, which reduced the transient tension to 227
# 16 mg and the sustained tensionito 91 = 9 mg(n = 5, p <
0,01).

1 15Ca Uptake—Calcium uptake by the rat aorta segments in
he absence of other agents (basal uptake) was 9.01 = 0.21
mol - kg "' (n = 10). The addition of 4 or hydralazine (1 mM)
id not affect the uptake significantly (tissue **Ca contents

[nd

Q. 3.

Table |—Effects on SAP
ED,, (mg/kg) in:
Tompound
SHR NHR DOCA-NaCl Rats

Hydralazine 4.34 4.34 >5
4 2.50 1.58 1.29
5/ 3.17 1.63 1.87
Cli 3.18 . 178 1.67
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8.9 = 0.23 and 8.7 = 0.32 nmol - kg™ !, respectively; n = 5,p |
> 0.05). j P
NA and high K* concentration considerably increased
basal **Ca uptake (tissue “°Ca content = 12.12 + 0.74
nmol - kg™ with NA and 15.28 + 0.68 nmol - kg ! with 60
mMK™*; n = 10, p'< 0.01). Neither 4 nor hydralazine (1 mM)

Table l—Effects ioniHeart Rate

EDgq (Mg/kg) in:

Compound

SHR NHR DOCA-NaCl Rats
Hydralazine i >5 —a >10
4 >5 — >5
5 ' 4.87 — 3.58
6 : 1 4.53 — >5
2 _ Not determineb.
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FIgureH—Effect of hydralazine (0.1-5 mM) on contractions of rat aona
rings w‘thout endothelium induced by K* (60 mM, B) and NA (10 uM, )
Each ppint represents the mean = standard error of the mean (SEM) of:
five experiments. Key: () p < 0.05; (**) p < 0.01 with respect to the'
maximym tension (100%). The IC,, values are 0.6 + 0.064 and 0.68 -3
0.019 mM for NA and K, respectively. i
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Figure 2—Effect of 4 (0.1-5 mM) on contractions of rubbed rat aorta
rings induced by K* (60 mM, W) and NA (10 uM, @). Data are plotted
as mean = SEM (n = 5). Key: (+) p < 0.05; (++} p < 0.01 with respect
to the maximum tensjon {100%). The IC,, values are 4.2 = 0.28 and 2.1
+ 0.16 MM for NA and K*, respectively. ‘
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significantly inhibited NA- and K*-induced **Ca uptake
[tissue **Ca contents for 4, 12.32 + 0.64 nmol - kg~! with NA
and 14.1 = 0.59 nmol - kg~! with 60 mM K* (n = 5, p > 0.05);
for hydralazine, 11.31 = 0.82 nmol - kg~ ! with NA and 13.4
+ 0.72 nmol - kg™! with 60 mM K* (n = 5, p > 0.05); Figure
3l

The above results show that the hypotensive activities of
both hydralazine and the new compounds against all three
types of hypertension considered are greater than those in
normotensive rats.” In general, the new compounds were at
least as active as hydralazine.

The type of hypertension least affected by the new com-
pounds was that of genetic origin, which is characterized,
after onset, by normal cardiac output and increased periph-
eral resistance. 9 It is the type that is most similar to human
essential hypertension!!; its development and maintenance
involve a number of mechanisms that are still not fully
understood and that may make it more refractory to phar-
macological treatment than the others. The new compounds
were more active than hydralazine against both hypertension
induced by manipulation of the sympathetic system (by
denervation), which also involves increased peripheral resis-
tance,5 and against hypertension induced by DOCA-NaCl,
which may involve hyperreactivity of the sympathetic system
and/or retention of sodium and water due to electrolyte

. imbalance. 2

The tachycardia that accompanies the fall in blood pressure

induced by hydralazine in conscious normotensive rats has

been reported as being a sympathetic reflex initiated by the
detection of the drop in pressure by arterial baroreceptors,3.14

- though the poor correlation between arterial pressure
. changes and heart rate in some studies has led to suggestions
. that a central mechanism!5.16 or hemodynamic factors!? may
| be involved. The antihypertensive effects of the new com-
' pounds were accompanied by increased heart rate in both
! SHR and DOCA-NaCl rats, suggesting that the tachycardia

was of reflex origin. However, in NHR, which lack the afferent
pathways from arterial baroreceptors, a very wide range of

i heart rates was observed, with a less evident increase than for

the other types of hypertension. This may have been because

. the cardiac stimulus was not totally reflex in nature, having
' a central contribution also, or because denervation was not
~complete, or because the fibers of vagus nerve baroreceptors

took over control of the bulbar cardiovascular neurons. 18
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Figure 3—Effects of 4 (C4, 1 mM) and hydralazine (HYD, 1 mM) on *Ca

uptake induced by K* (60 mM) and NA (10 uM) in rubbed rat aorta rings.

Each bar shows the mean + SEM of five experiments. Key: () p < 0.05:

[**) p < 0.01 with respect to the basal uptake.



The hydrazones of hydralazine are generally unstable,
liberating parent drug into the blood. However, it is not yet
clear whether the hypotensive effect of hydrazones of hydral.
azine should be attributed to their intrinsic activity or to
back-conversion to the parent drug, hydralazine.'*2¢ The
stability of hydrazones in vitro, even at pH 7.4, is nat well
understood (the litefature|contains ¢onflicting results?!#2)
land in the present study we present in vitro data Eor 4 (the
imost active) but not for:5 and 6.

Both hydralazine dand the new compound, 4, relaxed NA-
and K*-induced contractions of rat gorta dose dependently
and nonspecxﬁcally These in vitro results correlate well with
the in vivo ﬁndmgs and, although the active dose of hydral-
‘azine in aorta is considerably greater than the concgntration
reached in plasma23 (possibly because of biotransformation to
‘active metabolites),#4 they suggest that the hypotensive and
‘antihypertensive action of this drug may be due baswally to
its effects on vascular smogth musclejcells.

High K* concentrations| cause strong contractw,m of rat
aorta tissue by depolanzl\ng smooth muscle cells and so
‘increasing the influx of caleium through L voltage- dependent
channels.?* Also, activation of «;- adrenerglc receplbrsiin rat
aorta by NA induces a two-phase process in which dn initial,
fast, transient contfaction caused by the inositol "1,4,3-
tnsphosphate medxatﬁ,ed release of cal¢ium from intracellular
stores is followed by A slow, sustained contraction ¢aused by
Ca?* influx through receptor-operated Ca®* channéls.2s The
results presented here show that hydralazine and 4 relax both
‘K*- and NA- mduced contractions with equal effectiveness.
These results suggest that their primary action occurs within
' the cell (as has been reported for the action of hydralazine in
'human arteries2¢), though there may also be a secondary,
nonselective actlon on the cell membrane that would consist
of blocking calcium linflux through voltage-dependent and
receptor-operated channelsi(in agreement with previous stud-
ies of the action of hydralazine in rat tail artery?7), i

Hydralazine and 4 reduced neither basal uptake of **Ca nor
uptake induced by INA and K', contrary to the tesults
obtained by McLean et al.2 and by Weiss et al.2# fgr hydral-
azine using rabbit adrta. These results suggest that hydrafl-
azine and 4 do not, after all, block transmembrane calcium
movements through leak, voltage -dependent, and! receptor-
operated calcium channels in rat aorta.

. In the absence of external Ca?*, addition of NA is .knmwn to

-induce a fast, transient contraction attributed to release of
stored Ca**, followed by a ismaller, slow, sustained contrag-
tion whose mechanism is hot clear? (although it ‘has been
shown that dlacylgTycerol derived from phosphoinositide
breakdown activates protein kinase C and that activation of
protein kinase C induces a sustained contraction in the
'presence of a low concent;ratlon of Ca**).3 In this work
hydralazine and 4 inhibitéd both phases of the cantractian
elicited by NA in calcium-free solution, showing that they act
intracellularly (as rieported by Lipe and Moulds# for the
action of hydralazire in human arteries and veins). This
action may consist of inhibition of |inositol 1,4,5+trisphos-
phate-induced release of mtracellular calcium, of direct ac-
| tion on the contractile apparatus (as reported by Jacobs?! for
the action of hydralazine /in bovine carotid arteries), or of
activation of intracellular storage of Ca*". It is unlikely that
this intracellular action is due to an iricreased rate aof calcium
loss (directly or indirectly via an increase in cyclic nuclep-
tides), as hydralazine dpes not stimulate calcium-depéndent
. ATPase in rat aorta*? -

Cromakalim and ther potassnum ‘channel opemers relax
contractions inducediin various vascuﬂar preparatldlns by lo‘w
(<25 mM) but not high (>30 mM) KCl concentrations. This
is the behavior experted of agents that only open K' chan-
- nels.33 However, hydrdlazme and -1 relax contractions in-

‘ duced by hlgh potassnum Loncantratlohs t60 mM). Thus,

hydralazmé and 4 do not exert their vasorelaxant effects in
| rat aorta by opening ’membmne K* channels.
In this study we have looked at theé mechanism of the

| vasodilatory action of hydralazing in aorta without endothe-
'lium of normotensiveirat. The: effects described do not,

therefore, mvolve the daction of drugs on the vascular endo-
thelium with consequ\em effects an the release of endothelial

| factors. Likewise, prév’:ous studies in our laboratory have

indicated that hydralazine has identical effects on rat aorta
with or without endo\tHelmm These results, ruling out any
effect of hydralazine qn ithe releage of endothelial factors, are

| in'agreement with thoge of Bulldck et al.34 in rat aorta, but
i contradict those of Spjokas et al.?¥ in rabbit aorta. It is also of

" tion by hydralazine ‘and 4 are, however,

interest that some of the mechanisms susceptible to modula-
altered in SHR
smooth muscle.?6-38 For this reason and consndermg that our
prehmmary results lindicate that SHR aorta rings have

| higher sensitivity to theé vasodilatory effects of hydralazine. it
- may be of ihterest to study the vasodilatory action of hydral-
| azine in aorta of genét cally hypprtensWe rats.
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