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SU tVÍMARY

in conscious normotensive rabbits, the intravenous administration of hydralazine
(0.3 rng/Kg) induced a significant decrease of mean arterial blood pressure (MBP)
(p<0.001) and a significant increase of heart rate (HR) (p<0.01). Pretreatrnent
ot the animais with two prostaglandins (PGS) svnthesis inhihitors, indornethacin
(1 mg/Kg) and acetyisalicylic acid (10 mg/Kg) abolished the hypotensive effect
(p)’0.05) and did not modify the tachycardia. In the sarne model, the continuous
infusion of a PGS precursor, arachidonic acid (7.5—10~g/Kg/min), rnodified the
blood pressure lowering effect of hydralazine which began sooner and was conside.
rably prolonged. In spontaneously beating guinea-pig isolated atria, hydralazine
(X10—SM) 1usd no direct chronotropic effect and did not rnoclify the responses to
noradrenaline (2 to 8X10—7M) and isoprenaline (1 to 4X10—8M). but markedly
c-nhanced the tachycardia provoked by tyramine (1.5 and 3.OX1O 5M). These results
suggest that the hypotensive effect of bydralazine in norrnotensive conscious rabbits
are related to the endogenous PGS system and that hydralazine lias a stimulating
effect on the heart probablv n,edinted by a modification of the .sdrenergic neuro
transmission to the heart.

INTRODUCTION

Hydralazine is an effective anti-hypertensive agent which produces a vasodilation
of the precapillary resistance vesseis and a reduction of peripheral vascular resistance
(Ablad 1963; Meliander and Johansson 1968). Pharmacoiogical data available toda~
points to a direct effect on the arteriolar smooth niuscle but, so far, the rnechanism ol
this direct action is not completely understood (Ablad 1963; Gross 1977). Kirpekar
and Lewis (1958) suggested a nonspecific depression of tissue metabolism, Ablad
(1963) proposed an interaction with two different types of receptors, Schroeder (1939)
supposed an interference with metal-ccsntaining enzymes and Anderson (1973) suggested
that cyclic AMP mediates the relaxing activity of hydralazine. However, none of these
mechanisms has been fully confirmed, namely in the whole animal or in humans (Gross
1977).

In the last years, the role of the renal hypotensive system in the pathogenesis of
hypertension has been ernphasized by Lee et ai (1974, 1976). According to these authors,
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the renal PGS, which are powerful hypotensive actin~ substances, would have an effect
opposed to the pressor systern in the reguiation of blood pressurc-. On the other hand,
the importance of endogenous PGS in the hypotensive effect and in the anti-hypertensive
activity of f3-adrenoceptor biocking agents has been demonstrated hy ourselves in cons
cious animais and ia hypertensive patients (Dur~o and Rico 1977; Du6io et ai 1977).
Based on these hypotheses, we investigated the action of two prostaglandin synthesis inhi
bitors, indomethacin and acetyisalicylic acid, and of a precursor of those substances,
arachidonic acid, on the blood pressure Iowering effect of hydralazine in the unanesthe
tized rabbit.

Simultaneously with the fali in blood pressure provoked by hydralazine, an
increase in heart rate occurs (Ablad 1963; Brunner et ai 1967; Koch-Weser 1974 a)
Since no information is available about a direct chronotropic effect on the heart (Bem
et ai 1933; Koch-Weser 1974 b) hydralazine tachycardia is believed tu be a consequence
of enhanced peripherai sympathetic activity resulting from activation of the haroreceptors
by the decrease iri arterial pressure (Koch-Weser 1976; Gross 1977). In contrast, the
results obtained in conscious rabbits reported in this paper, suggest that the heart raie
responses are brought about hy a mechanisrn other than that involving baroreceptors. la
view of these observations it was considered pertinent to examine the effects of hydra
lazine upon the chronotropic responses of spontaneously heatings guinea-pig isolated
atria.

MATERIALS ANI) METHODS

Conscious florinoknjiue ,abbii~

Hyla normal male rabbits ali of the sarne strain and of approxirnately similar age
and weight (3.0-3.5 Kg) were given a standard diet of peiiets and water ad libitum.
The experiments were perforrned in the unanesthetized animais. Under local (procaine)
anesthesia, polyethylene catheters were inserted into the central artery and vem of one
ear. MBP and HR were continuousiy recorded frcm the arterial une on a Hewlett
Packard (HP) 7702 B recorder via a HP 8805 carrier pre-amplifier and an HP 8812 A
rate-computer. The experirnents were done in a quiet room at constant teinperature
(23 ± 1°C). The animais were left to recover for a 90 mia period which was long enough
to stabilize MBP and HR. Both these pararneters were measured every f5 mm and the
inean of 6 measurements at 10 sec intervais was recorded each time for 1 mia. Ali the
preparations were foilowed for 180 mm after the injection of the drugs via the venous
catheter in a constant voiume of 1 mi/Kg body weight. Arachidonic acid was infused in
the venous catheter with an automatic siow injection apparatus Palmer F 130 at a constant
rate of 7.5 to 10 1ig/Kg/min until the 150 mm.

There were 8 groups of experiments. Time of injection and test agents used in
each group are shown in tabie 1.

Guinea-pig isolaied at,*i.

Guinea-pigs of either sex and weigbt range 350-500 g were kiiied by a biow on
the head. The thorax was rapidiy opened and the hearr rernoved. The isolated atria were
suspended ia a 50 mi organ bath containing Krebs-Henseieit solution of the following
composition (mM): NaCi 112.91, KC1 4.69, CaCL. 2.55, MgCI0 2.44, KH2 P04 1.19,
NaHCO.3 24.76, giucose 11.56. The solution was gassed by a mixture of 95 % 0,~ + 5 %
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CO2 and maintained at a temperature of 37 ± 0.5°C. In these conditions the pH was
approximately 7.4. The atria were attached to an isometric HP FTA 10-1 transducer and
the resting tension was adjusted to give approximately 0.5 g. The atria were ailowed to
beat spontaneousiy and the rate of contraction was recorded by means of a HP 8812 A
rate-computer triggered by the tension signal of a HP 8805 carrier pre-amplifier on a
HP 7702 B recorder. A 60-90 mm equilibration period with several changes of bathing
medium was aliowed in each experiment before addition of any drug. Non-cumuiative
dose-response curves for various amines were obtained by adding gradually increasing
concentrations to the organ bath and washing the preparation after each concentration
until the pre-drug control value was obtained. Responses were calculated as increase in
the HR above the initial rate of the atria in each experiment. The contact time necessary
to obtain the maximal response to each agonist was determined in previous experiments
and was 60 sec with a dose cycie of approximately 8 mm for noradrenaline and 120-150
sec with a dose cycle of 12 mm for isoprenaline and tyramine. Since changes in sensi
tivity of isoiated atria to sympathomimetic amines have been reported (Ciark and Poyser
1977; Nicholson and Broadley 1978) three dose-response curves were determined in
each preparation with an interval of about 15 mi When noradrenaline and isoprenaline
were used as agonists, three concentrations were empioyed for each curve. In the expe
riments with tyramine only two doses were used to minimize tachyphylaxis.

There were two groups of experiments with each agonist. In group A the three
curves were determined oniy in presence of the agonist. This group served as control to
group B, in which hydralazine (4 X 105M) was added to the bath 5 mm before each
dose of the agonist for determination of the second curve. OnIy three dose-response
curves w’ith the same agonist were determined in each preparation.

In some experiments with atria, acetylsalisylic acid (1 X 10—3M) was added to
the bathing solution 60 mm prior to the determination of the first dose-response curve
and maintained until the end of the third curve.

Drugs

Drugs used were: hydralazine (Ciba-Geigy), indornethacin (Merck, Sharp & Doh
me), acetylsaiicylic acid (Bayer), arachidonic acid (grade 1— 99 % pure, Sigma),
(— ) -norepinephrine bitartrate (Sigma), (± ) -isoproterenol hydrochloride (Sigma) and
tyramine hydrochloride (British Drug Houses). In the experiments with conscious rabbts
test agents were dissoived in 0.9 % saline except indomethacin whiCh was dissolved in
0.1 M potassiurn phosphate buffer pH 8 (Larsson et ai 1974). Arachidonic acid was
dissolved in 0.1 ml of 95 % ethanoi, converted to the sodium salt with 0.08 ml of 0.5 M
sodium carbonate and diluted to the final concentration with 0.9 % saline (Ryan et ai
1977). Ïn the experiments with atria ali drugs were dissoived in distilled water. The
maximum volume added to the bath was 0.6 ml. Ascorbic acid, in the final concentration
of 1 ~g/m1, was added to the isoprenaline and noradrenaline solutions. Drug concentra
tions were expressed as the final molar bath concentration. Ali these solutions were
freshly prepared in the day of the experirnent and used only once.

Statistical analysis

Results are expressed as mean ~ standard error of the mean (SEM). Significance
of the data were calculated according to Student’s t-test. A p value of less than 0.05 was
considered statistically significant.
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RESULTS

Conscious normotensive rabbits
Controis (Groups 1, II, III and IV)
The single injection of saline, indomethacin and acetylsalicylic acid (Fig. 1) did

not affect MBP (p>O.05) or HR (p>O.05). The continuous infusion of arachidonic
acid induced a transient significant increase of MBP and a slight non significant increase
in HR (Fig. 1). There was no difference between MBP and HR control values of the
4 groups (p>O.05).

* *

75 —

___ 70 —

65 —

60 —

*

1 1 1 1 1

O 30 60 90 120 150 180

TIME (mio)

Fig. 1 — Effects of single iniravenous injections of jaime, 1 rni/Kg
(•—~ Group 1; n7), indomethacin, mg/Kg (U—U Gronp II;
n=5), acetyisaiicyiic acid, 10 mg/Kg (~—A Group Iii, n=6) and
conhinuous infusion of a,achidonic acid, 7.5 to 10 p~g/Kg/mmn (O—O
Group IV’; n=5) on MBP (apper panei) and HR (lower panei) of cons
cious normotensive rabbits. Each poin: represents the mean ± SEM and
statistical analysis were caicuiated according to Studeni’s X-test in relatiou

to the initial control values of each group. * p<0.05
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Hydralazine (Group V)

The blood pressure lowering effect of hydraiazine was significant (p<O.05) only
at 30 mm and attained its lowest value between 45 and 75 mm (Fig. 2). Ali values
obtained from 30 until 150 mm were significantiy different from control values (p <0.05
to p<°.00i). HR increased significantly at 15 mm (p<O.Ol) and remained elevated
until 105 mm (Fig. 2).

70

=
6
6 65

=
=

=
o

~55

50

1~
~200
=

0 30 60 90 120 150 180

TIME (mmi
Fig. 2 — Effects of single intravenosa injections oj bydralazine,
0.3 mg/Kg (—• Group V, n=6), hydralazine, 0.3 mg/Kg,
alter pretreatment with indomethacin, 1 mg/Kg (EJ—Q Group
VI; n=6) and hydralazine, 0.3 mg/Kg, alter pretreatment with
acetylsaiicyik acid, 10 mg/Kg (t~—t2s Group Vil, n=7~ on
MBP (upper panei) and HR (iower panei) oj conscious nt3rmo-
tensive rabbits. Each point represents the mean •± SEM and sta
tisticai anaiysis tvere calcuiaxed according to Stadent’s t-test in
reiation to tbe initial control vaiues oj each group. ~ P<0.05;

~ p<0.01; ~ p<0.001

Hydralazine after prostaglandin synthesis inhibi~ors (Groups Vi and VII)

The hypotensive effect of hydralazine was markediy inhibited by the pretreatment
of the animais with indomethacin and acetyisaiisyiic acid (Fig. 2). The MBP values were
never different from controi value (p>O.05), and were significantly different from the
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values obtained in group V (p<O.05 to p<O.O1) between 30 and 135 mia (not repre
sented). Ia both groups HR increased significantly (p<O.05 to p<O.001) and remained
ele’vated until the end of the experiinents, despite the absence of hypotensive effect
(Fig. 2).

Hydraiazine pias arachidonic acid (Group VIII)

The simultaneous infusion of arachidonic acid modified the blood pressure lowe
ring effect of hydralazine (Fig. 3).

10

~65

~ 60

~55

50

350

~300

— 350

200

60 90 120 150 180

TIME (mmi

Fig. 3 EI!ecls of singie intravenosa i,zjections oj Is;
dralazine, 0.3 mg/Kg (~—~ Group V; n6) and
hydraiazine, 0.3 mg/Kg, pias conlinuOus infusion of
arachjdonjç acid, 7.5 lo 10 p~g/Kg/min (O—O Group
Viii; n=5) on MBP (upper panei) and HR (iower
panei) of conscious normotensive ,abbits. Each poial
represenis the meaa :± SEM and statistical analysis
were caicuiated acco~ding lo Studenj’s 1-tesI ia reiation
to zhe initiai controi vaiues o/ each group. * p<Q.05;

** p<0.01; ~ j<0.001

The hypotensive effect began sooner, with MBP values already significantly diffe
rent from control value at 15 mm (p< 0.01) and was prolonged until the end of the

E 1 T

O 30
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experiments. MBP values were significantiy different from O time value (p <0.01 to
p<o.00i). The difference between the MBP values obtained at 15 mm in this group
was also significantiy different (p <0.05) from the control value of group V. HR was
significantiy increased (p<O.O5 to p<O.001) during ali the observation period (Fig. 3).

Guinea-pig isolated atria

Hydralazine

Hydraiazine, in concentrations from 10 8M to 5 X 10 —2M induced a modest
inotropic action, statisticaiiy non-significant, and did not modify the rate of concentra
tion of spontaneousiy beating atria (not represented).

Hydralazine and direct s~yinpathornirnetic arnines

The dose-response curves for the chronotropic effect of noradrenaline (2 to
8 X 10—7M) and isoprenaiine (1 to 4 X 108M) are represented in fig. 4 and 5.

A —.01 B

~6D
az = II

40 _after hydr~Iazine
= .~ (4z10~5M)

~2Ü
N~5 Nz5

— — 011 i

4 8

Norodoenaline (ia’ ol ) Noradrenaline (ia-? M)

Fig. 4 — Effect of moradrenaline ou heari rata of spontaneously beating isolated guia ea-pig a/ria.
(A) Non-cumulative dose-response curves obtained with the agonist alone. (B) Non-curnulatiie
dose-respouse curves to the sarne agonist after addition oj hydralazine jo the organ bath prior lo
the determination of the second curve. The respouses were calculated as increase in the HR above
the initial rale of ibe a/ria iv each experiment. Each point represenís tbe rnean ± SEM (see

text, Methods)

The three curves obtained with the agonists alone were similar and quantitativeiy
superposable (group A). The addition of hydraiazine (4 X 10-&M) to the organ bath
prior to the determination of the second curve did not modify the responses to •the
agonists (group B). A siight decrease of the responses to isoprenaline at the third curve
was observed, but there were no significant differences between the curves (group B
Fig. 5).

80

60

40

20

2 4 8
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A B

100 100 after hydralazine
1 (4~1o-~)

80 .~ 80

~60 60
=

=
= =

=40 :40

~20 ~20 N~6

o ~ 0-’
1 2 4

1 so~ rena Ii 08(1 o—8 M) 1 so ~ren a ice (i o -~ M)

Fig. 5 — Ef/ect oj isoprenaline ou heart rale of spontaneously beating isolaied guinea-pig aSna.
(A) Non-curnulative dose-respouse curves obtained witb lhe agonist alone. (B) Non-cumulative
dose-respouse curves lo the sarne agonisi a/ter addition o/ hydralazine to the organ bath prior lo
the dezer,nination of the second curve. The respouses u’ere calculated as increase iv the HR above
ibe initial rale of the etnia iv each experimeni. Each poins represents tbe mean ± SEM. (see lext~

Methods)

Hydralazine and indirect syrnpathomimetic arnines

The responses obtained with tyramine, represented in fig. 6, have shown a slight
tachyphyiaxis, but the differences between the three curves were not significant (group
A). The addition of hydralazine (4 X 10—5M) to the organ bath ir~duced a marked
increase of the chronotropic effect of tyramine (group B). In this group, the heart rate
responses obtained in the presence of hydralazine were highly significantly different
(p<°.00l) from the responses determined with tyramine alone. In a series of experi
ments performed with acetylsalicylic acid (1 X 103M) added to the bathing solution,
it was found that the effect of hydralazine upon the chronotropic rêsponses of spOnta
neously beating atria to tyramine was further increased (Fig. 7). Acetyisaiicylic acid also
increased the responses to tyramine alone (curves 1 and III). These effects were more
pronounced with the higher dose (3 X 10-5M) of tyramine, and the differences between
the heart rate responses to this concentration of the agonist in the presence and in the
absence of acetylsaiicylic acid were statistically significant (p< 0.05 to p <0.01) (not
represented).

DISCUSSION

The cardiovascular actions of hydralazine were studied in normotensive rabbits, be
cause it is doubtfui whether the effects observed with single artery strips or isoiated
vascular beds are of definitive significance for the whoie hemodynamic response to hy
dralazine in vivo (Gross 1977). Furthermore, the experiments ‘were performed in cons
cious animais because anaesthetic agents can affect the biood pressure control mechanisms
by inhibition of cardiovascuiar refiexes as weii as by direct contrai or peripherai actions

N —G

1 2 4
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1,5 3,0

Fig. 7 — Efjeci of hydralazine upon ihe
chrono:ropic responses oj spontaneausly
beating isolaied guinea-pig diria lo iyra
,nzne with and without acetylsalicylic acid
iv lhe Krebs-Henseleii baibing solution.
Tbe responses were calcalated as increase
in the HR above the inijial rale of ibe
atria iv each experimeni. Each point repre~
senis the mean ;± SEM. (see texi, Me

thods)

A
140

120

100

alter

(4~lr5M)

— hydralazine

80

60
II
III

140

120

100

80

60

40

28

40

* ** lii

N—520

O 0
1,5 3,0

fyra~ile (iO~~) JyraffliAe (105M)

Fig. 6 — Effeci aí tyrarnifle on heari rale of spontaneously beating isolated guinea-pig alria. (A)
Non-cumulative dose-response curves obtained with lhe agonist alone. (B) Non-cam,elative dose
-response curves ia the sarne agonist aíter addition aí hydralazine to the organ baih prior ia the
determjnation aí ihe second curve. The responses were calculated as increase iv the HR above tbe
initial rate aí the atria iv each experirnen:. Each point represents the mean 1± SEM. Siatistical
analysis were per/ormed according to Stzident’s t-test beiween curve II and curves 1 and III. ~

p<O.001 (see lexi. Methods)
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Kre bs+ A o e ty Isa Iisyl. Ao. N=6

(r~ro~ M)

r,5 3,0

Tyra mine (ia~ M)



STUDIES OF THE CARDIOVASCULAR ACTIONS OF HYDRALAZINE 667

(McGrath and Mackenzie 1977; Milier and Wiegrnan 1977). The utilization of nona
naesthetized normotensive rabbits with intact cardiovascular reflexes expiam the mode
rate fali in MBP observed. However, the biood pressure iowering effect induced by
hydralazine was highiy statistically significant and was quantitatively similar to the
effects obtained with other anti-hypertensive agents in this experimental modei (Weber
et ai 1974; Durão and Rico 1977).

The inhibitors of PG synthesis used, indornethacin and acetylsalicylic acid, are
effective both in vivo and in vitro (Vane 1971) and the doses a’dministered were not
hypertensive (groups II and III) agreeing with •the results of Larsson et ai (1974).
The continuous infusion of arachidonic acid, the natural precursor of PGE2, PGI2 and
PGFACL, was used in the present study in order to provide an increased amount of a
physioiogical precursor of PG synthesis. It is generaily believed that endogenous PG
synthesis depends on the presence of essential fatty acid precursors, and the avaiiabiiity
of these precursor acids in the free form has been suggested as a common rate-iimiting
step in enchanced biosynthesis that occurs in response to severai influences (see Dougias
1975). The infusion rate utilized in our work was not hypotensive and no toxic effects
were observed in the animais (group IV). These results are in accordance with the obser
vations of Larsson and coworkers obtained in response to siightiy higher infusion rates
in the sarne experimental model (Larsson and Ànggard 1974; Larsson et ai 1974).
A transient moderate rise in biood pressure similar to that observed in the beggining
of the arachidonate infusion in group IV, has been reported by others, and is probabiy
due to a vasoactive interrnediate in the PG biosynthetic pathway (Fitzpatrick et ai 1977).
Also, the moderate increase in HR may be the result of a direct ~hronotropic effect indu
ced by peroxides (Borbola et ai 1977) or PGE2 (Bhagat et ai 1972) formed from
arachidonic acid.

The effect of hydraiazine on blood pressure deveiops gradually with a latency
period of 15 to 20 mm even after intravenous administration (Ablad 1963; Nickerson
and Ruedy 1975). In our experiments the hypotensive effect was significant oniy after
30 mm (group V). The infusion of the poiyenoic precursor acid accelerated the beggi
ning of the hypotensive action of hydraiazine which was already significant at 15 mm
and was prolonged until the end of Irhe experirnents (group VIII). Simuitaneousiy, a
more marked tachycardia occurred. It is reasonabie to think that no potentiation of the
MBP decrease was observed, because the experiments were performed in conscious ani
mais. Like ali peripherai vasodilators, hydraiazine in doses that lower biood pressure
induces an increase in HR and cardiac output that counteracts tu a certain degree the
hypotensive effect in nonanaesthetized animais and man (Koch-Weser 1974a, 1976).
The administration of higher doses does not induce a more marked fali in biood pressure,
but a prolongation of the effect (Gross 1977). Furthermore, in our study, the inhibition
of endogerious PG synthesis compieteiy abolished the biood pressure lowering effect of
hydraiazine (groups VI and VII). In view of these observations it is suggested that
endogenous PGS might therefore contribute to the hypotensive effect of hydralazine in
conscious rabbits. PGS, particularly PGE2 and PGI2 which dilate peripheral arterioles and
reduce total peripheral resistance (Lee et ai 1976; Moncada et ai 1976; Moncada et ai
1977), couid eventuaily mediate in part the characteristic changes in peripheral vascular
resistance provoked by hidralazine, or they could, at least, be necessary to obtain the
hypotensive action.

Our results obtained in nonanaesthetized animais also suggest that hydraiazine
tachycardia is brought about by a mechanism other than that involving baroreceptors. In
groups VI and VII, the pretreatment of the rabbits with the PG synthesis inhibitors
aboiished the effect of hydralazine in MBP, but HR increased significantiy, even siightiy
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more than in group V. In an attempt to elucidate the mechanism of this tachycardia,
experiments were carried out with spon’taneousiy beating guinea-pig isoiated atria. The
main finding of these experiments was that hydralazine markediy enhanced the chrono
tropic effect of tyramine. This action is not mediated by a direct effect on the myocar
dium or by an interaction with cardiac receptors because hydraiazine faiied to modify the
spontaneous rate as well as the responses to noradrenaline and isoprenaline. Considering
the above-mentioned facts, it seems reasonabie to assume that the effect of hydraiazine on
the heart might be mediated by a modification of the release of the adrenergic neuro
-transmitter or by interference with its inactivation (or of that of the reieasing subs
tance). These hypothesis are ia agreement with the resuits obtained in conscious rabbits.
The tachycardia c~bserved ia groups VI and VII, despite the absence of hypotensive
effect, can thus be expiained by a direct action of hydraiazine on the adrenergic neuro
-transmission to the heart.

Since a direct chronotropic action of PGE2 has been reported (Bhagat et ai 1972)
a series of experiments with acetyisaiicylic acid added to the bathing soiution were per
formed in an attempt to investigate if endogenous PGS were related to the effect of
hydraiazine on the heart. The resuits have shown that the inhibition of PG synthesis
enhanced the effect of hydraiazine upon the chronotropic responses of the isolated atria
to tyramine. This observation argues against the assuption that the endogenous PG
could mediate the stimulating action of hydraiazine on the heart. However, these findings
are ia good agreement with the hypothesis proposed by Hedqvist that PGS inhibit the
transmitter release by a prejunctionai action on adrenergic neuro-effector transmission
(Frame and Hedqvist 1975; Hedqvist 1976). These results are aiso ia good harmony
with data obtained ia the rabbits pretreated with PG synthesis inhibitors. Ia fact, the
tachycardia induced ia these animais by hydraiazine, despite the absence of modifications
of MBP (groups VI and VII), was siightly more marked than the increase ia HR obtai
ned in group V.

Ia conciusion, it seems reasonabie to assume that the hypotensive effect of hydra
lazine ia conscious normotensive rabbits may be somehow related to the endogenous PGS
system. Ia addition, the resuits of the preseat study suggest that hydralazine has a stimu
lating effect oa the heart prdbably mediated by a modificatioa of the adrenergic neuro
-transmission to the heart.

RESUMO

Em coeihos conscientes normais, a administração intravenosa de hidralazina (0.3
mg/Kg) provocou uma diminuição estatisticameate significativa da pressão arterial
média (p<°.00l) e um aumento significativo da frequência cardíaca (p<°.Oi). O tra
tarnento prévio dos animais com dois inibidores da síntese das prostaglandinas (PGS),
a indometacina (1 mg/Kg) e o ácido acetilsalicílico (10 mg/Kg), aboliu o efeito hipo
tensor e não modificou a taquicardia. No mesmo modelo experimental, a infusão con
tínua de um precursor das PGS, o ácido araquidónico (7,5-10 ~g/Kg/ mm), modificou
o efeito hipotensor da hidralazina que começou mais cedo e foi consideravelmente pro
longado. Em aurículas isoladas de cobaia pulsando expontaneamente, a hidralazina
(4X 10~ M) não teve efeito cronotrópico directo e não modificou as respostas à nora
drenalina (2 a 8X10-7 M) e à isoprenaliaa (1 a 4X10-8 M), mas aumentou marcada-
mente a taquicardia provocada pela tiramina (1,5 a 3.0X106 M). Estes resultados
sugerem que o efeito hipotensor da hidralazina em coelhos normotensos conscientes
está relacionado com o sistema das PGS endógenas e que a hidralaziaa tem um efeito
estimulante sobre o coração, provavelmente mediado por uma modificação da aeuro
-transmissão adreaérgica.



STUDJES OF THE CARDIOVASCULAR ACTIONS OF HYDRALAZINE 669

REFERENCES

ABLAD B: A study of the mechanism of the hemodynamic effects of hydralazine in man. Acta
Pharmacol Toxicol 20, suppl. 1: 1, 1963.

ANDERSSON R: Cyclic AMP as a mediator of the relaxing action of papaverine, nitroglycerine,
diazoxide and hydralazine in intestinal and vascular smooth muscle. Ária Pharmacoi Toxicol
32: 321, 1973.

BEIN HJ, GROSS F, TRIPOD J, METER R: Experimenteile Untersuchungen über die Kreislauf
wi ricung der blutdrucksenkenden Hidrazinophthalazinderivate Apresolin und Nepresol. Schweiz
Med Wochenschr 83.336, 1953.

BHAGAT B DHALLA NS, GJNN D, LA MONTAGNE AE Jr., MONTIER AD: Modification
by prostagiandin E2 (PGE,) of the response of guinea-pig isoiated vasa deferentia and atria
to adrenergic stimuii. Br J Pharrnacol 44: 689, 1972.

BORBOLA J, SÜSSKAND K, SIESS M, SZEKERES L: The effects of arachidonic acid in isolated
atria of guinea pigs. Eu, J Phar,nacol 41: 27, 1977.

BRUNNER H, HEDWALL PR, METER M: Influence of adrenergic 3-receptor blockade on the
acute cardiovascuiar effects of hydralazine. Brit J Pharmacol 30: 123, 1967.

CLARK SJ, POYSER RH: Effect of tazolol on ~3-adrenoceptors in isolated preparations of the
guinea-pig and rat. J Pharm Pharmacoi 29: 630, 1977.

DOUGLAS WW: Polipeptides-angiotensin, plasma kinins, and other vasoactive agents; prostaglan
dins, in: The Pharmacoiogical Basis of Therapeutics, eds. L. S. Goodman and A. Gilman
New York, p. 630. 1975.

DURÃO V, RICO JMGT: Modification by indomethacin of the blood pressure lowering effect of
pindolol and propranolol in conscious rabbits. Eu, J Pharmacol 43: 377, 1977.

DURÃO V, PRATA MM, GONÇALVES LMP: Modification of antihypertensive effect of ~3-adre-
noceptor blocking agents by inhibition of endogenous prostagiandin synthesis. Lancet II, 1005,
1977.

FITZPATRICK TM, JOHNSON M, KOT PA, RAMWELL PW, ROSE JC: Vasoconstrictor res
ponse to arachidonic acid in the isoiated hind ~imb of the dog. Br J Pharmacol 59: 269, 1977.

FRAME MH, HEDQVIST P: Evidence for prostaglandin mediated prejuactional control of renal
sympathetic transmittdr release and vascular tone. Br J Pharmacol 54: 189, 1975.

GROSS F: Drugs acting on arteriolar smooth muscie (vasodilator drugs), ia: Antihypertensive
agents, Handb. Exp. Pharmacol., vol. 39, ed. Franz Gross, Berlin, Heideiberg, p. 397, 1977.
p. 397, 1977.

HEDQVIST P: Further evidence that prostaglandins inhibit the release of noradrenaline from
adrenergic nerve terminais by restriction of availability of calcium. Bi J Pharmacol 58: 599,
1976.

KIRPEKAR SM, LEWIS JJ: Antagonism to the actions of hydralazine, reserpine, potassium cyanide,
sodium azide and anoxia on arterial smooth muscie. J Pharm Phar~nacol 10: 307, 1958.

KOCH.WESER J: Vasodilator drugs in the treatment of hypertension. Arch ln.tern Med 133: 1017,
1974 a.

KOCH-’WESER J: Myocardial inactivity of therapeutic concentrations of hydralazine and diazoxide.
Experientia 30: 170, 1974b.

KOCH-WESERj: Hydraiazine, N Engl. J Med 295: 320, 1976.
LARSSON C, ANGGARD E: Increased justameduilary blood fiow on stimulatioa of intrarenal

prostaglandin biosynthesis. Eu, J Pharmacol 25: 326, 1974.
LARSSON C, WEBER P, ÀNGGARD E: Arachidonic acid increase and indomethacin decreases

plasma renin activity in the rabbit. Eur J Pharmacol 28: 391, 1974.
LEE jB: Prostagiandins and the renal anti.hypertensive and natriuretic endocrin fuction. Rece~ii

Prog Ho,m Res 30: 481, 1974.
LEE JB: PATAK RV, MOOKERJEE BK: Renal prostagiandins and the regulation of blood pres

sure and sodium and water homeostasis. Am J Med 60: 798, 1976.
McGRATH JC, MACKENZIE: The effects of intravenous anaesthetics on the cardiovascular system

of the rabbit. Br j Pharmacol 61: 199, 1977.
MELLANDER S, JOHANSSON B: Control of resistance, exchange and capacitance functions in

thc peripheral circulation. Pharrnacol Rev 20: 117, 1968.
MILLER FM, WIEGMAN DL: Anesthesia-induced alteration of smali vessel responses to nore

pinephrine. Eu, J Pharmacol 44: 331, 1977.
MONCADA S, GRYGLEWSKY R. BUNTING S, VANE JR: An enzyme isolated from arteries

transforms prostagiandin endoperoxides to an unstable substance that inhibits platelet aggre
gration. Nalure 263: 663, 1976.



670 V. DURÃO AND M. ASSUNÇÃO ELVAS

MONCADA S, VANE SR, HIGGS EA: Human arterial and venous tissues generate prostacyclin
(Prostaglandin X), a potent inhibitor of platelet aggregation. Lancei 1: 18, 1977.
NICHOLSON CD, BROADLEY KJ: Irreversible ~3-adrenoceptor blockade of atrial rate and tension

responses. Eu, J Phar?nacol 52: 259, 1978.
NICKERSON M, RUEDY J: Antihypertensive agents and the drug therapy of hypertension, in:

The Pharmacological Basis of Therapeutics, eds. L. 5. Goodman and A. Gilman, New York,
p. 705, 1975.

RYAN MJ, KRAFT E, SUGAWARA K, ZIMERMAN BG: Influence of prostaglandin precursors
and synthesis inhibitors in vascular bed perfused without a pump. J Pharmacol Exp Ther
200: 606, 1977.

SCHROEDER HA: The pharmacology of hydralazine, in: Hypertension. The First Hanemann Syrn
posiurn on Hypertensive Disease, ed. H. Moyer Philladelphia-London p. 332, 1959.

VANE JR: Inhibition of prostaglandin synthesis as a mechanisrn of action for aspirine like drugs.
Nature New Biol 231: 232, 1971.

WEBER MA, THORNELL IR, STOKES GS: Effects of beta-adrenergic blocking agents on plasma
renin activitv in the conscious rabblt. [ Pharmacol Exp Ther 188: 234, 1974.

Adress for reprints: Virgílio Durão

Instituto de Farmacologia. Faculdade de Medicina
Hospital de Santa Maria, 1600 Lisboa - Portugal


