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Pharmacological Analyses of Effects of Hydralazine
on the Cardiovascular System in Dogs

Kimiaki SAEGUSA
Department of Pharmacology, Shinshu University School of Medicine
(Director: Prof. Shigetoshi CHIBA)

Cardiovascular effects of hydralazine were evaluated in intact dogs and isolated, cross-circulated
canine atria. When hydralazine was injected into the sinus node artery, negative chronotropic and
double-peaked positive inotropic responses were induced in a dose-related manner. The negative
chronotropic and first-peak positive inotropic effects were not affected by atropine and propranolol,
respectively. The second-peak positive inotropic effect was inhibited by propranolol or reserpine
but not suppressed by imipramine or tetrodotoxin, When hydralazine was administered intraveno-
usly to the donor dog, an initial increase followed by a decrease in blood pressure and an increase
in heart rate were observed. Hydralazine-induced tachycardia preceded the fall in arterial pressure.
A large amount of hydralazine occasionally caused an immediate and transient bradycardia followed
by along- Iastingb tachycardia. In the isolated atrium perfused with donor’s blood, an increase in
contractile force was mduced but was not so prominent. The positive effect was suppressed by
reserpine,

From these results, it is concluded that (1) hydralazine has direct cardiac depressant and
catecholamine releasing properties, (2) hydralazine-induced catecholamine release in the isolated
heart is not mediated by a tyramine-like action or via nerve excitation, and (3) catecholamine
release evoked by intravenous hydralazine may be mainly due to reflex sympathetic activation.
Shinshu Med. J., 84 :285—252, 1986
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Fig. 1 Chemical structures of hydralaiine (1-hydrazinophthalazine) and
budralazine (1-[2-(1,3-dimethy1-2-butenylidene)-hydrazino]-phtha-
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Fig, 2 Experimental set-up showing isolated preparation, perfusion system from
donor dog and various recordings (left panel) and schematic presentation of
isolated, blood-perfused atrial preparation (right panel). Abbreviations, ECG :

electrocardiogram, HR : heart rate,

RA ! right auricle, SVC:superior vena

cava, SNA :sinus node artery, RCA :right coronary artery, ER: electrode
for recording, PC: polyethylene cannula, RT : rubber tube
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Fig. 3 Changes in atrial rate and contractile force produced by hydralazine injected
into the sinus node artery in an isolated, blood-perfused atrium. In regard to
the following figures, the initial negative chronotropic and first-peak positive
inotropic responses to hydralazine are defined as hydralazine 1, and the small
positive chronotropic and second-peak positive inotropic responses as hydrala-
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Fig. 4 Dose-response curves for percentage
changes in the maximum negative or positive
chronotropic (upper panel) and positive ino-
tropic (lower panel) responses to hydralazine.
Points represent means and vertical lines
show standard errors of means (SEM), Basal
levels of atrial rate and contractile force for
the six perfused atria were 105.8%£5. 4 (mean

* £=SEM) beats/min and 2. 1£0, 1g, respectively.

0.1 0.3 1
Dose ot Hydralazine (mg)

See legend to Fig. 3 for explanation of hydra-
-alazine 1 and 2.
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Fig. 5 Effects of propranolol on atrial rate and contractile force

responses to hydralazine and norepinephrine (NE) in an isolated,
blood-perfused atrium. One milligram of hydralazine, 0.03 g
NE, and 3 pg propranolol were injected into the sinus node
artery. ’
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Fig. 7 Effects of imipramine on atrial rate and contractile force responses to
hydralazine, tyramine and NE in an isolated, blood-perfused atrium.
One milligram of hydralazine, 3ug tyramine, 0.03 xg NE, and 300 ug
imipramine were injected into the sinus node artery.
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Fig. 9 Effects of tetrodotoxin (TTX) on atrial rate and contractile force responses to
hydralazine, nicotine and NE in an isolated, blood-perfused atrium, One milligram
of hydralazine, 3 ug nicotine, 0.03 zg NE, and 3 p#g TTX were injected into
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Fig. 10 Effects of TTX on percen-

tage changes in chronotropic
and inotropic responses to hy-
dralazine, NE and nicotine in
five or six isolated, blood-:per-
fused atria. Vertical lines show
SEM. Comparisons are with
control values (paired #-test):
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Fig. 11 Dose-response curves for percentage
changes in the maximum positive chrono-
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panel) responses to tyramine in five non-
treated or four reserpinized isolated, blood-
perfused atria. Points represent means and
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TFig. 12 Cardiac effects of tyra-
mine and hydralazine injected
into the sinus node artery of
non-treated (upper panel) or
reserpinized (lower panel) iso-
lated, blood-perfused atrium,

Fig, 13 Percentage changes in
chronotropic and inotropic
responses to hydralazine in
five non-treated and four re-
serpinized isolated, blood-pe-
rfused atria. Vertical lines
show SEM. Compariscns are
with the values of non-treated
preparations (unpaired #-test):
NS as defined in Fig. 8 legend.
Basal levels of atrial rate and
contractile force for the five
non-treated and four reserpi-
nized isolated atria were 107. 4
+4,0 (mean==SEM) and 99, 3+
6.1 beats/min, and 2.6=+0.3
and 2.240.3g, respectively.
See legend to Fig.3 for exp-
lanation of hydralazine 1 and
2.

243



= K A R
Hydralazine 1 mg [ 1 (M 2
ACh 0.3 g BN
@
@
c 5 nsg
o
S
=
p¢0.086
20 0 mm \
0@ o
5 N\
a £ -5 \
o © \
£ & N
o -10pF
o T T . .
g NS Fig. 14 Effects of atropine on per-
NS centage changes in chronotropic

Y Fl‘ T and inotropic responses to hydr-
a 100 alazine and acetylcholine (ACh) in
0 o NS six isolated, blood-perfused atria.
% 2 sok Vertical lines show SEM. Com-
é’ g parisons are with control values
o O (paired ¢-test): NS as defined in
- 0 oH
g ] & Flg. 8 legend. Basal I‘evels of
- atrial rate and contractile force
° -50f P<0.001 for the six isolated atria were
= 108.5-23.6 (mean+SEM) beats/

~100 min and 2.9+0. 4 g, respectively.

Control

Acetylcholine 0,3pg OEMHZER « ZBHERI,
SAH Y VERERMKEESEE atropine 3ug MBI XD
BRI S, LrL hydralazine 1 o7
WL, atropine B X b BEIhich -7,
Fig. 14 12 6 flic o\ T ORISR TH B,

B #HMADIFEHIRICILE L= hydralazine @

ThE

1 R o o KBBIIRILE s b O i
LDEEROLBEWMEE - LB I e s X iETd
hydralazine ©2)E

Hydralazine (0.1-1mg/kg) #i L b, Lk
DRIBEIRMAENE, —f#M:o EFFC T 4aH:
ORIGERR Ui, #ELTH B 5 ~100HILIRED
A Cdco DIRBUEMIE T IELART 2> SN L 7,
Img/kg #HECE 6 flrk 3 flic kT, HEEEKR
BRIRYE e HIEER TR, —IgEoBMENIRE
L0 T B R RIS S X hic, Fig, 1510
hydralazine (1 mg/kg) $EC L 2RKED 1 flex
Lo ZOicik, BElEtfc—RtoRIRyREE L

244

See legend to Fig.3 for expla-
nation of hydralazine 1 and 2.
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Fig. 15 Effects of hydralazine injected into the jugular vein of non-treated
donor dog on heart rate and blood pressure in intact dog (A) and on
atrial rate and contractile force in non-treated isolated atrium (B).

Table 1 Effects of hydralazine injected into the jugular vein of six non-treated and
four reserpinized donor dogs on mean systemic blood pressure (SBP) and heart
rate (HR) in intact dogs and on contractile force (CF) and atrial rate (AR) in
isolated atria.

Donor dogs ' Isolated atria
Dose of Maximum Maximum Maximum Maximum Maximum
hydralazine increase of decrease of increase of increase of increase of
{(mg/kg) SBP (%) SBP (%) HR (%) Cr (%) AR (%)

Non-treated dogs

0.1 3.440.6 10.7£2.5 6.041.3 7.9£3.3 2.140.9

0.3 8.9x1.1 12,721 9,.64-1.3 7.6x1.7 1.3+0.6

1 9.5+1.4 16.7x2,7 9.4%2.2 14,2440 1.0£0.5
Reserpinized dogs

1 2,241, 1%* 19,3:k1.7 1.8+1. 0% 2,141, 2% 0

Values are mean=SEM. Basal values of non-treated dogs : SBP, 104+5 mmHg ; HR, 131+4
beats/min ; CF, 2.5::0.3g:and AR, 108£4 beats/min. Basal values of reserpinized dogs :
SBP, 78+£10mmHg ; HR, 113-+4 beats/min ; CF, 2.40.1 g ; and AR, 105-=6 beats/min. Com-
parisons are with the values of non-treated donor dogs and isolated preparations at a dose
of 1 mg/kg i.v. to the donor dog (unpaired ¢-test): *p<C0. 05, **p<C0. 005,
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Fig. 16 Effects of hydralazine injected into the jugular vein of reserpinized donor
dog on heart rate and blood pressure in intact dog (A) and on atrial rate and
contractile force in reserpinized isolated atrium (B),
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Fig. 17 Summarized data for cardiac effects
of increasing doses of budralazine and its
vehicle when injected into the sinus node
artery of isolated, blood-perfused atria.
Vertical lines show SEM. Basal levels of
atrial rate and contractile force for the
five isolated atria were 119,0%6.1 (mean-t
SEM) beats/min and 3.0+0.3g, respec-
tively.
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Fig. 18 Experimental tracing of effects
of budralazine injected into the
jugular vein of donor dog on sys-
temic blood pressure (SBP) and
heart rate (HR) in intact dog and on
atrial rate (AR) and contractile force
(CF) in isolated atrium.
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Fig, 19 Summarized data for effects of intra-
venous injection of budralazine to donor
dogs on mean systemic blood pressure (SBP)
and heart rate (HR) in intact dogs and on
atrial rate (AR) and contractile force (CF)
in isolated atria. Points represent means
and vertical lines show SEM. Numbers
indicate the number of experiments perfo-
rmed. Basal values:SBP, 92+12 mmHg
(mean +=SEM); HR, 15216 beats/min ; AR,
95-+7 beats/min ; and CF, 2.3£0.5 g.
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