Studies of the Mechanism of Cardiovascular Responses
to CI-581
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The mechanism of the biphasic response of
arterial pressure to administration of CI-581 was
investigated. In dose-resp studies of isolated
perfused rabbit hearts, contractile tension de-
creased in direct proportion to dose. A depressor
phase only was found in dogs with bilateral va-
gotomy and bilateral section of the carotid sinus
nerve. In jrculation studies, ptor dogs
in which only one carotid sinus was exposed to
the drug responded with a pressor phase only.
In another series of dogs the normal response of
decreased arterial pressure to sudden increases of
pressure on the carotid sinus was abolished by
CI-581. Electroneurograms of the carotid sinus
nerve r led a diminution of fr
after CI-581. We propose that the depressor
phase is due to a direct negative inotropic effect
on the myocardium and the pressor phase to a
diminution of fi of b
these being independent and oppost
and the resultant arterial pressure a summation of
the two. Epinephrinedinduced arrhythmias in
dogs were abolished by CI581, and the dose-
response studies of the functional refractory period
of isolated perfused rabbit hearts revealed sig-
nificant prolongation. This was interpreted to
mean that CI-581 has antiarrhythmic properties.

THE ANESTHETIC PROPERTIES of the compound
2(0-chlorophenyl)-2 methylamino cyclohexa-
none HCI (CI-581) have been demonstrated
in laboratory animals and in man.2-® Corssen
observed a pressor response of systolic and di-
astolic blood pressures as well as an increase
in heart rate in man.t McCarthy found a bi-
phasic response of blood pressure in animals.?

° Special Fellowship 5-F3-GM 33, 651-02 from
the National Institute of Health, National Institute
of General Medical Sciences.

Received from the Departments of Pharmacolo
and Anesth&iolzﬂ', University of Mississippi Medi-
cal Center, Jackson, Mississippi. Accepted for
publication February 23, 1968.

This work was supported in part by Parke,
Davis and Company, 2800 Plymouth Road, Ann
Arbor, Michigan, who also supplied the CI-581.

In using CI-581 clinically as an anesthetic
agent we frequently have observed this pressor
response; in fewer cases we have found 2 bi-
phasic response. In the biphasic response,
the depressor component comes first, with an
onset paralleling loss of consciousness; it is of
short duration, usually one to three minutes,
and is followed immediately by the pressor
response. Experience with CI-581 led us to
believe that the drug possessed antiarrhythmic
properties. The purpose of this investigation
was to examine mechanisms of the effect of
CI-581 on the cardiovascular system.

Methods

Errects oF CI-581 ON THE ARTERIAL PRES-
surRes oF Docs BEFORE AND AFTER
DENERVATION OF BARORECEPTORS

Ten dogs received initial doses of thiamylal
30 mg./kg. in the cephalic vein, and the tra-
cheas were intubated. Anesthesia was main-
tained with a 66 per cent nitrous oxide and
33 per cent oxygen mixture in a semiclosed
circle absorption system; ventilation was con-
trolled with a Bird respirator. Arterial blood
gases, maintained at pH 7.35-7.45, Peo, 35—
40 mm. Hg, Py, 100-150 mm. Hg, were moni-
tored with Instrumentation Laboratories gas
analyzers, Model 113 and Model 127. Rectal
temperature was monitored with a Yellow
Springs Tele-Thermometer Model 43 TD and
maintained between 98 and 99° F. The mean
femoral arterial blood pressure was measured
and recorded utilizing a Statham strain-gauge,
Grass Model 7P1A preamplifier, and a Model
7 polygraph.

The ten dogs were divided into three groups
with varying baroreceptor reflex capacities
produced by surgical denervation. CI-581 5
mg./kg. was administered into the cephalic
vein and the effects on mean femoral arterial
pressure were determined. Group A, four
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Panes 1. Responso of MFAP to CI-581 before and aftor Denervation of Barorceeptors

Boforo Dencrvation Aftor Doncrvntion
Control Aftor CI-681, 5 g, /kg. Contral After CI-681, b mg. /kg.
MFAP MFAD
(ousn, 1) Mint Duratlon of | Muximal  [{Duration of Gam, 1ig) Minimal Duration of Maxjinnl Duration of
MEFAD I nao MEAP Iucrenso MEFAP Docrenno MFAD Increano
(i, 1g.) ) (m, Hg) (sco.) (i, i) {acc.) (mm. Hg.) (noc.)
Group A, Bilateral Vagotomy
Dog 1 150 140 20 180 600 170 160 G0 100 000
Doy 2 126 100 20 136 1,200 140 120 300 140 0
Dog 3 120 00 40 140 600 130 70 280 140 300
Dog 4 106 86 200 145 800 120 106 300 140 450
Moan 126 (:10) | 103.7 (:25) 160 (£20) 140 (£22) | 114 (87) 162 (:25)
Group B, Bilaternl Division
of Carotid 8inus Nerves
Dog 1 115 00 60 L4h 400 130 86 50 145 100
Dog 2 130 06 40 176 000 160 150 [0} 186 400
Dog 3 120 100 120 135 1,100 130 00 60 1o ]
Mean 122 (+8) 05 (£5) 162 (£21) 140 (:£17) | 108 (:30) 163 (428)
Group C, Bilateral Vagotomy
and Division of Carotid
Binus Nervea
Dog 1 115 06 200 146 800 138 100 600 138 0
Dog 2 124 100 20 136 1,000 140 115 300 140 0
Dog 3 1156 110 20 145 800 146 116 1,200 145 0
Menn 118 (£5) | 102 (+8) 142 (£0) 141 (k4)* | 110 (£0)** 141 (d)*e*

* Significant difference from value before denervation, P < 0.05.
** Significant difference from valuo after denervation, P < 0.025,
*+% No significant difference {rom control value after denervation.
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dogs, received CI-581 before surgical vagal
denesvation. This group then received bi-
Iateral vagotomy at a level immediately caudal
to the nodose ganglion and the drug effect
was again determined. The intervals between
the first and second injections of CI-581 were
between 90 and 120 minutes.

Group B, three dogs, received CI581, 5
mg./kg., before and after the carotid sinus
nerve was sectioned bilaterally. The time in-
tervals between the two injections were the
same as those for Group A.

Group C, three dogs, received CI-581, §
mg./kg., after the carotid sinus nerve was sec-
tioned bilaterally and bilateral vagotomy was
performed at the same level as in dogs in
Group A.

AnTiarREYTEMIC AcCTION OF CI-581

Eight dogs of Groups D and E received an
initial dose of thiamylal 30 mg./kg. adminis-
tered into the cephalic vein, and endotracheal
intubation was accomplished. Anesthesia was
maintained with a mixture of oxygen and 1
per cent halothane in a semiclosed circle ab-
sorption system; ventilation was controlled
with a pressure-cycled respirator. pH and
Pco. were maintained as previously described,
but Pg, was 220 to 250 mm. Hg. The EKG
was monitored utilizing 2 Grass Model 7P6A
preamplifier and Model 7 polygraph. Mean
femnoral arterial pressure was measured.

One hour after induction of anesthesia, con-
trol cardiac rate, thythm and mean femoral
arterial pressure were determined and epi-
nephrine was administered by a drip technique
into the cephalic vein at a rate which was
constant in each dog but varied from one ex-
periment to another, ranging from 0.21 to 1.00
pg./kg./minute (table 2). The rate of ad-
ministration was recorded by connecting a
Grass 7-P58 preamplifier between the infu-
sion bottle of saline solution containing epi-
nephrine and the infusion set, each drop
(approximately 0.18 pg epinephrine) complet-
ing an electrical circuit; the signal was re-
corded by a Grass polygraph simultaneously
with the arterial blood pressure and EKG.
The epinephrine drip was operated manually;
the rate remained constant throughout the ex-
periment.

THE MECHANISM OF CARDIOVASCULAR RESPONSES
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After ventricular arrhythmias (either multi-
focal ventricular extrasystoles or ventricular
tachycardia) had persisted for approximately
ten minutes, CI-581, 6 mg./kg., was adminis-
tered to the four dogs of Group D as a single
dose intravenously in the side opposite that
receiving epinephrine, and to the four dogs
of Group E by the drip technique at rates
ranging from 1.5 to 2.4 mg/kg./min. (table
2). The effects of CI-581 on cardiac rhythm
and mean femoral arterial pressure were re-
corded.

RESPONSE OF THE CAROTID SINUs Baro-
RECEPTOR TO CI-581

Twenty-eight dogs were anesthetized with
thiamylal 30 mg./kg. Anesthesia was main-
tained with nitrous oxide and oxygen, and
blood gases were measured. Three separate
groups of experiments were performed utilizing
14 dogs in Group F, which consisted of seven
cross-circulation experiments, and seven dogs
each in groups G and H.

Group F, Cross-circulation. Bilateral vagot-
omy and sinus denervation were performed
in the donor dog to determine the effect on
arterial pressure produced by the drug through
mechanisms other than the baroreceptor mech-
anism. Bilateral vagotomy and right carotid
sinus denervation were performed in the ac-
ceptor dog so that the drug effect on the
perfused left carotid sinus with the sinus nerve
intact would be reflected in changes in periph-
eral arterial pressure.

Donors and acceptors were heparinized, and
an in situ preparation of the left carotid sinus
of the acceptor was perfused with the blood
of the donor by a Sigma motor (constant
flow) pump superimposed between the two
(fg. 1). The total capacity of the polyethyl-
ene tubing between the two dogs was 9 ml;
the capacity of the in sifu preparation was
1 ml

The mean blood pressures of the external
carotid artery of the in situ preparation and
the femoral arteries of both the acceptor and
the donor were measured and recorded. Lead
9 of the EKG of the acceptor was recorded.

CL-581, 5 mg./kg. was administered into
the cephalic vein of the donor and the effects
on femoral arterial blood pressures of both
dogs examined.
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Group G, effects of CI-581 on the Responses
of the Carotid Sinus Bar ptors to Ch
of Pressure. Seven dogs of Group G were
anesthetized with thiamylal Anesthesia was
maintained with nitrous oxide and oxygen.
Mean femoral arterial pressure was recorded.

Bilateral vagotomy was performed immedi-
ately caudad to the nodose ganglion and the
left carotid sinus nerve was divided so that
the only baroreceptor fibers intact would be
those of the right carotid sinus nerve. The
animals were heparinized, the right common
carotid artery divided and the ends reapproxi-
mated over a T-tube with the side arm leading
to a 500-ml. reservoir partially filled with 0.9 N
saline solution. The side arm was clamped
until the test began. All branches of the
common carotid artery except the internal ca-
rotid artery were ligated.

The internal carotid artery was divided, the
distal end ligated, and the proximal end anas-
tomosed to a polvethylene tube 2 cm. in length.
The distal end of the tube was anastomosed
to the external jugular vein so that the in-
ternal carotid artery could be occluded by
clamping the tube, thus avoiding mechanical
pressure on the arterial wall at the time of
testing. At the test the common carotid ar-
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tery was clamped, measured pressure was ap-
plied to the reservoir bottle, the internal ca-
rotid artery anastomosis was occluded at the
level of the polyethylene tube, the clamp on
the side arm of the T-tube was released, and
the changes in arterial pressure produced by
varying the pressure on the carotid sinus from
0 to 150 mm. Hg were observed.

After this observation, the internal carotid
anastomosis was unclamped and the side arm
of the T-tube closed; an interval of 30 minutes
elapsed before further testing. CI-581, 2 mg./
kg., was then administered into the cephalic
vein of one dog; 5 mg./kg. to three dogs; and
10 mg./kg. to three others. The test was re-
peated after five minutes, and again after 15
minutes to evaluate recovery.

Group H, Recording of Sinus Nerve Action
Potential. A bypass of the common carotid
artery was made in the seven dogs of Group H
and the pressure controlled in the manner
described. In these preparations, however, the
internal carotid artery was not anastomosed or
clamped. The carotid sinus nerve was dis-
sected free and divided near its junction with
the glossopharyngeal nerve, the distal section
of the nerve placed on a pair of platinum elec-
trodes approximately 2 mm. apart in a liquid

TasiE 2. Effects of CI-581 on Epinephrine-induced Arrhythmias*

After Epinephrine After CI-581
};::‘_e of
Hne-
Sy P“‘)‘;'f;: Time Time “
(mm. He) % AIFAP e MFAP s o,
s | om B | 00 Dose (om_ Ho) | (2ol | of Nommal
thmins ythm
Group D, Single
Injection hiad
Dog 1 110 0.53 168 65 6 mg./ke. 140 <20 30 sec.
Dog 2 150 0.30 190 60 6 mg./kg. 180 <20 25 sec.
Dog 3 145 0.26 170 90 6 mg./kg. 130 <20 65 sec.
Dog 4 120 0.21 140 180 6 mg./ke. 100 <20 | 90sec.
Group E, Drip
Technique
Dog 1 120 0.29 140 120 2.4 mg./kg./min.} 130 240 7 min.
Dog 2 112 0.30 164 90 |24 mg/kg./min} 150 40 6 min.
Dog3 85 1.0 130 90 |15 mg./kg./min} 135 120 5 min.
Dog 4 132 1.0 162 120 |20 mg./kg./min| 135 90 5 min.

* Dogs anesthetized with oxygen and halothane 1 percent.
** After arrhythmias occurred epinephrine was continued at the same rate until the experiment was

terminated.

*x* Normal rhythm was still present in all experiments when terminated.
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paraffin layer. Spontaneous action potentials
of the carotid sinus nerve were amplified with
a Tektronix RM122 preamplifier, displayed on
the screen of a cathode-ray storage oscilloscope,
and photographed simultaneously with external
carotid artery pressure. -

The sinus nerve has two types of impulses:
one of large amplitude, thought to result from
the rate of change of the systolic phase of the
pulsatile pressure; the other small and seen
during the diastolic phase. The maximal sensi-
tivity of this reflex mechanism exists between
pressures of 85-110 mm. Hg.1*%

The frequency response of the sinus nerve
impulse to spontaneous pulsatile pressure was
recorded before and at intervals of three, five,
ten and 25 minutes after administration of
CI-581, 6 mg./kg., intravenously. The fre-
quency Tresponse to controlled nonpulsatile
pressure progressively increasing from 50 to
150 mm. Hg was also ascertained before and
after administration of the drug at intervals of
five, 15, and 20 minutes. Responses to con-
stant nonpulsatile pressures of 100 and 150
mm. Hg were recorded before and five and 15
minutes after drug administration.

IsoLATED HEART STUDIES

Isolated rabbit hearts were perfused with a
solution of 7.0 Gm. sodium chloride, 0.42 Gm.
potassium chloride, 0.24 Gm. calcium chloride,
910 Cm. sodium bicarbonate, 0.143 Gm.
monobasic sodium phosphate, 0.20 Gm. mag-
nesium chloride, 20 Cm. dextrose, and 45
Gm. sucrose in distilled, demineralized water,
to a total volume of 1,000 ml. The solution
was saturated with 95 per cent oxygen and 5
per cent carbon dioxide. pH values remained
within the range of 7.35 to 7.45 and tempera-
tures were maintained constant at 38° C. The
pressure required for good coronary perfusion,
approximately 45 to 55 cm. water, was kept
constant by means of a modified Anderson-
Craver Pyrex coronary perfusion apparatus.®®

Myocardial contractile tension was moni-
tored by placing a suture in the apex of the
ventricle and attaching it to an FT-03B Grass
force-displacement transducer, calibrated with
one gram of weight. Surface electrical phe-
nomena were monitored as bipolar surface
electrograms recorded with a Grass Model 5
polygraph. 221 Surface electrical phenomena

THE MECHANISM OF CARDIOVASCULAR RESPONSES

ACCEPTOR
Pressure

In situ carotid sinus cross-circulation.

Fre. 1.
C.C.A.= common carotid artery; E.C.A.= exter-
nal carotid artery; I.C.A. = internal carotid artery;
S.P. = sigma motor pump.

and contractile tension were studied in nine
preparations.

Measurement of the functional refractory
period was accomplished by the twin-pulse
method of Rosenbluth.3? The stimulating elec-
trodes were 26-gauge wire needles one-half
inch long, inserted into the myocardium ap-
proximately 1 cm. apart on the posterior side
at the uppermost part of the ventricular sep-
tum. After the electrodes were in place the
area of the sinus node was removed. The
hearts were paced with a Grass SD-5 stimu-
lator, utilizing 40 volts of 1-millisecond dura-
tion at a rate slightly greater than normal, 140
200/minute, kept constant throughout each
experiment. The test stimulus was identical
to and was applied through the same electrode
as the drive stimulus. The delay between the
drive stimulus and the second pulse, the test
stimulus, was gradually increased until an
extrasystole was observed. The shortest pe-
riod of delay between the twin pulses was
recorded as the functional refractory period.
The refractory periods were measured in eight
preparations different from those used for stud-
jes of surface electrical phenomena and con-
tractile tension.

Each preparation was subjected to the
normal perfusate and control values obtained.
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CI-581 was then added to the perfusate, the
concentrations increased, and the effects ex-
amined at 10-minute intervals. CI-581 con-
centrations ranging from pD 4.3 to pD 34
were selected because pD CI-581 4.3 was cal-
culated to be a minimal anesthetic dose and
pD CI581 3.4 was the concentration that
consistently and completely abolished the de-
velopment of contractile tension.

Results

Responses MFAP 1o CI-581 BEFORE AND
AFTER SURGICAL DENERVATION OF
THE BARORECEPTORS

The typical responses of the mean femoral
arterial pressure (MFAP) to intravenous ad-
ministration of CI-381, 5 mg./kg., are shown
in figure 2. The variations in MFAP seen
were consistent in all experiments (table 1).

Group A. A biphasic response of the MFAP
was produced in all dogs by CI-581, & mg./
kg., before bilateral vagotomy. The initial
component was a depressor phase, with a
mean decrease of 21 mm. Hg, range 10 to 30

E. G. DOWDY AND K. KAYA

mm. Hg. Duration was highly variable, rang-
ing from 20 to 200 sec. The depressor phase
was followed immediately by a pressor phase
with a mean increase of maximal pressure 25
mm. Hg above the control value, range 10 to
40 mm. Hg. The duration of the pressor phase
was greater than that of the depressor in all
dogs, with variability ranging from 500 to
1,200 sec.

After bilateral vagotomy the mean control
MFAP was 15 mm. Hg greater than before
section, indicating that some baroreceptor ac-
tivity had been removed. CI-581, 5 mg./kg.,
again produced a biphasic response of MFAP,
with an initial depressor phase with a mean
value of 26 mm. Hg, range 10 to 60 mm. Hg.
The duration was again variable from G0 to
300 seconds, but in each dog it was greater
than before bilateral vagotomy.

The depressor phase was followed immedi-
ately by a mean increase in the MFAP of 12
mm. Hg. Dog 2 of this group did not re-
spond with a pressure greater than the con-
trol level; after 300 seconds the depressor

o c1-581  Smg/Xg
A R

aenY

SINUS NERVES AND VAGUS NERVES INTACT

presure/k to 531581, 5
mg./kg., in dogs anes-
thetized with nitrous ox-
jde—oxygen. A = normal
dogs: very slight depres-
sor phase followed by

SINUS NERVES INTACT — BILATERAL VAGOTOMY

Enssor phase; A’ = after
galeml vagototgy: bi-
phasic response; B = vagi
intact but with bilateral
division of the carotid
sinus nerve, biphasic re-
sponse; C = bilateral va-
gotomy and bilateral di-
vision of the carotid sinus

e —

BILATERAL SINUS DENERVATION — BOTH VAGH MNTACT

cr-581 Semg/Xg

[ 33

t

nerve, only a depressor
phase, which (ﬁﬁ not
completely recover untl
after 15 minutes.

W

BLATERAL SINUS AND WAGUS DENERVATION
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mmHg
160

140

6 mg/Kg

5 Sec.

i y

Frc. 3. Antiarthythmic effect of CI-581.
drip 0.22 pgsgkg./min. in dog anesthetk
from top to botton: are: 1. mean femoral arterial

Ventricular arthythmia produced by epinephrine
tized with halothane § per ceat and uxygle,n.p Trgcinﬁs

pressure; 2. EKG, lead 2; 3. time; 4. epine;

rine drip, 0.18 ;Lg.gdmp.. Intravenous administration of C1-581 6 mg./kg. completely abolished

the ventricular arrhythmia.

phase was gone and MFAP returned to con-
trol level. In dogs that did exhibit the pressor
phase, the duration was again variable, rang-
ing from 300 to 600 seconds, and in all dogs
the duration of the pressor phase was less after
bilateral vagotomy than before.

Group B. The MFAP of the control dogs
responded to CI-581, 5 mg./kg., in a fashion
similar to MFAP in control dogs of Group A
before section (table 1). Again, there was a
biphasic response, with a mean decrease of
MFAP of 27 mm. Hg followed by a mean in-
crease of 30 mm. Hg greater than control
values. Again, the durations of both phases
were variable, but the pressor phase was
longer than the depressor phase. After right
and left carotid sinus denervation the mean
value of the pressures was 18 mm. Hg greater
than the mean value of control pressures be-
fore section. All animals responded with a
depressor phase, with a mean of 32 mm. Hg.
This was followed by a pressor phase in two
dogs; MFAP of one returned to the control
level without a pressor response. Mean pres-
sor response was 13 mm. Hg. Duration was
again variable, ranging from 0 to 400 seconds
and was shorter than that before denervation.

Group C. The response to CI-581, 5 mg./
kg., before section was the same as that in the

dogs of Groups A and B before section. The
response was again biphasic. The mean de-
crease of MFAP was 16 mm. Hg; the increase
was 24 mm. greater than in the controls. The
pressor phase lasted longer than the depressor
phase in all dogs.

After bilateral total denervation, MFAP was
23 mm. Hg higher than the mean control
value. CI-581, 5 mg./kg., produced only a
depressor phase. The difference between the
mean of the control values and the minimal
MFAP after CI-581 was 31 mm. Hg. Dura-
tions of depressor phases were variable but
greater than before denervation. The mean
durations of the biphasic components of the
MPFAP of all ten dogs of this experiment were
determined before denervation. The mean
duration of the depressor phase was 1.2 min-
utes; duration of the pressor phase 13.5 min-
utes.

ANTIARRHYTEMIC AcTioN oF CI581

A typical response of dogs with epineph-
rine-induced arthythmias to an injection of
CI-581, 6 mg./kg. is shown in figure 3, and
the responses to single injections and to infu-
sion of CI-581 are shown in table 2.

Arthythmias occurred in all dogs anesthe-
tized with halothane and receiving epineph-

20z ludy 01 uo 3senb Aq ypd'11.000-00060896 |-Z¥S0000/29. L 1.9/ 1.€6/S/62/}Pd-01011e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



938

E. G. DOWDY AND K. KAYA

Anesthesiology
Sept.~Oct. 1968

Mean Femoral Arfery Preswre — Accepfor

Meon Rt ECA. Pressure Controlied by S- Pump — Acceptor

Fic. 4. Cross-circula-
tion experiments demon-
strating the response of

E K G - Acceptor

DA

Meon Femoro!l Artery Pressure — Donor

CI-58!

pressure to ex-
posure of the carotid
sinus to CI-58l. The

donor dog had bilateral
vagotomy and bilateral
division of the carotid
sinus nerve; the acceptor
had bilateral vagotomy
and division of the leit
carotid sinus nerve. {See
:lzix)'culaﬁon diagram, Fig.

! 5mg/Kg
l ‘
[

L_J1min.

rine. Onset ranged from one to three minutes
after the infusion began. After a single injec-
Hon of CL-581, 6 mg./kg., all dogs of Group D
responded with conversion to normal rhythm
within 20 seconds. The duration of normal
rthythm was short, ranging from 25 to 90
seconds.

With the infusion technigue all dogs re-
sponded with conversion to normal rhythm,
but the times between drug administration and
appearance of normal rhythm were greater
than in dogs of Group D. Once normal thythm
occuited, it remained as long as the infusion
continued. The MFAP was elevated in afl
dogs after epinephrine infusion began, and de-
pressed after the administration of CI-581 in
all dogs except in dog 3 of Group E. Al
though CI-581 produced decreases of MFAP
when compared with MFAP before the ad-
ministration of epinephrine, the pressures were
still above the initial values in six of the eight
dogs. The MFAP values of dogs 3 and 4 of
Group D were depressed 10 and 16 per cent,
respectively, when compared with pre-epi-
nephrine levels.

ResronsE OF CAROTID SINUs BARORECEPTORS
To CI-581

Group F. The responses of the MFAP
values of the donor and acceptor dogs to CI-

581, 5 mg./kg., shown in figure 4, are typical
of the data of this series (table 3).

After administration of CI-581 to the donors,
all acceptors responded with increases in
MFAP. The difference in the mean values of
MFAP before and after receiving CI-581 was
252 mm. Hg, which was significant (P <
0.01), representing an 18 per cent increase
over the control pressure. The mean duration
of the pressor responses was 14 minutes. A
depressor response was not observed in any
acceptor dog.

All donor dogs responded with depressor
phases. The difference in mean MFAP values
before and after CI-581 was 22 mm. Hg, also
highly significant (P < 0.005), representing a
19 per cent decrease from the control pressure.
The mean duration of the depressor phases
was seven minutes. A pressor response was
not observed any donor dog.

Group G. The responses of MFAP of sud-
den changes of pressure in the carotid artery
before and after the intravenous administra-
tion of CI-581 are presented in table 4. A 35
per cent mean decrease of MFAF was pro-
duced by changes in extemal carotid artery
pressure, within the normal range of the Blut-
druck-Charakteristik curves described by Koch
in 1931.2¢
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After administration of CI-581, a Blutdruck-
Charakteristik plot revealed a shift of the
curves to the right in all dogs; in other words,
the usual fall of the MFAP produced by vary-
ing the pressure on the carotid sinus was di-
minished by the administration of CI-581. The
depression of MFAP was inversely propor-
tioned to the dose. One dog receiving CI-581,
9 mg./kg., had a 20 per cent reduction in the
reflex capacity of the carotid sinus; three dogs
receiving 5 mg./kg. had 50 to 60 per cent re-
duction; three dogs receiving 10 mg./kg. had
80 to 100 per cent reductions.

Fifteen minutes after administration of CI-
581 there was partial recovery of reflex ac-
tivity of the carotid sinus in six of the dogs.
At this time, dog 3 had completely recovered
and responded with 27 per cent more activity
than had been present before administration
of the drug.

Group H. In all dogs, CI-581, 6 mg./kg.,
diminished the frequencies of both large- and
small-amplitude action potentials produced by
pulsatile pressures. Typical electroneurograms
are shown in figure 5. CI-581 also diminished
the frequencies of both types of potentials
that occurred with progressively increasing
nonpulsatile pressures from 50 to 150 mm. Hg.
The frequency responses of both types to con-
stant nonpulsatile pressures were also dimin-
ished.

In all dogs, the frequency responses to pul-
satile, constant nonpulsatile, and progressively-
increasing nonpulsatile pressures had dimin-
ished five minutes after the drug was adminis-
tered, and in all animals there was partial
recovery in 15 minutes.

Errects oF CI-581 ox THE IsoLATED HEART

The mean changes in contractile amplitude,
functional refractory period and electrical
heart rate obtained with varying concentra-
tions of CI-581 (table 5) indicated that when
CI-581 was added to the perfusate in con-
centrations ranging from 5.06 X105 M to
354 % 10+ M significant negative inotropic
effects were produced, as well as negative
chronotropic effects and prolongation of func-
tional refractory perieds at all doses, with the
exception of contractile tension at the lowest
dose (P <0.01).

Degree of change was directly proportional

Lffects of CI-581 5 mg./kg. on Mean Femoral Arterinl Pressure in Cross-Circulation Ixperimonts
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cantly different from contrel P < 0,005,

* Significantly different from control, I < 0.01.
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TapLy 4. Effect of CI-581 on Response of Mean Femoral Arterial Pressure Produced by
Changes in External Carotid Artery Pressure

Control 5 Minutes after CI-581 15 Minutes after CI-581
Dose of MFAP MFAP MFAP
MFAP |2 MFAP MFAP
Do | SI981, | i B | 3, B0 | Bercest | o M | 2 569 | Beroent | o e | (2 80| Bero
Feaps | ECAP in FOAP | ECAP in Feap | ECAP in
S =150 | MFAPe* 3 =150 | MFAP+= <0 =150 | MFAP+
= mm. Hg. = mm, Hg. mm. Hg.
1 2 157 98 37.6 143 100 30.1 148 93 33.8
2 5 155 110 20.0 142 115 11.9 150 110 26.7
3 5 137 100 27.0 110 98 11.0 140 92 343
4 5 188 112 50.0 200 150 250 187 120 35.8
5 10 139 100 28.1 144 144 0.0 137 100 27.0
6 10 147 90 388 90 85 3.5 150 108 280
7 10 140 92 343 145 135 6.9 142 105 26.1

* ECAP = external carotid artery pressure.

** Per cent difference in MFAP at minimum and maximum ECAP values.

to concentration. Fifty per cent of maximal
changes of both functional refractory period
and negative chronotropic effect occurred very
near & concentration of 1.52 X 10 M. The
concentration which produced 100 per cent
depression of contractile tension produced 37
per cent depression of the electrical heart rate.
Thus, the drug appeared to uncouple electri-
cal and mechanical activity.

Discussion

These results indicate that CI-581 possesses
antiarrhythmic properties, produces a direct
negative inotropic effect on the myocardium
and diminishes the frequency response of the
carotid sinus baroreceptors.

The antiarrhythmic property demonstrated
by reversal of epinephrine-induced ventricular
arrthythmias in dogs anesthetized with halo-
thane might be questioned as being due to the
concomitant fall in blood pressure. We be-
lieve the antiarrhythmic property is a quini-
dine-like” phenomenon not directly related to
blood pressure changes. This is supported by
the increase in functional refractory period;
furthermore, fall in blood pressure was not
dramatic. Only two of eight dogs responded
with pressures less than those present before
administration of epinephrine.

The depression of MFAP following adminis-
tration of CI-381 to the dogs receiving epi-
nephrine must have been due at least in part
to a negative inotropic effect on the myocar-
dium. Although we did not examine the pos-

sibility of alpha-receptor blocking properties,
we thought it unnecessary to do so because the
pressor response following the depressor phase
was the result of a2 diminution of the frequency
response of the baroreceptors. It should be
noted that the efferent limb of this reflex in-
volves sympathetic discharge initiated from the
medullary vasomotor centers.

The depressor phase of MFAP occurred in
all intact dogs receiving CI-581, not just those
pretreated with epinephrine. This was due at
least partially to a direct negative inotropic
effect on the myocardium. This was suggested
by the failure of the acceptor dogs of the cross-
circulation series to respond to CI-581 with a
depressor phase and by the decreased con-
tractile tension seen in the isolated hearts. By
examining the dose-response data (table 5) of
the isolated hearts it can be seen that the drug
concentrations which produced 100 per cent
depression of the contractile tension of the
ventricle produced only a 37 per cent depres-
sion of the rate of electrical excitation. There-
fore, it appears that in higher dose ranges CI-
581 is capable of uncoupling the excitation—
contraction process. These findings suggest
that if a dose severely depressant to the heart
were administered clinically, the heart would
be in standstill for a period of time with a
fairly normal EKG pattern.

We conclude that the pressor phase of
MFAP that occurs after administration of CI-
581 is a result of a direct effect on the baro-
receptor mechanism, producing a diminution

20z ludy 01 uo 3senb Aq ypd'11.000-00060896 |-Z¥S0000/29. L 1.9/ 1.€6/S/62/}Pd-01011e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



Volume 29

Number 5
of frequency response. This was suggested by
the results of studies in dogs with partial and
complete denervation of the baroreceptors.
Here the MFAP values of all dogs responded
to CI-581 in a biphasic manner before section.
Dogs with partial denervation of the baro-
receptors also had biphasic responses, but
these were not statistically different from con-
trol values. However, the number of experi-
ments, only four and three in each group,
limited the value of negative results of such
analysis.

In the group with complete denervation,
baseline pressure was statistically higher than
control pressure before section even though
only three experiments were done (P < 0.03).
MFAP responded to CI-581 with a depressor
phase significantly different from the post-
denervation value (P < 0.025); the duration
of the depressor phase was much longer in all
dogs, and MFAP returned to the post-denerva-
tion level without a pressor response. This
could mean that the pressor response to CI-
581 was due to diminution of the sensitivity
of the baroreceptors independent of the de-
pressor phase, or was a normal baroreceptor
reflex response to the depressor phase. This
was clarified by the cross-circulation experi-
ments. When CI-581 was administered to the
donor dogs, the acceptors responded with only
pressor phases significantly different from the
control values, suggesting that the drug had
diminished the activity of the carotid sinus
baroreceptors. The donor dogs which were
also denervated responded as in the previous
denervated series, with only depressor phases
statistically different from control values. This
again demonstrated that the baroreceptors
must be intact for the pressor phase to occur.

The diminished response of the barorecep-
tors to CI-581 could have been the result of
a direct effect on the baroreceptors, or second-
ary to smooth-muscle relaxation of the carotid
arterial wall with failure to activate the barg+
receptors. Results of the cross-circulation sé&
res suggest that the latter was not the case,
because the pressure within the in situ prepa-
ration was held constant; to demonstrate this
in another way, the responses of MFAP to
sudden changes in pressure on the carotid
sinus before and after CI-581 were examined.
The decreased response of the MFAP to

THE MECHANISM OF CARDIOVASCULAR RESPONSES
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Fic. 5. Effect of CI-581 on the frequency re-
sponse of baroreceptor fibers of sinus nerve to
pulsatile pressure. Pulsatile pressure of the exter-

carotid artery (upper tracing) and electro-
neurogram of the sinus nerve (lower tracing)
1 rating the depression of the £ o
the response of the baroreceptor impulses to a

pulsatile ter the int Ta-
tion of CI-381. A = before CI-581; B =3 minutes
after CI-581; C =5 minutes after C1-581; D=10
minutes after CI-581; E = 25 minutes after CI-581.

changes of pressure suggested that the pressor
response which occurred after CI-581 resulted
from decreased sensitivity of the barorecep-
tors. The electroneurograms of the carotid
sinus nerve demonstrated that this interpreta-
tion was corrcet. The electroneurograms, not
being from single fibers, did not permit the
frequency response from the carotid sinus
nerve to be quantitated accurately, but they
definitely demonstrated that a change oc-
curred. A gross estimate was made that a
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40-50 per cent diminution of the frequency
response occurred after CI-581. The carotid
sinus nerve was chosen because the barorecep-
tor fibers there are somewhat more sensitive
to unit changes in blood pressure than the
aortic baroreceptors¥; besides, the aorta is
not suitable for this type of experimentation.

Although the durations of the components
of the biphasic response were variable, when
dogs were studied before denervation the mean
depressor phase was 1.2 minutes; pressor
phase, 13.5 minutes. This is comparable to
what has been seen clinically.

Summary

We propose that one mechanism of the
pressor response seen after administration of
CI-581 is reflex resulting from the depression
of the frequency response of the baroreceptor
fibers, and that this is probably due to the
failure of the generator potential. The myo-
cardial effects comprise an antiarthythmic and
a negative inotropic component. ‘We propose
that the depressor phase of the arterial blood
pressure, occasionally found in patients and
seen in the dogs in this experiment, is due at
least in part to the negative inotropic effect on
the myocardium. The occasional clinical mani-
festation probably is due to the small magni-
tude, short duration and summation with the
pressor effect.

The authors are grateful to Dr. W. C. Holland
for advice in conducting these experiments.
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