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Relation of age to effects of phentolamine and phenylephrine on heart

XU Hwi (Department of Pediatrics, China Medical University, Shenyang 110001, China)
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ABSTRACT In the present study, Lhe responses of
neonatal and adull dog hearts Lo phenylephrine (PE)
and phentolaminie {PA) were investigaled in order lo
determine the influence of age factors. PA resulted in
the slowing of Lthe heart rate, the prolongalion of cor-
recied sinus node recovery time, airial refractory pe-
rnod (ARP), ventricular effeclive refractory period

“{VERP). and ventricular functional refractory period
{VFRP), and a significant inhibition of conducling
tissues in neonatal dogs. In contrast, no such cffects
were seen in adult dogs, PE had a positive
chronotropic effect in neonatal dogs bui no such effect
in adull dogs. In conoclusion. e—adrenoceptors
plaved an important excitalory role in the neonatal
dog heart.
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KEY WORDS phentolamine,  phenylephrine;
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There has been an increasing interest in the un-
dersianding of the functional significance of neonatal
myocardial a—adrenoceptors. Most investigalors fo-
cused Lheir atlention to chronotropic effects of
w—adrenocepors on W vive myocardium, They sug-
gested Lhat o—adrenergic slimulation in immalure
cardiomyocytes results in a positive chronolropic ef-
fecl, In contrasi. w—adrepergic siimulation may re-
sull in a decrease of spontaneous HR in adull
myocardium''™®  The conversion of a posilive
chronotropic effect is related to the postnatal increase
in auwlonomic innervation™  specifically, the
adrenergic sysiem,
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Due (o the potential physiological and clinical
importance of these observalions. we performed the
following studies in order (o elucidate the funclion of
a~adrenpoceptors in the immalure hearts and 1o assess
the role determining the
z—adrenoceptor function. This was accomplished by
studying the effects of pheniolamine (PA) and
phenylephrine {PE) in the inlacl neonatal and adull
dog hearts.

of maturation in

METHODS

Dog preparation Mongrel puppics. aged 3—7
or 8—15 d { weighing 7042 5 150 g) and adull mongrel
dogs of ecilher sea were used. All dogs were
anesthetized with sodium pentobarbital (3¢ mg» kg™')
and mechanically ventilated. Arterial blood gases
were monitored (o assure acid—base balance and ade-
quale oxygenation. Al dogs were subjecled (o 2
combined propranolol {Pro) 0.6 mg+ kg™' iv and bi-
lateral cervical vagotomies'™*.

e—Blockade and stimulation
achieved with PA (0.5 mg* kg™' iv in neonates and
5.0 mg+ kg'! iv in adelts). PE infusions were used
o stimulate a—receplors.

Recordings Electrocardiograph {(ECG) from
lead II and femoral artery BP were conslantly moni-
tored. Catheler elecirodes were placed in atrium,
right veniricular apex and noncoronary cusp. Eleciric
stimulation was performed utilizing a programmable
digital stimulator, Electric impulses were delivered at
twice diastolic threshold with a pulse duration of 1.9
ms. The paper speed was 100 m+ 57/,

Measurements  Electrophysiological measure—
ments of sinus node recovery time (SNRT), corrected
situs node recovery time (CSNRT), atrial functional
refractory period { AFRP)}. atrial effective refractory
period (AERP), A-V node functional refractory pe-
riod (AYNFRP), VERP, VFRP. and resting con-
duction intervals (PA, AH. HV}) were performed ac-
cording to standard procedures.

Statistical analyses  Paired ¢ tests were per-
formed on the data obtained before and afier a specific
manipulation was completed. Results are presented

e—Blockade was

as x+ s

RESULTS

HR responses of neonstal and adult dogs to
adrepergic drugs

1 Group | (3=7 d} Five oul of 12 neonales ex-
hibited a type A response. PE resuvlted in a slight
tendency to increase HR, Inducing a iype A
response. in this group, Pro 1.0 mg+ kg™ resulted
in only a litue decrease (PE, 201x 43 bpm, Pro, 183
+ 32 bpm) and remained 12% faster than that prior to
PE infusion. Ii suggested an o«—mediated positive
chronotropic effect.

Four cut of 12 neonates bad a type B response.
The second dese of Pro. however. completely abol-
ished the PE—induced acceleration {(PE, 1661 25
bpm; Pro. 148+ 24 bpm; P<0.,05). In these pup-
pies. the PA caused a further 24% reduction of mean
HR (Pro 148+ 24 bpm; PA. 116% 19 bpm:
P<0,01} The PE induced cardioacceleration was
likely to have been mediated wia g-receplor
stimulation. «—blockade with PA still resulted in a
decrease in sious rate, supgesting a tonic, o—medi-
ated positive chronotropic effect.

Three out of 12 neonates had a type C response,
Both a—receptor agonisl and o—receptor antagonist
drugs resulted in a decrease in HR,

2 Group 11 ¢(8—15d} Incontrasi to group L,
all of the respomses were type A. where a positive
chronotropic effect due to e¢—receptor stimulation was
seen,

3 Group I {adult dogs) Four out of 7 adult
dogs exhibiled a lype B response and 3 had a type C
one. In contrast o the neonales, a positive
chronotropic effect due to x—adrenergic stimulation
had never been seen in adult dogs.

BP responses of nconatal and adult dogs ( Tab 1)
The observed changes in BP were similar within each
group regardless of the type of HR response,

BP respomscs were similar to those in groups I
and I1. Specifically no change in systolic and diasiolic
BP was seen following the combined Pro iv and bilai-

eral vagotomies,

In group III, small and variable changes were
secen following the combined Pro iv and bilateral
vagotomies,
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Tab 1. Heart rate (HR) and blood pressure (BP) responses of neonatal and adult dogs 1o iv adrenergic drags. x= s

P> 0058 "TP<0.05 "'P< 0. ¥s5 control
Propranolol / Phenylephrine / Phentolamine
. -l e Lo le min—!
#  Control me: ke me: ke min Nan;n:.lt:ge 0.5
06 1.0 L] 1.0 10.0 Adult 5.0
3-7 d puppies 12
HR / bpm Type A 5 176=x 24 169+ 277 188+ 327 173+ 307 178+ 36~ 201+43~ 138+ 18*7
Type B 4 172x 30 152+ 25° 148+ 24°7* 155+ 22~ 158X 207 1661 25" 116+ 19"
Type C 3 165+ 13 180+ 21° 148t 9~ 168+ 18" 159+ 107 14+ 3" 117 3"
BP / kPa Sysiolic 73+ 12 76097 1370 19" 99+ 197 117+ 23151+ 24" 56+ 1.2°°
Diastolic 36x 07 362047 79+ 16" 45£09°7 52+ 127" RS5£ 1777 25t 047"
815 d puppies 12
HR / bpm Type A 164+ 18 163+ 19" 182+ 20° 166+ 21" 170+ 21° 187+ 17*° 156+ 21"~
BP/kPa Systolic 92+ 13 508" 139+ 28" 79+ 13 105+ 19" 15323 §1+23""
Diastolic 43+ 97 40+04% 79+24 44087 48£ 117 BS5+25""37£12"
Adult dogs 7
Type B 4 146 6 117+ 14% 107+ 10°°" 116X 17°7 112+ 13" |28+ I8~ 105+ 4"
Type C 3 157+ 22 118 3"** 113+ 15°° 116+ 5" 113£5" 116x6™"" 109% 4"
BP /kPa Sysiolic 188+25 191+£27° 205+ 56" 21.0% 25" 23,7+ 4.7°7"29.2+ 2977145+ 3. 777
Diastolic 141+ 15 1352177 163£47"7 149+t 28" 17540 229+ 29°°"10.1+ 2. 7"

Type A PE induced an increase in sinus rate which was not reversed to baseline by second dose of Pro. indi-
caling that PE indnced acceleartion is x—mediated, Type B: PE induced an increase in sinns rate which was com-
pletely reversed by second dose of Pro. suggesting that the PE—induced cardioacceleration is a beta effect. Type
C: PE resulied in a decrease in sinps rate, suggesting that this is an o—medialed cardiodeceleration,

The PE~induced increase in BP was substantially
greater in the neonatal than in the adult grounp,

Effects of a—blockade on cardiac electrophysio—
logical parameters (Tab 2) In order to ascertain
whether age factor is related to the differences of
clectrophysiologic (EP) effects of PA in wivo. 9
neonatal puppies aged 8—14 d and 6 adult doges were
used, The PA had significant effect on neonatal con-

ducting tissmes and only minor effect on adult heans,
suggesting that o—adrencceptors show a marked
excitatory effect on the neonatal hearts.

DISCUSSION

The autonomic nervens system has not been fully
developed at birth®”, the extent and significance of

this immatunty remain poorly understood. In our

Tab 2. Cardiac electrophysiological parameters of neonatal and adult dogs afier x—adrenergic blockade. x+ &

"P>0.08 "P<005 “T°P<0.01 4control
g8—14dold (n=9) Adnlt 1-2 a(r=6)
Control Phentolamine Control Phentolamine
Corrected sinus node recovery time 79+ 55 183+ 907" 96t 28 118+ 38"
Atrial effective refractory period 66+ 10 BE+ 18" 132+ 15 155+ 1477
Atrial functional refractory period 103+ 13 128+ 157° 166+ 13 193+ 1277
Ventricular effective refractory period 142+ 13 166+ 267" 150+ 6 168+ 8"
Ventricular functional refractory period 164+ 14 197+ 32°° 1819 202+ 14°
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PA resulted in a significant decrease of
neonatal HR while the adult HR remained
unaffected. This suggested that x—adrenccepior plays
a significant excitatory role in the neonatal sinus node
while their effect on the adults is relatively minor,
Concerning the effects of PA on myccardial
the magnitude of the prolongation of
significantly greater in

studics,

refractoriness,
atrial refractoriness was
neonates than in adults.

The chronotropic
stimulation in the immature heart.
not been extensively studied"*®. The most important
observation in our study was that an z—mediated posi-
tive chronotropic response was demonstrated in the in-
tact neonatal canine while this had never been ob-
served in the adult canine heart.

In summary. our study of the effects of PA and
PE in the neonatal and adult hearts suggested a signif-
icant age related differences in the a—adrenergic regu-
lation of the electrophysiclogical properties of the cal
ninc hearts, OQur data also suggested that postnatal
maturation of the autonomic nervous system are char-
acterized pot only by an increase in sympathetic
innervation as reporied in other studies, but also by
changes in a—adrenoceptor function, Thus,
x—adrenoceptors do play a significant excitatory role
in the neonatal myocardium.
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