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Aminophylline Infusion Rate Can Affect the Cardiac Rate and
Electrocardiographic Findings in Neonate Rats

Arash Malakian®, MD; Negin Amini?, PhD; Mahin Dianat”", PhD;
Mohammad Reza Khalilian®, MD

ABSTRACT

Background: Cardiac arrhythmias are identified as the major cause of mortality and morbidity in
neonates. Most term and preterm infants admitted to the neonatal intensive care unit
(NICU) suffer from respiratory diseases, and generally aminophylline as a nonselective
phosphodiesterase inhibitor is used. Although aminophylline has several physiological
effects on the heart tissue, it has been recognized to have some side effects. Neonates are
more prone to its cardiac side effects, notably arrhythmias.

Objectives: This study aimed to evaluate and compare the effects of fast and slow
aminophylline injections on electrocardiographic parameters and arrhythmias in neonate rats.

Methods: Thirty-two male Sprague-Dawley rats (10 days old, 50 g) were divided into 4 groups (8
in each): Group | and Group Il were treated with 5 mg/kg of normal saline intravenously
for 3 and 20 minutes, correspondingly, and Group Il and Group IV were treated with a 5-
mg/kg bolus of aminophylline intravenously for 3 and 20 minutes, respectively. On the
experiment day, the rats were anesthetized with a mixture of ketamine (50 mg/kg) and
xylazine (10 mg/kg) with intraperitoneal injection, and lead Il electrocardiograms were
recorded. The femoral vein was cannulated using polyethylene catheters (PE50) for the
intravenous injection of aminophylline (5 mg/kg) or normal saline.

Results: The rats receiving aminophylline showed a dramatic reduction in the heart rate.
Additionally, the PR interval and QTc significantly increased in the rats receiving
aminophylline for 3 minutes. Moreover, complete heart blocks, premature ventricular
beats, atrioventricular blocks (Mobitz I and Mobitz II), sustained and nonsustained
ventricular tachycardias, and AV dissociations were observed.

Conclusions: The results of the current study indicated that a slow infusion rate could prevent the

cardiac complications of aminophylline, particularly arrhythmias, in neonate rats. (Iranian
Heart Journal 2020; 21(4): 22-31)
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ardiac arrhythmias constitute the main

cause of mortality and morbidity in

infants. * Arrhythmias, also known as
irregular cardiac rhythms or irregular rhythms,
are associated with fast or slow heart rates. 2
Bradycardia, or an abnormally slow heart
action, is characterized by sinus bradycardia,
junctional bradycardia, or atrioventricular
(AV) blocks in the pediatric population. °
Supraventricular tachycardias, as abnormally
fast heart rhythms arising from improper
electrical activities in the upper part of the
heart, comprise atrioventricular re-entrant
tachycardias, atrial ectopic tachycardias, and
permanent junctional reciprocating
tachycardias, which are correlated with fast
rhythms. % It has been documented that
electrocardiographic (ECG) properties in
infants and children, due to the age-related
changes in anatomy and physiology, are
different from those in adults. * Bradycardia in
children is likely to happen due to
hypervagotonia, increased intracranial
pressure, and breath-holding. It is also highly
related to apnea in premature newborns. * In
previous research, the incidence of
arrhythmias in newborns admitted to the
intensive care unit (ICU) was found to be on
the rise, and its prevalence was estimated to be
from 1% to 5% up to 8.5% in newborns. > °
The stimulating agents of arrhythmias have
been identified as acquired heart diseases
such as myocarditis, cardiomyopathies, and
electrolyte disturbances. ® Recently, cardiac
arrhythmias have been identified as the side
effects of noncardiac drugs. ° Some studies
have demonstrated that antiarrhythmic and
non-antiarrhythmic drugs predispose
neonates and adults to cardiac arrhythmias.
%10 In  effect, drug-induced cardiac
arrhythmia-related re-entry has been reported
to trigger activities and lead to bradycardia. *°
Most term and preterm infants admitted to the
neonatal intensive care unit (NICU) suffer
from respiratory diseases. * The respiratory
morbidity of infants admitted to the NICU,
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particularly those born before 34-week
gestation, is reported to have risen to 44%. *?
In a previous study, the most common
diseases in neonates were reported to be
respiratory distress syndrome and apnea. **
Therapeutic protocols for these diseases
include continuous positive airway pressure,
mechanical ventilation, the consumption of
exogenous  surfactants through the
endotracheal tube, antibiotic therapy, and anti-
inflammatory agents or methylxanthines such
as aminophylline. ** ** Different mechanisms
of action such as phosphodiesterase inhibition
and adenosine receptor antagonism are
recognized for methylxanthines. *°
Aminophylline is known as a nonselective
phosphodiesterase inhibitor used in the
treatment of asthma in adults. ** Apnea has
been identified as the most common cause of
the admission of preterm neonates to the
NICU. ' In some previous studies,
methylxanthines such as aminophylline were
suggested for the treatment of apnea. '
Although  aminophylline  has  several
physiological effects on the lung and heart
tissues, it has been recognized to have some
side effects. * As for its cardiac side effects,
aminophylline was found to increase the
heart rate, stroke volume, cardiac output,
and renal blood flow. It was also reported to
reduce systemic vascular resistance, arterial
pressure, and cerebral blood flow in adults.
¥ If the aminophylline level in the blood
reaches toxicity, symptoms of toxicity such
as anorexia, nausea, vomiting, insomnia,
tachycardia, dehydration, and coma appear. *
Accordingly, we sought to evaluate and
compare the effects of aminophylline infusion
rates on ECG findings in neonate rats.

METHODS

Study Design

In this study, 32 male Sprague-Dawley rats
(10 days old) were purchased from the
Animal Reproduction Center of Ahvaz
Jundishapur University of Medical Sciences.
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The experiment was carried out according to
the guidelines of the Committee for the
Purpose of Control and Supervision of
Experiments on Animals and was approved
by the Animal Ethics Committee of Ahvaz
Jundishapur University of Medical Sciences
(No. IR.AJUMS.REC.1395.120).

Chemicals

Aminophylline was purchased from Darou
Pakhsh (Iran), while ketamine HCI (10%)
and xylazine (2%) were purchased from
Alfasan Co (Woderen -Holland).

Experimental Protocols

The rats were randomly divided into 4 groups:
Group I: normal control rats treated with 5
mg/kg of normal saline intravenously for 3
minutes, Group Il: normal control rats treated
with 5 mg/kg of normal saline intravenously
for 20 minutes, Group Ill: rats treated with a
5-mg/kg bolus of aminophylline intravenously
for 3 minutes, and Group IV: rats treated with
a 5-mg/kg bolus of aminophylline
intravenously for 20 minutes.

Electrocardiographic Recording Method

All the rats were anesthetized with a mixture
of ketamine (50 mg/kg) and xylazine (10
mg/kg) with intraperitoneal injection. Fifteen
minutes after anesthesia, standard bipolar limb
lead Il ECG was recorded using a Bio-Amp
system and monitored using a PowerLab
system (ADInstruments, Australia) so as to
evaluate the chronotropic properties. After a 1-
minute ECG recording, a longitudinal slot in
the groin was created, and the femoral vein
was exposed. Then, the femoral vein was
cannulated with a polyethylene catheter
(PES0) for the injection of aminophylline (5
mg/kg) or normal saline. At the end of the
time course (20 min), the incidence rate of
premature ventricular beats, AV blocks (first-
degree [Mobitz I] and second-degree [Mobitz
IT] AV blocks), complete heart blocks, and
ventricular tachycardias were calculated for
the different groups.
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Data Analysis

The data analyses were conducted using the
SPSS software, version 16. As for the
statistical methods, the data in each of the
groups were compared using the paired t-
test. A P-value of less than 0.05 was
considered significant.

RESULTS

Effects of aminophylline on the heart rate
for 3 minutes

The results showed that the heart rates of the
neonate rats receiving aminophylline (5
mg/kg) for 3 minutes significantly decreased
(P <0.001) (Fig. 1).
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Figure 1: Comparisons are given of the heart rate
between the different groups: the control group
(normal saline given for 3 min), the control normal
group (saline given for 20 min), the aminophylline
group (5 mg/kg given for 3 min), and the
aminophylline group (5 mg/kg given for 20 min).

***p < 0.001, *P < 0.01 significant differences before
and after treatment (n = 8, mean + SEM, paired t-test)

Effects of aminophylline on the PR
interval and A heart rates for 3 minutes
The PR interval (P <0.001) (Fig. 2) and A
heart rates (P < 0.001) (Fig. 3) of the
neonate rats receiving aminophylline (5
mg/kg) for 3 minutes significantly increased
compared with those of the neonate rats
treated with saline for 3 minutes.
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Figure 2: Comparisons are given of the PR interval
between the different groups: the control group
(normal saline given for 3 min), the control normal
group (normal saline given for 20 min), the
aminophylline group (5 mg/kg given for 3 min), and
the aminophylline group (5 mg/kg given for 20 min).

***pP < 0.001, *P < 0.01 significant differences before
and after treatment (n = 8, mean = SEM, paired t-test)
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Figure 3: Comparisons are given of the A heart rate
between the different groups: the control group
(normal saline given for 3 min), the control normal
group (normal saline given for 20 min), the
aminophylline group (5 mg/kg given for 3 min), and
the aminophylline group (5 mg/kg given for 20 min).

***p < 0.001, **P < 0.01 significant differences before
and after treatment (n = 8, mean = SEM, paired t-test)

Effects of aminophylline on the heart rate
for 20 minutes

A: Control
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The neonate rats receiving aminophylline (5
mg/kg) for 20 minutes experienced a
significant decrease in the heart rate (P < 0.01)
(Fig. 1) compared with the neonate rats that
received normal saline for 20 minutes.
Nonetheless, no changes were observed in the
PR interval of this group (Fig. 2). Their heart
rates were also similar to those of the neonates
receiving normal saline for 3 and 20 minutes.

Effects of aminophylline on QTc

The neonate rats given aminophylline (5
mg/kg) for 3 minutes showed a significant
increase in QTc (P < 0.05) (Fig. 4) compared
with the neonate rats receiving aminophylline
for 20 minutes along with normal saline.
Arrhythmias found in this study are depicted in
Tablel and Figure 5. As can be seen, sustained
and nonsustained ventricular tachycardias,
along with AV dissociations, were observed.

200 mBefore
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Figure 4: Comparisons are given of QTc between the
different groups: the control group (normal saline
given for 3 min), the control normal group (normal
saline given for 20 min), the aminophylline group (5
mg/kg given for 3 min), and the aminophylline group
(5 mg/kg given for 20 min).

***p < 0.001, **P < 0.01 significant differences before
and after treatment (n = 8, mean =+ SEM, paired t-test)
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Figure 5: Samples as representatives of lead Il electrocardiography were recorded from the rats in the different
groups. A, Control; B, Aminophylline for 3 min

Table 1: Arrhythmias in the different groups

Complete \Zﬁ?r]iit:jlfr Mobitz  Mobitz AV Block | Complete
Heart Block Beats 1 1 Heart Block

Aminophylline (3 min) + + + + + +
Aminophylline (20 min) - = - - - B
Normal saline (3 min) - - = = - R
Normal saline (20 min) - - = = - -

Group

DISCUSSION comprised of premature ventricular beats, AV
blocks (Mobitz I and Mobitz IT), complete
heart blocks, nonsustained and sustained
ventricular tachycardias, and AV
dissociations, were observed.

Aminophylline, caffeine, theophylline, and
theobromine are known as methylxanthines. *°

In this study, neonate rats receiving
aminophylline (5 mg/kg) for 3 minutes
showed a significant decrease in their heart
rates, while their PR interval significantly
increased. Additionally, cardiac arrhythmias,
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Due to their low solubility, they can combine
with a variety of salts and be used for several
therapeutic purposes. ** Methylxanthines are
recognized as major pharmacologic agents
used in the treatment of neonatal apnea. %
Aminophylline, as an ethylenediamine salt of
theophylline, is commonly used for the
treatment of premature neonates with apnea in
the NICU and is believed to stimulate the
surfactant section and improve respiratory
function. % When the serum level of
theophylline reaches from 10 to 20 mg/L in
the blood circulation, it has been documented
to be more effective. ° Aminophylline
toxicity, which is seen in levels greater than 20
mg/L, has been reported to have symptoms
such as nausea, anorexia, vomiting,
tachycardia, stupor, and irritability. ** Each 1
mg/kg of theophylline administration can lead
to a 2-mg/L increase in the serum
theophylline. ** Theophylline toxicity can
occur in levels greater than 20 mg/L. *° The
half-time of theophylline reported in humans
ranges from 30 to 45 minutes in the plasma. *°
Aminophylline acts as a myocardial and
skeletal muscle stimulant, but its effects on the
smooth muscles of bronchioles and blood
vessels are known to be relaxing. *° Several
aminophylline  mechanisms  of  action,
including nonselective  phosphodiesterase
inhibitors and adenosine receptor antagonists,
have been proposed. *** Aminophylline can
also provoke endogenous catecholamine
release. '’ Experimental investigations have
reported that the positive chronotropic effects
of aminophylline are due to catecholamine
release. > The sympathetic nervous system
produces a number of important transduction
pathways, one of which is the B-adrenergic
pathway, which is activated by catecholamine-
binding  G-protein—coupled  B-adrenergic
receptors. The activation of the pB-adrenergic
receptor can lead to an increase in the
intracellular concentration of the second
messenger  of  cyclic  3'5'-adenosine
monophosphate (CAMP), and an increase in
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CAMP triggers the activation of protein kinase.
The activation of protein kinase can, in turn,
lead to the phosphorylation of a number of
proteins that affect electrical activity and
contractility. ° A-kinase anchoring proteins
are recognized as the main component of the
[-adrenergic/cAMP/protein Kkinase pathway.
One of the lethal arrhythmias is long QT-
syndrome, A-kinase anchoring protein
glutation, which results in long QT-syndrome.
In the present study, QTc prolongation was
observed for neonate rats given aminophylline
for 3 minutes. This was probably due to one of
the aminophylline mechanisms of action that
activates the sympathetic nervous system,
leading to the phosphorylation of a number of
proteins such as A-kinase anchoring proteins.
In a study by Greenberg et al,
aminophylline administration increased the
serum theophylline level up to 36 mg/L and
produced premature ventricular contraction
bigeminy. Ashvin et al ?° reported that in
patients with chronic obstructive pulmonary
disease who orally received aminophylline,
ventricular ectopic beats and heart rates
increased. These findings were similar to the
findings of the present study.

Some cardiovascular effects of aminophylline
are produced by phosphodiesterase inhibition.
For instance, the positive chronotropic and
inotropic effects in the myocardium are
related to the increase in cAMP. ** A second
messenger in the cardiovascular system by
hormone stimulation, cAMP results in
positive chronotropic and inotropic effects. *
It has been documented that positive
chronotropic effects are related to the
increase in CAMP.

Morka et al * demonstrated that meconium-
induced acute lung injury in adult rabbits
during aminophylline administration as a
nonselective  phosphodiesterase  inhibitor
increased the mean arterial pressure, heart rate,
and heart rate variability. Reportedly
aminophylline administration in adults led to
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tachycardia, hypertension, and the production
of extrasystoles. ** In an experimental model
of right heart failure, it was found that
aminophylline  administration  led to
tachycardia and reduced stroke volume;
nonetheless, although it decreased the
afterload of the right heart, it could not
improve cardiac function perfectly. 3*

Acute theophylline toxicity in adults results
in atrial flutters, atrial fibrillations, and
supraventricular tachycardias. * Caffeine is
a methylxanthine, and different types of
dysrhythmias including supraventricular
tachycardias, premature ventricular beats,
ventricular tachycardias, and ventricular
fibrillations are caused due to caffeine
toxicity. *> Theophylline clearance decreases
in newborns and in some diseases such as
acute lung edema. %

As was mentioned above, one of the
aminophylline mechanisms of action is the
adenosine receptor antagonist. Recently, the
Al-selective agonist has been applied for
treating paroxysmal supraventricular
tachycardias and atrial fibrillations, as well as
for controlling the heart rate. 2* With regard to
the effects of adenosine on the control of the
heart rate, aminophylline is expected to induce
the heart rate. Nevertheless, in this study, the
fast injection of aminophylline was likely to
lead to the toxicity levels and cause a
significant decrease in the heart rate and
premature ventricular beats, leading to AV
blocks.

In previous research, because of the release
of catecholamines, positive chronotropic
effects were seen. In the present study,
however, a significant reduction in the heart
rate occurred, which was possibly related to
the gender, age, or race of the animals used.
Thus, further investigations into the
mechanisms of function in neonate rats need
to be conducted in the future.

Although previous studies have documented
that the administration of aminophylline leads
to an increase in the heart rate, this study
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showed that the administration  of
aminophylline caused bradyarrhythmias. We
believe that the fast injection of aminophylline
is likely to lead to its toxicity level and cause a
significant decrease in the heart rate and
premature ventricular beats, causing AV
blocks.

CONCLUSIONS

As aminophylline administration is common
in the NICU, we suggest that the intravenous
injection of aminophylline be performed
gently or over a period of 20 minutes.
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