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Introduction
Preanesthetic medications are oft en used in combi-
nation with injectable anesthetics in a variety of lab-
oratory animal species. Simultaneous administration 
of sedative drugs, such as alpha2-adrenergic agonists 
and phenothiazines, provides muscle relaxation and 
reduces induction doses of anesthetic agents. How-
ever, these drugs may have signifi cant cardiovascu-
lar and arrythmogenic eff ects which may contribute 
to anesthetic morbidity and mortality (Dyson et al., 
1998).

Results of previous reports indicate that xylazine, an 
alpha2-adrenergic agonist, may sensitize the myo-
cardium to epinephrine in dogs anesthetized with 
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Summary
Th e Purpose of this study was to evaluate the eff ects of xylazine, acepromazine and their com-
bination on epinephrine-induced arrhythmias during sodium pentobarbital anesthesia in male 
rats. Forty Sprague-Dawley male rats (240-370 g) were divided into four groups and received 
one of the following treatments intravenously: saline, xylazine (5 mg/kg), acepromazine (2.5 
mg/kg) and xylazine-acepromazine combination (2.5 and 5 mg/kg, respectively). Rats were an-
esthetized with sodium pentobarbital (50 mg/kg, i.p.) and the arrhythmogenic dose of epineph-
rine (ADE) was determined by epinephrine infusion for 1 min at increasing dose rates (2.5, 
5, 10, 15, 20, 30 and 60 g/kg/min, IV) prior to, and 10 minutes aft er, saline or drug admin-
istration. Th e ADE was defi ned as the total dose of epinephrine that induced at least 2 ectopic 
ventricular depolarizations within 15 seconds during infusion or within 1 minute aft er the end 
of the infusion. Mean ADE values in the xylazine group was signifi cantly lower than baseline 
values (p<0.05), whereas arrhythmias satisfying ADE criteria were not observed at the maxi-
mum infusion rate of 60 g/kg/min in acepromazine or xylazine-acepromazine groups. Th is 
study showed that acepromazine alone or in combination with xylazine has a protective eff ect 
on epinephrine-induced arrhythmia in pentobarbital anesthetized rats.

halothane (Muir et al., 1975; Tranquilli et al., 1986), 
isofl urane (Tranquilli et al., 1988) and ketamine 
(Wright et al., 1987); whereas, acepromazine, a phe-
nothiazine tranquilizer, possessed a protective action 
against catecholamine-induced arrhythmia in dogs 
anesthetized with halothane (Muir et al., 1975; Dyson 
& Pettifer, 1997). Th e male rat has been used as an 
animal model to determine the arrhythmic doses of 
epinephrine during halothane and isofl urane anes-
thesia (Laster et al., 1990). 

Rats are commonly used for scientifi c research and 
may be anesthetized using injectable or inhalant 
anesthetic agents for a variety of surgical procedures 
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(Flecknell, 2009); however, injectable anesthetics are 
commonly preferred in a laboratory setting.

Pentobarbital, as a short acting barbiturate anesthet-
ic, is used for short surgical procedures in rats. It is 
rapidly absorbed following intraperitoneal adminis-
tration and provide anesthesia for up to 60 min in the 
rat (Flecknell, 2009).

Th e purpose of this study was to evaluate the eff ects 
of clinical doses of acepromazine, xylazine and 
their combination on the occurrence of epineph-
rine induced arrhythmia in rats under pentobarbital 
anesthesia.

Materials and methods
Forty Sprague-Dawley male rats (Rattus norvegicus) 
weighing 240-370 g (mean±SD 312±10 g) were used 
in this study. Th e present study was approved by the 
Institutional Animal Care and Use Committee. Rats 
were acquired from the Laboratory Animal Research 
Center, Shiraz University of Medical Sciences, Shiraz, 
Iran, and were housed in groups of four on hard-
wood shavings, on a 12: 12-h light-dark cycle with 
food and water ad libitum. All rats were anesthetized 
with 50 mg/kg intraperitoneal sodium pentobarbi-
tal. Tail veins were cannulated with two polyethylene 
tubes, one used for injection of sedative drugs 
and the other one for infusion of epinephrine. 
Heparinized saline was used to prevent clot for-
mation in the tail veins. Lead II electrocardiogram 
was recorded continuously using Powerlab (Power-
lab, AD Instrument, Australia). Heart rate and rectal 
temperature were monitored throughout the study. 
A heating lamp was used to maintain rectal temper-
ature at 37.5-38.5° C. Hamilton syringes (500μl, 
Hamilton Switzerland) and automatic microin-
jection pumps (Stoelting CO, USA) were used for 
drug administration.

Rats were divided into four groups and following 
baseline ADE determination received one of the fol-
lowing treatments intravenously: saline, xylazine (5 
mg/kg, Woerden-Holland), acepromazine (2.5 mg/
kg, Woerden-Holland) and xylazine-acepromazine 
combination (2.5 and 5 mg/kg, respectively). Th ese 
doses were selected based on the recommended 
dose of xylazine and acepromazine in rats (Flecknell, 
2009).

A baseline ADE was determined before drug admin-
istration (pentobarbital anesthesia alone) by epi-

nephrine (Darou Pakhsh, Iran) infusion for 1 min at 
increasing dose rates (2.5, 5, 10, 15, 20, 30 and 60 g/
kg/min, IV) in each rat. Th e experiment was termi-
nated at a maximum infusion rate of 60 g/kg/min 
in all groups. Due to the failure to observe arrhyth-
mia with lower doses of epinephrine in aceproma-
zine and xylazine-acepromazine groups in the pre-
liminary study, the starting dose was 20 g/kg/min 
in these groups. Epinephrine was freshly diluted with 
normal saline to produce a concentration of 100 g/
mL. Th e ADE was defi ned as the total dose of epi-
nephrine that induced at least 2 ectopic ventricular 
depolarizations within 15 seconds during infusion 
or within 1 minute aft er the end of the infusion.  If 
arrhythmia was not observed at one rate, the next 
higher infusion rate was begun 10 minutes later. Th e 
total dose (g/kg) of epinephrine was calculated as a 
function of infusion rate and time to arrhythmia for-
mation.

Statistical analysis: All data are presented as 
mean±SD. Paired t-test was performed to determine 
diff erences between baseline and treatment ADE 
values in each group. A one-way ANOVA followed 
by Duncan’s test was used to compare heart rate and 
rectal temperature. Statistical analysis was undertak-
en using SPSS Version 10 for Windows (SPSS, Micro-
Master, Richboro, PA, USA) and p<0.05 was consid-
ered signifi cant.

Results
No signifi cant diff erences were found in the baseline 
ADE between treatment groups. Th e ADE was not 
signifi cantly diff erent from the baseline value follow-
ing the administration of saline (Table 1). Xylazine 
administration signifi cantly reduced the ADE from 
11.6±4.1 μg/kg to 8.4±4.3 μg  /kg (P<0.05).  Arrhyth-
mias satisfying the ADE criteria were not observed 
at the maximum infusion rate of 60 g/kg/min in 
rats receiving acepromazine alone or in combination 
with xylazine.  Heart rate signifi cantly decreased fol-
lowing xylazine (349±34 vs. 288±33 beats/min) and 
acepromazine-xylazine (356±31 vs. 314±49 beats/
min) administration but no changes in saline and 
acepromazine groups were observed. Th ere were 
no signifi cant diff erences in rectal temperature over 
time within treatment groups.

Discussion
Determination of the arrhythmogenic dose of epi-
nephrine (ADE) has been used to investigate the abil-
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ity of several anesthetic and sedative drugs to alter 
myocardial sensitivity to catecholamines (Lemke & 
Tranquilli, 1994). Several factors may infl uence alter-
ation in arrhythmogenicity, including dosage and 
route of administration of drugs, animal species and 
sex, and the method of epinephrine administration 
(bolus injection vs. infusion) (Lemke & Tranquilli, 
1994).

A sex diff erence in susceptibility to epineph-
rine-induced arrhythmias has been reported in 
Sprague-Dawley rats (Laster et al., 1990). Male rats 
were more susceptible than females to the arrhyth-
mic eff ects of epinephrine. In the present study, only 
male rats were used to eliminate the eff ects of sex on 
myocardial susceptibility to epinephrine.

In the present study, the ADE values during pento-
barbital anesthesia were higher than previously 
reported values for rats anesthetized with halothane 
(2.4±1.0 g/kg) (Laster et al., 1990); but lower than 
values reported for isofl urane anesthetized rats 
(28.4±24.0 g/kg). In another study using bolus 
injection of epinephrine, the arrhythmogenic thresh-
old of epinephrine during pentobarbital anesthe-
sia (39.0±3.9 g/kg) was higher compared to halo-
thane (1.7±3.2 g/kg) or isofl urane (11.1±0.6 g/kg) 
anesthesia in rats (Takada et al., 1993). However, in 
these studies, epinephrine has been administered as 
intravenous bolus injections. Due to the diff erence 
in method of epinephrine administration, it is diffi  -
cult to compare the results of these studies with the 
present study. Th e results of this study indicate that 
repeated administration of intravenous epinephrine 

to pentobarbital anesthetized rats does not alter the 
arrhythmogenic dose of epinephrine. 

Pentobarbital, as a short-acting oxybarbiturate, does 
not appear to alter cardiac arrhythmogenicity in dogs 
and rats (Sumikawa et al., 1983; Takada et al., 1993). 
It has been reported that the ADE during pentobar-
bital anesthesia in rats is 3.5 and 23 times greater 
than that during isofl urane or halothane anesthesia, 
respectively (Takada et al., 1993). However, thio-
barbiturates, thiopental and thiamylal, sensitize the 
heart to catecholamine-induced arrhythmias in hal-
othane-anesthetized dogs (Atlee & Malkinson 1982; 
Atlee & Roberts 1986; Bednarski et al., 1985; Hayashi 
et al., 1989).

Xylazine and acepromazine have been used in com-
bination with other injectable agents for the produc-
tion of general anesthesia in rats (Flecknell, 2009). 
Xylazine induces vasoconstriction, transient hyper-
tension, refl ex bradycardia and prolonged hypoten-
sion. Sedative doses of acepromazine cause vascular 
1-receptor blockade and subsequent hypotension 
(Lemke, 2007). Acepromazine has antiarrhythmic 
eff ects, while xylazine can cause cardiac arrhythmi-
as. A combination of acepromazine and xylazine has 
been used in horses (Muir et al., 1979; Nilsfors et al., 
1988; Hubbell et al., 1999) dogs (Cronin et al., 1983) 
and rats (Flecknell, 2009).

Th e fi ndings concerning the eff ects of xylazine and 
acepromazine on the ADE are in agreement with pre-
vious studies using halothane or isofl urane anesthe-
tized dogs (Muir et al., 1975; Tranquilli et al., 1986; 
Tranquilli et al., 1988). In addition, acepromazine in 
combination with xylazine not only prevented xyla-
zine-induced arrhythmia, it also provided a protec-
tive eff ect to the same extent as acepromazine alone.

Th e mechanism of ADE reduction following xyla-
zine administration is not completely understood. 
Xylazine, as a mixed 1- and 2-adrenoreceptor ago-
nist, has stimulatory eff ects at both peripheral and 
central receptors. Increased arrhythmogenicity aft er 
xylazine administration in rats might be attribut-
able to activation of 1-adrenoreceptors, because 
2-adrenoreceptors are absent on myocardial cells 
and stimulation of central 2-adrenoreceptors reduc-
es arrhythmogenicity by decreasing sympathetic out-
fl ow (Hayashi et al., 1991). Administration of dex-
medetomidine, a specifi c2-adrenoreceptor agonist 
(2 to 1 specifi city of 1,600 to 1) has showed anti-
arrhythmic actions in halothane anesthetized dogs 

Table 1. Th e arrhythmogenic dose of epinephrine 
(ADE) following the administration of saline, xylazine, 
acepromazine or xylazine/acepromazine in pentobarbital-
anesthetized male rats.

Treatment groups Baseline ADE 
(g/kg) 

(Pentobarbital 

alone)

Treatment 
ADE (g/kg)

Saline 10.2±2.5 10.2±2.7
Xylazine 11.6±4.1 8.4±4.3*
Acepromazine 11.03.5 > 60*‡
Xylazine/
Acepromazine

10.73.6 > 60*‡

Data presented as mean±SD (n = 10)
*Signifi cant diff erences from baseline ADE (P<0.05).
‡ No ADE at maximal infusion rate (60 g/kg)
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(Hayashi et al., 1991). Th e antiarrhythmic eff ects of 
dexmedetomidine were blocked by atipamezole, a 
specifi c 2-adrenoreceptor antagonist. Interestingly, 
yohimbine, an2-adrenoreceptor antagonist with 2 
to 1 specifi city of 606 to 1, reduces arrhythmogenic-
ity of xylazine in halothane-anesthetized dogs (Tran-
quilli et al., 1988), indicating that partial blockade of 
1 in addition to2-adrenoreceptors, decreases the 
potential for ventricular arrhythmias.

In the present study, blockade of cardiovascular 
1-adrenoreceptors with acepromazine could be the 
most likely mechanism responsible for prevention of 
epinephrine-induced arrhythmias in rats given ace-
promazine alone or in combination with xylazine 
(Muir et al., 1975; Lemke & Tranquilli 1994; Dyson 
& Pettifer 1996). Th e vasodilatory properties, with 
resultant hypotension, may also play a role in antiar-
rhythmic activities of acepromazine.

In conclusion, xylazine reduced the ADE in pento-
barbital-anesthetized rats, while acepromazine was 
eff ective in preventing epinephrine-induced arrhyth-
mias even in the presence of xylazine in rats anes-
thetized with pentobarbital. Protective eff ects of 
acepromazine may reduce the chance of ventricular 
arrhythmias related to anesthesia in rats. 
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