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Abstract

The present study was performed to demonstrate the antiarrythmic and
haemodynamic effects of midazolam and clonidine and their combination
together on epinephrine induced arrhythmia in anaesthetized cats. Further-
more, the nature of interaction between them was investigated by using the
selective benzodiazepine antagonist flumazenil. The arrhythmogenic dose
of epinephrine (ADE,) was determined prior to drug infusion, 2 hours after
the start of infusion 0} the drug (ADE;) and following i.v. administration of
Img/kg flumazenil (ADE3). The results showed that ADE increased from
baseline values of 30 = 5 (0 90 = 8 pg/kg following midazolam infusion (40
pg/kg/min) and returned to 30 = 5 ug/kg following  flumazenil administra-
tion (Img/ky). Midazolam produced a reduction of systolic & diastolic
blood pressure by 15.4% & 10% respectively with no change in the heart
rate. Meanwhile, clonidine infusion (0.5 pg/kg/min) increased ADE from 30
+ 7 to 150 = 6 pg/ky & was not affected by flumazenil injection. It also pro-
duced significant bradycardia only. As regards the combination of midazo-
lam & clonidine, the ADE increased from 30 = 5 to 160 = 5 pg/kg & also was
not affected by flumazenil injection. The haemodynamic parameters showed
significant increase in both systolic & diastolic blood pressure and signifi-
cant bradycardia. In conclusion, it was found that midazolam & clomdine
have antiarrythmic activity against epinephrine induced arrhythmia by dif-
ferent mechanisms. The pharmacological antagonism of midazolam by flu-
mazenil could suggest that at least part of its antiarrhythmic effect is mediat-
ed via benzodiazepine receptors. The combination of both drugs did not
show any difference in antiarrhythmic activity of clonidine alone an effect
which should be further investigated. The hypertension occurring from the
combination should also be explained or investigated.
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Introduction

BENZODIAZEPINES are frequently
used as preoperative medication because of
their sedative, anxiolytic and antigrade
amnesic properties [1]. These drugs act at
receptor sites located on a-aminobutyric
acid (GABA)-ergic neurons [2]. Midazo-
lam is being selected increasingly for use
in patients with cardiovascular compro-
mise. Although clinical doses of midazo-
lam have minimal effects on cardiac func-
tion, the influence of midazolam (and
other benzodiazepine sedatives) on cardiac
arthythmogenesis has yet to be elucidated
fully [3]. Muir et al [4] demonstrated
decrease in the frequency of ventricular ec-
topic beats after diazepam administration
in conscious dogs following coronary ar-
tery occlusion. This apparent antiarrhyth-
mic effect was attributed to anxiolysis and
associated reduction in endogenous cate-
cholamine secretion [5,6].

In contrast,-it has been suggested that
midazolam may have arthythmogenic prop-
erties [7].

Clonidine is a centrally acting o,
selective agonist with an x, : o
selectivity ratio of approximately 200 : 1
[8]. It has been introduced recently for
preanaesthetic medication, because of its
analgesic [9, 10], anxiolytic and sedative
effect [8, 11, 12]. Clonidine has proven
to be effective in reducing neuroendocrine
responses tostressful stimuli preoperatively
(13, 14], as well as haemodynamic

variability during surgery [11, 15].

Lechat and Schmidt [16) and Thomas
and Tripathi [17) reported that clonided
accorded significant protection against ar-
rythmogenic effects of oubain. The reduc-
tion of sympathetic tone and the inhibi-
tion of the release of neurotransmitters
may be the contributing factor for the anti-
arrythmic activity of clonidine [17].

Recently, Segal et al. [11] demonstrat-
ed an enhanced sedative response in hu-
mans receiving a combination of an x, ag-
onists and benzodiazepine. Also, Salonen
et al. [12] demonstrated a pharmacody-
namic mechanism for the synergistic inter-
action between the x, adrenergic agonist
dexmedetomidine and midazolam in rats,
which mechanistically, is excreted at either
a pre-or-post receptor locus.

The purpose of this study was firstly,
to determine the antiarrhythmic activity of
midazolam and clonidine against epineph-
rine arrhythmogenicity. Secondly, it is a
trial to find a mechanism for this antiar-
rhythmic activity by evaluation of the ef-
fect after the specific benzodiazepine an-
tagonist flumazenil.

Material and Methods
Drugs uscd:

Midazolam (Hoffman, La Roche, Nut-
tey) supplied as ampoule 15 mg in 3ml
solution Clonidine hydrochloride (Cipia)

Flumazenil (La Roche); epinephrine hy-
drochloride (Misr, A.R E.).
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Animals:

Adult cats of either sex weighing
about 2-4 kg were used, anaesthesia was
induced by ether and maintained by alpha
chloralose (80mg/kg). The trachea was
intubated to allow artificial ventilation
by an animal respirator at a rate of 20
breats/min and the femoral vein was can-
nulated for drug and fluid administration
and the carotid artery cannulated for arte-
rial pressure monitoring. Lead I ECG
was recorded. Following instrumentation
and 1.5 hour after induction of anaesthe-
sia, the arrhythmogenic dose of epineph-
rine (ADE) was determined using the
method described by Manille et al. [18].
The I.V. injection of epinephrine was
started at the minimum dose of 5 p/kg
and the dose was doubled every 15min
until four premature ventricular contrac-
tions were recorded within 15 sec. After
determination of baseline ADE| in first
group (Gp I), a loading infusion of mid-
azolam to a total dose of 1.5 mg/kg was
administered over 5 min followed by
maintenance infusion of midazolam at a
rate of 40 mg/kg/min. The arrhythmogenic
ADE, was determined 2 hours after, and
again 15 min after a slow (over 5 min)
L.V bolus of flumazenil (Img/kg) ADE;.
In second group (Gp II) ADE, was deter-
mined after 2 hours from clonidine infu-
sion in a dose of 0.5/ug/kg/min [17].
ADE; was determined also 15" after flu-
mazenil administration (Img/kg). In the
third group (Gp IlII) ADE, was deter

mined 2 hours after . V. infusion of midaz-
olam and clonidine in the same previous
doses. ADE; was determined 15' after flu-
mazenil. In the fourth group, (Gp IV)
ADE, was determined 15 min after L.V. ad-
ministration of flumazenil at a bolus of
1mg/kg. Haemodynamic parameters (heart
rate, systolic and diastolic arterial pres-
sures) were recorded at the time the ADE
was achieved under the different treatment
conditions. The results were assessed by
Student "t" test, p < 0.05 was considered
statistically significant.
Results

I- Effect of midazolam, clonidine & flu-
mazenil on cpincphrine induced arrhyth-
mia:

L.V. infusion of midazolam (40 pg/kg/
min) and clonidine (0.5 pg/kg/min) pro-
duced a significant increase in ADE; from
mean baseline value of 30 + 510 90 = 8
pg/kg respectively. The subsequent ad-
ministration of flumazenil (1 mg/kg) re-
versed the antiarrthythmic effect of midazo-
lam only as shown by a return to baseline
values [Table (1) Barchart (1)].

This I.V. infusion of combination of
midazolam and clonidine in the same pre-
vious doses produced a significant increase
in the ADE, from 30 = 5 to 160 = 5 pg/
kg.

The subsequent V. injection of flu-
mazenil (1mg/kg) had no effect on the an-
tiarrhythmic action of both drugs com-
bined together (Table, I Barchart 1).
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Bar Chart 1: Effect of midazolam, Clonidine
and flumazenil on arrhythmo-
genic does of epinephrine.

Flumazenil (1mg/kg 1.V.) did not
change the ADE;, showing no-anti-
arrhythmic action, Table (1).

II- Haemodynamic cffect of midazolam,
clonidine & flumazenil before arrhyth-

nia’

The changes from baseline values of
initial haemodynamic parameters heart
rate, systolic & diastolic blood pressure
measured immediately prior to epineph-
rine injection for ADE determination
were represented in Table (II). Midazo-
lam 1.V. infusion (40 pg/kg/min)

b4 Midazolam + Clonidine
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produced a 10% decrease in the diastolic
blood pressure & a 15.4% decrease in sys-
tolic blood & no change in the heart rate
(Fig. 1). Clonidine L.V. infusion (0.5 pg/
kg/min) produced insignificant effects on
the arterial blood pressure while it pro-
duced significant bradycardia where the
heart rate decreased form 150 = 5to 100 =
4 (-33%) (Fig. 2).

The 1.V. infusion of combination of
midazolam & clonidine produced 33% &
30% increase in systolic & diastolic blood
pressure respectively. The heart rate was
significantly teduced from 150 = 5 to 107
+ 8 (-28%) (Fig. 3). Flumazenil [.V. had
no effect on arterial blood pressure and
heart rate (Fig. 4).

III- Haemodynamic cffect of midazolam,
clonidine & flamazenil during arrhyth-

mia:

The haemodynamic parameters (heart
rate, systolic & diastolic blood pressure)
measured at the time when the arrthythmic
activity was achieved, were represented in

Table (111).

As regards the effect on heart rate, no
change was observed during determination
of ADE|, ADE, & ADE;, but compared to
the control rate, there was bradycardia
which was more significant in clonidine
and combination of clonidine & midazo-
lam groups, Table (III).

There was, insignificant increase in
SAP (+3.4%) and (+4.5%) increase -
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oA (i Effect of Midazolam,, Cloniding , and Elnm,ammlh,qn nmrhylmogcmc Dose of

Epinephrine.
o ADE, ADE, ADE,
fnugrepgnen ng/kg ngkg - ng/kg
Midaz6lam 40 pg/kg min - 30+ 5 90 #@%-i i * 306
Clonidine 0.5 pg/kgmin  * 30+ 7 | 1selgere - 150+ 5
Midazolam + clonidine ~ * 7'l 46k ¢ 180 yE + , 150+ 7
40 ug/kg min 0.5 pg/kg min® 00 oo A snilowd © saibinol”
8000 0y 0 2028 - rmijblréigf £+ pim galygu 20
Flumazcml lmg,/kg 30 S
SEEC A - 8o (gl livoxsmuld = :
Values are expredsiid 5s mean 2§ EM. NERL noiedal ¢ T« sarbimol’s
*p<005  Conipared with controf value. =~ ST
** p < 0.01 Compared with control value. v

“Fable (II): Hcmodynamxc Parameters Mecasured Before Initiation of Epmcphrmp Dose for
Determinatjon of the Arrhythmogenic Dose. .

SAP % DAP % HR "%
Infusate Measurements.  (mm Hg) change (mm Hgy™Ehangé (beatéMimy~ Change

Midazolam Baseline 130 = 7 100 = 2 1S0+6
40 pgkg min  +2hinfusion 1106 (-154) 90=3 (-10) 150x8 (---)

Clonidine Baseline 120 = 5 100 + 4 150+ 5
0.5pghkgmin  + 2 hinfusion 11026 (-83) 100x2 (----) 1002 47(-33%)

Midazolam + Bascline 120« 5 100 = 4 1505
Cloniding ™ ~#2trinfusion -~ 160 = 7°* (¥ 33) 13022 (30~ 107 8~ (+ 28)
T Sl . .
F]umazcnll Ba‘clln“ 120 = 6 100 = 3 150+ 6
uﬂl ﬁig ﬁgxummmup 2=’J‘|”|memﬂ ’IQO txsxuz ‘;, 'm)mv 35 2 i (_ _‘_U)mplsb +4 (_s___)

-
b nmxmu) q AH is s awoud
et sscexpressid s oo 8 B M Bnohat shaere Ao a1 mrcxm"&mmcgmf ehanize of mean
values from ‘baseline meatCvaliks. aoisnimisiol « gmwb AH 0 linassmull 1) souasinil
S A P =systolic arterial pressure. D A P= diastolic arterial pressure.
HR = heart rate.
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Table (IHI): Hemodynamic Parameters Measured During Determiiat: n
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Dose of Epinephrine.

f the Arrhythmogenic

SAP % DAP % H R %
Infusate Measurements ~ (mm Hg) change (mmHg) ch mc (beats/min) change
Midazolam Baseline 280 = 10 ----  110=6 - - base line H.R. 150
40 ug/kg min  + 2 h infusion 200212 (+3.4) 11529 (+45) 136
+ Flumazenil 200 = 13 (+3.4) 1157 (+4.5) 136
Clonidine Baseline 2808 ---- 1006 ---- 136
0.5 ug/kg min  + 2 h infusion 250 = 10 (-10.7) 100 = 8 Q) 136
+ Flumazenil 2609 (-7) 1006  (0) 136
Midazolam + Baseline 250+ 10 ---- 1009  ---- 136
Clonidine + 2 h infusion 260+9 (-7) 1008 (+30) 136
Flumazenil 260+ 12 (-7) 130 £ 6 = (+ 30) 136
Flumazenil Baseline 280+ 11 ---- 100=6 ---- 136
1 mg kg after Flumazenil 270 = 12 (-3.5) 1105 (+ 10) 136

Data are expressed as mean = S EM.

S A P =systolic arterial pressure.

HR

= heart rate.

(%) change = change of mean from baseline mean values.

D A P=diastolic arterial pressure.

»
Wug/ke

s aDEy
Wauglkg

Flumaxesk 1mglig.

wADE,
Coaugrkg

Fig. (1): Hemodynamic parameters measured before and during determination of the
arrthythmogenic dose of epinephrine.

A: Effect on arterial blood pressure.
B: ECG Tracing shows: a) Normal HR, b) HR during determination of ADE,, c) HR
during midazolam infusion, d) HR during determination of ADEj, ) HR after
Jinjection of flumazenil, f) HR during determination of ADEj;. ‘
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DAP following midazolam infusion
(Fig. 1) Table (111), and insignificant de-
crease in SAP and increase - DAP, fol-
lowing flumazenil administration, Table
(11T). Meanwhile, following clonidine in-
fusion SAP decreased by 10.4%, which
remained decreased by 7% after flumaze-
nil administration (Fig. 2) combination
of midazolam and clonidine produced -
7% decrease - SAP and 30% increase in
DAP which was unchanged after flumaz-
enil administration (Table 111) (Fig. 3).

Discussion

This study has demonstrated that 1.V,
infusion of midazolam (40 pg/kg/min)
produced a significant increase of ADE
and that effect was antagonized by flu-
mazenil administration. Flumazenil itself
had no effect on epinephrine induced
arrhythmia.

Court et al. {3] demonstrated that
midazolam infusion results in either no
effect (with low dose infusion 10 pg/kg/
min) or flumazenil reversible suppression
of epinephrine arrhythmogenesis with
high dose infusion (40pg/kg/min) in hal-
othane anesthetized dogs.

Benzodiazepine sedatives have been
shown to depress basal and stress in-
duced increases in plasma catecholamines
[6,19). It is difficult to speculate the
exact mechanism responsible for increase
in the arthythmogenic threshold follow-
ing midazolam infusion. One possible

contributing factor is the arterial hypoten-

“sion observed following midazolam ad-

ministration - 10% reduction in diastolic
and -15.4% in systolic arterial blood pres- -
sure (Table 1), as arterial pressure is an
important determination of the epinphrine
arrhythmia threshold. This hypotension is
presumably due to venodilation of the
splanchnic vasculature 120, 21]. However,
Court et al. found that ADE was un-
changed following low dose of midazolam
infusion (10pg/kg/min) with associated
similar, mild reduction in diastolic pres-
sure, suggesting that other mechanisms, ei-
ther distinct form or in addition to system-
ic hypotension, may be responsible or the
observed alteration in arrhythmia threshold.

The pharmacological antagonism by
flumazenil, a specific benzodiazepine an-
tagonist, observed in this study could sug-
gest that the antiarrhythmic effect of mid-
azolam is at least in part mediated via
benzodiazepine receptor interaction. A
large proportion of the effect of benzodiaz-
epines is exerted by binding to specific re-
ceptor sites and enhancing the actions of
gamma- aminobuyric acid (GABA), a ma-
jor inhibitory neuro-transmitter within the
central nervous system [22]. Recent stud-
ies suggest that GABA-ergic neurons exert
atonic inhibitory influence over central au-
tonomic ncr‘vous system outflow [23].
Blockade of GABA-ergic inhibition at dif-
ferent levels of neuraxis modulates para-
sympathetic & sympathetic outflow to the
cardiaovascular system [24]. Di Micco
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Fig. (2): Hemodynamic parameters measured before and during determination of the

arrthythmogenic dose of epinephrine.

A: Effect on arterial blood pressure.

B: ECG Tracing shows: a) Normal HR, b) during ADE, d)during clonidine infusion, d)
during ADE,, ¢) effect of lumazenil on H R, f) during ADEj.
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Fig. (3): Hemodyramic parameters measured before and during determination of the
arrthythmogenic dose of epinephrine.
A: Effect on arterial blood pressure.
B: ECG Tracing shows: a) Normal HR, b) during ADE;, d)during clonidine infusion, d)
during ADE,, ¢) effect of flumazenil on H R, f) during ADE3.
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Fig. (4): Hemodynamic parameters measured before and 'duri}i'g determination of §l’}€
sk

arrthythmogenic dose of epinephrine.

A: Effect onarterial blood pressure.

B: ECG Tracing shows: a) Normal HR, b) during ADE;,
during ADE,, ¢) effect of ﬂymazcnil on H R, f) during ADEj.

5.

d)during clonidine infusion, d)
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[25] reported that, benzodiazepines, in-
cluding midazolam, have a primarily par-
asympatholytic effect in rats. In other
species, the autonomic effects of benzod-
iazepines is predominantly sympatholyt-
ic. Benzodiazepines have been shown to
antagonize the hypertension, tachycardia
and arrhythmias associated with toxic
doses of local anesthetics in dog [26]
presumably by enhancement of sympa-
thetic nervous system inhibition.

Midazolam has been reported to de-
crease central sympathetic outflow, to
lower circulating concentrations of cate-
cholamines, and to decrease transiently
baroceptor activity that controled heart
rate. Vagal mechanisms could also be in-
volved in maintenance of unchanged
heart rate [6). This could explain the
finding in this study that the lowering in
arterial blood pressure with heart rate not
differing from the baseline level. There-
by the increase in epinephrine arrhythmia
threshold observed in this study may be
attributed to a decrease in sympathetic
nervous system outflow.

The current study demonstrated that
clonidine (a selective x, agonist) infu-
sion of 0.5 pg/kg/min, inhibits the ar-
thythmogenic effect of 30+ 510150 = 6
mg/kg this response was not blocked af-
ter flumazenil administration.

Hayashi et al. [27] demonstrated that
dexmedetomidine, a selective &, agonist
in a dose 0.5 pg/kg/min. produced three

fold increase in both the arrthythmogenic
dose of epinephrine & the plasma epineph-
rine concentration in anesthetized dogs.
Other x, adrenergic agonist have been
shown to exert an antiarrhythmic action in
other arthythmia models [17, 28]. The
precise mechanisms involved in the antiar-
rhythmic action of x, agonists are not
clear. If «, adrenoceptors were to exist in
the heart, the stimulation of these receptors
may be expected to produce identical sec-
ond messenger effects as is seen with B-
antagonists, which are also blockers of epi-
nephrine - induced arrhythmia [29). How-
ever, until now there have been no data to
support the existence of postsynaptic «,
adrenoceptors in the mammalian heart [30,
31].

Another indirect mechanism by which
x, adrenoceptors agonists may ameliorate
epinephrine-induced arrthythmias, may be
attributed to bradycardia produced [32].
The =, agonist inhibits neuronal firing
rate from locus ceruleus, leading to a de-
crease in sympathetic outflow. This action
may decrease the release of norepinephrine
at the cardiac neuro-effect junction, mi-
micking the action of a class II antiarrhyth-
mic drug [30]. The reduction of sympa-
thetic transmitter release was accompanied
by small decreases or no change in blood
pressure & decrease in heart rate, both a
centrally mediated vagomimetic effect & a
sympatholytic action are possible causes of
the bradycardia [33]. This is in accordance
with the present study where neither the
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centrally mediated hypotensive effect nor
the peripherally mediated hypertensive
effect was seen during clonidine infusion
but significant bradycardia was demon-
strated.

Another possible mechanism is that
o, agonist exerts its antiarrhythmic effect
via stimulation of central «, adrenocep-
tors and that effect is independent on
changes in hemodynamic parameters.
Hayashi et. al [27] found that only the
centrally active «, antagonist
(Atipamezole) that crosses the blood-
brain barrier, blocked the antiarrhythmic

action of dexedetomidine. In agreement- -

with that, the results of this study which
showed that flumazenil could not block
or reverse the antiarrhythmic effect of
clonidine.

Moreover, in the present work, the
L V. infusion of the combination of mid-
azolam & clonidine did not show any
potentiation of antiarrhythmic activity.
The observed rise in the arterial blood
pressure may be one of the possible rea-
sons for this effect, as the arterial blood
pressure has been suggested to be an im-
portant factor in the genesis of epineph-
rine arrhythmias [34). This rise in arteri-
al blood pressure may be due to pripheral
action of clonidine in peripheral vascula-
ture or may be attributed to mixed ago-
nist antagonist effect of clonidine at x,
receptor or to an x, -agonits effect [35].
However, such a response to clonidine
might be expected to potentiate

arrhythmias, which is opposite to what

was found in the present study.

The results of the present work were
able to assess the role of blood pressure re-
sponse to epinephrine in causing the ob-
served difference between midazolam, clon-
idine & their combination of
arrhythmogenic threshold to epinephrine.
Neither hyper-nor hypotension appear to
contribute ta the inter-group differences in
arrhythmogenic thresholds, reinforcing the
conclusion of Atlee and Malkinson {36]
that the systolic blood pressure response
to cpincphri:'lc does not explain the in-
crease in arrhythmogenicity after clonidine.

Studies of the antiarrhythmic action of
the combination of midazolam & clonidine
should be further investigated.
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