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Abstract : Cardiac arrhythmias and cardiac arrest were induced in pentobarbitone anaesthetised cats
by slow intravenous infusion of ouabain. The dose of ouabain required for the induction of the stages
of arrhythmias and caridiac arrest and the maximum pressor effect induced by ouabain were assessed
in control and c10nidine pretreated cats. Clonidine caused significant delay in the onset of cardiotowic
effects of ouabain and inhibition of the maximum pressor effect of ouabin. The inhibition of cardiotoxic
and pressor effects of ouabain may be the result of clonidine's effect on the neural components of
ouabain action.
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INTRODUCflON

Clonidine, a centrally acting antihypertensive
agent, decreases the blood pressure by inhibiting
the spontaneous discharges from the splanchnic
and cardiac nerves (1). Its major actions are
mediated through the stimulation of central alpha2

adrenoceptors, the net result of which is a
diminished sympathetic outflow (2). The ability_ of
cardiac glycosides to increase the release of
catecholamines and other neurotransmitters from
a variety of tissues has been well documented (3,
4), and this is considered to be the major contributor
to the cardiac abnormalities caused by them. It
has been demonstrated that selective alpha2

adrenoceptor stimulation and alpha I adrenoceptor
blockade protect against ventricular arrhythmias
induced by digitalis glycosides (5. 6). Considering
the above findings. the present study was
undertaken to evaluate the effect of clonidine on
the cardiotoxic and pressor effects of ouabain in cat.

METHODS

Mongrel cats of either sex weighing between
2.0-3.5 Kg were utilized in this study. The method
described by Sekiya and Vaughan Williams (7)
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was used with some modifications to induce cardiac
arrhythmias, cardiac arrest and pressor effect in
cats. The animals were anaesthetised with
pentobarbitone sodium (50 mg/kg) injected
intravenously. Positive pressure artificial respiration
was maintained throughout the experiment through
the tracheal cannula by means of a Palmer
respiratory pump. Respiratory rate was adjusted
at 30 strokes/minute and volume at 10 ml/kg body
weight. The left femoral vein was cannulated and
connected to a Palmer slow infusion pump for the
administration of ouabain. The left common carotid
artery was cannulated and connected to a mercury
manometer for the recording of blood pressure.
ECG (Limb lead II) was recorded on a BPL
Cardiart machine and heart rate was monitered
from the ECG signals. Clonidine was administered
(iv) 10 min before the starting of the ouabain
infusion. Ouabain solution (100 JLg/tnl) was
continuously infused at a rate of 0.5 ml/min. The
onset of early arrhythmias (appearance of octopic
beats, prolonged P-R intervals, P wave nt followed
by QRS complex), ventricular fibrillation and
cardiac arrest were noted. The amount of ouabain
required per kg body weight, to produce these
stages of arrhythmia and cardiac arrest were
calculated in control and clonidine pretreated cats.
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The peak rise in blood pressure due to ouabain
was noted in each experiment. Clonidine (Unichem)
was dissolved in normal saline and was administered
at doses of 100 and 200 p.g/kg (iv). The results
were expressed as mean ± SEM and were
statistically analysed using Student's 't' test.

fibrillation and cardiac arrest, it was not significant
statisticaJly. Clonidine at a dose of 200 p.glkg
produced statistically significant delay in the onset
of ventricular fibrillation and cardiac arrest. The
amounts of ouabain required to produce the
arryhthmic stages and cardiac arrest in cats are
shown in Table II.

RESULTS

Values are expressed as mean±SEM of the doses of ouabain
(ltg!k.g, body weight). * P < 0.001 compared to controls

TABLE 11: Effect of clonidine on the doses of ouabain required
to produce early arrhythmias (EA), ventricular
fibriliation (VF) and cardiac arrest (CA) in cat.

(c) Effect of clonidine on the pressor effect of
ouabain : The peak pressor effect induced by
ouabain infusion was found to be just prior to the
incidence of ventricular fibrillation in control and

174.57±8.75 237.16±5.10 255.81±7.36

CAVFEA

167.66±12.77 248.37±13.00m.24±17.56
181.95±4.32 3OO.73*±11.12317.89*±9.31

n

5
6

6

Drug/Dose

Control
(N. Saline)
Clonidine
100 Itg!k.g
200ltglkg

TABLE I : Haemodynamic effects of clonidine in cat

(a) Haemodynamic effects of Clonidine
Intravenous injection of clonidine produced a rise
in blood pressure. The full pressor effect to clonidine
was obtained within 2 min of administration and
thereafter the blood pressure started falling
gradually. The rise in blood pressure was
accompanied by significant bradycardia. The blood
pressure readings 10 min after clonidine
administration were not significantly.different from
control values. The reduction in heart rate caused
by clonidine was maintained at significantly lower
levels even after 10 min. The haemodynamic profile
of intravenously administered clonidine in cats is
shown in Table I.

Fig. I: Effect of clonidine on the pressor effect inducer by ouabain

• • Control 0 0 Clonidine 100 Itg!k.g
o 0 C10nidine 200 ltg/kg. Values are represented

as mean ± SEM of 5-6 experiments.
*P<O.OI *·P<O.OOI compared to control.
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'n' Clonidine Predrug Postdrug
(ltg!k.g)

Blood pressure
(mm/Hg) 5 100 134±7 169±5 135±5

6 '200 127±6 176*±3 129±5

Heart Rate
(btlmin) 5 100 227±8 176*±10 174*±11

6 200 216±20 136*±9 140*±6

Values are expressed as mean±SEM. *p<O.OOI compared
to predrug values.

(b) Effect of clonidine on ouabain induced
cardiotoxicity : Ouabain infusion produced rise in
blood pressure and initial abnormal rhythms in all
animals. This initial arrhythmia was followed by
ventricular fibrillation and cardiac arrest. Clonidine
at doses of 100 and 200 p.g/kg, given intravenously
failed to protect the animals against initial
arrhythmias. Even though 100 p.g/kg clonidine
showed some delay in the incidence of ventricular
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drug treated animals. Clonidine produced a dose
dependent inhibition of this maximum pressor
effect. The pressor response induced by ouabain
in control animals and its inhibition in cats
pretreated with clonidine are shown in Fig 1.

DISCUSSION

Activation of the presynaptic alpha2

adrenoceptors leads to reduction in the secretion
of noradrenaline per nerve impulse (8). Clonidine
a preferential alpha2 adrenoceptor agonist decreases
sympathetic tone through its action on the central
nervous system (9). It was suggested that the
reduction in sympathetic tone caused by clonidine
is not only the result of reduction in the release
of noradrenaline from the sympathetic nerve
endings but also through a decrease in the fuction
of the adrenal medulla (10).

In the present study, clonidine protected cats
from the ouabain induced cardiac arrhythmias and
cardiac arrest by increasing the dose of ouabain
required to produce these stages. The incidence
of these arrhythmias and cardiac arrest and the
general pattern of arrhythmias were not altered
by clonidine in these experiments.

The cardotoxic effects of digitalis involve
different components such as direct effects on the
mycordium, the sympathetic nervous system and
the adrenal medulla (11). Cardiac glycosides cause
an increase in transmitter overflow from nerve
endings both in brain. and a variety 'of other tissues
(12, 13, 14). There appears to be a close correlation
between the ability of clonidine to reduce
syrnpa,thetic tone and its protection in digitalis

'induced arrhythmias, which are mediated mainly
tlITough sympathetic stimulation and release' of
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catecholamines (15): Changes in the heart rate can
alter the onset of action of digitalis and its uptake
into the myocardium (16). Bradycardia delays the
onset of action and decreases the myocardial uptake
of digitalis, whereas tachycardia enhances both.
Clonidine produced a dose dependent reduction
in the heart rate of anaesthetised cats. This
presumably had some effect in the delayed toxicity
of ouabain.

It was further observed in this study that
cloniqine inhibited ouabain induced~ pressor
response in a dose dependent manner. The peak
pressor effect due to ouabain was shortly before
or during the first signs of cardiac abnormalities.
The pressor effect of ouabain is considered primarily
to be the result of the activation of tt\e sympathetic
system (5). So the inhibition of the pressor response
qf ouabain by clonidine may reflect inhibition of
neurally mediated effects of ouabain. Clonidine
decreases noradrenaline release rate, an effect
blocked by yohimbine, an alpha2 adrenoceptor
blocker and not by corynanthine, an alpha!
adrenoceptor blocker (17). And this can be the
major factor which played a significant role in
delaying the cardiotoxic effects of ouabain in cat.
It is possible that there is correlation between the
reduction of the pressor effect and the reduction
in the ouabain cardotoxicity; and both these effects
are caused by the e~ect of clonidine on the neural
components of ouabain action.

ACKNOWLEDGEMENTS

This work was supported by Indian Council
of Medical Research. Authors are thankful to MIs
Unichem for the gift of clonidine hydrochloride
and Mr. Antony Kempuraj and Mrs. Nissy Nelson
for the technical assistance.

REFERENCES

1. Schmitt H. The pharmacology of clonidine and related
compunds: In Gross F Ed. Antihypertensive agents. Berlin:
Springer Verlag 1977; 299-396.

2. Isaac L. Oonidine in the central nervous system: Site ;lnd
mechanism of hypotensive action. J Cardiovasc Pharmac
1980; 2 Suppl 1: 505-10.

3. Gillis RA, Quest lA. The role of the nervous system in
the cardiovascular effects of'digitalis. Pharmac Rev 1980:
31: 19-97.

4. Powis DA. Cardiac glycosides and autonomic
neurotransmission. J Auton Pharmac 1983; 3: 127-54.



I 6 Thomas and Stephen

5. Lechat P. Schmitt H. Interactions between the autonomic
nervous system and the cardiovascular effects of ouabain
in guinea pigs. Eur J Pharmac 19 2; 78: 21-32.

6. Thomas GP, Tripathi RM. Effects of alpha adrenoceptor
agonists and antagonist on ouabain induced arrhythmias
and cardiac arrest in guineapig. Br J Pharmac 1986; 83:
385-88.

7. Sekiya A, Vaughan Williams EM. The effects of pronethalol,
dichloro isoprenaline and disopyramide on the toxicity to
the heart of ouabain and anaesthetics. Br J Pharmac
Chemother 1983; 21: 462-65.

8. Starke K. Regulation of noradrenaline release by presynaptic
receptor systems. Rev Physiot Biochem Pharmac 1977; 77:
1-124.

9. Kobinger W. Central alpha adrenergic systems as targets
for hypotensive agents. Rev Physiol Biochem Pharmac 1978;
81: 39-100.

10. Anglade F, Dang Tran L. De aint Blanquant G, Gaillard
G, Michel Damase C, Montastruc JL. Montasturc P, Ro tin
M, Tran MA. A tudy of the action of c10nidine on
secretion from the adrenal medulla in dogs. Br J Pharmac
1987; 91: 1713-33.

Indian J Physiol PharmacoJ 1990; 34(3)

11. Lathers CM, Roberts J. Digitalis cardiotox.icity revisited.
Life Sci 1980; 27: 1713-33.

12. Ba kin SI, Kendrick ZV, Gold Farb A, Roberts J, zaydon
AC. Effect of ouabain on H epinephrine washout from
the adrenal gland. Res Comm Chem Path Pharmac 1980;
39: 365-68.

13. Stickney JL. Relationship between effects of ouabain on
accumulation and efflux of noradrenaline in tissue slices.
Arch int Pharmac Ther 1980; 244-54.

14. O'Fallon JV, Brosemer RW, Harding JW. The
Na,K,ATPase: A plausible trigger for voltage-independent
release of neurotransmitters. J Neurochem 1981; 36: 369-78.

15. Pace DG, Gillis RA. Neuroexcitatory effects of digoxia in
the cat. J Pharmac Exp Ther 1976; 190: 583-600

16. Sanyal PN, Saunders PK. Relationship between cardiac
rate and the positive inotropic action of ouabain. J Pharmac
Exp Ther 1968; 122: 499-503.

17. Majewski H, Hedler L, Starke K. Evidence for a
physiological role of presynaptic alpha adrenoceptors:
Modulation of noradrenaline release in the pithed rabbit.
Naunyn Schmeid Arch Pharmac 1983; 324: 256-63.


