
Cocaine-like effect of ketamine in frog myocardium 
Yusuf SARIOĞLU, Leman AKBAŞ,Tijen UTKAN 

Cumhuriyet University Medical School, Pharmacology Department, Sivas, TURKEY 

This study was undertaken to determine the effects of ketamine on sympathetic neurotransmission in frog myocardium. 
The effects of ketamine was compared with those ofdroperidol and thiopental. 

In the electrically driven ventricular strips of frog heart, ketamine (10~7-10'5M) was found to be ineffective on contractility 
but it produced negative inotropic effects at higher concentrations (>10'5M). Thiopental and droperidol also depressed the 
contractile activity of the frog myocardium. However, ketamine (10'5M) which has no direct positive inotropic effect, 
increased the positive inotropic responses to transient additional stimulations. Ketamine (10 M) did not change the 
positive inotropic effects of exogenously applied noradrenaline. Thiopental (10'5M) and droperidol (10'5M) did not 
increase the positive inotropic responses to transient additional stimulations. 

These resuts suggest that ketamine facilitates sympathetic neurotransmission in frog myocardium by inhibiting neuronal 
uptake of the neurotransmitter in sympathetic nerve endings. [Turk J Med Res 1992, 10(4): 180-184] 
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The administration of ketamine is associated with an 
increase in arterial pressure and tachycardia (1,12). 
For these reasons ketamine has been recommended 
as the agent of choice in patients with hypovolemic 
shock (3) and for the aged and critically ill in order to 
avoid cardiovascular collapse after induction of anes­
thesia (4). The cardiovascular effects of ketamine may 
contraindicate its use in patients with hypertension (5). 

Although evidence has been produced for a va­
golytic action (6), the cardiovascular effects of keta­
mine appear to result mainly from its interaction with 
the sympathetic nervous system. Ketamine stimulates 
the central sympathetic nervous system directly (7) 
and indirectly by desensitization of baroreceptors (8). 
Ketamine has been shown to inhibit the uptake of no­
radrenaline into the isolated rat heart (9), rabbit heart 
(10) and into rabbit aorta and pulmonary artery strips 
(11) . 

It has been postulated that ketamine blocks neu­
ronal re-uptake of noradrenaline (12). This study was 
designed to examine inhibition of re-uptake of neuro-
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transmitter by ketamine and to compare its effects with 
cocaine in frog myocardium. We also aimed to study 
the effects of droperidol and theopental on sympathetic 
neuronal transmission using the same experimental 
condition. 

MATERIALS AND METHODS 
Ventricular strips prepared from the heart of the pithed 
frog Rana temporaria (25-75g) were used. Each strip 
was mounted vertically in an organ bath containing 20 
ml of glucose-free, frog Ringer's solution of the follo­
wing composition (mM): NaCI, 111.0;KCI, 1.9; CaCfe, 
1.1;NaHC03, 2.4;NaH2P04, 0.07. The bathing solution 
was kept at room temperature and a gassed with O2. 
Each tissue was maintained at 0.5g resting tension 
and preparation was allowed to stabilize for 1 hr, the 
bathing fluid being replaced every 15 min. Muscle 
contractions were recorded isometrically by a force 
displacement transducer (Ugo Basile 7003) and dis­
played on a recorder (Ugo Basile 7070). 

Ventricular strips were driven electrically through 
a pair of parallel platium electrodes by square-wave 
pulses of 3 msec duration and supramaximal voltage 
at a frequency of 0.3 Hz using a Grass 5 S S stimula­
tor. Transient additional stimulations were applied for 
20 sec with following parameters of train stimulation 
100V,5 msec duration and at 1,2,4 and 8 Hz. This 

180 Türk Tıp Araştırma 1992, 10 (4) 



COCAINE-LIKE EFFECT OF KETAMINE IN FROG MYOCARDIUM 181 

method of using transient additional stimulation has 
been used for the investigation of presynaptic adrener­
gic receptors in the guinea-pig left atrium (13) and in 
the frog ventricle strip (14). Concentration-response 
curves were obtained with step-wise cumulative addi­
tion of drugs. 

The concentrations of drugs in the bathing me­
dium were increased only when the response to the 
previous concentration had attained a maximal and 
steady level. After completion of the concentration-re­
sponse curve, the strip was washed every 10 min for 
3 times until the response returned to control level. 
Then the antagonist was added and 30 min later a 
new concentration-response curve to drugs was reob-
tained. 

Fo l lowing d rugs were used 

Ketamine (Parke Davis/Padeko), thiopental (Ab­
bot), droperidol (Jannsen), cocaine (Geigy, phentola-
mine (Ciba), prazosin (Pfizer), atropine (Sigma), cimeti-
dine (Sigma), propranolol (Ayerst), guanethidine (Ciba). 

The mean values and their standard error (SE) 
were computed and subjected to statistical analysis for 
a significance of p<0.05 level using the Student's t test 
for paired observations. 

RESULTS 
Effects of anaesthetic drugs on electrically driven strips 
of frog ventricle: 

Ketamine (10" 7-10" 5M), thiopental and droperidol 
(10" 7-10" 5M) failed to produce a positive inotropic effect 

Figure 2. Effects of ketamine, cocaien, droperidol and thiopental 
on the increase of contractility of isolated frog ventricular strips 
evoked by transient-electrical stimulation. 

in isolated strips from the ventricle of the frog. Keta­
mine, thiopental and droperidol produced a marked ne­
gative inotropic effect at concentrations greater than 
10" 5M (Fig 1). 

These negative inotropic action of drugs was not 
prevented by phentolamine (10" 6M), atropine (10' 6M) 
and cimetidine (10' 5M). None of the antagonists used 
at these concentrations caused any inotropic effect on 
the ventricle strips. 

Effects of anaesthetic drugs on the response to 
transient additional stimulation of electrically driven 
strips of frog ventricle: 

Figure 1. Effects of various concentrations of ketamine, thiopen­
tal and droperidol on the contractility of isolated frog ventricular 
strips. 

Transient additional stimulations caused frequen­
cy-dependent increases in the contractions of isolated 
ventricular strips. Cocaine (10" 5M) significantly poten­
tiated these increased contractions at all frequencies 
(Fig 2,3). These incremental responses were substan­
tially inhibited by propranolol (10"6M) and guanethidine 
(10" 4M). 
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Figure 3. Effects of ketamine and cocaine on the increase of 
contractility of isolated frog ventricular strips evoked by transient-
electrical stimulation at 1,2,4 and 8 Hz. (n*7), *=p<0.05, signifi­
cantly different from control values. Bars indicate mean+SE. 

Ke tamine (10" 7-10" 5M) po ten t ia ted t h e s e re­
sponses at each frequency. However, the potentiation 
was more pronounced at 10" 5M than at 10-7M and 10" 
6M (Fig 2,3, Table 1). Thiopental and droperidol (10"6-
10' 5 M) did not change these responses at each fre­
quency (Table 2). 

DISCUSSION 
Ketamine is a dissociat ive anaesthetic agent which 
has been shown to produce marked increases in arte­
rial blood pressure, heart rate and cardiac output in 
man and in several animal species (15, 16). Ketamine 
has also been shown to produce dose dependent ne­
gative chronotropic and inotropic effect in perfused 

rabbit heart (8), in left ventricular trabeculae of the rat 
(17), and in Guinea pig atrium (18). Various authors 
also reported the positive inotropic effect of ketamine 
on isolated dog right ventricular trabeculae (19), on 
isolated rat atrial (20) and on rat cardiac papilary mus­
cle (21). It is clearly seen that previous studies have 
produced conflicting evidence concerning the direct ef­
fect of ketamine on the myocardium of different spe­
cies and the inotropic effects of ketamine in frog ven­
tricular muscle is not documented. 

The results of the present study show that of 10" 
7 -10" 5 M ketamine, thiopental and droperidol did not 
prodance on the isolated strips of frog ventricle. Higher 
concentrations (>10"5M) of these drugs produced a de­
pression of the contractile force in a dose-dependent 
manner . The negat ive inot ropic effect of h igher 
concentrations of ketamine in frog myocardium can not 
be due to activation of cholinergic and histamine-H2 
receptors because it was not antagonized by atropine 
(10"6M) and cimetidine (10" 5M). The negative inotropic 
effect of ketamine at the higher concentrations appers 
to be non-specific. The effect of ketamine may be attri­
buted to its local anaesthetic properties in influencing 
surface membrane or protein structure functions as a 
non-specific effect (17). 

The increase of the inotropic response to trans­
ient additional electrical stimulation is considered to be 
related to increased transmitter release from the adre­
nergic nerve terminals. Since the positive inotropic re­
sponse to transient additional stimulation was abolis­
hed by a beta-adrenoceptor blocking agent propranolol 
or by 2-h exposure to guanethidine, it in due to increa­
sed transmitter release. 

In frog ventricular strips, ketamine potentiated the 
positive inotropic response to transient additional sti­
mulation in a frequency-dependent manner but thio­
pental and droperidol did not change this response. 
On the other hand, ketamine (10" 5M) had neither posi­
tive inotropic effects by itself nor altered the positive 
inotropic effects of exogenous by applied noradrenaline 
in frog myocardium . These findings suggest that keta-
mine-induced increase in adrenergic response to trans-

Table 1. Effects of ketamine and cocaine on the increases of contractility of frog ventricular strips evoked by 
transient-electrical stimulation at 1,2,4 and 8 Hz. Control and afterdrug values indicate the increase of contractility as mg. 
All values are mean±SE of number of experiments (n) 

KETAMINE (n=7) COCAINE (n=7) 

F requency 

1 Hz 
2 Hz 
4 Hz 
8 Hz 

C o n t r o l 

0 . 9 3 + 0 . 2 5 
1.50 ± 0 . 3 3 
4 . 1 4 ± 0 . 8 3 
6 .86 + 1 .09 

1 0 " 7 M 

1'.07 ± 0'.2 3 
1.57 ± 0 . 3 0 
4 . 7 8 + 0 . 7 1 
7 . 8 6 + 0 . 9 5 

1 0 " 6 M 

1 : .00 + 0 .27 
1.57 + 0 .30 
4 .86 + 0.76 
8 .57 + 0 .80 

1 0 " 5 M 

1.93 + 0 . 4 5 * 

2 .50 + 0 . 6 2 * 
6 .86 + 0 . 8 0 * 

10 .28 + 0 . 7 4 * 

1 0 " 5 M 

2 . 6 0 + 0 . 2 9 * 
3 .30 + 0 . 3 8 * 
9 .00 + T . 0 2 * 

12'.40 + 1 . 4 4 * 

) f c = S i g n i f i c a n t l y d i f f e r e n t f r o m c o n t r o l v a l u e s ( p < 0 , . 0 5 ) . 
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Table 2. Effects of thiopental and droperidol on the 
increases of contractility of frog ventricular strips evoked 
by transient-electrical stimulation at 1,2,4 and 8 Hz. 
Control and afterdrug values indicate the increase of 
contractility as mg. All values are mean±SE of number of 
experiments (n) 

ient stimulation in frog myocardium may result from 
the increased release of neurotransmitter from the pre­
synaptic nerve endings. 

The action of ketamine in frog neuroeffector junc­
tion confirms those of previous studies with respect to 
uptake, inhibition by ketamine on the isolated perfused 
rat heart and in the isolated rabbit heart (9,11,10,22). 

When neuronal uptake mechanisms are inhibited 
with ketamine the potentiation of the response to nora­
drenaline might be expected to be amplified to an 
even greater extent. Blockade of uptake mechanisms 
may also be associated with overflow of the relased 
sympathetic transmitter in the systemic circulation and 
increased plasma noradrenaline concentrations have 
been reported in patients following injection of keta­
mine (23). The cardiovascular effects of ketamine may 
be explained by inhibition of neuronal uptake of nora­
drenaline. 

Ketaminin kurbağa myokardındaki 
kokain-benzer i etk is i 

Bu çalışma kurbağa myokardında ketaminin sem­
patik sinir iletimi üzerindeki etkilerini belirlemek 
için yapıldı. Ketaminin etkileri droperidol ve thio-
pentalin etkileriyle karşılaştırıldı. 
Elektriksel olarak uyarılan ventrikül dokularında 
ketaminin (W7—10' M) kontraktilite üzerinde etki­
siz olduğu fakat daha yüksek konsantrasyonlarda 
(>10'5M) negatif inotropik etki meydana getirdiği 
bulundu. Ancak direkt pozitif inotropik etkisi ol­
mayan ketamine (10'5M) geçici ek stimulasyonlara 
olan pozitif inotropik cevapları arttırdı. Ketamine 
(W5M) ekzojen noradrenalinin pozitif inotropik et­
kilerini değiştirmedi. Thiopental (10'5M) vedroperi-

Turk J Med Res 1992, 10(4) 

g83 

dol (W5M) geçici ek stimulasyonlara olan pozitif 
inotropik cevapları artırmadı. 

Bu sonuçlar ketaminin kurbağa myokardında sem­
patik sinir uçlarında nörotransmitter uptake'ini in-
hibe etmek suretiyle sempatik sinir iletimini kolay­
laştırdığını düşündürmektedir. 
[Türk Tıp Araştırma 1992; 10(4): 180-184] 

Anahtar Kelimeler: Ketamine, Nöronal-uptake, 
Kurbağa myokardı 
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