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One of the important  properties of camphor responsible for its cardiotonic act ion is its chol inolyt ic  act ivi ty.  
In hypoxia associated with cardiac  failure the concentrat ion of acetylchol ine  in the heart  muscle is considerably in- 
creased. Acetylehol ine  lowers the oxygen consumption of the heart  [9], as a result  of which its energy production 
is stil l  further reduced. The tonic effect  of camphor on the heart  when the rnyocardium is in a hypoxic state is ev id -  
ently due to an increase in energy formation in the heart  and to a change in neuro-hurnoral  relationships towards de -  

pression of acety lchol ine  act ivi ty .  

In face of these considerations, an invest igat ion was made of the peripheral  and centra l  chol inolyt ic  action of 

levorotatory camphor.  

E X P E R I M E N T A L  M E T H O D  

The action of camphor on the per ipheral  sympathet ic  ganglia was studied in experiments  in which changes in 
the blood pressure and in the tone of the n ic t i ta t ing  membrane were recorded during st imulat ion of the cerv ica l  sym- 

pathet ic  nerve of the ca t  before and after the administrat ion of camphor. The reactions of the adrenergic and the  
rnusear ine- l ike (M) chol inergie  systems were tested by means of adrenaline and acetylchol ine .  The changes in the 

circulat ion,  respiration, and the n ic t i ta t ing  membrane in response to the intravenous inject ion of cytisine were used 
as an indicator of the effect  of camphor on the per ipheral  n ico t ine - l ike  (N) chol inergic  systems. 

Arecol ine and nicotine convulsions in albino mice,  associated with the centra l  act ion of these drugs, were used 
as models for testing the centra l  ehol inolyt ic  effect  of camphor. The convulsive movements  of the animals  were re-  
corded on an actograph. Areeoline (25 rng/kg) and nicotine (20 rng/kg) were injected intraperi toneal ly .  Altogether 
232 experiments were performed. 

For the comparat ive  evaluat ion of the centra l  and per ipheral  cholinolyt ic  action of camphor the method de -  

scribed by P. P. Denisenko [ l]  was used; experiments were conducted on unanesthetized cats immobi l ized  with the 
curare- l ike  drug d i t i l in  (0.3-0.5 rng/kg). At the same t ime recordings were made of the EEG (in the right and left  
sensorimotor and the right optic areas) and the ECG (lead II) on a type 4 EEC-lm electroencephalograph.  The vagus 
nerve, placed in a special  holder on plat inum electrodes,  was st imulated by rectangular pulses with a frequency of 
50 per sec, a duration of 10 rnsec, and a vol tage of 0.75-3 V for a period of 3-5 sec. The EEG and ECG were re-  
corded before and for 60-90 rain after the subcutaneous inject ion of camphor (0 .1-0 .3  g/kg) in the form of an oily 
solution. The vagus nerve was st imulated every 5 rnin so that the beginning and end of the eholinolyt ic  effect  of 
camphor could be studied. 

The sulfhydryl groups in the homogenate  and in the cho l ine - reac t ive  protein of the isolated frog's heart  and 
in the superior cerv ica l  sympathet ic  ganglion of the cat  were determined by the method of rnercurimetric  t i t rat ion 
[4, 8]. The cho l ine - reac t ive  protein was separated by precipi ta t ion with mercuric  chloride and the functional groups 
were then reduced with unithiol [5]. 
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Fig. 1. Effect of camphor on adrenergic and cholinergic systems (in a cat 
weighing 2.4 kg). From top to bottom: respiration, blood pressure, zero 
line, t ime marker (5 see). n .V-S- -e lecmica l  st imulation of the vagosym- 

pathet ic  nerve; A c h - i n j e e t i o n  of aeetylchol ine;  A d r - i n j e e t i o n  of adren-  
alin; C - i n j e c t i o n  of cytisine. 

E X P E R I M E N T A L  R E S U L T S  

Comparison of the per ipheral  M and N chol inolyt ic  act ivi ty  of camphor (determinat ions made in 18 cats) 
showed that 20-60 rain after the subcutaneous inject ion of camphor in a dose of 0.1 g /kg  the react ion of the n ic t i -  
ta t ing membrane of the cat  to s t imulat ion of the sympathet ic  nerve supplying it was depressed by 81.7%; the de-  
pressor react ion to e lee t r i ca I  s t imulat ion of the peripheral  segment of the cerv ica l  lzunk of the vagus nerve was 
lowered by 21%, and the reac t ion  to inject ion of acetylchol ine  by 24.8%. The contract ion of the n ic t i ta t ing  mem-  
brane and the increase in blood pressure observed under the influence of cytisine were depressed on the average by 

21~ under the influence of camphor (Fig. 1). Consequently, camphor caused approximate ly  equal  blocking of the 
peripheral  M and N cholinergic systems, and its gangl ion-blocking action was slightly stronger on the sympathet ic  

ganglia.  

Administrat ion of camphor in a dose of 5 rag/100 g did not prevent the convulsant action of arecoline,  demon-  
strating that camphor has no centra l  M cholinolyt ic  act ivi ty.  The prel iminary administrat ion of camphor almost 
comple te ly  prevented the development  of nicotine convulsions. Only in individual  experiments  did nicotine produce 
weak convulsive movements  2-5 rain after its administrat ion.  All  the animals survived. Camphor thus possesses per i -  
pheral  chol inolyt ic  act ivi ty  and also has a centra l  N chol inolyt ic  action. 

For a comparat ive  assessment of the cholinolyt ic  properties of camphor the method described elsewhere [1] 
was used, in which the strength and duration of the centra l  and peripheral  chol inolyt ic  act ivi ty  of the tested sub- 
stances can be determined simultaneously. During s t imulat ion of the vagus nerve a clear  arousal reac t ion  appears 

on the EEG and the heart  rate is slowed. 

Subcutaneous inject ion of camphor (0 .1-0 .8  g/kg) caused no changes in the cor t ica l  potentials and did not af- 
fect the work of the heart. The "sleep volleys" in the EEG, character is t ic  of the centra l  cholinolytics,  and the slow- 
ing of the rhythm of the cor t ica l  potentials with an increase in their ampli tude were not observed in any experiment .  

St imulat ion of the vagus nerve against the background of the prel iminary injection of camphor in most animals 
[11 of 14] caused a clear act ivat ion react ion in the cor t ica l  leads. Only in three experiments was a weak react ion 
observed, especia l ly  in the optic area. The per ipheral  cholinolytic act ion of camphor was as a rule quite distinct:  
the heart  rate hardly changed in response to s t imulat ion of the vagus nerve (Fig. 2). 

It may be supposed that in doses having a peripheral  chol inolyt ic  act ion camphor does not block the central  
cholinergic systems of the cat.  However, there is another, more probable explanat ion of the absence of any mani -  
festation of the central  N chol inolyt ic  action of camphor on the EEG. We know that substances blocking only the 
central  N cholinergic systems do not, even in large doses, prevent the act ivat ion react ion produced by ant ichol ine-  
sterase drugs and nicotine, whereas they do abolish nicot ine convulsions. Evidently, the M cholinergic systems of the 
ret icular  formation of the brain play a part in the mechanism of the act ivat ion react ion produced by nicotine [2]. 
It may be supposed that the act ivat ion react ion of the cerebral  cortex resulting from st imulat ion of the vagus nerve 
is not associated with the N chol inergic  systems of the brain, on which camphor exerts its ehol inolyt ic  action. That 
is why camphor, while blocking nicot ine convulsions, does not influence the act ivat ion reac t ion  arising in response 
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Fig. 2. Effect of camphor on the EEG and ECG during stimulation of the vagus 
nerve. A) Time marker (1 sec); B) right optic area; C) left sensorimotor area; 
D) right sensorimotor area; E) ECG (lead lI); ~ t) beginning and end of st imu- 
lat ion of the vagus nerve. 
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Fig. 3, Cholinolytic action of camphor on the isolated segment of small  intestine 

of the rabbit. 

to stimulation of the vagus nerve. To analyze the biochemical  nature of the cholinolytic effect of camphor certain 

enzyme poisons were used in experiments on the isolated small intestine of the rabbit [3]: monoiodoacetic acid 
(1 : 10,000), sodium fluoride (1 : 40,000), and 2,4-dinitrophenol (1 : 8000). 

Camphor, in a concentration of 1:25,000,  blocked the spastic contraction of the intestine arising during per- 

fusion with carbachol solution (Fig. 3). Monoiodoacetic acid and sodium fluoride did not influence the cholinomi-  

tactic effect of carbachol, but inhibited the cholinolytic action of camphor. This reaction was stronger in experi- 
ments when sodium fluoride was used for perfusion and much weaker in experiments with monoiodoacetic acid. 
These results may be interpreted if it is remembered that monoiodoacetic acid paralyzes trios-phosphate dehydrogenase 
and arrests the formation of phosphoglyceric acids. Sodium fluoride, on the other hand, stimulates the formation of 
phosphopyruvic acid from phosphoglyceric acid. Evidently the process of formation of phosphoglyceric acids is of 
definite importance in the mechanism of the cholinolytic action of camphor. 
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The uncoupling of oxidative phosphorylation by means of 2,4-dinitrophenol prevents the cholinomimetic ef- 
fect of carbachol and the cholinolytic action of camphor. Admittedly, against the background of the action of 2,4- 
dinitrophenol, carbachol caused a spastic contraction of the segment of intestine, but this effect was transient. Evid- 
ently by disturbing respiratory phosphorylation, 2,4-dinitrophenol deprives the muscle of material providing the en- 
ergy required for performing mechanical  work. 

Metabolic poisons inhibiting oxidative phosphorylation are known to cause ATP breakdown and to lower its 
content in the smooth muscle. As a result, the muscle becomes incapable of reacting to substances causing it to re- 
lax, although the reaction to substances producing contraction persists. Evidently the cholinolytic action of camphor 
and the cholinomimetic effect of carbachol require different levels of high-energy phosphates in the smooth muscle. 

Sulfhydryl groups are of considerable importance in the realization of the specific activity of the enzymes 
concerned in the mechanism of the reaction of acetylcholine with the cholinergic systems. The interaction between 
acetylcholine and the cholinergic receptor is accompanied by a decrease in the reactivity of the sulfhydryl groups of 
the cholinoreceptor protein [5, 6], indicating a change in the structure of the molecule of the receptor protein under 
the influence of acetylcholine. In conditions in which the sulfhydryl groups are blocked by thiol poisons, the heart 
muscle does not react  to acetylcholine or to stimulation of the vagus nerve. 

As a cholinolytic substance, camphor evidently must interact with the cholinergic receptor, preventing it from 
reacting with acetylcholine and with other substances acting in a similar way to acetylcholine. To test this hypo- 
thesis experiments were carried out to determine the concentration of sulfhydryl groups in a homogenate and in the 
cholinoreactive protein of the isolated frog'sheart  and also in the superior cervical sympathetic ganglion of the cat. 

Camphor in a concentration of 1 : 5000, like acetylcholine, lowered the concentration of sulfhydryl groups in 
the homogenate of the isolated frog's heart on the average by 15% (P < 0.02). In experiments in which acetylcho- 
line acted against the background of camphor, no significant change took place in the concentration of sulfhydryl 
groups (P = 0.12). A similar picture was observed also in the experiments with cholinoreactive protein. 

The existence of antagonism between camphor and acetyleholine shows that these compounds evidently act 
on the same part of the cholinergic receptor mo lecu l e - t he  active center. The blocking by camphor of the action 
of acetyleholine must be attributed to the fact that the reaction between camphor and the receptor is accompanied 
by a change in the structure of the receptor, preventing the interaction between the cholinergic receptor and the 
mediator. Comparison between the change in the functional state of the ceils of the superior cervical  sympathetic 
ganglion of the cat  and the concentration of sulfhydryl groups in the ganglion showed that camphor (0.03 g/kg), be- 
sides blocking the transmission of nervous impulses in the superior cervical  sympathetic ganglion, also depressed the 
level of sulfhydryl groups in the ganglion by 29. 6%. 

Evidently camphor, when it acts on the N eholinergic systems of the ganglion, inhibits the activity of the thio 
compounds of the cholinergic receptor, adversely affecting the transmission of excitation between the neurons. 
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