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The effect of intravenous injections of certain stimulants is not limited to their action on receptors in local 
vascular regions (except when this is deternained by special experimental conditions), but changes take place in the 
vascular system as a whole. If the effect produced by the stimulus is similar in character in different parts of the 
vascular system, the general reaction of the arterial pressure is given by the sum of the regional changes and the 
variations in cardiac activity. Certain stimulants, for example acetylocholine, nicotine, and other solutions, produce 
a depressor reaction when their effect is general (when injected intravenously), but when parts of the body whose 
blood vessels are isolated from the rest of the vascular system (i.e., limbs) and which retain only their nervous con- 
nection with the body are perfused with these same solutions, a pressor results [6,8,9]. Consequently, injection of 
acetylcholine solutions into the general blood stream causes excitation of vascular receptors, the reflex effects from 
which may produce changes of opposite character in the blood pressure. 

There are few reports in the literature of studies of the reactions of the cardiovascular system to the simukan- 
eous action of different stimuli on different receptor fields [1,5,7,10,11]. The object of the present investigation was 
to study the character of the changes in the arterial pressure and in the strength and frequency of  the cardiac contrac- 
tions in response to the simultaneous injection of acetylocholine solutions into the vessels of the isolated limb and 

intravenously. 

E X P E R I M E N T A L  M E T H O D  
Experiments were conducted on cats anesthetized with urethane (1 g/kg body weight). So that the drug could 

be made to stimulate the receptors of an isolated vascular region, the animal's hindlimb was separated from the 
trunk, retaining only its nerve connections. The vessels of this limb were perfused with oxygenated Tyrode solution 
at 37-38 ~ under constant pressure. The nm-nber of drops of perfusion fluid flowing from the vein was recorded on the 
kymograph paper by an electric drop counter. The chemoreceptors of the limb vessels were stimulated by injection 
of acetylcholine solutions of different concentration (10-6-10 -3) into the tube of the perfusion system by a syringe. 

The strength of the cardiac contractions was determined by a Petrov's cannula [41, introduced into the pericar- 
dial cavity and fixed hermetically to the pericardium. The cannula was co~mected to a Marcy's tambour, the pen 
of which recorded the changes in the volume of the pericardial cavity on the kymograph paper. The injection of 
acetylcholine solutions into the general blood stream was effected by means of a syringe into the femoral vein. The 
pressure in the common carotid artery was recorded by a mercury manometer. 

E X P E R I M E N T A L  R E S U L T S  
In all the experiments stimulation of the chemoreceptors of the limb vessels by injection of acetylcholine solu- 

tions (10-6-10 -5) caused an increase in arterial pressure without significant changes in the frequency and strength of 
the cardiac contractions (Fig. 1, A). After injection of acetylcholine solutions into the limb vessels in a higher con- 
centration (10-4-10 -8) the pressor reaction was increased in strength and was sometimes accompanied by an increase 
in the rate of the cardiac contractions and a decrease or, more often, no change in their strength. 

The doses of acetylcholine solutions injected intravenously were so selected that they would not produce marked 
changes in the cardiovascular system. The concentrations of the solutions generally used were 10"z~ "18. Injection 
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Fig. 1. Changes in arterial pressure and in the strength and fre- 
quency of the cardiac contractions after injection of 2 ml of ace- 
tylcholine solution (10-s) into the perfusion fluid of the isolated 
limb (A) and after intravenous iNection of 0.5 mt 10 -20 acetyl- 
choline solution (B). Significance of curves (from above down): 
arterial pressure; strength of cardiac contractions; outflow of 
drops of perfusion fluid from femoral vein; marker of beginning 
and end of injection of acetylcholine; time marker (2 sec). The 
numbers denote: above) number of cardiac contractions in 10 see, 
below) number of drops ofperfusion fluid flowing out in 3.0 sec. 

of 0.5 ml of acetylcholine solution in these concentrations into the femoral vein led to a transient fall of arterial 
pressure, a decrease in the strength of the cardiac contractions and, in some experiments, a slowing of their rate (Fig. 
1, B). The use of higher concentrations of acetylcholine (10"15-10 "12) was accompanied by an increase in the inten- 
sity of these reactions, although their direction remained the same. 

During stimulation of the limb chemoreceptors with acetylcholine solutions against the background of the action 
of the same stimulant injected into the general blood stream, the reaction of the cardiovascular system depended on 
the strength of the stimuli applied and on the interval between them. If weak acetylcholine solutions (10-%10 "s) were 
injected into the perfusion fluid 3.,0-1.5 rain after intravenous injection of acetylcholine (102~ i.e., at the moment 
when the depressor reaction had already developed, no increase in arterial pressure in response to stimulation of the 
chemoreceptors of the limb vessels was observed against this background. With an increase in the concentration of 
the stimulus (10"4-10 "3) injected after the same interval into the limb vessels, no pressor reaction still developed, but 
only a depressor reaction was observed in response to the intravenous injection of acetylcholine. 
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Fig. 2. Depressor-pressor reaction after injection of 0.5 ml of 10 -20 
acetylcholine solution intravenously followed by injection of 2 ml 
of 10 -4 acetylcholine into the limb vessels (A). Change of the pres- 
sot phase of the reaction into depressor after injection of 10 -12 ace-  
tylcholine solution intravenously and 10 -3 acetylcholine solution into 
the limb vessels (B). Legend as in Fig. 1. Time marker for 2,) l sec ,  
for B) 2 sec. 

Shortening the interval between injection of the stimulant into the general blood stream and into the perfused 
limb to 5-10 sec, i.e., so that the chemoreceptors of the limb were stimulated before the depressor reaction to intra- 
venous injection of acetylcholine had developed, gave rise to an initial fall of arterial pressure, followed by a rise 
(Fig. 2, A). The depressor reaction arising in these conditions was shorter in duration than the depressor reaction de- 
veloping after injection of the stimulant into the general blood stream alone. The pressor phase of the general blood 
pressure reaction was especially well marked after injection of more concentrated acetylcholine solutions (10"4-10"s) 

into the limb vessels. 

A change in the order of injection of the stimuli, i.e., injecting acetylcholine first into the limb vessels and 
later into the general blood stream, also caused a two-phase reaction, beginning with a pressor reaction which subse- 
quently changed into a marked depressor reaction. 

When, in order to obtain a depressor reaction, higher concentrations of  acetylcholine solution (10"5-10 "lz) were 
injected into the general blood stream, the subsequent injection of acetylcholine solutions into the limb vessels pro- 
duced a change in the character of the reaction of the arterial pressure in response to stimulation of the chemorecep- 
tors of the limb vessels. In this case injection of acetylcholine into the blood vessels of the perfused limb 1.0-1.5 
min after the intravenous injection of a comparatively large dose of acetylcholine (10 "12) led to the development of  
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Fig. 3. Changes in ar ter ia l  pressure in response to intravenous in jec-  
tion of 0.5 ml physiological  saline 20 (A), 25 (B), 30 (C), and 35 (D) 
rain after simultaneous inject ion of ace ty lchol ine  intravenously and 
into the vessels of the perfused l imb. Legend as in Fig. 1. Time 
marker  1 sec. 

a depressor reaction instead of a pressor, although less marked in degree (Fig. 2, B). It should be emphasized that in 
this case not only was the pressor reac t ion  changed to depressor, but instead of the heart  rate being increased after 
in ject ion of ace ty lchol ine  into the l imb vessels, it  was slowed. 

A shortel~tng of the interval  between the inject ion of these stimulants into the general  blood stream and into 
the perfused l imb to 5-10 sec was accompanied  by the development  of a more prolonged depressor reaction than was 
observed after inject ion of ace ty lchol ine  into the general  blood stream alone.  

It should be noted that after  3-4 intravenous injections of acetylchol ine ,  followed by inject ion of the drug into 
the vessels of the isolated limb, intravenous inject ion of physiological  saline now caused a marked depressor reaction.  
For example ,  m one exper iment  the in ject ion of 0.5 ml  of physiological  saline into the femoral  vein 20 rain after  the 
third combined inject ion of both stimuli caused a marked depressor reaction, and this could be reproduced for a fur- 
ther 15 rain. This fa l l  of ar ter ia l  pressure with each seccessive inject ion of physiological  saline gradually diminished 
and i t  disappeared at  the end of 20 rain (Fig. 3). In another experiment ,  af ter  six clashes between the depressor and 

pressor reactions to intravenous and intra-perfusion inject ion of ace ty lchol ine  solutions, the depressor react ion in res- 
ponse to inject ion of 0.5 ml  physiological  saline into the general  blood stream was observed for over 1 h. This reac-  
tion of the ar ter ia l  pressure to inject ion of physiological  saline appeared after inject ion of the drug not only into the 
femoral,  but also into other veins. 

The appearance of  these reactions in the cardiovascular  system after intravenous inject ion of ace ty lchol ine  

followed by inject ion of the drug into the vessels of the isolated l imb may be explained,  we consider by A. A. Ukh- 
tomski i ' s  theory of the dominant .  In the case of a dominant,  " . . .  the stable exci ta t ion  present in the centers at  a 
par t icular  moment  assumes the importance of a dominant  factor in the working of other centers: it  accumula tes  ex-  
c i ta t ion from the most distant sources, but inhibits the power of other centers to react to impulses di rect ly  related to them. *" 

* A. A. Ukhtomskii, Col lec ted  Works [in RussianJ, 1, 190 (1950). 
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Other authors have obtained results indicating the possibility that a dominant state may develop in the vaso- 
motor center [2,3,7]. 

When other substances (histamine, nicotine) were used in the experiments, the depressor-pressor reaction as 
described above also occurred after injection of these drags intravenously at the same time as the chemoreceptors of 
the limb vessels were stimulated by aeetylcholine. Meanwhile, after the repeated injection of these drugs in different 
concentrations into the general blood stream, followed by injection of acetylcholine solutions into the perfusion sys- 
tem, no depressor reaction developed in response to intravenous injection of physiological saline. It is apparent that 
the excitation produced by intravenous injection of these drags was inadequate to cause the development of a domin- 
ant state in the vasomotor center. 
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SUMMARY 

Experiments were staged on urethane-anesthetized cats to investigate the correlation of depressor and pressor 
reactions to injection of acetylcholine intravenously and into the vessels of an isolated limb. 

All abbreviations of periodicals in the above bibliography are letter-by-letter transliter- 

ations of the abbreviations as given in the original Russian journal. Some or all of  this peri- 

odical l i terature may well be avai lable in English translation. A complete l ist  of the cover-to- i 

cover English translations appears at the back of this issue. 
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