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The evolution of autonomic reflex reactions in a phylogenetic series of animals has been investigated in this 

laboratory [2]. The establishment of autonomic reactions in the period of ontogenetic development has been studied 
in less detail. The information available on this subject [8,6,7] relates mainly to the postnatal period of development 
of mammals. It has been found that autonomic reactions (particularly those affecting the cardiac activity) to extero- 
ceptive stimuli develop early in posmatal ontogenesis. The changes in autonomic reactions were found to take place 
in a regular sequence, details of which have been described in different species of animals. It has been concluded [4] 
from experimental investigations that the hypothesis [9,10], according to which the appearance in the first place of 
autonomic components during the establishment of orienting and defemive reactions is an adaptive act of preparation 
for the adequate performance of motor reactions, is correct. This problem has been inadequately studied in relation 
to the period of embryonic development. I. A. Arshavskii's findings, obtained in the fetuses of mammals whose young 
are born prematurely, demonstrate the absence of typical pressoreceptor reflexes coordinating the activity of the car- 
diovascular system; redistribution of the blood as in the case of Loven's reflex is also absent. 

It appeared interesting to determine whether a mechanism of unconditioned-reflex regulation of cardiac acti- 
vity is present in animals born mature, in the period of embryonic development. Fowls undergo such complete de- 
velopment during the intraovular period that at the moment of hatching they are perfectly ready for independent life. 
We have studied the possibility of obtaining unconditioned-reflex changes in the cardiac activity of the chick embryo 
during application of exteroceptive stimuli in acute and chronic experimental conditions, and also the possibility of 
developing a temporary connection with the cardiac activity in the embryonic period. 

EXPERIMENTAL METHOD 
Acute expemnents were carried out on 70 chick embryos from the 7th to the 21st day of development and 

chronic experiments on 150 chick embryos between the 6th and 21st days of development. The heart rate and motor 
activity were recorded in the chronic experiments. The technique of the acute experiments has been described pre- 
viously [3]. in the chronic experiments, white constant temperature conditions were maintained, the heart rate was 
recorded by means of copper electrodes introduced into opposite ends of the egg. In sterile conditions the shell at 
the poles of the egg was filed away for an area of i into 2, Copper electrodes, 0.25 mm in diameter, were introduced 
to a depth of 3-8 mm depending on the age of the embryo, without coming into direct contact with the embryo, and 
were fixed with phosphate cement. The egg was placed on a stand inside an incubator. The potentials were led to 
an ac amplifier, manufactured by the Moscow Experimental Factory, and recorded by an ink-writing apparatus. 

The stimuli used were a pinprick, pinching the thigh, an electric current of 10 V (acute experiments), and vi- 
bration of the egg at 100 cps aria an electric current of 3.6-8 V (chronic experiments). In the acute experiments the 
stimuli were applied in no particular order for a period of 2-4 rain, and in the chronic experiments the order was al- 
ways strictly adhered to: vibration of the egg, electric currant, 7-12 stimuli in a period of 2-4 rain. The experiment 
lasted 30-40 rain. 

The temporary connection was formed after the 14th day of embryonic development in response to a combina- 
tion of a tone of frequency 2000 cps and intensity 90 dB (the conditioned stimulus) and an electric current of voltage 

13 23 



?oo t 
r 
~30 ] i ' -  . .  

";50 
S 4~91, . . . . . . . . . .  

9 r s/ qg f3 I~ iS f8 f7 ig r 

3oo 1 
ggO 1 / " "  
260 ] l/ 
2~0 [ " I \ 1 1 /  
eeo: 

e00: ,, 
i8o: 
I00 

~ 7 D 9 Vb. l i  /e ia /+ b ia i'z is s} da 
Fig. 1. Fig. 2. 

Fig. t.  Changes in heart rate during pricking the thigh in acute experiments on chick embryos. Along the axis 
of abscissas-days of development; along the axis of ordinates-heart rate in beats per minute. Continuous l ine-  
background heart rate, broken line-changes in heart rate during application of stimulus. 

Fig. 2. Changes in the heart rate during stimulation of chick embryos with an electric current in chronic ex- 
periments. Legend as in Fig. 1. 

3.5 V and frequency 60 cps (unconditioned stimulus). During the first 1.5-2 days the two stimuli were applied simul- 
taneously at the rate of 7 combinations per day of the experiment. Subsequently, the conditioned stimulus was applied 
after a delay, gradually increasing to 5 sec, after which the tone and the electric current again acted together for a 
period of 3-4 sec. 

EXPERIMENTAL RESULTS 
The preliminary study of the background frequency of the cardiac contractions showed that the heart rate dif- 

fered significantly in the acute and chronic experimental conditions. In the acute experiments the heart rate re- 
mained stable during the experiment. In chronic experimental conditions, observations over a long period (2 h) showed 
the relatively steady heart rate was transformed into periods of higher and lower frequencies of contraction, the rate 
remaining relatively constant in the course of these periods. The duration of these periods of relatively stable heart 
rate varied from 15 to 25 rain. In individual cases a gradual rise or fall of the heart rate was observed, without sharp 
fluctuations. 

The application of exteroceptive stimuli in the acute experiments before the lqth day of embryonic develop- 
ment was not followed by any detectable changes in the heart rate, despite the presence of obvious reflex movements 

(Fig. 1). 

After the 17th day of development of the check embryo changes in cardiac activity could be observed in res- 
ponse to the application of individual stimuli. However, changes in the heart rate were seen in only 15 of the 25 
embryos at this stage of development. The reflex changes were characterized by a very slight quickening of the 
heart rate (by 9-15% of the initial background rate) during pricking and pinching the thigh, and a slowing of the heart 
rate by 15-3-9% during stimulation with the electric current. No relationship could be established between the ob- 
served changes in cardiac activity and the presence of a motor reaction. Changes in the heart rate during application 
of the stimuli were inconstant during several applicatiom. Various receptor zones were tested (the beak, forehead, 
wing, thigh, and foot), but no significant differences were observed in the character of the cardiac reaction. 

In the chronic experiments application of the stimuli (electric current, vibration of the egg) caused a slight in- 
crease of up to 20-30 beats per minute in the heart rate, or 10-15% of the initial background level; this was incon- 
stant in its appearance and was observed from the 6th day of development (Fig. 2). As a rule, the changes in cardiac 
activity were preceded by a motor reflex reaction, which persisted despite frequent reapplicatious of the stimulus. 
Hence, in the chronic experiments, although the changes in the heart rate were ill defined, they could be seen at a 
much earlier period of development of the chick embryo. Moreover, they were clearly seen to be connected with the 
performance of a motor reaction, stressing the nonreflex character of these changes at this particular period of devel- 

opment. 
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Fig. 3. Dynamics of the formation of a tem- 
porary connection in a chick embryo. Along 
the axis of abscissas--days of development; 
along the axis of ordinates-percentage of po- 
sitive responses in experiment. Unshaded col-  
umns- temporary  motor connections, shaded-  
autonomic. 

After the 17th day of development more marked changes 
than on previous days were observed in the heart rate in response 
to application of exteroeeptive stimuli. The heart rate varied 
by 15-20% of the initial background, aM the magnitude of these 
changes became more constant in each experiment. At this per- 
iod it was difficult to observe a connection between the changes 
in cardiac activity and the motor reaction; on the contrary, the 
changes in the heart rate preceded the development of the motor 
reaction or took place at the same time, thus demonstrating the 
reflex character of the changes in cardiac activity. 

During the application of a single stimuli a very slight in- 
crease in the heart rate was observed, foltowed by the establish- 
ment of a lower background level. As a result of smnmation of 
a single stimuli a more marked slowing of the background was 
obtained, returning to its initial level on the day after the ex- 
periment. This pattern was reproduced on the 18th day of devel- 
opment. At this age period, after the summation of the action 
of the single stimuli, the background heart rate rose sharply. 
The study of the possibility of forming a temporary connection 
with the cardiac activity showed that from the 14th until the iTth 
day of embryonic life, only a temporary motor connection could 
be obtained, in the absence of any changes whateve, r in the car- 
diac activity. After the 17-18th day of development a condi- 
tioned connection with the cardiac activity could be formed in 

66% of the cases (Fig. 3). However, this connection was manifested irregularly from one experiment to the next, and 
even in the course of the same experiment. The magnitude of the reaction amounted to 8-10% of the initial back- 
ground level. 

The experimental results show that until the 17th day of embryonic development of the chick embryo the regu- 
lation of its cardiac activity is in the fonnative period. The results of the acute experiments demonstrate the pres- 
ence at this period of a stable background heart rate and absence of changes in the heart rate in response to applica- 
tion of exteroceptive stimuli. In the chronic experiments on the unopened egg, in conditions as near to natural as 
possible, the stage of formation of cardiac regulation is more Clearly apparent. The changes in the relatively constant 
background value of the heart rate, the changes in the cardiac activity in response to the exteroceptive stimuli before 
the 17th day of embryonic life, which were directly dependent on the preceding motor reflex reaction of the embryo, 
and also the impossibility of forming a temporary connection with the cardiac activity are sufficiently (:lear evidence 
of this. Unconditioned-reflex regulation of the cardiac activity appears after the 17th day of embryonic development. 
In the acute experiments change~ first appeared in the heart rate at this period in response to the application of extero- 
ceptive stimuli. The character of the changes was also modified in the chronic expem-nental conditions. Whereas 
before the 17th day the changes in the heart rate were dependent on the preceding motor reaction, after the 17th day 
the change in cardiac activity preceded, or appeared at the same time as the motor reaction, thus demonstrating the 
unconditioned-reflex character of the reaction, Finally, at this period of embryogenesis a temporary connection 
could be loaned with the cardiac activity, thereby demonstrating the considerable widening of the scope of the regu- 
latory powers. 

The results show that the character of the development of the regulation of cardiac acitvity in the period of em-  
bryogenesis of birds hatching out in a mature state repeats the stages of phylogenesis [8]. The phase of undeveloped 
regulation (automation) is followed by a phase of marked unconditioned-reflex regulation. Finally, the possibility of 
regulation by a sy;tem of tempc::ary comaections appears, fonning one type of conditioned-reflex regulation. In con- 
clusion, it must be pointed out that in species which, at the end of embryogenesis, are fully prepared for independent 
existence, the mechanisms of adaptation to this situation are already formed, so far as the heart is concerned, at this 
stage. Their degree of development and the character of their manifestation are determined by the ecological  prop- 
erties of the species. 
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SUMMARY 
A study was made of the possibility of obtaining unconditioned reflex shifts in the cardiac activity of the chick 

embryo in response to exteroceptive stimuli in acute and chronic experimental conditions; a possibility of elabora- 
ting a reflex to the cardiac activity during the embryonic period was studied as well. Experimental results in d i ca ted  

that control of the cardiac activity was in the phase of formation up to the 17th day of the chick embryo development. 
Unconditioned reflex control of the cardiac activity was manifested beginning from the 17th day of the embryonic 
development. At the same period it is possible to elaborate a temporary reflex to the cardiac activity, which points 
to a considerable widening of the regulation possibilities by the end of embryogenesis in representatives of birds which 
hatched mature. 

L ITERATURE C I T E D  

I. I .A. Arshavskii, Physiology of the Circulation in the Intrauterine Period [in l~ssian], Moscow (1960). 
2. D.A. Biryukov, The Ecological Physiology of Nervous Activity [in Russian], Leningrad (1960). 
3. O.V. Bogdanov, Fiziol. zh. SSSR, 10, 1281 (1959). 
4. A.A. Volokhov, in the book: Evolution of the Function of the Nervous System [in l~ssian], p. 167, Leningrad 

(1958), 
5. A.A.  Volokhov, ZS. vyssh, nervn deyat., 1, 52 (1959). 
6. A.A. Volokhov, G. M. Nikitina, and E. G. Novikova, Zh. vysshei nervn, deyat., 3, 420 (1959). 
7. E.G. Zodenkova and G. M. Nikitina, Zh. vyssh, nervn, deyat., 2, 207 (1960). 
8. E.A. Korneva, Comparative physiology of the cardiac conditioned reflexes, Author's abstract of candidate 

dissertation, Leningrad (1958). 
9. R.A. Dykman and W. H. Gantt, Am. J. Physiol., 167, 780 (1951). 

10. A. Gellhorn, Regulatory Functions of the Autonomic Nervous System [Russian translation], Moscow (1948). 

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

at ions of the abbreviat ions as given in the original Russ ian  journal. Some or all of  this  peri.  

odical l i t e ra ture  m a y  well be a v a i l a b l e  in English t r~a la t ion ,  A complet e list of the cover-to~ t 
cover Engl i sh  translations appears at the back of this  i s sue .  
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