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It is generally held that the changes in the activity of the cardiovascular system (cardiac rhythm and minute 
volume) and respiratory system (rhythm of respiration and pulmonary ventilation) in the process of postnatal onto- 
genesis are the result of  the surface rule of energy [1, 2, 4-6]. 

Comparatively few reports of investigations of the energy expenditure in rabbits at different age periods were 
found m the literature [10, 11]. The investigations which have been carried out suggest only a tendency for changes 
to occur in the energy expenditure in the process of postnatal ontogenesis, but they do not allow their differences 
from one age period to another to be assessed. 

The object of the present investigation was to study the changes in the oxygen utilization of rabbits at differ- 
ent age periods, when calculated both per unit of body weight and per unit of body surface. 

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

The energy expenditure was measured in a respiration apparatus using the method described by Grad [13]. 
The method has been described more fully earlier [12]. 

The investigations were carried out in a respiration chamber at a temperature of 19-22 ~ i.e.,  close to the 
temperature at which experimental animals are kept in the nursery. With a disturbance of the natural conditions 
of keeping, newborn animals of the type that are immature at birth cannot maintain their normal body tempera-  
ture. For this reason, during the experiment, for the first days of postnatal life the animals were placed in a respir- 
ation chamber in specially built "nests ~ of cotton wool. The rectal temperature of the animal was measured be-  
fore and after the experiment by means of an etectrothermometer.  The body surface [5] was calculated by May's 

formula: 

S = K �9 W z / 3  J 

where W is the weight, and K a coefficient equal to 9.7 for rabbits. Preliminary investigations were carried out to 
study the specific features of the physiology of rabbits in the early age periods, which must be taken into consider- 
ation in the analysis of the changes in their pattern of gas exchange. 

Experiments were conducted on 216 rabbits starting on the 1st day of posmatal life. The experimental re- 

sults were analyzed by a ranking method. 

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

In the early age periods, especially during the first hours and days after birth, the quiet needed for determin- 
ing the energy expenditure corresponding to the basal metabolic level was observed (in contrast to the situation in 
adult animals) only when the animals had been fed and when the conditions essential for the normal development 

of the rabbit were undisturbed. 

The short periods of waking coincided with regular meals. If during one of the regular periods of excitation 
of the food center, the newborn animal failed to receive milk from its mother, restless movements were observed, 
so that the level of the oxygen demand was raised to a level unacceptable as normal. More prolonged deprivation 
of food led to a marked fall of body temperature and also of the energy expenditure, a sign of a disturbance of the 
heat regulation in the newborn organism. A specific feature of young rabbits fed on their mothers'  milk is that, in 
contrast to the great majority of mammals,  female rabbits feed their young not more often than once or twice a day. 
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Changes in Body Tempera ture  of Rabbits 

in Postnatal Ontogenesis 

Age Rectal 
temperature  
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Fig. 1. Changes in the vaIue of the r e l a -  
t ive body surface in rats fla postnatal  onto- 
genesis (in mZ/ton). 

Investigations conducted in recent  years have shown that the 

regular  supply of food is one of the most important  thermoregulatory 

factors mainta in ing constancy of the body temperature  and the cor-  

responding leve l  of energy expenditure at  an ear ly age [3, 18]. For 

this reason, to obtain accep tab le  normal  values of the oxygen con-  

sumption corresponding to the state of rest specif ic  of the ear ly age,  

the young rabbits from the 1st to the t 2 t h - l S t h  day of l ife were taken 
for investigation after feeding and p laced  in the specia l ly  constructed 
nest of cotton wool in groups of 3-4 animats  a l l  of the same weight.  
In these conditions their body temperature  f luctuated within the range 
34-36.4 ~ fal l ing during their stay in the respiration chamber  by not 
more than 0.6 ~ or not at  a l l .  By the 12th-13th day of postnatal  de -  

veIopment ,  the body of the young rabbi t  is covered by a visible cover 
of hair, and i t  was therefore no longer necessary to p lace  them in the 
nest during the exper iment .  In these circumstances the body t emper -  
ature remained unchanged during the exper iment .  

In papers describing ear l ier  investigations no detai ls  are given 
of the conditions in which the gas exchange of the young rabbits was 
studied: the number of animals  in the respiration chamber,  their  

body temperature ,  its change during their  stay in the chamber,  and 
the t ime  after feeding when the investigation was made.  The table  

shows the changes in the body temperature  of the rabbits a t  the di f -  

ferent age periods. By the age of l month the l imits of the variations 
of the body temperature  of the young rabbits had become the same 

as in the adult  animals .  Prom the resutts obtained,  five age groups 
could be distinguished (see table) .  

In the rabbits of the 1st and 2nd age groups, the leve l  of the 
oxygen consumption was determined 2-3 h after taking food. The 
rabbits of the 3rd age group were used in the exper iment  4-5 h after 
taking food, those of the 4th and 5th groups 12-14 h after their last 
meal .  

The curve in Fig. I shows the changes in the value of the r e l a -  
t ive surface area. A gradual  fai l  in the value of the re la t ive  surface 
area to the adult  state can be seen. According to the law of body 
surface, changes in the leve l  of oxygen consumption ca lcu la ted  per 
unit of body weight must accura te ly  ref lec t  the changes in the re la -  

t i r e  body surface, while the changes in the level  of oxygen consumption ca lcu la ted  per unit of body surface must 
follow a hor izonta l  line throughout the period of postnatal  ontogenesis. 

Curves showing the ac tua l  changes in the value of the oxygen consumption during postnatal  development  are 
given in Pig. 2a and b. It is c lear  that the curve of the change in oxygen consumption not only per unit weight  

(Fig. 2a), but also per unit body surface (Pig. 2b), did not obey the surface rule of energy. According to the exper i -  
menta l  data. given in Fig. 2a and b, besides the general  features of s imi lar i ty  between the curves character iz ing 
the changes in the value of the oxygen consumption per unit weight and per unit body surface, cer tain i l l -de f ined  
quantitative: differences were present. Prom birth, for instance, the level  of oxygen consumption per unit body sur- 
face gradually increased, reaching a maximum at the t ime of adoption of a standing posture (2nd age group), co in-  
ciding with the t ime when several  analyzer  systems begin to function. The motor ac t iv i ty  of the animals  reaches 
its max imum at this period [8], and the highest cholinesterase ac t iv i ty  of the skele ta l  muscles is observed in these 
rabbits [7]. According to L A. Arshavskii [2], in young animals  which have not yet  learned to stand there is no 
energy expenditure corresponding to the basal metabol ism of adults in a resting state 12-14 h after taking their last 
meal .  

After the final assumption of the standing posture the value of the oxygen consumption fell ,  not only per unit 
of mass, but also per unit of body surface. From this age,  according to I. A. Arshavskii [2], "rest" is organized in 
animals  and energy expenditure corresponding to the level  of the basal metabol i sm begins. From the age of 1 
month, i.e.,, shortly before leaving the mother,  the oxygen consumption per unit of body mass continues to falI 
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Fig. 2. Changes in the value of the oxygen consumption (in ml/min) in rabbits 
in postnatal ontogenesis in an environmental temperature of 19-22 ~ calculated 
per unit of weight (in kg; a) and per unit body surface (in m2; b). 

progressively, while that expressed per unit of body surface increases again, although in a not very clear form. 
Quantitative differences can also be seen. For instance, starting with the period of adoption of the standing posture 
and continuing until the adult state, the level of oxygen consumption per unit of body mass falls by 76%, and that 
per unit of body surface falls by 23%. It might be supposed that the lower level of oxygen consumption in the 
young rabbits up to 13 days old, expressed both per unit of mass and per unit of body surface, is connected with 
their lower body temperature. However, starting with the 14th-15th day of life, the body temperature of the rab- 
bits continues to rise (see table), yet the level of oxygen consumption per unit of mass and per unit of body surface 
begins to fall. It may be concluded from the results obtained that the changes in the value of the oxygen consump- 
tion in the process of postnatal ontogenesis, calculated both per unit of mass and per unit of body surface, do not 
obey the body surface rule of energy expenditure. 
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