
A D R E N E R G I C  M E C H A N I S M S  O F  R E G U L A T I O N  

R E S P O N S E  IN E A R L Y  P O S T N A T A L  R A T S  

V. P. Praznikov 

OF M O T O R  

UDC 612.833.76:612.648]-06:612.452.018 

KEY WORDS: motor  response;  growth; catecholamines.  

Significantly more  motor  responses  (MR) of twitch type during sleep are observed in ra t s  during the f i rs t  
days of life than in adult animals [3]. Cholinergic and GABA-ergic mechanisms of MR regulation were demon-  
s t ra ted previously in ra ts  during ear ly  postnatal development [4]. It was decided to study the role of the catechol-  
aminergic  sys tem in the regulation of movements  of twitch type since the catecholamine concentration in the 
blood is substantially higher in the ear ly  postnatal  period than in adult animals [2, 5]. 

The aim of this investigation was to study the role of adrenergic  mediators  as a factor  in neurohumoral  
regulation of MR of twitch type in rats  in the ear ly  postnatal  period. 

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

The action of the pharmacologic agents L-dopa, reserpine, and chlorpromazine on the character of per- 
formance of MR of twitch type in rats 12 days old was analyzed. The action of chlorpromazine on performance 

of MR throughout the Ist month of life also was analyzed. The aim was to assess the action of the drug at cri- 
tical periods of growth. The intensity of growth is known to differ at different ages during early postnatal de- 
velopment: A relatively slow rate of growth is followed by a critical increase [3]. MR were recorded by means 
of piezocrystals mounted in the floor of transparent plastic cages. MR (actogram} was analyzed by I~l~GP4-02 
electroencephalograph and recorded on an oscilloscope, and also by means of an electronic integrator, con- 
structed according to a scheme described previously [i]. The cages were heated with an electric lamp to 25~ 
At that temperature the rats quickly fell asleep and they began to exhibit MR of twitch type. The rats in the ex- 
periments of series I received an intraperitoneal injection of L-dopa, a precursor for catecholamine synthesis 
(i0 mg/kg), those in series II received the adrenolytic drug reserpine (0.5 mg/kg), whiehpromotes eatecholamine 
release from the tissues [6], and in series III they received chlorpromazine, an ~-adrenoblocker and antagonist 
of dopamine receptors (i0 mg/kg). The drugs for study were dissolved in isotonic solution and injected intra- 
peritoneally in a volume of 0.i-0.2 ml. The initial frequency of MR was recorded first, followed by their fre- 
quency after injection of the isotonic solution, immediately after injection of the drug, and 30 rain later. The 
rate of growth of the animals was estimated as the growth rate constant, by the equation [3]: 

I o g  m i  - -  l o g  m e 
K-- log l~ -- log te , 

where m 1 and m 2 denote the weight of the animals and t I and t 2 their  age. The ra t s  were weighed daily in the 
morning. In the f i rs t  three se r ies  46 ra ts  were used. In the last se r ies ,  the action of chlorpromazine in a dose 
of 10 m g / k g  on the charac te r  and frequency of MR in the animals was studied. 

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

L-dopa caused an increase  in f requency of MR of twitch type in rats  12 days old f rom 638 • 48 to 691 • 
36 per  hour (P < 0.05, Fig. la) .  A~ter injection of reserp ine  the frequency of MR fell f rom 628 • 56 to 434 • 31 
per  hour (P < 0.001, Fig. lb). Chlorpromazine had the same effect in 12-day-old ra ts  on the frequency of MR of 
twitch type as rese rp ine ,  reducing it f rom 631 • 39 to 523 • 19 (P < 0.05, Fig. le ) .  
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TABLE 1. Frequency of Motor Responses  (FMR) of Twitch Type before  (A) and a f te r  (B) In jec -  
t ion of Chlorpromazine  (10 m g / k g ) ,  Rela t ive  D e c r e a s e  (RD) of FMR af te r  Injection of Ch lo r -  
p romazine ,  Weight Charac te r i s t i c s  (weight in g rams) ,  and Growth Rate Constant (K) in Rats  
during 1st Month of Postnata l  Development  

Age of animals, days 
Parameter 
studied 2 5 7 9 11 

, I , I 
FMR (M+_m) 
RD, % 
Weight in grams~ 

~(M• 
K 

A B 

6,1+__0,1 

374+_511 152• 
59,5 

6,9~0,1 
0,48 

626+_. 641 288• 
54,1 

8,7• 
0,86 

647 +662t, 309 ~+ 30 

12,3• 
0,98 

832• I 565• 
34,2 

15,2• 
1,3 

623~85 478• 
23,4 

16,8+0,4 
0,91 
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Age of animals, days 
13 [ 16 

* I * 1  
I I 

285+46t 478+ 23185 _+22 29+  7,8 
38,4 I 65,9 - -  

18,2~+0,62 20,9__+0,61 
0,48 0,39 

18 
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23 

A I B  
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30,2• 
3,31 

25 

349=t=21 I 229=t=18 
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43,4~0,72 
4,3I 

28  3 0  
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Fig.  1. Ae togram of MR of twitch type p e r f o r m e d  by ra t s  aged 12 days a f te r  rece iv ing  L-dopa (a), r e -  
serp ine  (b), and chlorpromazine  (c). 1) Original ac togram,  2) a f te r  injection of isotonic solution, 3) 
a f te r  inject ion of drug, 4) 30 min af ter  injection of drug. 

Fig. 2. Changes in f requency of MR of twitch type a f te r  injection of ch lorpromazine  (10 mg /kg )  into 
r a t s  during 1st month of life, in re la t ion  to changes in the cha rac t e r  of the i r  growth. Ordinate,  age of 
r a t s  (in days) .  I) Change in f requency of MR (in ~ ;  II) growth ra te  constant.  

It will be c lea r  f r o m  Table  1 and Fig. 2 that  the re  were  two jumps in growth of the ra t s :  at the ages  of 
9-11 days and 25-27 days .  It was shown prev ious ly  that  during a jump in growth the re  is an inc rease  in f r e -  
quency of MR of twitch type [3]. During a jump of growth the re  was a dec r ea se  in the percen tage  os change in the 
f requency of M_R in response  to  inject ion of the same dose of ch lorpromazine  into the an imals .  In other words ,  
the same dose of ch lorpromazine  led to d i s s i m i l a r  changes e x p r e s s e d  as a dec rea se  in f requency of MR. During 
jumps of growth these  changes diminished cr i t ica l ly .  

L-Dopa,  which i n c r e a s e s  the dopamine concentrat ion,  thus caused an i nc rea se  in f requency of MR of twitch 
type in r a t s  in the ea r ly  postnatal  per iod.  Converse ly ,  r e s e r p i n e  (adrenolytic agent) and ch lorpromazine  ( a -  
adrenoblocker  and antagonist  of dopamine r ecep to r s )  reduced the f requency of MR. The high f requency of MR 
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of twitch type in the ea r ly  postnata l  per iod in r a t s  is the r e su l t  not only of the c h a r a c t e r i s t i c s  of chol inergic  and 
GABA-erg ic  regulat ion,  as was observed  in a prev ious  invest igat ion [4], but a l so  of the high act ivi ty of the ad r en -  
e rg ic  (dopaminergic) s y s t e m ,  as the p re sen t  invest igat ion showed. In addition, it was found that  ch lo rpromaz ine ,  
in the s ame  dose pe r  k i log ram body weight but at different  age per iods ,  induces var ied  changes in the reduct ion 
of MR frequency:  During jumps of growth the re  is a max imal  i nc rea se  in the blood catecholamine concentrat ion,  
so  that  a l a r g e r  dose of the drug was evidently needed to produce an equal (expressed  as a percentage)  dec rease  
in the f requency of MR. A high blood level of ca techolamines  during this per iod is conf i rmed by data in the l i t e r -  
a ture  [2, 5]. 
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Cr i t i ca l  per iods  in postnatal  development  of the s y s t e m  for  water  and e lec t ro ly te  homeos t a s i s  a re  known to 
exis t  in m a m m a l s  [3]. The wr i t e r s  showed p rev ious ly  that  if hydrocor t i sone  is admin i s t e r ed  in the neonatal  
period,  the osmot ic  concentrat ion function in the kidney in adult r a t s  can be substant ia l ly  modif ied [2]. The 
per iod  of sens i t iv i ty  to this p rocedure  is l imi ted  to the age in terva l  f rom 5 to 9 days  a f t e r  bir th [10]. Low ant i -  
d iuret ic  r eac t iv i ty  in r a t s  induced in ea r ly  ontogeny is evidently the resu l t  of modif icat ion of the molecu la r  m e -  
chanisms respons ib le  fo r  sens i t iv i ty  of the rena l  epi thel ium to ant idiuret ic  hormone (ADH). Meanwhile the pos -  
s ibi l i ty  cannot be ruled out that  definite changes could a lso  take place at the level of cent ra l  regula t ion of w a t e r -  
e lec t ro ly te  homeos ta s i s ,  for  a t r ans ien t  dis turbance of the s t e ro id  hormone balance in the ea r ly  postnata l  per iod  
leads to changes in function of the hypothalamic  centers  controll ing seve ra l  other  functions [4, 6]. 

The a im of the p re sen t  invest igat ion was to study the age dynamics  of the content of n su rosec r e t i on  in the 
posterior lobe of the pituitary in intact rats and to determine the ADH content in the neurohypophysis of adult 
rats, induced by hydrocortisone at different times of postnatal ontogeny. 
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