
EFFECT OF EXTIRPATION OF THE CERVICAL 

SYMPATHETIC GANGLIA ON FORMATION OF THE 

SCRATCH REFLEX DURING POSTNATAL 

DEVELOPMENT IN RATS 

L .  M.  L e p e k h i n a  UDC 612.65 '833-06:612.891-089 

Ext i rpat ion of the ce rv ica l  sympathet ic  ganglia in newborn r a t s  causes  delay in the format ion  
of the rhythmic phase  of the sc ra t ch  re f lex  and the operat ion at the age of 5 days weakens 
inhibitory ef fec ts  during the per iod  of inhibition of this r e f l ex  so that the animal  continues 
to exhibit  many "spontaneous" scra tching movements .  The r e su l t s  demons t ra te  the i m p o r -  
tance of the ce rv i ca l  port ion of the sympathet ic  nervous  s y s t e m  to the normal  develop- 
ment of the sc ra t ch  re f lex  in newborn r a t s .  

The development  of spec ia l ized  r e f l exes  in the newborn animal ,  like the fo rmat ion  of all new f o r m s  
of movement ,  is based  on inhibition and extinction of old coordination pa t t e rns  in the cen t ra l  nervous  s y s t e m  
and the format ion of new pa t t e rns  [14]. An essen t i a l  role  in the suppress ion  of the old and format ion  of 
the new coordination pa t t e rns  is p layed by the adaptive and regu la to ry  influences of the sympathet ic  nervous 
s y s t e m  [8, 15]. The effect  of sympa thec tomy is most  marked  in an imals  at the lower levels  of development  
[5, 16, 17]. 

Invest igat ions in ontogenesis  have shown that ext i rpat ion of the supe r io r  ce rv ica l  sympathet ic  gang- 
lion gives r i se  only to t e m p o r a r y  changes in the format ion  of the defensive shaking conditioned re f l ex  [7, 
13]. Work in the au thor ' s  l abora to ry  has shown that r emova l  of the ce rv ica l  sympathet ic  ganglia affects  
the development  of a l ternat ing l imb movements  [4] and the re la t ionships  between spec ia l ized  cleansing 
re f lexes  during postnata l  development  of rabbi t s  [12]. 

In the investigation descr ibed  below the effect  of extr ipat ion of the ce rv ica l  sympathet ic  ganglia on 
development  of the sc ra t ch  re f lex  during postnata l  development  of r a t s  was studied. The sc ra t ch  re f l ex  
p a s s e s  through 3 s tages  in i ts  development:  tonic, rhythmic ,  and gradual  inhibition of the r e f l ex  [2, 19]. 

Fig. 1. Scratching movements  by 
intact  newborn (a) r a t s  and by r a t s  
on the 1st (b), 3rd (c), and l l t h  (d) 
days of life (time m a r k e r  1 sec).  

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

The dynamics  of the s c ra t ch  r e f l ex  under normal  conditions 
and af ter  ext i rpat ion of the ce rv ica l  sympathet ic  ganglia was studied 
in Wis ta r  albino ra t s  f r o m  the f i r s t  day a f te r  b i r th  until the acquis i-  
tion of vision (on the 14th day). The sc ra tch  ref lex  was r eco rded  
graphica l ly  by the method of Voino-Yasenetski i  and Moskalenko 
[3]. The re f lex  was evoked by a s e r i e s  of light tacti le  s t imuli  
applied to the a r e a  of skin on the la te ra l  sur face  of the t runk 
which the ra t  touches during the spontaneous s c ra t ch  ref lex  at 
this per iod.  Altogether 5 s t imuli  at in te rva ls  of 5 min were 
applied during the exper iment .  
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Fig. 2. Rhythm of scratching movements:  1) intact ra ts ,  2) ra ts  
undergoing operation on 1st (a), 3rd (b), and 5th (c) days after  
bir th.  Abscissa ,  age (in days); ordinate,  number of scratching 
movements per  second. 

The cervica l  sympathetic ganglia (superior and middle simultaneously) were removed on the r ight 
side under ether anesthesia.  The rats  underwent the operation immediately after birth and at the ages of 
3 and 5 days. In some experiments  removal  of the ganglia was verif ied histologically.  After all the sym-  
pathectomized rats  had acquired vision, constr ict ion of the palpebral  f issure was observed on the side of 
the operation.  In addition, the ra ts  undergoing the operation on the day after bir th were considerably r e t a rd -  
ed in size and we!ght [10]. Altogether 102 control  experiments  were ca r r i ed  out on 15 intact ra ts  and 88 
exper iments  on 19 sympathectomized ra t s .  To study the effect of the operation itself on the course of the 
sc ra tch  ref lex a mock operation without actual removal  of the cervica l  sympathetic ganglia was pe r fo rmed  
on 6 ra t s .  

Fig. 3. Scratching movements in intact 
and sympathectomized rats: A) reflex 
movements on the llth day of life in 
intact (I) rats and rats undergoing sym- 
pathectomy on the first day of life (II); 
B) spontaneous movements on llth day 
of life in intact ra ts  (I) and ra t s  under-  
going operation on 5th day of life (II). 
Time marke r  1 sec.  

EXPERIMENTAL RESULTS 

Only the tonic phase of the reflex was observed in the newborn rats, i.e., in response to tactile 
stimulation the rat merely drew its paw toward the trunk without performing rhythmic movements with 
the limb (first stage of development of the reflex; Fig. la). In some of the rats on the first day of life (28%) 
the second stage of development of the reflex was well marked (Fig. Ib). During this period the reflex 
quickly disappeared, especially if the repeated stimuli was applied at intervals of less than 3 min. Scratch 
movements are most clearly evoked from the 3rd to the 8th day, but after the 7th day the 3rd stage - gradual 
inhibition of the reflex - can already be seen (Table i). 

The speed of the rhythmic scratching movements of the limb increased with age (Fig. 1 and 2). In 
the day-old rats the limb performed 2.6 • 0.3 movements per second. By the age of 9 days the rhythm of 
the scratching movements were 2.5 times faster, namely 6.7 • 0.4 times per second (Fig. 2). This is the 

characteristic speed of movements of the adult rat (i, 12]. 

Extirpation of the cervical sympathetic ganglia in rats 
caused delay in the formation of the scratch reflex. Depending 
on the age at which the operation was performed, this delay 
affected predominantly either the period of formation of the 
rhythmic phase of the reflex or the phase of its inhibition. 

Changes in the formation of the rhythmic phase of the 
scratch reflex were seen most clearly in the rats undergoing 
operation on the first day after birth. By the 6th day (on the 
average) after the operation the rate of increase in the frequency 
of the scratching movements in the rats of this group was 
appreciably slower. By the llth day the speed of the scratching 
movements in the sympathectomized rats was 4.0 • 0.i per 
second, compared with 6.6 • 0.i in the controls. These differ- 
ences persisted until the end of the period investigated (Figs. 
2a and 3A). 
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TABLE 1. Percentage of Posl t iveResponses  to Tactile Stimulation 
in Intact and Sympatheetomized Rats 

Group of animals 

Intact (15 rats) 

Undergoing operation at 
age of 5 days (7 rats) 

,Is 
28 20 

3 5 

58 56 

A g e  (ill days) 
6 { 7 8 9 

I 

h 

i 

72] 45 40 18 

43 [ 20 -- 46 

10 I I  

17 20 

- -  4 9  

12 13 

3 13 

49 26 

14 

4 

23 

In the ra t s  undergoing operation at the age of 3 days,  delay in the accelera t ion of the scratching 
movements was less marked and by the age of 12 days the differences had disappeared (Fig. 2b). Even 
less marked changes were observed in the group of ra ts  undergoing operation at the age of 5 days. On 
the 6th day after the operation ( l l th  day of life) the speed of the scratching movements  was reduced, but 
on the following days the differences disappeared in this case also (Fig. 2c). Other invest igators  also 
have observed that the age at which the operation is pe r fo rmed  affects the resu l t s  [4, 7, 12, 13]. 

In the ra ts  undergoing the mock operation without extirpation of the cerv ica l  sympathetic ganglia on 
the f i rs t  day after bir th no significant changes were observed in the speed of the scratching movements.  In 
the control  ra t s ,  for example,  the speed of the scratching movements  at the age of 11 days was 6.6 4- 0.1 
per  second while in the ra t s  after the mock operation it was 6.3 4- 0.1 per  second (P > 0.5). 

After the 9th day of life the stage of inhibition of the sc ra tch  ref lex was c lear ly  evident in the intact 
ra t s :  the percentage of positive responses  to stimulation gradual ly decreased .  After the operations at the 
ages of 1 and 3 days no definite changes were found in this p rocess  of inhibition. However, in ra ts  under-  
going the operation at the age of 5 days inhibition of the ref lex was great ly  weakened (Table 1). The ra ts  
of this group also exhibited numerous "spontaneous" scratching movements .  Whereas the intact ra ts  on 
the l l t h  day somet imes  gave 1 or 2 br ief  ser ies  of scratching movements ,  the sympathectomized ra ts  at 
this age gave success ive  ser ies  of these movements ,  forming clear lydef ined rhythmic groups (Fig. 3B). 
Grouped activity of this type, subdivided into ser ies  of scratching movements ,  was observed in the intact 
ra t s  at the age of 6 days, i .e. ,  at an ea r l i e r  stage of development, and this is also evidence of weakening 
of inhibitory influences on the course  of the scratching reflex in the sympathectomized ra t s .  

The resul t s  of these exper iments  show that the cerv ica l  sympathetic ganglia influence the p rocess  
of formation of the sc ra tch  ref lex in postnatal  development. In the per iod of formation of the rhythmic 
phase of the ref lex these influences facili tate the establ ishment  of a rhythmic pattern,  while during the pe- 
riod of inhibition of the reflex they contribute to its disappearance of "concealment ."  According to 
Sherrington the scra tch  ref lex is a spinal ref lex [18], but higher levels  of the central  nervous sys-  
t em part icipate in its format ion as well as the spinal cord [2, 20]. For example, the functional mat-  
urat ion of the diencephalon plays an important role in the formation of the rhythmic phase of the reflex, 
and functional maturation of the cor tex  is equally concerned in the formation of the per iod of its inhibition. 
Extirpation of the ce reb ra l  cortex in the period of "concealment" of the sc ra tch  ref lex can bring about 
its reappearance [2, 20]. De-inhibition of the sc ra tch  ref lex is also observed after  extirpation of the 
cerebel lum [6, 11]. The delay in the development of the sc ra tch  ref lex af ter  extirpation of the cerv ica l  
sympathetic ganglia observed in the presen t  experiments  were evidently the resu l t  of weakening of the 
adaptive and regula tory  influences of the sympathetic nrevous sys tem on the coordination pat terns in the 
centra l  nervous sys tem which are laid down at each stage of development of this ref lex.  
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