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HOLMGREN, B. AND R. URBA-HOLMGREN. Cholinergie mechanisms involved in head-shaking of infant rats. 
PHARMAC. BIOCHEM. BEHAV. 7(6) 493-499, 1977. - Central cholinergic mechanisms involved in D-amphetamine 
induced head-shaking (H-S) were explored in 9-day-old albino rats using anticholinergic, anticholinesterase and 
cholinomimetic drugs. Scopolamine (5 mg/kg, IP) blocks both spontaneous and D-amphetamine induced H-S. 
Physostigmine (0.10 mg/kg, IP), but not neostigmine, increases D-amphetamine induced H-S up to 400%. Pilocarpine (1-10 
mg/kg, IP) per se induces H-S and strongly potentiates the amphetamine H-S effect. Cholinergic catecholaminergic 
interactions in the CNS are discussed in relation to the expression of this motor item. 
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A HIGH proportion of infant albino rats (5 to 12-day-old) 
when injected with D-amphetamine, exhibit frequent epi- 
sodes of head-shaking (H-S) [22]. This motor  item is 
displayed very seldom in noninjected rats, even if it seems 
to be a part of the rat's normal motor repertoire [44]. 
These H-S episodes are characterized by quite regular 
rocking movements of the head, with clear predominance 
of rotatory components around the sagital axis, the 
oscillatory frequency of which increases with age from 
approximately 5 - 1 0  cps. [22]. 

Some authors [21, 36, 43, 46] have included head- 
shaking or very rapid and persistent small head movements 
or stereotyped movements of the head, generically among 
other stereotyped movements induced by amphetamine or 
dopaminergic agonists. Because of chronological and quan- 
titative differences in H-S induced by D-amphetamine or 
apomorphine, and to the fact that the alpha-adrenergic 
receptors' blocking drug phenoxybenzamine can inhibit 
D-amphetamine induced H-S [23] but does not influence 
other stereotyped movements [1,23], head-shaking would 
appear as a motor  item with a mixed dopaminergic- 
noradrenergic background, while perseverative oral or ste- 
reotyped sniffing motor patterns would seem to be more 
purely dopaminergic [ 2, 13, 48, 51 ]. 

From several lines of research suggestions have been 
advanced that distinct balances or interactions between 
catecholaminergic and cholinergic systems mediate differ- 
ent functions of the brain. 

Thus, Aprison and Hintgen [3] have conceived that the 
level of behavioural excitation results from changes in 
balance between a telencephalic cholinergic system and 
mesencephalic adrenergic influences. Similar ideas have 
been used to explain anticholinergic potentiation of adren- 
ergic arousal in developing rats [10,15[. An adequate 
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function of the extrapyramidal motor system seems to 
depend on a balanced function of monoaminergic and 
cholinergic influences [4, 5, 26]. The theory of a 
cholinergic-dopaminergic imbalances (due to dopamine 
decrease) in the explanation of Parkinsonism, view first 
advanced by McGeer, Boulding, Gibson and Foulkes [40] 
and Barbeau [6],  has nowadays many adepts (for recent 
reviews, see Klawans [30,31]). A imbalance in the opposite 
direction has been assumed for stereotyped movements 
induced by amphetamine, on which acetylcholine seems to 
exert a certain inhibitory effect, since anticholinergic agents 
enhance the amphetamine effect or restore already vanished 
stereotyped activity [ 16]. 

As head-shaking induced by D-amphetamine is a motor 
item that appears mixed together with stereotyped behav- 
ior, but by its tremorous characteristics might also be 
interpreted as an extrapyramidal disorder, it appeared 
logical to investigate if central cholinergic mechanisms are 
also somehow involved in it. If so, the administration of 
anticholinergic or cholinomimetic drugs might modify the 
quantitative expression of this motor pattern in opposite 
directions. 

MATERIALS AND METHOD 

The procedure used has been extensively described in 
previous papers [22,23]. As the maximal amphetamine 
induced H-S effects were observed at the 9th postnatal day, 
in this work only 9-day-old albino rats (Wistar strain) were 
used. The results are based on 80 litters, each of which was 
reduced to 8 rats 2 4 - 3 6  hr after birth. The experiments 
were performed in morning hours ( 8 - 1 0  a.m.) and the 
animals tested only once. After being injected, groups of 
two to four rats were placed in boxes (25 x 40 x I0 cms) 
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with vinyl plastic floors and observed by simple visual 
inspect ion during one hour.  The fol lowing data were 
quant i f ied:  H-S occurrence,  H-S episodes '  durat ion,  and 
total  H-S t ime during the observat ion period. 

Freshly prepared solutions in saline (sodium chloride,  
0.9%) of  the fol lowing drugs were used: D-amphetamine  
sulphate (Rhone-Poulenc)  physost igmine salicylate (Sigma 
Chemical  Co.)., neost igmine methylsu l fa te  (Medexpor t ) ,  
scopolamine hyd rob romide  (Merck), and pi locarpine hydro-  
chloride (C. H. Boehringer).  Controls  were injected with 
saline. All drugs, except  D-amphetamine  sulphate,  are 
expressed in mg/kg of the free base. Inject ions were carried 
out  int raper i toneal ly ,  at a standard volume of 0.01 ml/g 
bodyweight .  Animals  from every l i t ter were distr ibuted at 
random be tween  control  and exper imenta l  groups. Statisti- 
cal procedures  are ment ioned  with the results. 

RESULTS 

A. Experiments with Scopolamine 

When scopolamine is injected s imultaneously with D- 
amphe tamine  in 9-day-old rats, a reduct ion  in the head- 
shaking inducing effect  of this last drug is observed. The 
antagonist ic dose-effect  curve is i l lustrated in Fig. 1, which 
also shows an inhibi tory  effect  of  scopolamine on spontane-  
ous H-S. Al though these results are statistically significant, 
as approx imate ly  a 50% of D-amphetamine  injected rats do 
not  present H-S, we felt  that  more clear-cut results should 
be obtained f rom animals with evident  head-shaking behav- 
ior, induced by the inject ion of  D-amphetamine  15 min 
before. The effect  of  scopolamine with this type of  
exper imenta l  design is shown in Fig. 2. With 5 mg/kg a 
significant restraining effect  of scopolamine on H-S was 
observed. Higher doses, up to 10 mg/kg, did not  increase 
this effect.  A lower dose, of  2.5 mg/kg, was ineffective.  

B. Experiments with A nticholinesterase Drugs 

A first series of exper iments  was per formed  in order to 
find an adequate  dose of  physost igmine for fur ther  more 
detailed analysis of  its effect  on H-S. A total  of 70 rats, 
f rom 9 litters, were distr ibuted in five groups,  of 14 animals 
each. The control  groups in this part icular  case were two:  
one was injected only with D-amphetamine  (5 mg/kg),  the 
o ther  exclusively with physost igmine (0.10 mg/kg).  The 
three test groups received physost igmine in doses equivalent  
to 0.05, 0.10 and 0.20 mg/kg  s imultaneously with D- 
amphe tamine  (5 mg/kg).  The animals were observed only 
during 30 min after being injected. Table l shows the 
results obtained.  Total  H-S t ime is more than doubled with 
an adequate  dose of  physost igmine (0.10 mg/kg),  with 
which slight muscle fasciculations may already be observed. 
With higher doses, rigidity and t remor  apparent ly interfere  
with H-S, thus explaining the decrease in total  mean H-S 
t ime observed. Physost igmine per se does not  increase the 
spontaneous  H-S observed in animals injected with saline. 

When the effect  of  physost igmine (0.10 mg/kg) was 
fol lowed during one hour,  as shown in the exper iment  
i l lustrated in Fig. 3, A, a potent ia t ing  effect  on amphet-  
amine induced H-S of  the order  of 400% is observed. 
Simul tanei ty  in the adminis t ra t ion of D-amphetamine  and 
physost igmine seems to be the best condi t ion  for the 
elicitation of  this potent ia t ing  effect .  If the anticholinester-  
ase is injected 15 rain before or 15 min after the 
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FIG. 1. Depressing action of scopolamine on spontaneous and 
amphetamine induced H-S. Dose-effect curves. Ordinate: H-S time 
in seconds during 1 hour. Abscissa: scopolamine dose in mg free 
base/kg bodyweight. <~ ..... c, scopolamine injected rats; • • rats 
injected with scopolamine + D-amphetamine (5 mg/kg). Each-point 
corresponds to a mean value obtained from 25 nine-day-old rats. 
For spontaneous H-S the only statistically significant depression was 
obtained with 2 and 5 mg/kg (p<0.01 Mann-Whitney U Test). For 
amphetamine induced H-S all scopolamine doses produced signifi- 
cant effects, as follows: 0.5 and l mg/kg, p<0.05; 2 mg/kg,p<0.01 ; 

5 mg/kg, p<0.001. 

adminis t ra t ion of  D-amphetamine,  the effect  is not  so 
dramatic,  the increase in H-S t ime being only of  the order  
of 100%. 

To be sure that the effect  of  physost igmine on head- 
shaking results f rom its act ion on cholinergic synapses in 
the central  nervous system, and not  in the periphery,  some 
exper iments  with neost igmine were performed,  since it is 
well known that  this last drug does not  pass the blood-brain 
barrier in significant amounts  [8, 14, 50].  In these 
experiments ,  Fig. 3, B, neost igmine (0.10 mg/kg) was 
injected s imultaneously with amphetamine ,  while controls ,  
from the same litters, received only amphetamine .  No 
differences in H-S occurrence,  nor in total  mean H-S t ime 
were observed. With a higher dose of neost igmine (0.20 
mg/kg) similar results were obtained.  

C. Experiments with Pilocarpine 

Pilocarpine is a well known cholinergic drug, with 
predominant  muscarinic actions, which readily passes the 
blood brain barrier [24,32] .  When 9-day-old rats are 
injected with pilocarpine alone, head-shaking stands out  as 
a quant i ta t ively  significant moto r  item, but  o ther  behav- 
ioural elements,  isolated or in rather s te reo typed  sequences 



C H O L I N E R G I C - C A T E C H O L A M I N E R G I C  I N T E R A C T I O N S  495 

T A B L E  1 

PHYSOSTIGMINE POTENTIATION OF D-AMPHETAMINE INDUCED H-S 

Total Mean H-S Time 
Drug (sec/30 min) 

1. D-amphetamine sulphate (5 mg/kg)* 191 
2. Physostigmine (0.10 mg/kg)? 20§ 
3. D-amphetamine + physostigmine (0.05 mg/kg) 3215 
4. Idem + physostigmine (0.10 mg/kg) 467§ 
5. Idem + physostigmine (0.20 mg/kg) 217 

N= 14 rats (9-day-old in each group). 
*Refers to the dose of the salt; ?Refers to the dose of the base. Significantly different from the 

controls (Group 1) by the Mann-Whitney U Test: Sat the p<0.05 level; §at the p<0.01 level. 
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FIG. 2. Scopolamine effect on amphetamine induced H-S. Ordinate: 
H-S Time expressed as % of H-S Time of controls at 60 rain. 
Abscissa: observation time in minutes. All animals were injected 
with D-amphetamine sulphate (5 mg/kg) at 0 time; the arrow 
indicates the injection of saline or scopolamine at 15 minutes, o . . . .  o 
controls injected with saline; • • scopolamine (2.5 mg/kg); 
• . . . . .  • scopolamine (5 mg/kg). Differences between 
controls and scopolamine (5 mg/kg) injected rats were significant 

(Mann-Whitney U Test, p<0.001).  

are also qui te  consp icuous .  One o f t en  observes  chewing  or 
gumming ,  l icking of  the  fo re l imbs  fo l lowed by cleaning 
m o v e m e n t s  of  the  snout ,  the  sequence  end ing  in d is t inc t  
yawning.  In tense  and  f r e q u e n t  scra tching,  especial ly wi th  
the h igher  doses tes ted ,  is par t i cu la r ly  impressive.  Figure 4 
shows the  dose-effec t  curve for  the  p i locarp ine  H-S effect ,  
in the  1 - 1 0  mg/kg  range. The  d i f fe rences  in H-S t ime  for  
p i loca rp ine  in jec ted  rats  are s ta t is t ica l ly  s igni f icant  in 
re la t ion  to con t ro l  an imals  at  all doses tes ted.  

Once es tab l i shed  t ha t  p i locarp ine  per  se induces  H-S in 
in fan t  rats,  t he  possible  ex i s tence  of  drug synergism 
b e t w e e n  p i locarp ine  and  D - a m p h e t a m i n e  in regard to  
head-shak ing  was explored .  The resul ts  of  such an experi-  
m e n t  are i l lus t ra ted  in Fig. 5. While saline in jec ted  con t ro l s  
pract ica l ly  did n o t  shake the i r  heads  at  all (an average of 8 
sec in one  hour) ,  p i loca rp ine  in jec ted  rats  had  a to ta l  m e a n  
H-S t ime  of 245 seconds ,  a m p h e t a m i n e  in jec ted  rats  
reached  695 sec, and  rats  receiving a m i x t u r e  of  a m p h e t -  
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FIG. 3. Effect of anticholinesterase drugs on amphetamine induced 
H-S. A. Physostigmine (0.10 mg free base/kg); B. Neostigmine (0.10 
mg free base/kg). Ordinate: Mean H-S Time in sec. Abscissa: 
observation time, in minutes, c . . . . .  c~" controls, injected with 
D-amphetamine (5 mg/kg) at 0 time; • • D-amphetamine + 
anticholinesterase; • • anticholinesterase alone. N = 12 
nine-day-old rats in each group. Physostigmine increases amphet- 
amine induced H-S Time significantly as follows: at 20 min, 
p<0.025; at 60 min, p<0.001. Neostigmine does not change 

amphetamine induced H-S Mann-Whitney U Test). 

amine  (5 mg/kg)  and  p i locarp lne  (4 mg/kg)  had  a to ta l  
m e a n  H-S t ime of  2 ,378 sec, i.e. this  last group of rats  spent  
two th i rds  of  the obse rva t ion  t ime shaking the i r  heads. 

DISCUSSION 

The  above  r epo r t ed  results  po in t  towards  a s ignif icant  
pa r t i c ipa t ion  of  chol inergic  inf luences  in s p o n t a n e o u s  and 
a m p h e t a m i n e  induced  head-shak ing  of  in fan t  rats. The  
admin i s t r a t i on  of adequa te  doses of  scopo lamine  (2 5 
mg/kg) ,  drug which  b locks  muscar in ic  cho l inocep t ive  recep- 
tors, p roduces  a comple t e  suppress ion  of  the H-S effec t  
(Fig. 1). On the  o t h e r  hand ,  a three  to four- fo ld  po ten t i a -  
t ion  of the  du ra t ion  of  a m p h e t a m i n e  induced  head-shak ing  
is ob t a inab l e  wi th  cent ra l ly  act ing c h o l i n o m i m e t i c  drugs, as 
p i locarpine ,  wh ich  has p r e d o m i n a n t  muscar in ic  ac t ions  
[ 3 3 ] ,  or the  an t i cho l ines te ras ic  agent  physos t igmine  (Figs. 
3 and  5, respect ively) .  These  results  clearly d e m o n s t r a t e  
tha t  H-S in in fan t  rats  differs f rom o t h e r  a m p h e t a m i n e -  
induced  s t e reo typ ies  in adul t  an imals  because  the la t te r  
"are  p ro longed  and  e n h a n c e d  by an t ichol inerg ics  and  
weakly an tagon ized  by chol inerg ics"  [ 4 7 ] .  

In the  par t i cu la r  m o t o r  i tem which we have used as a 
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FIG. 4. Pilocarpine-induced head-shaking. Dose-effect curve. Ordi- 
nate: Total Mean H-S Time, in seconds, during 1 hr of observation; 
Abscissa: pilocarpine doses (mg free base/kg), indicated in each bar. 
N = 12 nine-day old rats in each group. All doses produced 
significant effects when compared with the controls (pilocarpine 0 
mg/kg) as follows: 1 mg/kg, p<0.02; 2 mg/kg, p<0.01; 4 mg/kg, 

p<0.001 ; 5 and l0 mg/kg, p<0.01. (Mann-Whitney U Tesl). 
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FIG. 5. Potentiation of H-S effects induced by D-amphetamine and 
pilocarpine. Ordinate: Mean H-S Time, in seconds. Abscissa: 
observation time, in minutes. All injections performed at 0 time. 
' . . . . .  ~, l)-amphetamine sulphate 15 mg/kg); • . . . . .  o, l)- 
amphetamine (5 mg/kg) + pilocarpine (4 mg/kg); n - - ~ t  
pilocarpine (4 mg/kg); i - - ~  saline. Differences between 
pilocarpine and D-amphetamine + pilocarpine injected rats were 
significant as follows: at 15 minutes, p<0.01; from 30 60 rain, 
p<0.001 (Mann-Whitney U Test). N = 1(1 nine-day-old rats in each 

group. 

model  for our  studies,  ca techo laminerg ic  and chol inergic  
in f luences  are powerfu l ly  concu r r en t ,  and no t  an tagonis t ic ,  
as seems to be the  case wi th  s t e r eo typed  behav iour  116, 38, 
4 7 ] ,  and is mos t  general ly  accep ted  for  the con t ro l  of  
ex t r apy ramida l  func t ion ,  14, {~, 26, 30, 31, 32, 401.  

We have fo rmer ly  suggested tha t  head-shaking  in in fan t  
rats might  be in i t i a ted  by exc i t a t ion  of  str iatal  neu rons  
t h r o u g h  dopaminerg ic  a f fe ren t s  [231.  This possibi l i ty  is 
based on the a s sumpt ion  tha t  exc i t a to ry  dopaminosens i t i ve  
recep tors  in the  s t r i a tum may ma tu re  earlier than  the 
inh ib i to ry  ones,  and  thus  p r e d o m i n a n t  dur ing a cer ta in  
per iod,  unt i l  the  d e v e l o p m e n t  of the  la t ter  conceal  thei r  
ac t ion ,  if exp lo red  with drugs in jected systemical ly .  It may  
be recalled t ha t  a l t hough  several au tho r s  have observed 
more  i nh ib i t o ry  effects  on c a u d a t e - p u t a m e n  neurons  to 
m i c r o i o n o p h o r e t i c a l l y  appl ied d o p a m i n e  [11, 17, 41, 42, 
53] or to  the  s t imu la t ion  of the nigrost r ia ta l  pa thways  
[ l l , 1 7 J  o the r  repor t s  indicate  tha t  exc i t a to ry  effects  are 
pract ical ly  as f r equen t  or even more  than  inh ib i to ry  ones  
[7, 29, 56] .  These cons ide ra t ions  seem per t inen t ,  because 
the mos t  recen t  h y p o t h e t i c a l  mode ls  of o rgan iza t ion  of the 
nigrost r ia ta l  sys tem,  which accord ing  to Creese and lversen 
[12] is the ana tomica l  subs t ra te  of the a m p h e t a m i n e  
l o c o m o t o r  and  s t e r eo typed  responses  in the rat ,  conceive  
tha t  i nh ib i t o ry  a f fe ren t  dopaminerg ic  f ibres f rom the 
subs tan t i a  nigra es tabl ish  synapt ic  con tac t s  wi th  chol inergic  
i n t e r n e u r o n s  in the s t r i a tum [5, 18, 27, 35, 39, 4% 52, 55] .  
The effects  of i onophore t i ca l l y  appl ied ace ty lcho l ine  on 
str iatal  neu rons  is p r e d o m i n a n t l y  exc i t a to ry  ( 9 1 %  of the 
neu rons  tes ted  by Bevan, Bradshaw and Szabadi ,  [7 ] ) .  As 
no c o n c u r r e n t  e f fec ts  could be ob ta inab le  by increase in 
dopaminerg ic  tone  and chol inergic  act ivi ty in a nervous  
pa thway  in which the first link were i nh ib i t o ry  and the 
second exc i t a to ry ,  our  results  do not  fit in the above  
m e n t i o n e d  models .  They are ne i the r  cons i s ten t  with the 
previous  more  s imple and  schemat ica l  idea tha t  chol inergic  
and dopaminerg ic  inf luences  are act ing as " t w o  indepen-  
den t  an tagonis t i c  sys tems regula t ing the  act ivi ty  of  a 
c o m m o n  n e u r o n  in the  s t r i a t u m " .  Fol lowing this  q u o t a t i o n  
f rom Stadler,  Lloyd e t  al. [ 5 2 ] :  " t h e y  ra the r  suggest the 
e x i s t e n c e  in this  s t ruc tu re  of  an i n t e r d e p e n d e n t  
chol inerg ic -dopaminerg ic  neu rona l  n e t w o r k " ,  and come  in 
line with o t h e r  data  tha t ,  in the words of  Bevan, Bradshaw 
and Szabadi  [71 "argue  against  the claim tha t  d o p a m i n e  
and ace ty lcho l ine  have oppos i te  effects  in the cauda te  
nuc leus" .  

One should  also have in mind  the possibi l i ty  tha t  
chol inergic  m e c h a n i s m s  might  be opera t ing  by a Burn and 
Rand effec t  [ 9 ] ,  in which ace ty lcho l ine  l ibera ted  locally at 
the d o p a m i n e  te rmina ls  might  induce  increased l ibera t ion  
of the  ca t echo l amine  from the p resynap t i c  endings,  or by 
its modi f ied  version [25] based on the p r o x i m i t y  of 
aminergic  and chol inergic  f ibre terminals ,  in which it is 
pos tu la t ed  tha t  ace ty lcho l ine  could  in f luence  the release of 
d o p a m i n e  (and  vice versa) f rom adjacent  nerve terminals .  

When s tudy ing  the d i f ferent ia l  d e v e l o p m e n t  of  cauda te  
enzymes  in the  neona ta l  rat,  McGeer,  Fibiger and Wickson 
[381 have shown  t h a t  while t y ro s inehyd roxy l a se  act ivi ty  is 
a l ready at a level of  50% of the adu l t ' s  value by the 10th 
pos tna ta l  day, chol ine  acetylase  act ivi ty  is only  slightly 
above 10%, and ace ty lcho l ines te rase  act ivi ty a r o u n d  60%. 
Pharmacologica l  data  exis ted in the l i tera ture  indica t ing  
that ,  in re la t ion  to arousal ,  a m p h e t a m i n e  was effect ive in 
10-day-old rats, while scopo lamine  and pi locarpine ,  which  
depend  upon  chol inergic  mechan i sms ,  are no t  active unt i l  
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a b o u t  the  t w e n t i e t h  day [ 10 ,15] .  In re la t ion  to s t e r e o t y p e d  
gnawing  b e h a v i o u r  i nduced  by  a m p h e t a m i n e  on which  
s copo lamine  has  a synergis t ic  ac t ion ,  McGeer ,  Fibiger  and  
Wickson [38]  were unab le  to  d e m o n s t r a t e  this  synergism in 
10 day-old  rats, while  it was very  s ignif icant  in the  30 
day-old rats, even if the  f o r m e r  group appea red  to be more  
sensi t ive to  a m p h e t a m i n e .  They  the re fo re  conc lude  tha t :  
"10 -day-o ld  ra ts  have no  f u n c t i o n i n g  chol inerg ic  mecha-  
nisms to c o u n t e r a c t  the  dopamine rg ic  ef fec ts  in i t i a ted  by  
a m p h e t a m i n e " .  Our  e x p e r i m e n t s  l imi t  the  val id i ty  of  the  
above  q u o t e d  conc lus ions  to chol inergic  m e c h a n i s m s  even- 
tua l ly  involved in s t e r e o t y p e d  gnawing,  or in adrenergic  
arousal ,  because  in 9-day-old rats, D - a m p h e t a m i n e  induced  
head-shak ing  is s ignif icant ly  r educed  by scopo lamine  and  
in tense ly  p o t e n t i a t e d  by c h o l i n o m i m e t i c  drugs. These  
resul ts  suggest t h a t  chol inerg ic  e lements ,  m a t u r i n g  pe rhaps  
earlier t han  those  involved in adrenerg ic  arousal  or in 
s t e r eo typedac t i v i t y ,  pa r t i c ipa te  in the  express ion  of D- 
a m p h e t a m i n e  induced  head-shaking ,  or may,  by  the i r  
i n d e p e n d e n t  act iv i ty ,  evoked  this  m o t o r  i tem ( e x p e r i m e n t s  
wi th  p i locarp ine ,  Fig. 4.) Unt i l  now  we have assumed tha t  
the i n t e r ac t i ons  b e t w e e n  chol inerg ic  and  dopamine rg i c  
neura l  e l emen t s  take place in the  s t r ia tum.  But o t h e r  
possibi l i t ies  may  be cons idered .  Accord ing  to Olivier, 
Paren t  e t  al. [45]  " t h e  o u t f l o w  f rom the  s t r i a tum to the 
pa l l idum and  subs t an t i a  nigra is near ly ,  if no t  exclusively 
chol inerg ic" .  A crossed pa l l ido- re t icu lar  p a t h w a y  wh ich  
seems to be chol inergic  has  been  descr ibed  [ 1 9 ] .  I ts 
ac t iva t ion  p roduces  cont ravers ive  t u r n i ng  of  the  head ,  and  
con t ra l a t e ra l  increase in muscle  tone ,  the  r igidi ty be ing  
easily r educed  by  an t i cho l ine rg ic  drugs. If r o t a t i o n  of the 
head  a r o u n d  the  sagital axis is u n d e r  pall idal  inf luences ,  and 
the mesencepha l i c  con t ro l l i ng  centers  respons ib le  for  this  
m o v e m e n t  rec iproca l ly  organized,  the t egmen ta l  mesen-  
cephal ic  level migh t  well be cri t ical  for  the  p r o d u c t i o n  of  
head-shak ing  in i n f a n t  rats. I t  shou ld  be recal led tha t  
t r e m o r i n e - t r e m o r ,  wh ich  is a chol inerg ic  t r emor ,  seems to  
have a p a c e m a k e r  in the  t e g m e n t a l  p o n t o - m e s e n c e p h a l i c  
re t icular  f o r m a t i o n  [ 54 ]. 

Head-shaking  in i n f a n t  rats,  a l t h o u g h  appa ren t ly  pro- 
duced  by an increase  in dopamine rg i c  and  noradrenerg ic  
in f luences  [ 2 3 ] ,  has  in c o m m o n  wi th  the  t r e m o r  observed 
in Pa rk inson ' s  disease, or in d rug- induced  pa rk inson i sm,  
t ha t  b o t h  are r educed  by an t i cho l ine rg ics  and  aggravated by  
c h o l i n o m i m e t i c s  [30,31 ]. The re fo re  we feel it is app rop ia t e  
to c o m m e n t  on  a mode l  p roposed  by Kuczenski ,  Segal and  
Mandel l  [34]  for  the  i n t e r p r e t a t i o n  of  Pa rk inson ian  t remor .  

They believe t ha t  the  chol inerg ic  system,  being phasic and  
exc i t a to ry ,  may  be respons ib le  for  the  phasic  ac t iva t ion  of 
f lexors  and  extensors ,  while the  dopamine rg ic  sys tem,  
which  is ton ic  and  inh ib i to ry ,  would  impose  a h igher  
t h r e sho ld  of  exc i tab i l i ty  for  the  emergence  of  the oscilla- 
to ry  t e n d e n c y  of  the  rec iproca l ly  inne rva ted  f lexor  and  
ex t enso r  muscles,  as well as a d i m i n u t i o n  of the i r  rest ing 
tonus .  The decrease in dopamine rg ic  in f luences  resul t ing  
f rom the  pa tho log ica l  process  or the  drug ac t ions  would  
thus  p roduce  b o t h  rigidity and  t remor .  The scheme 
p roposed  by these  au tho r s  migh t  also be appl icable  to 
head-shak ing  in i n fan t  rats, if the a s s u m p t i o n  is t enab le  tha t  
in the  course of pos tna t a l  d e v e l o p m e n t  some dopaminerg ic  
fac i l i t a tory  in f luences  were active before  the  m a t u r a t i o n  of  
dopaminerg ic  i n h i b i t o r y  mechan i sms .  

A c o m p l e x  in t e r ac t i on  be tween  m o n o a m i n e r g i c  and  
chol inergic  inf luences  could  also be conce ived  at the  
r h o m b e n c e p h a l i c  level, where  a n e u r o n a l  loop involving the  
p o n t i n e  re t icu lar  f o r m a t i o n ,  the  infer ior  olive, the  cerebel-  
lum,  re t icu losp ina l  a n d / o r  ves t ibu losp ina l  n e u r o n e s  has 
been p resen ted  as the  n e u r o a n a t o m i c a l  subs t ra t e  of ha rma-  
line t r e m o r  in the  cat [ 3 7 [ .  Drug- induced  r h y t h m i c  
act ivi ty ,  at  a f r equency  of  6 to  11 cps in the  infer ior  olivary 
c o m p l e x  has also very recent ly  been  d e m o n s t r a t e d  in the 
rat  [ 2 0 ] .  F u r t h e r m o r e ,  as ves t ibular  uni ts ,  e i the r  direct ly ,  
or more  p r o b a b l y  t h r o u g h  the  re t icular  fo rma t ion ,  are 
i nh ib i t ed  by muscar in ic  b lock ing  agents,  and  s t rongly  
excied by physos t igmine  [ 2 8 ] ,  a cho l inocep t ive  m o d u l a t i o n  
of  r h y t h m i c a l  descend ing  and  reciprocal ly  organized  vesti- 
bu lospina l  inpu t s  on m o t o n e u r o n e s  inne rva t ing  head  and 
neck muscles  could be a reasonable  h y p o t h e t i c a l  explana-  
t ion  of  our  obse rva t ions  on the  effects  of these  same drugs 
on  head-shaking.  

As a final summar i z ing  c o m m e n t ,  we feel tha t  it is 
r emarkab le  t ha t  an a p p a r e n t l y  so simple m o t o r  act ivi ty ,  as 
head-shak ing  in i n fan t  rats,  may  have such a complex  
n e u r o h u m o r a l  backg round ,  in which  at least cen t ra l  dopa-  
minergic,  no radrenerg ic  and  chol inergic  l inks or e l emen t s  
have up to now been  disclosed. 
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