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Other conditions can facilitate the H reflex. A volun- 
tary contraction of the soleus produces a recruitment 
curve which originates at a slightly lower threshold and 
attains a higher maximal amplitude (Figure 2). Some well- 
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Fig. 2. As in Figure 1, the control curve is represented by black dots. 
The amplitudes of the H reflex recorded during a constant voluntary 
contraction are represented by asterisks. 
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Fig. 3. As in the other graphs, black dots indicate control values. 
When the sinusoidal stretching and the voluntary contraction are 
combined, the amplitudes are higher than controls and are shown by 
asterisks. 

trained subjects have learned to maintain constant 
voluntary muscular activity. Under these conditions, 
using an auditory monitor coupled to the electromyo- 
gram of the soleus, one readily obtains reproducible 
recruitment curves. The curves in Figure 2 were ac- 
curately reproduced 5 times. 

I t  is also possible to combine passive sinusoidal 
stretching of the soleus with moderate voluntary contrac- 
tion of the muscle. The recruitment curves obtained with 
this procedure are identical in every respect to those pro- 
duced by a voluntary contraction of the same intensity 
(Figure 3). The effect of these combined manipulations 
on the H reflex is thus not the algebraic sum of the in- 
hibitoty and facilitatory influences. Rather, it is as if the 
voluntary command, at the same time as it  increases 
motor pool activity, suppresses the inhibitory effect 
exerted by the proprioceptive muscle afferents. 

These findings suggest a functional organization of the 
descending pathways which could interfere witll the in- 
fluence of the proprioceptive segmental afferents and in 
particular with the Ia afferents. This interpretation is 
corroborated by studies dealing with polysynaptic reflexes 
and voluntary contraction (Ht~ao~ 5). I t  is also consistent 
with models of the motor system recently developed by 
NAVAs and STARK6. 

The competitive action of facilitatory and inhibitory 
influences is of great interest in investigations of spinal 
reflex activity in man. In  this regard, the study of 
voluntary contraction is particularly informative. 

Rdsumd. Les courbes de recrutement du r6flexe t-I 
permettent d'exprimer de fa~on commode les ph6nomgnes 
inhibiteurs et facilitateurs spinaux. Lorsque l 'on associe 
la mobilisation de la cheville ~ une contraction volontaire 
de m6me intensit6, l'effet observ6 est 6gal 5~ celui obtenu 
par la contraction volontaire seule. Ces r6sultats sug- 
g~rent que la contraction volontaire pourrait contr61er le 
m6canisme inhibiteur mis en activit6 par les aff6rences 
musculaires. 
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Effect of Methyl Amphetamine  on the Brain 
Aggregated Rats 

Drugs having central stimulatory effects increase the 
brain 5-hydroxytryptamine (5-HT) content. Lysergie 
acid diethylamide (LSD), imipramine, atropine, etc., 
have been shown to increase brain 5-HT content of 
rats 1-4. Convulsions produced by electroshock as well as 
chemical agents like cardiazol have also been shown to 
increase the level of 5-HT in rat brain 5. MILIN~, STERN 
and HUKOVlC 6 observed increase of brain 5-HT in rats 
with experimentally induced fear. GUNN and GUARD 
noticed that  the symptoms of excitation and stimulation 
caused by injection of amphetamine and related com- 
pounds were much more pronounced if the animals were 

5-Hydroxytryptamine Content of Isolated and 

kept together in one cage rather than singly, and the 
toxicity of amphetamine was increased nearly 10 times 
by keeping the injected animals in groups of 10 instead 
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of one in each cage 7. The increased tox ic i ty  of a m p h e t -  
amine  is p r e sumab ly  due to a f r ight  response  and  stress.  
Sensory s t imula t ion  inc luding aggregat ion  also enhances  
the  effect  of a m p h e t a m i n e  on the  b ra in  concen t ra t ion  
of noradrena l ine  s, t 

I t  has  also been  shown by  COI~EN and  LAL 1~ t h a t  
sensory s t imula t ion  increases t he  tox ic i ty  of a m p h e t -  
amine.  We  now repor t  t he  effect  of a m p h e t a m i n e  on the  
concen t ra t ion  of b ra in  5-I-IT of ra t s  dur ing isolat ion and  
aggregat ion and  in combina t ion  wi th  chlorpromazine .  

Adul t  male  albino ra ts  of Wis t a r  s train,  100-150 g, 
were in jec ted  i.p. wi th  m e t h y l  a m p h e t a m i n e  sulphate ,  
10 mg/kg  in 0.5 ml  of physiological  saline. I m m e d i a t e l y  
af ter  injection,  t he  animals  were isolated 1 per  cage or 
aggrega ted  10 per  cage ~~ The surviving ra ts  were de- 
cap i t a t ed  and  5-HT was ex t r ac t ed  f rom each b ra in  by  the  
m e t h o d  of AMIN, CRAWFORD and  GADDUMhl and  assayed  
on a t ropin ized  (10 -~) oestrous u terus  of r a t  ~2. Add i t ion  
of cyp rohep tad ine ,  a p o t e n t  an tagon i s t  of 5-HT, in t he  
b a t h  fluid c o m p l e t e l y  abol ished the  responses  of the  
ex t r ac ted  mater ia l  t h e r e b y  prov ing  the  subs tance  to  be 
5-HT. 

In  expe r imen t s  w i th  chlorpromazine ,  t h e  d rug  was 
in jec ted  a t  a dose of 5 mg /kg  i .p. ,  30 rain pr ior  to  t he  
admin i s t r a t ion  of m e t h y l a m p h e t a m i n e  su lpha te  b o t h  for 
isolated and  aggregated  animals  and  5-HT was ex t r ac t ed  
1 h af ter  admin i s t r a t i on  of m e t h y l a m p h e t a m i n e  sulphate .  

A signif icant  and modera t e  increase was found in t he  
concen t ra t ion  of b ra in  5-HT at  d i f ferent  t ime  in tervals  in 
aggrega ted  ra t s  af ter  admin i s t r a t i on  of m e t h y l a m p h e t -  
amine  sulphate ,  10 mg/kg  i.p., and  th is  increase was  

Table I. Effect of t0 mg/kg methyl amphetamine on the concentra- 
tion of brain 5-HT of isolated and aggregated rats 

Time 5-tIT [zg/g of tissue -4- S.E. mean 
after - Control (saline) Treated 
injection (h) Isolated Aggregated Isolated Aggregated 

0.5 - ~ 0.53 :~ 0.030 0.75 =~ 0.039 
(8) n.s. (7) P < 0.05 

1.0 0.54 :k 0.029 0.48 • 0.023 0.61 -4- 0.035 0.92 :t: 0.042 
(12)~ (12) (11) n.s. (11) P<0.05 

2.0 - - 0.59 :h 0.028 0.70 =h 0.045 
(8) n.s. (8) n.s. 

4.0 - 0.55 ~ 0.035 0.78 ~ 0.039 
(10) n.s. (8) P < 0.05 

m a x i m a l  af ter  1 h of drug  admin i s t r a t ion  (Table I). The 
m a x i m a l  s t imula t ion  also occurred in aggregated  animals  
be tween  45-90 min.  

In  Table II ,  i t  is 'sh6%vn's ch lorpromazine  specifically 
inh ib i ted  the  increase of b ra in  5-HT in aggregated  
animals  t r ea t ed  wi th  m e t h y l  a m p h e t a m i n e  sulphate .  

Our observa t ions  suppor t  t he  resul ts  of MILINE, STERN 
and HuI~OVlC G, who  found an increase in t he  bra in  5-HT 
co n t en t  af ter  chronical ly  induced  fear in ha re  - however ,  
the  condi t ions  in our expe r imen t s  are ve ry  different .  I t  is 
in te res t ing  to  note  t h a t  there  was only small  and insignifi- 
can t  increase of 5-HT in t he  isolated animals  t r ea t ed  wi th  
m e t h y l a m p h e t a m i n e ,  which  conf i rms the  earlier r epor t  of 
GARATTINI, KATO and  VALZELLI la who found no change  
of 5-HT level in ra t  b ra in  t r ea ted  wi th  amphe t amine .  In  
our expe r imen t s  t he  max i ma l  increase of bra in  5-HT in 
aggregated  ra ts  was  found  af ter  1 h and  the  m a x i m a l  
s t imula t ion  as well as a few dea ths  also occurred in 
animals  be tween  45-90 rain suggest ing the  role of 
sero tonin  in a m p h e t a m i n e  induced  f r ight  and  stress. 
These exper imen t s  also indica te  t h a t  the  increase of b ra in  
sero tonin  in aggrega ted  ra ts  is no t  due to drug  effect  b u t  
to  increase exci ta t ion ,  fear  and  s t ress  caused by  aggre- 
gat ion.  

PL~TSCHER and  GEu 14 repor ted  no change  of b ra in  
5-HT co n t en t  in ra t s  t r e a t ed  wi th  ch lorpromazine  bu t  
inhib i t ion  of iproniazid  induced  increase of b ra in  serotonin  
by  chlorpromazine .  In  our expe r imen t s  i t  is shown t h a t  
ch lorpromazine  specifically inhib i ted  the  increase of 
b ra in  5-HT in m e t h y l a m p h e t a m i n e  t r e a t ed  aggrega ted  
ra ts  (Table II) .  

COURVOISIER, ]~)UCROT and  JuLou  is observed t h a t  
ch lorpromazine  antagonizes  the  a m p h e t a m i n e  tox ic i ty  
ve ry  effectively.  The causal re la t ionship  be tween  in- 
creased 5-HT and  amphe tamine - s t r e s s  tox ic i ty  canno t  be 
es tabl ished a t  th is  stage, t he  increase m a y  only be 
coincidental .  I t  can  be concluded t h a t  f r ight  and stress 
causes an increase in t he  5-HT co n t en t  of t h e  bra in  which 
is inhib i ted  by  chlorpromazine.  

Zusammen/assung. A m p h e t a m i n  bewi rk t  eine Ver- 
m e h r u n g  y o n  5 - H y d r o x y t r y p t a m i n  im Gehirn  yon 
aggregier ten  Ra t t en ,  w~hrend  Chlorpromazin  diesen 
Ef fek t  h e m m t .  
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No. of animals in parenthesis; P calculated from student's t-test 

Table II. Combined effect of 10 mg/kg methyl amphetamine and 
5 mg/kg chloroprmazine on brain 5-HT of isolated and aggregated 
rats 

Drugs (i.p.) No. Brain 5-HT content in 
of [~g/g -k S.E. mean 
rats Isolated Aggregated 

Control (saline) 12 
Methyl imphetamine 11 
(10 mg/kg) 
Methyl amphetamine 12 
+ ehlorpromazine 
(5 mg/kg) 

0.54 ~ 0.029 0.48 ::J= 0.023 
0.61 4- 0.035 0.92 zl= 0.042 
n.s. P < 0.05 
0.51 =is 0.025 0.56 4- 0.031 
n.s. n.s. 
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