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s t reng th  of 1.2-1.3 T. On this background of cort ical  act i -  
v i ty ,  the  threshold for inhibi t ion of the  M R  was neve r  
found below 1.5-1.7 T, while the  ipsilaterM flexion ref lex 
usual ly  occurred a t  thresholds  of 2-3 T. 

(2) During drowsiness or synchronized sleep, the  threshold  
for the  M R  was only s l ight ly higher  t h a n  the  values  ob- 
ta ined during wakefulness.  I n  some cases, however ,  there  
was no change in threshold  of the  MR, bu t  occasional ly a 
sl ight decrease in in tens i ty  of the  muscu la r  ref lex response 
could be de tec ted  when  s t imulus  intensi t ies  only  s l ight ly  
suprathreshold  for the  M R  were used. The  threshold  for 
the ipsi lateral  f lexion ref lex also was equa l  to o r  s l ight ly  
higher  t han  the  va lues  ob ta ined  in the  awake  animal .  
Similar  values  (usually ranging f rom 3 to 4 T) were also 
found to be l iminal  for an arousal  react ion.  This  fact  inci- 
denta l ly  gives fur ther  suppor t  to previous  findings indi-  
cat ing t h a t  the  group Ia  af ferent  volleys do no t  exer t  
any influence on the  ascending ac t iva t ing  system, a t  least  
as far  as i t  is possible to decide on the  basis of the  electro-  
encephalographic  t es t  a& 

(3) Dur ing  the  .episodes of deep, desynchronized sleep 
(see a), s t imula t ion  of t he  media l  gas t rocnemius  ne rve  a t  
1.2-1.4 T did no t  cause any  muscu la r  ref lex response even 
by  increasing the  dura t ion  of the  s t imulus  t ra in  (at 100/ 
see) up to 10 sec, or  the  rate  of s t imula t ion  up to 500/see. 
This  last  condi t ion  grea t ly  po ten t i a t ed  the  M R  in the  
awake cat.  On the  o ther  hand,  when the  an imal  roused 
spontaneous ly  f rom sleep or  awoke following acoust ic  
st imuli ,  t he  M R  gradua l ly  reappeared.  S t imula t ion  of the  
medial  gas t rocnemius  nerve  a t  5.8 T, 100/see, when  ap- 
plied dur ing deep sleep, caused behav io ra l  arousal,  which  
was accompanied  by  a general ized con t rac t ion  of bo th  
extensor  and f lexor muscles. 

The  present  exper iments  clearly show t h a t  spinal  re- 
flexes are only  v e r y  s l ight ly  affected in the synchronized  

sleep compared  wi th  re laxed wakefulness.  On  the  con- 
t rary ,  dur ing  deep  sleep there  is a comple te  abol i t ion of 
the  M R  and an increase in threshold  of the  f lexion reflex. 
This  response ac tua l ly  comes to  l ight  only  as a s y m p t o m  
of a general ized m o t o r  response occurr ing  dur ing  the  
arousal  elicited by  s t imula t ing  flexion ref lex afferents  3,~. 
The  s t r iking changes of spinal  reflexes occurr ing dur ing 
the  deep s tage of sleep m a y  be due to (i) decrease of a 
Iac i l i ta tory  influence exer ted  by  the  bra in  s tem on spinal 
cord, (if) descending inh ib i to ry  volleys.  

Riassunto. Net ga t to  integro non anes te t izza to  il riftesso 
monos inapt ico  estensorio e i l  riftesso pol is inapt ico ties- 
sorio subiscono so l tan to  lievissime, a vol te  impercet t ib i l i ,  
modif ieazioni  nel passaggio dallo s ta to  di vegl ia  al sonno 
sincronizzato.  Per  contro,  nel  sonno profondo desincroniz- 
za to  si osserva l 'abol izione comple ta  del riflesso mono-  
s inapt ico e un ' e l evaz ione  della soglia pe r  il riflesso ipsi- 
la tera le  flessorio. Pe r  sfimoli  effieaci a produrre  nel  sonno 
profondo ques t a  cont raz ione  fiessoria si osserva anche  una  
r isposta  mo to r i a  general izzata ,  c h e s i  a ccompagna  ad una  
reazione di  risveglio. 
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T h e  Effect  of A d r e n a l e c t o m y  on the  N o r e p i -  
n e p h r i n e  and S e r o t o n i n  Content  of the  B r a i n  

and on R e s e r p i n e  A c t i o n  in Rat s  

I~'[ONTANARI and STOCKHAM 1 establ ished t h a t  reserpine 
is more toxic  6 days  af ter  ad rena lec tomy  t h a n  in in tac t  
animals.  The  present  exper iments  were u n d e r t a k e n  to  
inves t igate  the  effect  of ad rena l ec tomy  on the  convuls ion-  
faci l i ta t ing and biogen amine-dep le t ing  ac t ion  of reser- 
pine. 

Methods. The  e x p e r i m e n t s  were made  on Wis t a r  rats.  
Adrena lec tomy was per formed under  e ther  anaes thes ia  
and the  animals  were g iven  saline for drinking.  The  ex-  
per iments  were carr ied ou t  the  seven th  day  af ter  the  
operat ion.  Reserpine was g iven  in t r avenous ly  and the  
rats  were used for expe r imen t  af ter  4 h. E lec t roshock  
(ES) was elicited wi th  b i t empora l  electrodes and the  
threshold s t imulus  was de te rmined  on each rat ,  n a m e l y  
the  m in imum a m o u n t  of cur ren t  which p roduced  tonic  
ex tensor  seizures. The  norepinephr ine  (NE) de te rmina-  
t ion was carried ou t  according to PAASONEN and KRAYER 2 
by blood pressure de te rmina t ion  in cats. Serotonin (5-HT) 
was ex t rac ted  with acetone 3 and de termined  on the  ra t ' s  
s tomach  4. 

Results. The exper iments  show t h a t  ad rena lec tomy  
faci l i tates the  effect of reserpine. The  convuls ion threshold  
does no t  differ  in rats  7 days  af ter  ad rena lec tomy  re la ted  
to  in t ac t  animals.  0.15 mg /kg  reserpine i.v. has  no con- 
siderabIe influence on the  seizure threshold  in in t ac t  ant- 

reals, bu t  in adrena lcc tomized  rats  s ignif icant  decrease 
can  be observed  (Table I). 

The  augmen ted  effect  of reserpine in adrena lec tomized  
ra ts  m a y  be expla ined  by  the exper iments ,  which show 
t h a t  the  5 -HT con ten t  of the  bra in  is s ignif icant ly  lower 
in adrena lec tomized  t h a n  in in tac t  animals.  N E  con ten t  
does not  change.  The  5 -HT con ten t  is decreased to 45% of 
the  i n t ac t  animMs and this  change can be de tec ted  al- 
r e a d y  on t h e  th i rd  d a y  af te r  adrena lec tomy.  

Reserp ine  has  a more  m a r k e d  inf luence on the  5 -HT 
con ten t  of  t h e  bra in  in adrena lec tomized  t h a n  in in t ac t  
rats.  Af te r  admin i s t r a t ion  of 0.25 mg /kg  reserpine i.v. the  

Table I. Convulsive threshold in mA 

Treatment Intact Adrenaleetomized No. of rats 

- -  14.5 15.4 10 
0.15 mg/kg reserpine i.v. 13.3 11.3 10 
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Tab le  I I .  B r a i n  N E  a n d  5 - H T  lcvcl  in  i n t a c t  a n d  a d r c n a l e c t o m i z e d  r a t s  

No.  of r a t s  F .xpe r imen ta l  cond i t i on  T r e a t m e n t  N E  7 / g  5 - H T  T/g  

12 I n t a c t  - -  0 .270 -t- 0 .019 0.690 4 .  0.101 
6 I n t a c t  0.25 m g ] k g  reserpine  i.v. - -  0.231 -I- 0 .045 

10 A d r c n a l e c t o m y  7 d a y s  before  - -  0.2.18 4- 0.031 0.313 =k 0 .086 
6 A d r e n a l e c t o m y  3 d a y s  before  - -  - -  0 .329 q- 0.097 
9 A d r e n a l c c t o m y  7 d a y s  before  0.25 m g / k g  reserpine  i.v. - -  0 .082 4- 0.021 

T a b l e  I I I .  B r a i n  N E  a n d  5 - H T  level 10 min  a f t e r  e lec t roschock (ES) 

No.  of r a t s  E x p e r i m e n t a l  cond i t i on  T r e a t m e n t  N E  ~,]g 5 - H T  ~]g  

1O I n t a c t  - -  0.270 4.  0.019 0 .690 4 .  0.101 
10 I n t a c t  E S  0.263 -4- 0.035 1.030 q- 0.203 
10 A d r e n a l e c t o m i z e d  - -  0 .248 4 .  0.031 0.318 4- 0 .086 
10 A d r e n a l e c t o m i z e d  E S  0.244 4.  0 .030 0.139 q- 0 .032 

5-HT c o n t e n t  of i n t a c t  animals  decreases  to  0.231 7/g, 
while in ra t s  ad rena lec tomized  7 days  before to  0.082 ~/g 
(Table II) .  

GARATTINI et  el. ~ pub l i shed  t h a t  a f te r  E S  the  5-HT 
c o n t e n t  of r a t ' s  b ra in  increases.  In  t he  p re sen t  exper i -  
men t s ,  in i n t a c t  an imals  an increase of t he  5-HT c o n t e n t  
of t he  bra in  has  been  found  also (there is considerable  
dev ia t ion  b e t w e e n  the  resul ts  ob ta ined  in single animals) ,  
whereas  in ad rena lec tomized  ra t s  t he  5-HT level shows a 
fu r the r  decrease.  E S  does no t  change  the  N E  level e i ther  
in i n t ac t  or in ad rena lec tomized  r a t ' s  b ra in  (Table I I I ) .  

F u r t h e r  expe r imen t s  show evidence  t h a t  t he  low 5-HT 
bra in  level of ad rena lec tomized  ra t s  is no t  due  to  an im- 
pa i red  synthes is ,  since, a f te r  admin i s t r a t i on  of 5 -HTP,  
a s ignif icant  increase can be de tec ted .  I t  is r emarkab le  
t h a t  Nia lamid  does no t  inf luence the  5-HT c o n t e n t  in 
these  animals  (Table IV). 

W h e n  the  ra t s  are t r e a t e d  wi th  2 m g / d a y  hydrocor t i -  
sone for 7 days  a f t e r  ad rena lec tomy,  t he  decrease of the  
b ra in  5-HT c o n t e n t  does no t  develop.  (Acute t r e a t m e n t  
has  no s imilar  effect.) Similar  t r e a t m e n t  w i th  DOCA does 
no t  inf luence the  5-HT level, whereas  DOCA wi th  hydro -  
cor t isone res tores  also the  5-HT level, b u t  th is  effect  does 
no t  differ  f rom t h a t  ob ta ined  w h e n  hydrocor t i sone  was  
given alone (Table V). 

Discussion. The resul ts  show t h a t  a d r e n a l e c t o m y  de- 
creases thc  5-HT c o n t e n t  of r a t ' s  b ra in  w i t h o u t  chang ing  
the  N E  con ten t .  DE MAIO 6 found a m a r k e d  increase of 5- 
H T  in r a t ' s  b ra in  24 h a f te r  ad rena lec tomy ,  while TOWNE 
and  SHERMAN 7 could no t  de t ec t  any  s imilar  change  a f te r  
24 h. DE MAIO and  MAROBBIO s, in a la ter  paper ,  r epo r t ed  
t h a t  48 h a f te r  a d r e n a l ec tomy  the  bra in  5-HT c o n t e n t  is 
lower  t h a n  in i n t a c t  ra ts .  

I n  t he  e x p e r i m e n t s  of GARATTINI e t  al. a the  5-HT con-  
t e n t  of b ra in  in i n t a c t  r a t s  was 0.38-t-0.01 7/g, whereas  
72 h a f t e r  a d r e n a l e c t o m y  it  was  0.28-4-0.01 7/g. 

The  d a t a  c o m p a r e d  wi th  the  p r e sen t  resul ts  indica te  
t h a t  24 h a f te r  a d r e n a l e c t o m y  the re  is no change  in 5-HT 
level, b u t  t he  decrease  s t a r t s  a f te r  48-72 h and  a signifi- 
can t  decrease  can be d e t ec t ed  a f te r  7 days .  This  indica tes  
t h a t  the  adrena ls  are essent ia l  to  m a i n t a i n  the  no rma l  
5-HT level of t he  brain,  which  is s u p p o r t e d  b y  the  fac t  
t h a t  hyd roco r t i sone  is able to  res tore  no rma l  levels. Since 
a f t e r  5 - H T P  a d m i n i s t r a t i o n  in the  ad rena lec tomized  ra t s  
there  is 5-HT accumula t ion  in the  bra in  too,  i t  m a y  prob-  
ab ly  be a s sumed  t h a t  the  cause of t he  low 5-HT c o n t e n t  
in these  an imals  is t he  i nadequa t e  5 - H T P  supply ,  as the  
subs t ance  is fo rmed in the  smal l  in tes t ine  and  no t  in the  
bra in  10. 

The p re sen t  e x p e r i m e n t s  show t h a t  reserpine  is no t  
only  more  tox ic  af ter  ad rena l ec tomy  x, bu t  its p h a r m a c o -  
logical ac t ion  is also a u g m e n t e d  because ineffect ive doses  
also have  a considerable  convuls ion-faci l i ta t ing effect  in 
ad rena lec tomized  rats .  This  m a y  be the  exp lana t ion  of 
the  e x p e r i m e n t s  which  show t h a t  reserpine reduces  t he  
5-HT level of t he  bra in  to  a g rea te r  degree in adrena lec to-  
mized t h a n  in i n t ac t  ra ts .  

Table IV. 5-HT content of brain in adrenalectomized rats 

No. of rats Treatment Time in h 5-HT ~[g 

10 - -  - -  0.313 :J: 0.086 
6 75 mglkg 5-HTP i.v. 0.5 0.728 4- 9.120 
6 5 mg/kg Nialamid i.p. 3 0.381 i 0.093 

Table V. 5-HT level of brain in adrenalectomized rats 

No. of Treatment Time 5-H'l'~/g 
rats in days 

10 - -  - -  0.313 i 0 .086 
6 Hydrocortisone 2 rag/rat/day 7 0.512 ± 0.094 
6 D O C A  1 m g / r a t ] d a y  7 0.368 =t= 0 .073 
6 Hydrocortisonc DOCA 7 0.-185 -4- 0.081 

Zusammen/assung. Sieben Tage nach  Adrcna lek tomie  
ist  de r  5 -HT-Geha l t  des  R a t t e n g e h i r n s  ve rminder t ,  wS.h- 
rend  der  NA-Geha l t  unver~tndert  bleibt.  Chronische H y -  
d r o c o r t i s o n b e h a n d l u n g  res t i tu ier t ,  D O C A - B e h a n d l u n g  
b le ib t  wirkungslos .  Nach  5 - H T P - B e h a n d l u n g  s te ig t  tier 
5 -HT-Geha l t  auch  im Gehirn der  a d r e n a l e k t o m i e r t e n  
Tiere.  
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