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Effects of Sleep Dialysate, Substance P and 
Psychotropic Drugs upon the Thalamo-Cortical 

Evoked Response 

Dialysis  of ce rebra l  b lood pe r fo rmed  u p o n  r a b b i t s  
du r ing  sleep induced  b y  electr ical  s t i m u l a t i o n  of t he  h y p -  
nogenic  t ha l amic  sys t em prov ides  a d ia lysa te  wh ich  w h e n  
l a t e r  in jec ted  in to  a r ec ip ien t  r a b b i t  el ici ts  m o d e r a t e  
s l e e p ' &  Contro l  d ia lysa te  o b t a i n e d  b y  dia lys is  f rom 
an ima l s  in which  s h a m  s t i m u l a t i o n  replaces  e lec t r ica l  
s t i m u l a t i o n  of the  t h a l a m u s  does no t  induce  sleep. I n  t he  
p resen t  e x p e r i m e n t  the  p o t e n t i a l s  evoked  in t he  m o t o r  
cor tex  b y  electr ical  s t i m u l a t i o n  of the  med io -cen t r a l  
i n t r a l a m i n a r y  t h a l a m u s  were ut i l ized as c r i t e r i a  to  com-  
pa re  t he  effects  of sleep d ia lysa te  w i t h  con t ro l  d ia lysa te ,  
subs t ance  P (SP),  ch lo r p r om az i ne  a n d  a m p h e t a m i n e .  S P  
(28 U / m g  prote in)  was  a p r e p a r a t i o n  m a d e  b y  t he  new 
m e t h o d  of LEMBECK, HE~ZMANN a n d  SEIDEL f rom pigs 
bra in .  The  evoked p o t e n t i a l  f ind ings  were co r re l a t ed  w i t h  
e lect rophysiological  a n d  b e h a v i o r a l  da ta .  

Accord ing  to TlssoT a n d  MONNIER a,4 single shocks  or 
low f r equency  s t i m u l a t i o n  app l ied  to  t h e  h y p n o g e n i c  
t h a l a m i c  a rea  of t he  r a b b i t  i nduce  a f i rs t  s h o r t  l a t e n c y  
surface  pos i t ive  n o n - r e c r u i t i n g  c o m p o n e n t  fol lowed b y  a 
second longer  l a t ency  surface  n e g a t i v e  r ec ru i t i ng  response.  
These  responses  a p p e a r  to  b e h a v e  a n t a g o n i s t i c a l l y  to  each  
o t h e r  so t h a t  as one  increases  in a m p l i t u d e  t he  o t h e r  
d imin ishes  3 ~. Thus ,  for exam p l e  cen t r a l  a c t i v a t i n g  d rugs  
such  as a m p h e t a m i n e ,  n i k e t h a m i d e  (coramine)  or  L S D  
increase  t he  f i rs t  c o m p o n e n t  a n d  decrease  t h e  second,  
whereas  c en t r a l  m o d e r a t i n g  d rugs  s u c h  a~ m o r p h i n e ,  
ch lo rp romaz ine  or r e se rp ine  r eve r se  t h e  process.  To these  
c o m p o n e n t s  of the  co l t i ca l  evoked  response  m a y  be  added ,  
a t  leas t  if s t i m u l a t i o n  is p r e s e n t e d  a t  a b o u t  3 pe r  sec, a 
th i rd ,  longer  l a tency ,  large surface  n e g a t i v e  wave  whose  
a m p l i t u d e  appea r s  to  para l le l  t h a t  of t he  second  or  re- 
c ru i t ing  response.  

Methods. The  effects  of sleep d ia lysa te ,  con t ro l  d ia lysa te ,  
SP,  ch lo rp romaz ine  o r  a m p h e t a m i n e  were t e s t e d  on  each  
of 28 u n a n a e s t h e t i z e d  r abb i t s .  Af te r  h a b i t u a t i n g  a n  ani -  
ma l  to  the  e x p e r i m e n t a l  s u r r o u n d i n g s  for 1 h s u b s e q u e n t  
to  i m p l a n t i n g  e lec t rodes  in  acco rdance  w i t h  t he  t e c h n i q u e  
of MONNIER a n d  GANGLOFF ~, 20 m i n  of s p o n t a n e o u s  elec- 
t r ica l  cor t ica l  a c t i v i t y  was  m o n i t o r e d  o n  a 16 c h a n n e l  
Schwarze r  osc i l lograph in  c o n j u n c t i o n  w i t h  a F a r a d a y  
a u t o m a t i c  f r e q u e n c y - a m p l i t u d e  wave  ana lyse r .  Subse-  
quen t ly ,  3 pe r  sec, 3 msec  pulse  d u r a t i o n  b i po l a r  e lec t r ica l  
s t i m u l a t i o n  of t he  m e d i o - c e n t r a l  i n t r a l a m i n a r y  t h a l a m u s  
was p rov ided  b y  a Grass  model  $4 s t i m u l a t o r ,  a n d  t h e  
po t en t i a l s  el ici ted were recorded  m o n o p o l a r l y  f rom t he  
m o t o r  cor tex.  

Beg inn ing  below th re sho ld ,  t he  vo l t age  was a u g m e n t e d  
in  i n c r e m e n t s  of 0.25 V u n t i l  b i l a t e ra l  cor t ica l  r e c r u i t i n g  
responses  were obse rved  o n  t h e  osc i l lograph.  T h e  c r i t e r ion  
for r ec ru i t ing  was wax ing  a n d  w a n i n g  of t h e  second  com-  
p o n e n t  (surface negat ive)  of t h e  t h a l a m o - c o r t i c a l  evoked  
response  in such  a f a sh ion  t h a t  t h e  a m p l i t u d e  was  smal l  
a t  t he  onse t  of s t imu la t ion ,  increased  to a m a x i m u m  a f t e r  
th ree  or  four  s t imul i  a n d  t h e n  d imin i shed ,  t he  en t i r e  
process  aga in  r e p e a t i n g  itself.  Af te r  a t h r e s h o l d  was  ob-  
t a ined  20 successive evoked  p o t e n t i a l s  were r ecorded  f rom 
the  m o t o r  co r t ex  b y  m e a n s  of a M n e m o t r o n  c o m p u t e r  of 
average  t r a n s i e n t s  (CAT) a t  0.25 V above  th re sho ld ,  a n d  
th i s  record  was t h e n  p h o t o g r a p h e d .  

I m m e d i a t e l y  Mte rwards  a t e s t  s u b s t a n c e  was  in jec ted .  
S p o n t a n e o u s  e lec t rocor t i cograph ic  (ECoG) a c t i v i t y  was  
recorded  for  m o s t  of t h e  n e x t  h o u r  w i t h  i n t e r r u p t i o n s  oc-  
cu r r ing  a f t e r  15 min ,  30 ra in  a n d  60 m i n  to  p e r m i t  e v o k e d  
responses  to  be  recorded.  A t  these  t imes  t h r e s h o l d s  were  

d e t e r m i n e d  a n d  t h e n  20 successive evoked  responses  were 
r ecorded  on  t he  c o m p u t e r  us ing  s t i m u l a t i o n  p a r a m e t e r s  
iden t i ca l  w i t h  those  e m p l o y e d  d u r i n g  t he  pre in jec t ion  
base l ine  period.  Since t he  t h a l a m o - c o r t i c a l  th resho ld  
r a r e ly  increased  b y  more  t h a n  0.25 V a f t e r  t h e  basel ine 
per iod,  a n d  since t he  or ig ina l  c o m p u t e r  r ecord ing  was 
t a k e n  a t  0.25 V a b o v e  th r e sho ld ,  a n  a d e q u a t e  c o m p u t e r  
ana lys i s  was  a l m o s t  i n v a r i a b l y  ob t a ined .  

Results .  Evoked  potent ials:  P h o t o g r a p h e d  c o m p u t e r  
records  were used  to  d e t e r m i n e  t h e  l a tenc ies  a n d  dura-  
t ions  of e ach  c o m p o n e n t  of the  evoked  response.  The  first 
c o m p o n e n t  h a d  a l a t ency  of 4 -7  msec,  a d u r a t i o n  of 5-10 
msec, a n d  was  genera l ly  b u t  n o t  i n v a r i a b l y  surface  posi- 
t ive .  Fo l lowing  t h i s  c o m p o n e n t  a surface  nega t i ve  re- 
c ru i t i ng  c o m p o n e n t  occur red  w h i c h  h a d  a l a t e n c y  of 9-17 
msec a n d  a d u r a t i o n  of 25-35 msec.  A slow surface 
nega t i ve  wave  a t  a l a t e n c y  of 44 -56  msec a n d  a d u r a t i o n  
of 100-150 msec was  f r e q u e n t l y  obse rved  e x c e p t  in  the  
records  of v e r y  a roused  an imals .  E x a m p l e s  of form and  
a m p l i t u d e  changes  of the  t h a l a m o - c o r t i c a l  evoked  re- 
sponse  as a f unc t i on  of the  t e s t  s u b s t a n c e s  ove r  t ime  m a y  
be seen  in F igure  1. 

I n  genera l  t h e  t h r e s h o l d s  of t h a l a m o - c o r t i c a l  evoked 
responses  decreased  a f t e r  i n j ec t ion  of s leep d i a ly sa t e  (20 
ml,  i.v.), S P  (75 U / k g  of 28 U/rag,  i.v.) or  ch lo rp romaz ine  
(5 mg/kg ,  i .m.).  The  decrease  in  t h r e s h o l d  a f t e r  admin is -  
t r a t i o n  of ch lo rp romaz ine  b e c a m e  p a r t i c u l a r l y  p r o n o u n c e d  
a p p r o x i m a t e l y  15 rain  a f t e r  in jec t ion .  W i t h i n  30 min  af ter  
i n j ec t i on  of c h l o r p r o m a z i n e  or  S P  t h r e s h o l d s  increased 
t o w a r d s  t h e  p r e i n j e c t i o n  base l ine  level,  whe reas  t h e y  re- 
m a i n e d  lowered longer  a f t e r  a d m i n i s t r a t i o n  of sleep 
d ia lysa te .  Con t ro l  d i a ly sa t e  (20 ml,  i.v.) e i t h e r  d id  no t  
a l t e r  t he  t h r e s h o l d  or  inc reased  i t ;  a n d  a m p h e t a m i n e  
(1 mg/kg ,  i.v.) usua l ly  e l eva t ed  t he  th re sho ld .  

The  changes  in a m p l i t u d e  of t he  r e c r u i t i n g  c o m p o n e n t  
of the  t h a l a m o - c o r t i c a l  r e sponse  a f t e r  i n j ec t ion  are shown 
for  e ach  s u b s t a n c e  in  F igu re  2. Sleep d ia lysa te ,  S P  and  
c h l o r p r o m a z i n e  depressed  t h e  f i rs t  sur face  pos i t ive  com- 
p o n e n t  a n d  e n h a n c e d  t h e  second  a n d  t h i r d  sur face  nega-  
t ive  c o m p o n e n t s .  The  a u g m e n t a t i o n  of t h e  second  or  re- 
c ru i t ing  c o m p o n e n t  was  a more  re l iab le  p h e n o m e n o n  t h a n  
t he  c h a n g e  in e i t h e r  t h e  f i rs t  c o m p o n e n t  or  the  nega t ive  
slow wave.  U n d e r  con t ro l  d i a ly sa t e  or  a m p h e t a m i n e  the  
f i rs t  c o m p o n e n t  was  o f t en  a u g m e n t e d ,  whe rea s  t he  second 
a n d  t h i r d  p a r t s  of t h e  response  were  depressed .  T h e  de- 
creases  in  a m p l i t u d e  of t h e  r e c r u i t i n g  c o m p o n e n t  and  
s low wave  were more  p r o n o u n c e d  u n d e r  a m p h e t a m i n e  
t h a n  u n d e r  con t ro l  d ia lysa te ,  b u t  t h e  effects  of b o t h  sub-  
s t ances  were c o n s i s t e n t  w i t h  c o n c u r r e n t  ECoG a n d  be- 
h a v i o r a l  m a n i f e s t a t i o n s  of increased  wakefulness .  The 
a rousa l  obse rved  in con t ro l  d i a lysa t e  i n j ec t ed  an ima l s  was 
p r o b a b l y  p a r t l y  due  to  c u m u l a t i v e  effects  of r e s t r a in t s  
p laced  u p o n  t h e m .  I n  t he  cases of sleep d ia lysa te ,  S P  and  
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2 M. MONNIER and L. HbSL~, Pfl(iger's Arch. gcs. Physiol. 282, 60 
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(1959). 
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Suppl. 13, 97 (1963). 
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{1960). 
7 M. IVIoNmXR and H. GANGLOFF, Rabbit Brain Research, vol. I 

(Elsevier, Amsterdam 1961). 
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Sleep dialysate 
20ml i.~ 
Rabbit1536 

Control dialysale 
ZOml i.v. 
Rabbit 1539 

Before drug 

Chlorpremazine ? . / / ' ~  
5mg/Kg i.m. \ ..: 
Rabbit 1006 

B r e v i  c o m u n i c a z i o n i  - Brief  R e p o r t s  

After 15rain After 3l]min After 68rain 

i ! /  \ ~" ~'-/ ~'/"v' 

Amphetamine 
lmg/M i.v. "ii % ~ , , , . , . , v /  
Rabbi1 1600 

75 U/K]] i.v. . . ,  
Rabbi! 164# 

- - -4  
250 msec 

Fig. 1, Evoked potentials elicited from 
the medic-central intralaminary thalamus 
(3 per see, 3 msee pulse duration bipolar 
electrical stimulation), and recorded mono- 
polarly from the motor cortex. Each frame 
represents 20 successive evoked responses 
sumtned by a Mnemotron computer (CAT). 
Note the marked increase of the second, 
surface negative recruiting component 
15 min after injection of sleep dialysate, 
substance P and chlorpromazine in con- 
trast with the decreases after administra- 
tion of control dialysate and amphetamine. 

c h l o r p r o m a z i n e  these  w a k i n g  t e n d e n c i e s  were coun te r -  
a c t ed  b y  h y p n o g e n i c  effects.  A t - tes t  c o m p a r i s o n  b e t w e e n  
sleep a n d  con t ro l  d i a ly sa t e  g roups  i n d i c a t e d  a re l iable  dif-  
ference (p < 0.05) in  m e a n  a m p l i t u d e  c h a n g e  of t h e  
r e c r u i t i n g  c o m p o n e n t  d u r i n g  t h e  60 m i n  fo l lowing in jec-  
t ion .  

Etectrographic visceral and somatic/indings: T h e  ECoG 
a n d  b e h a v i o r a l  a l t e r a t i o n s  were  gene ra l ly  c o n s i s t e n t  w i t h  
the  evoked  p o t e n t i a l  p ic ture .  U n d e r  sleep d ia lysa te ,  S P  
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Fig. 2. Percentage changes in amplitude of the recruiting component 
of the thalamo-cortieal evoked response for the 60 min following in- 
jection. Each point represents the comparison of 20 successive com- 
puter (CAT) summed responses before and after injection of the test 

substance. 

or  c h h ) r p r o m a z i n e  cor t ica l  de l t a  a c t i v i t y  a n d  n u m b e r  of 
sp ind les  increa~sed, whe rea s  episodes  of cor t i ca l  d e s y n c h r o -  
n i z a t i o n  dec reased  in d u r a t i o n .  The  onse t  of these  changes  
occu r red  w i t h i n  5 min  a f t e r  a d m i n i s t r a t i o n  of S P  or  chlor-  
p r o m a z i n e ,  b u t  r equ i red  a b o u t  10 ra in  a f t e r  i n j e c t i o n  of 
sleep d ia lysa te .  D i m i n u t i o n  of musc le  tonus ,  d r o o p i n g  of 
t he  ears  a n d  p a r t i a l  eye c losures  also occur red  in these  
groups .  Af t e r  i n j ec t ion  of S P  or  c h l o r p r o m a z i n e  ECoG,  
a n d  b e h a v i o r a l  effects  r e a c h e d  t h e i r  m a x i m u m  w i t h i n  15 
ra in  a n d  t h e n  d i s s ipa t ed  rap id ly ,  l eav ing  w h a t  a p p e a r e d  
to be  a le r t  b u t  re laxed  an imals ,  In  con t r a s t ,  sleep d i a lysa t e  
effects  o f t en  d id  n o t  r each  t h e i r  p e a k  un t i l  a b o u t  30 min  
a f t e r  in jec t ion ,  

Un l ike  sleep d ia lysa te ,  SP  and  c h l o r p r o m a z i n e  in jec ted  
an imals ,  a n d  r a b b i t s  rece iv ing  con t ro l  d i a ly sa t e  or  am-  
p h e t a m i n e  revea led  decreased  de l t a  a n d  spindle  ac t iv i t i e s  
a n d  longer  episodes  of cor t ica l  de synch ron i za t i ons .  In-  
c reased  muscle  t o n u s  a n d  t endenc i e s  t o w a r d s  escape be- 
h a v i o r  were also obse rved ,  i n  all  g roups  e x c e p t  a m p h e t -  
amine ,  h e a r t  r a t e  r e m a i n e d  s table ,  a l t h o u g h  w i t h  increased  
dosages  of c h l o r p r o m a z i n e  b r a d y c a r d i a  occurred .  Resp i ra -  
t ion  r a t e s  in  sleep d ia lysa te ,  con t ro l  d i a lysa t e  a n d  S P  
g roups  also r e m a i n e d  s tab le ,  whe reas  a m p h e t a m i n e  o f t en  
caused  a m a r k e d  a u g m e n t a t i o n  a n d  c h l o r p r o m a z i n e  a 
p r o n o u n c e d  d i m i n u t i o n  of r e sp i r a t i on  r a t e  t h a t  f r e q u e n t l y  
pers i s ted  t h r o u g h o u t  t he  e x p e r i m e n t .  

i n  t he  p r e s e n t  i n v e s t i g a t i o n  t h e  r e c r u i t i n g - c o m p o n e n t  
of t h e  t h a l a m o - c o r t i c a l  e v o k e d  response  a p p e a r e d  to  be  
h igh ly  co r re l a t ed  w i t h  ECoG a n d  b e h a v i o r a l  a l t e r a t i o n s  
as  c r i t e r ia  of h y p n o g e n i c  effects.  Accord ing  to  each  of 
t he se  c r i t e r i a  sleep d ia lysa te ,  S P  8 a n d  c h l o r p r o m a z i n e  

s F. LEMBECK, A. HEtZMANN, and G. SEtDEL, Biochem. I'harlnacol., 
in press. 
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resembled  one a n o t h e r  in mode ra t i ng  effect ,  b u t  di f fered w/ ihrend zentra le  S t imu lan t i en  wie A m p h e t a m i n  eine urn- 
cons iderab ly  f rom control  d ia lysa te  or a m p h e t a m i n e  9,1°. gekehr te  W i r k u n g  en t fa l ten .  

Zusammen/assung. Die \Vi rkung des Schlafd ia lysa tes  
des Kan inchens  auf  das  Gehi rn  eines no rma len  E m p -  
fiingers kennze ichne t  sich du reh  E r r e g b a r k e i t s z u n a h m e  
des mediozent ra len  somnogenen  t h a l a m i s c h e n  Feldes  
(Ampl i tudenzunahme  der  im Cor tex  ausgel6s ten  Po t en -  
tiale). Eine  iihnliche Wi rkung  fibt Chlorpromaz in  als 
zent ra ld i impfendes  P h a r m a k o n  und  Subs t anz  P aus, 

N. SCHNEIDERMAN 11, M. MONNIER 12, 
and  F.  LEMBECK 

Physiologisches Institut der Universitiit Basel 
(Switzerland), July 26, 1965. 

9 The substance P was provided by the Department of Pharma- 
cology, University of Tfibingen (Germany). 

~o This study was supported by gTants from 'Ciba-Stiftung', Hoff- 
mann-La Roche AG Basel, and Sandoz AG Basel. 

n Present address: Department of Psychology, University of Miami 
(Florida USA). 

li Requests for reprints should be sent to Prof. 5I. ~IONNIER, Physio- 
logisches Institut, Vesalgasse 1, Basel (Switzerland). 

Mucopolysaccharides in Experimental Hepatic 
Fibrosis 

Chronic a d m i n i s t r a t i on  of h e p a t o t o x i c  agents  induces  
hepa t ic  sclerosis in t he  ra t ,  which  is general ly  well 
es tab l i shed  a f te r  100 days .  A t  t he  beg inn ing  of th is  
pa thologic  change  one can see the  accumula t ion  of an 
ext race l lu lar  mater ia l ,  which  gives h i s tochemica l ly  a 
posi t ive  per iodic  ac id-Schi f f  reac t ion  and  d isp lays  m e t a -  
c romas ia  a l t e r  s t a in ing  wi th  to lu id ine  blue.  The  muco-  
po lysacchar ide  n a t u r e  of th is  subs t ance  is now genera l ly  
accep ted  accord ing  to  t he  f indings  of POPPER et  al. 1. The  
possible role of th i s  mate r ia l  in hepa t i c  f ibrogenesis  led us 
to s t u d y  t h e  b iochemica l  modi f i ca t ions  of mucopolysac -  
char ide  c o n s t i t u e n t s  dur ing  chronic  c a rbon  t e t r ach lo r ide  
i n t o x i c a t i o n  in ra t .  

14 W i s t a r  male  ra t s  (300-400 g) received s u b c u t a n e o u s  
ca rbon  te t rach lor ide  (0.15 ml  in 0.5 ml minera l  oil) twice 
weekly  over  a per iod of 3 mon ths .  The  animals  were al- 
lowed a regular  diet ,  A t  the  end of the  e x p e r i m e n t  the  14 
e x p e r i m e n t a l  and  5 cont ro l  an imals  were killed, t he  l iver 
i m m e d i a t e l y  homogen ized  a t  0°C, del ipidized ~ and  dried.  
The following q u a n t i t a t i v e  d e t e r m i n a t i o n s  were t h e n  per-  
fo rmed  : h y d r o x y p r o l i n e  ~ ; t o t a l  hexosamines  4; e x t r a c t i o n  
of s and  d e t e r m i n a t i o n  of hexuron ic  acids e; and  to t a l  pro-  
te in  b o u n d  su lpha t e sL  Our  resul ts  are  s u m m a r i z e d  in the  
Table.  

Tile following po in t s  m a y  be emphas i zed :  (1) A t  the 
end  of t he  3 -mon th  per iod  of  in toxica t ion ,  micronodula r  
f ibrosis  was  macroscopica l ly  visible and  t h e  accumula t ion  
of collagen in the  f ibrot ic  l ivers was  marked .  This  was 
d e m o n s t r a t e d  by  a fivefold increase in the  hydroxypro l ine  
c o n t e n t  of d a m a g e d  livers as c o mp a r e d  to  the  normal  ones. 
(2) The to ta l  hexosamine  c o n t e n t  was increased b y  79% 
and  p ro te in  b o u n d  su lpha tes  b y  94% of the  normal  values. 
The  differences b e t w e e n  these  averages  and  those  of the 
controls  are v e r y  signif icant .  (3) In  c o n t r a s t  w i th  these 
obvious  changes,  the  concen t r a t ion  of hexuron ic  acids in 
t h e  pa tho log ic  l ivers was  p rac t ica l ly  t he  s ame  as t h a t  in 
t he  no rma l  livers. The  h igh  va lue  of t he  corre la t ion  coeffi- 
c ien t  (Figure) b e t w e e n  t h e  h e x o s a m i n e  c o n c e n t r a t i o n  and 
t h e  p ro te in  b o u n d  su lpha te s  in t he  pa tho log ic  livers is 
ev idence  t h a t  the  hexosamine - r i ch  ma te r i a l  is su lphated .  
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Mean values and standard deviations of hydroxyproline, total hexosamine, total hexuronic acid and protcin-bouud sulphate concentration 
in dried de-fatted liver of uormal and CC14-treated rats 

Hydroxyproline Total Total Protein-bound 
hexosamines hcxuronic acids sulphates 

mg[100 g rag/100 g rag/100 g rag/100 g 

Normal (5) 108.04 4- 14.29 441.66 4- 34.40 144.33 4- 18.52 72.32 ± 12.97 

CCl4-treated (14) 510.51 4- 142.04 794.89 4- 105.38 136.14 4- 28.57 164.80 :I: 54.75 

't' 4.77 5.93 0.015 2.64 
p ~ 0.001 ~ 0.001 > 0.90 0.02 > p > 0.01 

't ': significance test. p: significance level. 


