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weniger  als 0.8 ~Ci/m1125J-T 4 i n k u b i e r t  w u r d e n  (VK3.8 %).  
E i n e  B e z i e h u n g  der  E rgebn j s se  zu F i l t r a t i o n s d a u e r  oder  
-d ruck  f inde t  s ich n i c h t  (Tabel le  I). D u r c h  V e r w e n d u n g  
hepa r in i s i e r t e r  V a k u t a i n e r - R 6 h r e n  1/isst s ich der  gele- 
gen t l i ch  a u f t r e t e n d e  K o n z e n t r a t i o n s - P o l a r i s a t i o n s e f f e k t  

Tabelle I. Freies Thyroxin (PFT4) im Serum in Abh~ngigkeit von 
der Dauer der Ultrafiltration 

Patient 
1.0 1.5 2.0 2.5 3.0 3.5 4.0 

K.,U. 0.018 ~ 0.019 * 0.019 ~ 0.020 ~ 
N.,P. 0.0325 b 0.0345 b 0.0310 b 0.0305 b 

(Stunden, ~) oder N2-Druck (at/i, b). Mittelwerte aus je 3-4 Einzel- 
bestimmungen. 

Tabelle II. Gesamtes, prozentual freies und absolut freies Thyroxin 
im Serum yon Gesunden (P) und Patienten unter T4/Ts-Substitution 
naeh Strmnektomie (S) 

T~ PFTa AFT 4 
([xg/100 ml) (ng/100 ml) 

P (18) 7.06 0.030 2.17 
1.63 0.010 0.79 

S (12) 8.95 0.022 2.0 
1.91 0.001 0.80 

Mittelwerte q 1 SD. ( ) : Zahl der Ffille. 

u n d  ger ingere  F i l t r a t i ons l e i s t ung  umgehen .  Unse re  an  
k l in i sch  gesunden  Ve r suchspe r sonen  ge fundenen  W e r t e  
(Tabel le  II)  s t ehen  in gu t e r  l ~ b e r e i n s t i m m u n g  m i t  j enen  
ande re r  A u t o r e n  4. 

W/~hrend die Vor te i le  der  P F T 4 - B e s t i m m u n g  mi t t e l s  
Gle ichgewich tsd ia lyse  gegen p H - s t a b i l e  Puf fe r l6sungen  in  
der  ge r ingen  Menge b e n 6 t i g t e n  P r o b e n m a t e r i a l s  zu 
suchen  sind, lassen sich mi t t e l s  U l t r a f i l t r a t i o n  miihelos  
30-40 P r o b e n / T a g  g e w i n n e n  u n d  a m  Io lgenden  auf-  
a rbe i t en .  

Summary. A rap id  d e t e r m i n a t i o n  of free t h y r o x i n e  in 
h u m a n  se rum us ing  125J-thyroxine and  pressure  u l t r a -  
f i l t r a t i on  is p resen ted .  Assay ing  pe r  cen t  free t h y r o x i n e  
(PFT4) more  t h a n  30 s p e c i m e n / d a y  can  easi ly  be es tab l i sh-  
ed. The  m e a n  va lue  of h e a l t h y  con t ro l s  is 0.030 =k 0.010 
(1 SD). In t e r f e r ence  of resul t s  w i t h  h e i g h t  of p ressure  
appl ied  a n d  d u r a t i o n  of u l t r a f i l t r a t i o n  resp. could no t  be 
de tec ted .  B o t h  precis ion and  sens i t i v i t y  of th i s  m e t h o d  
al low f u r t h e r  research  and  rou t ine  cl inical  e m p l o y m e n t .  
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A Method and its P h a r m a c o l o g i c a l  Appl icat ion to Determine  the Durat ion  of Arousal  Pattern 
Based on Ampl i tude  Changes  of EEG Signals  in Rats  

After  t h e  f i rs t  a t t e m p t  a t  cl inical  use of p o t e n t i a l s  
g e n e r a t e d  b y  t h e  bra in ,  i t  was  v e r y  soon recognized t h a t  
t he re  exis ts  a specific low vo l t age  and  h i g h  f r equency  E E G  
p a t t e r n  now k n o w n  as d e s y n c h r o n i s a t i o n  1, a c t i v a t i o n  
p a t t e r n  2 or a rousa l  r e ac t i on  a. The  a rousa l  r e ac t i on  is 
used as p a r a m e t e r  for  s t u d y i n g  t he  mode  of ac t ion  of 
m a n y  cen t r a l ly  ac t ing  drugs.  In  th i s  respect ,  t h e  follow- 
ing aspec ts  of t he  a rousa l  p h e n o m e n o n  can  be  m e a s u r e d  : 
a rousa l  th resho ld ,  a m p l i t u d e  and  f r equency  of E E G  
signals  d u r i n g  arousal ,  a n d  d u r a t i o n  of t he  a rousa l  ac t ion .  
The  f i rs t  3 p a r a m e t e r s  us ing  t he  ex i s t ing  m e t h o d s  can  be  
expressed  in an  exac t  a n d  ob jec t ive  way.  However ,  w i t h  
t he  d u r a t i o n  of a rousa l  m a n y  a u t h o r s  ~-~ sti l l  ana lyse  t h i s  
p a r a m e t e r  exc lus ive ly  b y  t he  v i sua l  i n spec t ion  of t he  
E E G  records.  This  m e t h o d  is subjec t ive ,  and  d i f f icu l ty  is 
o f ten  e n c o u n t e r e d  in d e t e r m i n i n g  t he  end  of arousal ,  
s ince t r a n s i t i o n  of a rousa l  a n d  con t ro l  p re -a r0usa l  s t a t e  
is no t  sharp .  Moreover ,  t he  osc i l la t ion  of t he  a m p l i t u d e  
d u r i n g  t h e  a rousa l  pe r iod  m a y  v e r y  of ten  r each  t he  pre-  
a rousa l  a m p l i t u d e  value,  confus ing  t h e  obse rve r  as to  
w h e t h e r  a rousa l  is r ea l ly  t e r m i n a t e d  or not .  

Our  p r e l i m i n a r y  ana lys i s  of t he  f r equency  a n d  a m p l i t u d e  
of t h e  a c t i v a t i o n  p a t t e r n  i nd i ca t ed  t h a t  t he  a m p l i t u d e  of 
E E G  signals  is a b e t t e r  p a r a m e t e r  for q u a n t i f i c a t i o n  of 
t he  d u r a t i o n  of t he  a rousa l  t h a n  the  f r equency  spec t rum.  
This  led us to  t he  use of t he  i n t eg r a t i ve  m e t h o d  7 for 
a m p l i t u d e  ana lys i s  of t he  e l ec t roencepha log ram in pre-  
a rousa l  and  a rousa l  per iod,  w i t h  t he  a i m  of deve lop ing  a 
s imple  and  ob jec t ive  way  for d e t e r m i n a t i o n  of t he  d u r a t i o n  
of arousal .  

Materials and methods. A d u l t  a lb ino  male  r a t s  (200-  
250 g) of t he  W i s t a r  s t r a i n  (TNO an ima l s  f a r m  Delft)  
were used. E lec t rodes  for t he  E E G  record ing  were 
essent ia l ly  s imi la r  to  those  descr ibed  ear l ier  8 a n d  were 
s l igh t ly  modi f ied  (H. VAN RIEZEN, persona l  c o m m u n i c a -  
t ion) .  I m p l a n t a t i o n  was car r ied  ou t  u n d e r  H y p n o r m  | (10 
m g  F l u a n i s o n  and  0,2 m g  F e n t a n y l  in  1 ml) a n a e s t h e t i c u m  
in doses of 1 ml /kg  i .p.  Fo l lowing  surgery  t he  w o u n d  of 
t he  r a t s  was  t r e a t ed  w i t h  penic i l l in  powder .  Before  t he  
e x p e r i m e n t  t he  r a t s  were a l lowed a t  leas t  a week  for  
r ecovery  d u r i n g  wh ich  per iod  t h e y  were caged ind iv idua l ly .  

The  E E G  was recorded  whi le  t he  a n i m a l s  were in a 
sound  proof  cab in  w i t h  d i m m e d  l ight .  The  an ima l s  were 
left  o v e r n i g h t  in  t he  cab in  before  t he  e x p e r i m e n t  s ta r ted .  
D u r i n g  t he  e x p e r i m e n t a l  session t he  r a t s  h a d  f r eedom of 
m o v e m e n t ,  t w i s t i n g  of the  wires  be ing  p r e v e n t e d  b y  t he  
use of a swivel.  
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Electrocorticogram of the rat. The upper record is a frontal left-frontal right lead. Below this is a time marker with a 2 see acoustic stimu- 
lation (200 Hz, 20 dB) indicated by the solid line. The middle record is the averaged amplitude of the recorded EEG signals. The lower 
record is taken from the integrator. The averaged line indicates that in the pre-arousat period there are no marked oscillations of the amplitude 
in last 10 see. In this period the number of integrated resets is 7. Since in the last 30 see before the acoustic stimulation is applied, the 
amplitude value oscillated in the same range, the mean value of the resets in 3 subsequent periods of 10 see was also 7. After the sound 
stimulation, the amplitude of the EEG-signals decreased, averaged line declines and the number of integrated resets decresead also. However, 
after a relatively short period of time, the amplitude begins to increase and in the period between 10 and 20 see after the acoustic 
stimulation, the number of the integrated resets became equal to the control value. This indicated that the arousal was terminated. 
However, the precise point of the end of arousal within this 10 sec is determined by the averaged line, using arbitrarily the highest point 
(indicated by X) which does not exceed the highest point of the prearousal averaged line. The exact time for the duration of arousal 
for recording on the Figure is 17.5 see, as counted from tile onset of the acoustic stimulus. 

The e lec t rocor t icogram was mon i to red  on a Grass 
model  78, the  E E G  signals being ampl i f ied  and  averaged 
t h rough  a Grass 7P3 and electronical ly in tegra ted  wi th  
a Grass 7P10 integrator .  The in tegra to r  was ca l ibra ted  in 
a way  t h a t  20 resets  in a 1 rain per iod  cor responded  to 
150 aV. By knowing  the  n u m b e r  of in tegra tor  resets  for 
a given per iod of t ime,  t he  average in tegra ted  vol tage of 
an E E G  recording in t he  coresponding  t ime  can be 
calculated.  Ampl i f ica t ion  of the  E E G  signals was k e p t  
cons t an t  dur ing the  exper iment .  

Results. a) Determination o/ the duration o/ arousal. 
The first  recording session normal ly  began  2-3 h af ter  
connec t ion  of the  imp lan t ed  electrodes.  The arousal  was 
induced  by  acoust ic  s t imula t ion  (200 Hz, 20 dB for 2 sec) 
using a sound genera tor  (Exac t  Elec t ronic ,  model  126). 
E E G  recording las ted a t  least  1 rain before acoust ic  
s t imula t ion  was applied.  A longer recording session was 
normal ly  no t  necessary,  b u t  was cons idered  if the re  were 
p ronounced  var ia t ions  of ampl i tude  in t he  pre-arousal  
period.  Record ing  of t he  E E G  af ter  acoust ical  s t imula t ion  
was cont inued  unt i l  the  t e rmina t ion  of arousal.  However ,  
th is  recording was l imi ted  to  1 rain, if the  arousal  dura-  
t ion was less t h a n  60 sec. Dur ing  the  recording of t he  E E G  
in the  pre-arousal  per iod the  n u m b e r  of in tegra t ive  
resets  every  10 sec was noted.  If an  arousal  response af ter  
sound s t imula t ion  was pronounced,  t h e n  the  ampl i tude  of 
the  E E G  signals was  decreased and  the  n u m b e r  of inte- 
grat ive  resets  also decreased in compar i son  wi th  the  num-  
ber  of resets  in the  pre-arousal  period.  The contro l  
ampl i tude  value of the  pre-arousal  per iod was given by  
the  mean  value of the  resets  coun ted  every  10 sec in 3 
subsequen t  t ime  periods dur ing  the  last  30 sec before 

sound s t imula t ion  was applied.  Af ter  induc t ion  of the  
arousal  we considered t h a t  i t  is t e r m i n a t e d  when  the  
contro l  pre-arousal  ampl i tude  was regained.  This  could 
be d e m o n s t r a t e d  by  count ing  the  in t eg ra ted  resets  in one 
of t he  10 sec per iod in the  pos t -arousa l  s tate.  If  t he  
n u m b e r  of in tegra t ive  resets  in one of the  10 sec per iods  
of the  pos t -arousa l  recording  became  equal  to t he  num-  
ber  of resets  t aken  as t he  contro l  va lue  in t he  pre-  
arousal  period,  t h e n  i t  was  cons idered  t h a t  arousal  was  
t e rmina ted .  The exac t  po in t  of t he  end of arousal  wi th in  
a 10 sec per iod was es tab l i shed  by  means  of an averaged  
line. W e  have  chosen a rb i t ra r i ly  t he  h ighes t  po in t  of an 
averaged  l i ne  which  does no t  exceed the  h ighes t  po in t  of 
t he  averaged pre-arousal  signals as t he  po in t  of arousal  
t e rmina t i on  (Figure). 

b) The application o/the above method /or study o/ the 
e~ect o/ drugs on the relationship between the duration 
o] arousal and amplitude value o /EEG.  

Animals  t r ea t ed  w i t h  depressory  drugs in doses which  
increase the  ampl i tude  value of E E G  signals~ show, in 
mos t  cases a decrease of dura t ion  of arousal.  This  should 
be considered as the  occurence of t he  wel l -known t y p e  of 
'associa t ion '  of the  2 p h e n o m e n a  (i. e. increase of ampli-  
t ude  and decrease of arousal  durat ion) .  However ,  using 
our m e t h o d  we observed t h a t  these  2 p h e n o m e n a  are no t  
necessar i ly  associated.  W h e n  ra ts  were t r ea t ed  wi th  5 
mg/kg  of the  recent ly  descr ibed GABA-l ike  subs tance  
1-hydroxy-3-aminopyrro l idone-2  (HA-966)L there  was 

9 I . L .  BONTA, C. J.  DE Vos, H. GRIJSEN, F. C. HILLEN, E. L. NoAcn 
and A. W. SIM, Br. J .  Pharmac .  d3, 514 (1971). 
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an increase of the  vol tage  and decrease of the  dura t ion  of 
arousal  in the  1st h after  inject ion.  However ,  in the  nex t  
1/2-h the  dura t ion  of arousal  was normal ized bu t  the  
value  of ampl i tude  was still s ignif icant ly higher  compar ing  
with  the  control  value. Clearly this  suggests the  existence 
of the  t ime  differences in the  recovery  of the  s t ructures  
which are invo lved  in the  synchronisa t ion  and arousal  
af ter  the  adminis t ra t ion  of a CNS depressant  drug. 

Discussion. In  spite of the  fact  t h a t  averaged signals 
of l inear  characteris t ics  give be t te r  visual  presenta t ion  
of the  ampl i tude  var ia t ion  in arousal  t h a n  normal  E E G  
records, we considered them to be insufficient cr i ter ia  for 
the de te rmina t ion  of the  end of arousal. This is due to the  
fact  t h a t  oscil lat ing averaged line can, for short  periods of 
t ime, be equal  or greater  t han  the  pre-arousal  averaged am- 
pl i tude value, thus  giving a false impression tha t  arousal  
has been te rmina ted .  Ev idence  tha t  arousal  has indeed not  
t e rmina t ed  came f rom the  in tegra ted  ampl i tude  value, 
which in a period of 10 sec did not  reach the  control  ? r e -  
arousal  value.  For  this  reason we suggest the  s imul taneous  
use of both  parameters  - in tegra ted  and averaged signals 
- as a more accurate  way  to de te rmine  the  end of arousal. 

The use of the  in tegra ted  EEG-s igna ls  together  witt l  
an averaged ampl i tude  line gives not  only objec t ive  
cri ter ia  for de te rmina t ion  of the  end of arousal, bu t  
also the  possibi l i ty  to compare  the  changes in the  dura t ion  
of the  arousal  and ampl i tude  values dur ing the  pre- 
arousal  and arousal  period. Using this  me thod  in experi-  
ments  wi th  the  rats t rea ted  wi th  the  GABA-l ike  substance 
HA-966, we have  shown tha t  the  increase of the  ampl i tude  
in the  pre-arousal  period was not  followed by  changes in 
the  dura t ion  of arousal  react ion ill the  recovery  t ime.  
This  indicates  t h a t  cer ta in  drugs m a y  have  a 'd issociat ive '  
effect, showing t h a t  synchronisat ion in the  pre-arousal  
period and dura t ion  of the  arousal  migh t  be two inde- 
penden t  phenomena  not  necessari ly correlated.  I t  is of 
in teres t  to note  t h a t  the  substance HA-966 has earl ier  
been described to induce dissociat ion be tween E E G -  
pa t t e rn  and behav iour  9. In  this  respect  i t  would be of 
impor tance  to conduct  similar  studies wi th  o ther  'dis- 
sociat ion '  inducing drugs. 

In  addi t ion  we should like to poin t  out  t ha t  the  
method  described for the  de te rmina t ion  of the  dura t ion  of 
arousal  wi th  the  paral lel  regis t ra t ion of ampl i tude  can be 

applied to any  other  animal  wi th  any type  of s t imulus  for 
the induct ion  of ac t iva t ion  pa t t e rn  and is par t icu lar ly  
suitable for laborator ies  w i thou t  compute r  facilities. 

In  our exper iments  we in tended to exclude the  small  
spontaneous  var ia t ion  of the ampl i tude,  thus  we chose the  
re la t ive ly  small  number  of resets (20) to correspond for 
150 [xV in 1 min  period t ime. However ,  the  possibi l i ty  still 
exists of using a higher  number  of resets (60-80 etc). I f  this 
var ia t ion  is applied t l lan the  a rb i t ra ry  end of arousal  
should be considered when the  post-arousal  ampl i tude  of 
E E G  signals reaches the  90 % of control  pre-arousal  vol tage  
value. The  exac t  po in t  of the  end of arousal  wi th in  the  
10 sec t ime  in te rva l  a l ready selected is de te rmined  by  the  
averaged line as described before. 

Rdsumd. On d6crit  une m6thode 6tablie pour  d6termi-  
ner la dur6e de la d6synchronisat ion cort icale en ut i l i sant  
les changements  d ' ampl i tude  de s ignaux 61ectro-cortico- 
graphiques.  UI1 int6grateur  Grass a 6t6 utilis6 pour  
enregistrer  d ' amp l i t ude  moyenne  et pour  int6grer les 
s ignaux EEG.  La  phase de d6synchronisat ion est consi- 
d6r6e comme termin6e quand  l ' ampl i tude  des signaux, 
avan t  l ' exci ta t ion,  r6apparai t  et  reste /~ ce n iveau  pen- 
dan t  10 sec. Le po in t  cu lminan t  de la ligne de moyenne  
pendan t  la p4riode de i0 sec (qui n 'ex6de  pas le po in t  
cu lminan t  de la ligne de moyenne  en la phase pr6c6dant  
l ' exci ta t ion)  est choisie comme ind iquan t  la fin de la 
phase de d6synchronisat ion.  L 'usage  de la m6thode 
d6mont ra  que les effets d ' un  nouveau  cong6n6re du 
GABA,  1'HA-966 sur la synchronisa t ion  de I ' E E G  et  sur 
le raccourcissement  de la r6action d '6vei l  peuven t  
exis ter  i nd6pendamment  l 'un  de l 'autre .  
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Improved Method for Separation and Identification of Serum Transferrins : 
Thin Layer Acrylamide-Gel  Electrophoresis with Acrinol Pretreatment 

For  the  separa t ion  and ident i f icat ion of serum trans-  
ferrins, s tarchgel  electrophoresis  z has been widely  
employed  in combina t ion  wi th  the  labell ing of the  
protein wi th  rad ioac t ive  iron (Fe 59) followed by  auto-  
rad iography 2. I t  is still  desirable, however,  to develop 
more rapid, accura te  and safe me thod  for these purposes. 
A combina t ion  of acrinol p r e t r ea tmen t  and thin  layer 
acrylamide-gel  electrophoresis  seems to fulfill the  above 
requirements ,  as demons t ra t ed  in the  present  study.  
Using this m e t h o d  one can ident i fy  t ransferr in  bands on 
the  gel clearly and rapidly  wi thou t  any use of the  hazard-  
ous rad ioac t ive  isotope and subsequent  au toradiography.  

For  the  acrinol p re t rea tment ,  a p repara t ive  me thod  8 of 
t ransferr in using acrinol and e thanol  was modif ied  to the  
smaller  scale. As a rout ine  procedure,  100 ~1 murine serum, 
main ly  Rattus rattus in our case, was mixed  wi th  1 V1 of 
0.6 m M  FeCI~ solution and di luted 4 t imes  wi th  300 ~zl 
of 5 m M  Tris buffer  (pH 8.8). To t h a t  mix tu re  was added 
400 [zl of 0.6% acrinol  solution prepared  jus t  before use. 
Af ter  30 min, coagula ted  proteins  were r emoved  by  

centr i fugat ion at  3,000 rpm for 10 rain a t  0~ An equal  
vo lume of 95% cold (-10~ e thanol  was added to the  
supernatant .  Af te r  s tanding the  mix tu re  in an ice ba th  
for 30 rain, the  prote in  f ract ion was spun down at  3,000 
rpm for 10 rain at  0~ af ter  which it  was dissolved in 
100 ~xl of 5 m M  Tris buffer and subjec ted  to the  th in  
layer acrylamide-gel  electrophoresis.  

The  procedures  for the  th in  layer acrylamide-gel  
electrophoresis essential ly followed a previous repor t  4. 
Acry lamide  was dissolved at  the  final  concentra t ion  of 
3.8%, methy lenbisacry lamide  (BIS) 0.2%, t e t r ame thy -  
e thy lendiamine  (TEMED) 0.3% and a m m o n i u m  per- 
sulfate 0.036% in Tris ci t ra te  buffer  (pH 7.4) conta ining 

1 0 .  SMITHIES, Biochem. J. 67,629 (1955). 
2 E. R. GIBLETT, C. G. HICKMAN. and O. SMITHIES, Nature, Lond. 

783, 1589 (1959). 
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