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Date amounts of heptapeptide ACTH released by ~ ~tg Limits of confidence F 
~tg ACTH released 4 ~tg CRF 91 

29. 2. 1960 4.0 2.02 1.65-2.58 
7. 3. 1960 2.0 1.32 0.85-2.23 
4. 10. 1960 1.0 1.43 0.73-3.17 
8. 3. 1960 0.5 1.43 1.10-1.93 
9. 3. 1960 0.1 1,0,1 0.66-1.78 
6. 10. 1961 0.1 1.16 0.74-1.87 

15. 12. 1959 0 0.66 0.51-0.82 
12. 10. 1961 0 0,51 0.33-0,73 

274.0 0.039 
49.3 0.096 
24.0 0.140 

137.7 0.057 
,17.6 0.098 
54.0 0.092 

205.0 0.047 
105.9 0.066 

and 0.5 ~g; t he  dose of 4 ~zg of h e p t a p e p t i d e  doubles  t he  
release of ACTH ob ta ined  wi th  4 btg of C R F  91. By  
lowering progress ive ly  the  doses of h e p t a p e p t i d e  one 
reaches  t he  po in t  where  0.1 [zg of th i s  ma te r i a l  is still  able 
to  release an a m o u n t  of ACTH equal  to  t he  a m o u n t  
re leased b y  4 btg of C R F  91. W h e n  the  h y p o p h y s e s  receive 
no s t imu la t ion  t h e y  release only  one hal f  of the  a m o u n t  of 
ACTH released b y  4 ~zg of C R F  91 and  one four th  of t h a t  
released b y  4 [zg of the  h e p t a p e p t i d e .  

In  th i s  series of e x p e r i m e n t s  we were  thus  able to de- 
m o n s t r a t e  t h a t  the  h e p t a p e p t i d e  H-Met-Glu(NH2)-His-  
P h e - A r g - T r y - G l y - O H  was  capable  of re leasing cor t ico-  
t rop in  i n  vitro. No def in i te  conclusion can be d r a w n  a t  
p re sen t  concern ing  the  in  vivo ac t iv i ty  of th is  pep t ide  and  
i ts  possible physiological  role. 

Rgsumd. Au cours d ' une  s~rie d 'exp~r iences  d~cri tes  en 
d6tail  nous  avons  observ~ le ph~nom~ne s u i v a n t :  l ' h e p t a -  
pep t ide  H-Met -Glu (NH~)-His -Phe-Arg-Try-Gly-OH est  
suscept ible  & a u g m e n t e r  in  vitro, de fa~on s t a t i s t i q u e m e n t  
significative,  la l ib6ration de cor t i co t rop ine  pa r  des ant6-  
h y p o p h y s e s  de ra t  isol6es. 

M. PRIVAT DE GARILHE and  C. GROS, 
wi th  the  technica l  co l labora t ion  of 
YVELINE LOZAC'H and  BERNADETTE 
GARNUCHOT 

Laboratoire de Chimie Biologique de la Facul td des Sciences, 
Par i s  (France), le 3 novembre 7961. 

C u m u l a t i v e  R e c o r d  o f  M o t o r  A c t i v i t y .  ( A  N e w  

P r o c e d u r e  a n d  i t s  U s e  f o r  t h e  S t u d y  o f  C e n t r a l  

S t i m u l a n t  D r u g s )  

The  m o t o r  ac t iv i ty  of smal l  an imals  is measured  in a 
va r i e ty  of ways.  The ro t a t i ons  of a squi r re l -wheel  or a 
revolving cage ~, or t he  i n t e r rup t ions  of l ight  b e a m s  2 are 
coun ted  wi th  impulse  coun te r s  over  s t a n d a r d  per iods  of 
t ime  3. The m o v e m e n t s  of a j iggle-box are measu red  on a 
sooted  d r u m  4 or recorded  electr ical ly s. The  m o v e m e n t s  of 
a p l a t f o r m  of an an imal  con ta ine r  are conve r t ed  in to  
electr ical  cu r ren t s  w i t h  a piezo electr ic  c rys ta l  ~ and  
regis tered on a k y m o g r a p h i o n  or e lect ronic  recorder .  The 
var ious  m e t h o d s  h a v e  recen t ly  been  cr i t ical ly  reviewed ~. 

Counts  over  s t a n d a r d  per iods  of t i m e  are easy to  use for 
measur ing  the  p o t e n c y  of drugs  on m o t o r  ac t iv i ty ,  b u t  
have  the  d i s a d v a n t a g e  t h a t  i n fo rma t ion  on how moto r  
ac t iv i ty  proceeds  in t ime  is lost. Cont inuous  m e a s u r e m e n t s  
of an imal  induced  m o v e m e n t s  do indeed  give a t ime  course 
re la t ionsh ip  b u t  i t  is o f ten  diff icul t  to  ob ta in  s ta t i s t ica l  
d a t a  f rom such recordings.  

In  o p e r a n t  behav iou r  research  8, ex tens ive  use has  been  
m a d e  of cumula t ive  recorders  (Gerbrands  recorders),  to  
which  square  pulses of 24 V and  35-40 msec dura t ion  are 
fed, resu l t ing  in excurs ions  of a pen  in s teps  of 0.25 mm.  
If  ro t a t ions  of wheels ,  i n t e r rup t i on  of l igh tbeams  or 
m o v e m e n t s  of animal-cages  can be conver t ed  in to  pulses 
of s t a n d a r d  dura t ion ,  a cumula t ive  record of mo to r  
ac t iv i ty  can be ob ta ined  on a cumula t ive  recorder.  
A cumula t ive  record has  the  a d v a n t a g e  t h a t  a comple te  
t ime- response  curve  is ob ta ined ,  while m o t o r  ac t iv i ty  can 
easily be d e t e r m i n e d  f rom such a curve.  A procedure  for 
in tegra t ion  pulses  over  s t a n d a r d  per iods  of t ime  can as 
well be used. W i t h  such a p rocedure  prac t ica l ly  the  same 
in fo rma t ion  can be  ob ta ined  as wi th  the  cumula t ive  pro-  

cedure  provided t h a t  in tegra t ion  is carr ied ou t  over  sho r t  
per iods of t ime (30 sec or less). 

The l igh tbeam m e t h o d  is in use in our  l a b o r a t o r y  a n d  
we therefore  developed pu lse -shapers  for conve r t i ng  an  
in te r rup t ion  of a b e a m  into  a pulse of 40 msec  dura t ion .  
A d iagram of the  t rans i s tor ized  pu lse -shaper  is g iven in 
Figure  1. 

The animal  cage consis ts  of a box  (dimensions  36 cm 1; 
24 cm d, and  20 cm h) s i tua ted  in a v e n t i l a t e d  sound-  
proof box and i l lumina ted  wi th  a house l ight  of c o n s t a n t  
in tens i ty .  The d imens ions  of t he  cage are no t  cr i t ical  b u t  
are chosen for s tudy ing  groups  of two  mice, or  one or two  
rats.  For  larger an imals  or larger groups  the  cage should  
be ex tended .  Three l i gh tbeams  were p laced  6 cm a p a r t  
over  the  d e p t h  of the  cage and  oppos i te  to t h e m  3 CdS 
photoelec t r ic  cells. E a c h  photoe lec t r ic  cell is c o n n e c t e d  
wi th  the  i npu t  of a pulse-shaper .  The  o u t p u t  t e rmina l s  of 
the  th ree  pulse-shapers  are connec t ed  wi th  t he  i n p u t  
t e rmina l  of the  s t epp ing  device of a Ge rb rands  recorder .  
I f  less t h a n  100 pu lses /min  are recorded,  t he re  is no 
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Fig. 1. Diagram of transistorized pulse-shaper which is used for the conversion of irruptions of a l ightbeam into square pulses of 
40 msec duration. The resistance of the CdS photoelectric cell a is about 10 k Q  during illumination. A relais is kept in operation and is 
released over a period of 40 msee when the resistance of the photoelectric cell is increased to more than 50 k •  as result of interruption 
of the lightbeam. The C-stud of the relais is connected with the ground of a 24 V dC power supply. The NO-stud is connected with the stepping 

device of the recorder so that  when a pulse comes in the stepper is momentary grounded. 
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Fig. '2. (a) Cumulative record of the spontaneous motor activity of two mice (m 10 and m 89). Activity is high immediately after placing 
the animals in the cage, bu t  gradually subsides (exploratory behaviour). The pen of the recorder returns to its starting position after 
500 pulses have come in (500 pulses is 12.5 cm). (b) When exploratory behaviour has subsided, which is mostly the case after about 1 h, the 
animals are injected intraperitoncally with a dose of all-amphetamine. After a short latency time (about 2 min), spontaneous motor activity 
increases rapidly to a maximum whereafter it levels off gradually. Motor activity Call be determined from the slope of the curve at  any 
time after the injection. The maximum value, which is usually obtained 10-15 min after injection, is used for the calculation of the  

dose-response curve. 

N. A. GtER, W. VAN GOOL, and J.  G. VAN S~,STEN, Philips Techn. Tschr. e0, 285 (1958). 
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t~/iAmphetarnine "5"5ZPmi!]!i~ i:P: / I  dl2~ethamPheam'nek~"tJPm°'lKg"P" ,umm 

I Phenmetrazlne 31.611mot/kq I.p, [ I/-Ephedrine 176pmot,!kg,,!,.p,. . . . . . . .  

Fig. 3. Cumulative records of motor-activity in groups of two mice as induced by various amphetamine-like drugs. The original curves are 
shifted along the time-axis for easier reproduction. (a) dl-amphetamine, (b) d/-methamphetamine, (c) phenmetrazine and (d) (--)-ephe- 

drine. Notice a difference in the initial slope as compared with the duration of action of the various compounds. 

s ign i f i can t  ove r l app ing .  O the rwi se  one  l i g h t b e a m  c a n  be  
t u r n e d  off. 

A c u m u l a t i v e  r ecord  of t h e  s p o n t a n e o u s  m o t o r  a c t i v i t y  
of t w o  mice  s i m u l t a n e o u s l y  is p r e s e n t e d  in  F i g u r e  2a .  
A c t i v i t y  is h i g h  i m m e d i a t e l y  a f t e r  p l ac ing  t h e  a n i m a l s  in  
t h e  b o x  a n d  subs ides  w h e n  t h e y  h a v e  exp lo red  t h e i r  new 
e n v i r o n m e n t .  Th i s  t y p e  of b e h a v i o u r ,  k n o w n  as exp lo ra -  
t o r y  b e h a v i o u r ,  c an  b e  s u i t a b l y  fol lowed on  such  a c u m u -  
l a t ive  record.  T h e  use of t h e  l i g h t b e a m  m e t h o d  is ir~ 
r e v e l a n t  to  t h i s  p rocedure ,  O t h e r  m e t h o d s  can  be  used  if  
t he  cor rec t  pu l se - shaper s  c a n  be  bui l t .  

The  l i g h t b e a m  m e t h o d  is useful  for  s t u d y i n g  t he  ac t ion  
of a m p h e t a m i n e s  on  m o t o r  ac t iv i ty .  T he  effect  of dl- 
a m p h e t a m i n e  in two  mice  i n j ec t ed  a f t e r  t h e y  h a v e  
a c h i e v e d  a s t e a d y  a c t i v i t y  of less t h a n  5 p u t s e s / m i n  is 
g iven  in  F i g u r e  2b. F r o m  th i s  t y p i c a l  c u m u l a t i v e  record ,  
t h e  a c t i v i t y  c a n  be  r e a d  as  t h e  slope of t h e  t ime - r e sponse  
c u r v e  10 to  15 ra in  a f t e r  a d m i n i s t r a t i o n  of t h e  drug.  F o r  
d e t e r m i n i n g  t h e  slope, a s t r a i g h t  p a r t  of t h e  record  of  a t  
l e a s t  5 c m  is used  in  t h e  s t eepes t  p a r t  of t h e  a c t i v i t y - t i m e  
record.  F o r  p r a c t i c a l  reasons ,  a pe r s pex  l inescale  w i t h  l ines 
of va r i ous  s lopes h a s  b e e n  m a d e  w i t h  t h e  a id  of wh ich  t he  
m o t o r  a c t i v i t y  as  t he  n u m b e r  of pu l ses / r a in  c a n  i m m e -  
d i a t e l y  be  r ead  f rom t h e  record.  

I f  a m p h e t a m i n e  is i n j ec t ed  i n t r ape r i t onea l l y ,  t he  
l a t e n c y - t i m e  is a b o u t  2-5  m i n  whi le  s h o r t l y  t h e r e a f t e r  
m a x i m a l  a c t i v i t y  is o b t a i n e d .  I n  F igure  3 s imi la r  ex-  
p e r i m e n t s  are  p r e s e n t e d  for  va r i ous  d rugs  in which  t he  
cu rves  h a v e  been  sh i f t ed  a long  t h e  t ime -ax i s  for  easier  
r e p r o d u c t i o n .  F r o m  these  cu rves  i t  m a y  be n o t e d  t h a t  
a m p h e t a m i n e  a n d  m e t h y l a m p h e t a m i n e  h a v e  a long 
d u r a t i o n  of a c t i o n  in doses  in  w h i c h  t h e y  p roduce  a 
m o d e r a t e  ac t i v i t y .  P h e n m e t r a z i n e ,  howeve r ,  causes  a 
p r o v o k e d  inc rease  in  m o t o r  a c t i v i t y  a l t h o u g h  i t  is of s h o r t  
d u r a t i o n .  The re fo re  p h e n m e t r a z i n e  is he re  f o u n d  to  b e  
more  p o t e n t  t h a n  is u sua l ly  s t a t e d  in  t h e  l i t e r a t u r e  o n  t h e  

sub jec t .  Ou r  f indings  m a y  give  a n  e x p l a n a t i o n  of w h y  
a d d i c t i o n  to  p h e n m e t r a z i n e  is eas i ly  deve loped  a l t h o u g h  
t h i s  c o m p o u n d  is a r e l a t ive ly  ' w e a k '  c e n t r a l  s t i m u l a n t .  
I n  c o n t r a s t  to  p h e n m e t r a z i n e ,  t h e  onse t  of  a c t i o n  of  
e p h e d r i n e  is v e r y  slow (Figure  3d). 
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Fig. 4, Log dose-response curves for all-amphetamine and d/-meth- 
zmphetamine obtained by plotting for each dose the motor activity 
as calculated from experiments such as given in Figure 2 and 3. Each 
point is the average of 4 or more estimations with the standard 
deviation. The groups of two R Q mice were chosen at random out of 
a population of sixty. Notice that the curves are parallel and that an 

auto-inhibition occurs. 
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Potency of some amphetamine-like drugs. ED~0 is determined from 
the log dose-response curves as the dose for which the motor activity 

is 45 pulses/rain 

Drug Formula ED~0 EDs0 
/~Mol/kg mg HC1 

salt/kg 

.~/C--~. / N H  2 
dl-Amphetamine C.j 9.7 1.7 

H 
j ~ . / C - . . C / N ' C  

dl-Methamphetamine J II I 3.6 0.67 
C 

OH j H 
/ / - ~ . / C - . . . C / N ~ ' c  

(--)-Ephedrine ~ S  C 170 34 

o/C-..C 
t i 

//~-/C~c-/N~ H 30 6.8 
Phenmetrazine ( II ' 

50% effect was calculated.  This  dose is used as a measure  
for the  cent ra l  s t imula t ing  action.  The  po tency  of a few 
amphe tamine- l ike  drugs de te rmined  f rom dose-response 
curves  are g iven in the  Table.  

In  a n u m b e r  of pairs of mice, two  la tency  t imes  were 
observed for amphe tamine .  A f t e r  30-60 min  there  is again 
an increase in ac t i v i t y  wi th  modera t e  to high doses. This  
migh t  be an  indicat ion t h a t  a m p h e t a m i n e  could be me thy -  
la ted  into  t he  more  po t en t  me thy l amphe t amine .  

Time-response curves  and dose-response curves  of 
drugs and of combina t ions  of drugs wi th  thei r  specific 
antagonis ts  form the  basis of a proper  unders t and ing  of 
the  mechan i sm of act ion of drugs in general.  

The  shape of drug- induced cumula t ive  records of loco- 
mo to r - ac t iv i ty  and the  dose-response curves  m a y  there-  
fore provide  va luable  informat ion  on the  mechan i sm of 
act ion and  the  classification of cen t ra l  s t imu lan t  drugs.  

Zusammen]assung. Eine  Methode zur k u m u l a t i v e n  Re-  
gis t r ierung spontaner  motor ischer  Aktivit~it  kleiner Tiere  
wird beschrieben.  Die W i r k s a m k e i t s b e s t i m m u n g  aus dem 
k u m u l a t i v e n  Rekord  und die analyt ische  Bedeu tung  der  
Methode  ffir die Wirkungsweise  zen t ra l s t imul ie render  
Subs tanzen  wird diskut ier t .  

For  4 or  6 geometr ic  increasing doses of each drug, 
cumula t i ve  t ime-response records were made  and the  
ac t i v i t y  de te rmined  by  measur ing  the  slope. The  ac t i v i t y  
in responses/rain were p lo t ted  versus the  dose, using a 
logar i thmic  dose-scale (see F igure  4). Para l le l  lines were 
ob ta ined  ove r  a considerable dose range.  W i t h  h igher  
doses, an au to- inhib i t ion  occurs. F r o m  the  dose-response 
curves  thus  ob ta ined  (Figure 4), the  dosage producing  

J .  M. VAN ROSSUM, 
wi th  t he  assistance of ~V. F. H.  VAN AMEROM, 
J.  L. DAAMEN, J. A. TH. M. HURKMANS, 
G. J.  J.  MEGENS, and K. A. PETERS 

Department o/ Pharmacology and Technical Center, R. C. 
University, Medical School, Nifmegen (The Netherlands), 
September 27, 1961. 

Effects  of S e l e c t i v e  In tracran ia l  Sec t ion  and S t i m -  
u la t ion  of V a g o - A c c e s s o r y  R o o t s .  I I I .  C o u r s e  and 
D i s t r i b u t i o n  of the  C a r d i o - I n h i b i t o r y  F ibers  of 

the  Bu lbar  R o o t  of the  A c c e s s o r y  N e r v e  

I t  has  been prev ious ly  repor ted  tha t ,  in the  dog, 
marked  card io- inhib i tory  effects can  be ob ta ined  from, 
and media ted  by,  the  bulbar  root  of the  accessory nerve  1. 
This  root ,  fusing into  a c o m m o n  t runk  wi th  the  vagus  
nerve  a t  level of the  upper  pa r t  of the  nodose gangl ion 2, 
seems therefore  to represent  an  addi t iona l  channel  
t h rough  which  the  pre-gangl ion ic  card io- inhib i tory  axons 
leave the  oblongata .  The  a r r angemen t  of these 'accessory '  
f ibers in to  the  cardiac  branches  of the  vaga l  t runk  and 
the  p a t t e rn  of d is t r ibut ion  to the  intrinsic s t ruc tures  of 
the  hear t  have  now been inves t iga ted .  

In t r ac ran ia l  sect ion of e i ther  vaga l  or  bu lbar  accessory 
root  has  been made  uni la teral ly ,  in dogs, under  aseptic  
condit ions,  and the  ef ferent  axons then  al lowed to degen- 
erate.  20-30 days  after ,  the  animals  were anaes the t ized  
wi th  chloralose and bo th  vag i  were cu t  at  the  neck. The  
per ipheral  s t u m p  of t he  vaga l  t r u n k  ipsi lateral  to  the  
chronic  r ad i co tomy  (thus conta in ing  e i ther  vaga l  or  
bu lbar  accessory efferent  fibers only) and its card iac  
branches  were gen t ly  dissected f lee and s t imula ted  a t  
d i f ferent  levels, the  effects being recorded by  conven t iona l  
E K G r a p h y .  Samples  of vaga l  t r u n k  and cardiac  branches  
were then  taken and processed according to the  Marchi ' s  
me thod  for degenera t ing  mye l ina ted  fibers and the  
Cajal ' s  m e t h o d  for axons.  

E K G r a p h i c  records were also t aken  in acute  prepa-  
rat ions,  subjec ted  to select ive in t racrania l  s t imula t ion  of 
vago-accessory  roots.  

The  results  can be summar ized  as follows: (a) Cardio- 
inh ib i to ry  responses, including cardiac  (or vent r icular )  
arrest ,  can be obta ined  by  s t imula t ion  of the  vaga l  t runk,  
a f te r  degenera t ion  of e i ther  vaga l  or  bu lbar  accessory 
fibers, t h o u g h  more  readi ly  in the  l a t t e r  case. The  same 
applies, general ly,  to the  main  cardiac branches  (recurrent  
cardiac,  cranio- and caudovaga l  nerves,  on the  r ight  side;  
ven t romed ia l  and dorsal  cervical  cardiac  nerves,  left  
innomina te  and recurrent  nerves, on the  left  side3,4) of 
the  vaga l  t runk,  wi th  the  except ion  of the  ven t romed ia l  
cervical  cardiac and, possibly, left  innomina te  nerves,  
which appear  to be, a f te r  chronic  vaga l  rad ico tomy,  
a lmos t  comple te ly  w i thou t  effects. (b) Af ter  chronic  
sect ion o f  the  bu lbar  accessory root,  no degenera ted  
mye l ina ted  fibers h a v e  been t raced  into  t he  cardiac  
b r a n c h e s  of t he  vaga l  t r unk  (as a f te r  chronic  vaga l  
radicotomy) .  A small,  compac t  group of degenera ted  
mye l ina ted  fibers, present  in the  vaga l  t r unk  jus t  crani-  
a l ly  to the  exi t  of the  c ran ia lmost  b ranch  (ven t romedia l  
cervical  cardiac  nerve,  on the  lef t ;  r ecur ren t  cardiac  
nerve,  on the  r ight  side), enters  the  recurrent  nerve.  
(c) Elec t r ica l  s t imula t ion  of the bu lbar  root  of the  acces- 

1 L. SPERTI and E. XAmN, Expcr. 16, 556 (1960). 
2 M. R. ClIASE and S. W. RANSO.~, J. comp. Neurol. 24, 
8 N. J. MIZERES, Anat. Rec. 1~3, 437 (1955). 
4 N. J. MIZERES, Anat. Rec. 1~7, 109 (1957). 
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