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spite of a 10 t imes  higher  par t i t ion  coefficient. Graphical  
analysis of the  kinet ic  da t a  showed a rfiixed type  of inhibi-  
t ion for all the  compounds  invest igated.  

For  s ta t is t ical  analysis of the  data,  the  l inear regression 
line was calculated by  the  me thod  of least  squares, f rom 
the  logar i thmic  values  of the  par t i t ion  coefficients (log P) 
of the  drugs and f rom thei r  respect ive inh ib i tory  po tency  
(log 1/Kl) on the  serum cholinesterase. The  regression 
equa t ion  was log 1/Kl = 0.450 log P + 4.200 n = 11; 
r = 0.922. 

L inear i ty  of the  regression funct ion was tes ted by  the  
F-dis t r ibut ion.  

Discussion. Our inves t igat ions  have  shown a stat is t i-  
cally significant  correlat ion coefficient (p < 0.001) be tween 
the  2 paramete rs  (log P and log 1/Ki) invest igated.  This  
suggests t ha t  hydrophob ic i ty  of the  f l -sympatholyt ics  
plays a s ignif icant  pa r t  in the  inh ib i tory  po tency  of the  
drugs on the  serum cholinesterase.  The  low slope of the  
regression line indicates,  however,  t h a t  the  mechan ism 
of act ion mus t  be more complex,  as was poin ted  out  by  
HANSCH and I)UNN 6 for a variety of biological systems. 
The unexpected low inhibitory potency of K6 1124 can 
probably be explained by a steric effect of the m-isobutyl 
substituent of this compound. This effect, together with 
the  exper imenta l  difficulties in es t imat ing  the par t i t ion  
coefficients of ex t remely  polar  compounds  such as K6 1439, 
m a y  be responsible for a s ta t is t ical ly  signif icant  devia t ion  
of the  regression line f rom l inear i ty  (F  = 6.03; p < 0.01). 
Omi t t i ng  these 2 compounds  (K6 1124 and t(6 1439) f rom 
calculat ion the  fol lowing regression line was obta ined : 

1 
log ~ -  = 0.414 log P + 4 . 3 0 0 ;  n = 9; r = 0.984. 

As the  tes t  quot ien t  for this  regression funct ion  
(F = 0.66) .did not  exceed the  significance l imi t  (p > 0.05), 
i t  can be assumed t h a t  this regression funct ion is l inear.  

The  .relationship be tween  the  hydrophobic  propert ies  
of the  f i -sympatholyfics  inves t iga ted  and the  inh ib i tory  
p o t e n c y  on the  serum cholinesterase migh t  be in terpre ted  
as a fair ly non-specific b inding of drug to the  enzyme 
protein,  because the  mixed  type  of inhibi t ion suggests 
t h a t  not  only the  free enzyme bu t  also the  drug enzyme 
complex  is affected by  the  drugs. Stereospecif i ty,  which is 
typica l  for the  specific ant iadrenergic  ac t iv i ty  of this 
group of drugs seems not  to be involved.  In  our experi-  
ments  the  Ki  value  of ( - - ) - K 6  1313 was essential ly the  
same as tha t  of ( + ) - K 6  1313. 

Zusammen/assung.  Die h e m m e n d e  Wi rkung  yon fl- 
Sympa tho ly t i ca  auf die Serum-Cholinesterase wird als 
unspezifische Wi rkung  angesehen und kann mi t  ihren 
hydrophoben  Eigenschaf ten  korrel ier t  werden. 
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Changes in Brain Acetylcholinesterase Activity of Young Rats after Chronic Treatment with 
Tremorine 

Oxotremor ine  or t remor ine- induced  t remors  m a y  offer 
some informat ion  concerning possible mechanisms involv-  
ed in t r emor  diseases in general  and in Park insonism in 
par t icular .  Acute  admin is t ra t ion  of t r emor ine  1,2 or its 
ac t ive  metabol i te ,  oxotremorine~,  ~ causes an increase of 
brain acetylchol ine  and a causal  re la t ion be tween increa- 
sed acetylchol ine and the  associated produced t remor  by 
these agents  has been proposed 2. The present  s tudy  was 
designed to inves t iga te  b iochemical  changes in rats  
t r ea ted  chronical ly  wi th  t remorine ,  beginning a t  60 days 
of age. 

Methods. Sprague-Dawley  male  rats  were purchased 
f rom Simonsen Laborator ies ,  California and del ivered to 
our  l abora to ry  at  60 days of age. 4 animals  received daily 
for 7 days, the  vehicle  0.9 % NaC1 i.p. ; 4 animals  received 
dai ly  for 7 days ei ther  a) t remorine ,  7.5 mg/kg  body 
weight,  or b) t remorine ,  22.5 mg/kg  body weight,  or e) 
t r emor ine  30 mg /kg  body  weight .  Body  weights  were 
recorded th roughou t  the  exper imenta l  period. 4 days  
following the  7-day in jec t ion  period all animals  were 
sacrificed by  decapi ta t ion,  the  brains were rapid ly  remo- 
ved,  b lo t ted  free of mois ture  and weighed. The following 
CNS areas were rapid ly  dissected and used for biochemical  
de te rmina t ions :  cerebral  cor tex  (gray m a t t e r  only), 
caudate ,  hypo tha l amus  and cerebellum. 
Acetylchol inesterase  (ACHE) was de te rmined  colorimetr i -  
cal ly by  means  of a Beckman  D U  spect rophotometer ,  
using the  ra te  of hydrolys is  of the  substra tes  acetyl th io-  
choline (AcTCh), according to the  me thod  of ELLMAN 

et  al. 5. The  de te rmina t ion  of the  enzyme ac t i v i t y  was 
carried out  37~ Homogena t e  consisted of 1 mg tissue 
per  ml  of 0.07 M phospha te  buffer, p H  8.0, prepared 
wi th  0.07 Na2HPO 4 and 0.07 KH@O4.  The f inal  react ion 
mix tu re  for de termining AChE ac t iv i ty  consisted of 2.9 ml  
p H  8.0 buffer, 0.1 ml homogenate ,  100 ~l (0.001 M) 
di thiobisni t robenzoic  acid (DTNB),  and 20 ~1 acetyl th io-  
choline iodide (0.075 M).  E n z y m e  ac t iv i ty  was expressed 
as [zmoles of substra te  hydrolyzed  per  min  per  g of wet  
tissue. To de te rmine  whether  the  means  of parameters  
measured  in controls and t remor ine- t rea ted  rats  differed 
significantly,  the  t-test for nonpai red  da ta  was appl ied 6. 

Results. The 7-day t r e a t m e n t  schedule was chosen in an 
a t t e m p t  to produce spontaneous ly  occuring t remors  after  
chronic admin is t ra t ion  of t remorine .  However ,  because 
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the  exper imen ta l  animals  were gaining very  l i t t le weight  
af ter  t he  4 t h  in jec t ion  of t remor ine ,  drug  t r e a t m e n t  was 
s topped  and a 4-day par t i a l  recovery  was allowed. The 
exper imenta l  animals  began gaining weight  wi th in  2-3 
days  af ter  cessat ion of the  d rug  t r e a t m e n t .  No sponta-  
neous t remors  were observed  e i ther  dur ing  or af ter  t he  
drug  t r e a t m e n t  period.  

The t r em or ine - t r e a t ed  an imals  exh ib i t ed  var ious  
pa t t e rn s  of convuls ive  m o v e m e n t s  (Table I). The onset  of 
these  s y m p t o m s  ranged  f rom 6-18 min  in the  low-dose  
t r emor ine - t r ea t ed  group to  6-12 rain in t he  o ther  2 t r ea t ed  
groups. The onset  or p a t t e r n  of convuls ive  m o v e m e n t s  
did no t  change  s ignif icant ly  dur ing  the  7-day t r e a t m e n t  
period.  

The group of animals  which  had  received the  lowest  

Total  DNA, R N A  and p ro te in  con ten t s  were inves t i -  
ga ted  in t he  4 CNS areas b u t  no  differences were observed  
be tween  controls  and t r emor ine - t r ea t ed  ra ts .  The results ,  
therefore,  are no t  p resen ted  here. Acety lchol ines te rase  
ac t iv i ty  was marked ly  higher  in t he  cerebral  cor tex  of t h e  
animals  which  received 30 mg/kg  weight  of t r emor ine  as  
compared  to  controls  (Table I I I ) .  No differences were 
observed  among  the  remain ing  CNS s t ruc tures  s tudied.  
All t r e a t ed  animals  exh ib i t ed  au toma t i c  s y m p t o m s  wh ich  
included sal ivation,  pi loerect ion,  sereve l ac remat ion  and  
in the  h igh-dose  t r e a t ed  animals,  eyebleeding  and  
d ia r rhea  dur ing  the  dai ly  t r e a t m e n t L  

Discussion. Chronic admin i s t r a t i on  of t r emor ine  mar -  
kedly  inf luenced tile ra te  of g rowth  of ra t s  w i th  t he  re- 
sults  p r imar i ly  a t t r i b u t e d  to lack of eat ing.  Whereas  

Table I. Convulsive-like movements in young rats treated chronically 
with tremorine 

Treatment �9 Onset of convulsive Type of convulsive 
movements (min) movements o 

Tremorine 6-18 b 
7.5 mg/kg body wt. 

Tremorine 6--12 
22.5 mg/kg body wt. 

Tremorine 6-12 
30 mg/kg body wt. 

Light jaw and 
vibrissae tremor 

Head and body tremor 
Whole body jerking 
Opisthotonus 
Forelimb clonus 
Groaning 

Head and body tremor 
Whole body jerking 
Opisthotonus 
Forelimb clonus 
Groaning 

Animals were treated daily for 7 days; similarly, controls received 
NaC1. b Range of onset during the 7-day experimental period. 
c See Results for details. 

dose of t r emor ine  (7.5 mg/kg  body  weight)  exh ib i t ed  only 
l ight  jaw" t r em or  whereas  the  o ther  two groups exh ib i t ed  
more  in tense  p a t t e r n  d of convuls ive  m o v e m e n t s  including 
fore l imb clonus. 

Dur ing  the  11-day expe r imen ta l  per iod contro l  animals  
gained an average of 45 g; the  group of an imals  t r ea t ed  
wi th  t remor ine ,  7.5 mg/kg  body  weight ,  gained 23 g, 
those  t r e a t ed  wi th  22.5 mg gained 26 g and  those  
t r e a t ed  wi th  30 mg gained 22 g (Table II).  No differences 
were observed  in the bra in  weights  be tween  the  control  
and  the  d rug - t r ea t ed  groups. 

Table III. Acetylcholinesterase activity in several CNS structures in 
rats treated chronically with tremorine 

Treatment �9 CNS structure  Acetylcholinesterase 
activity 
([xmoles AcTCh 
hydrolysed/min/g 
wet tissue) 

Control Cerebral cortex 4.75 4- 0.36 b 
Cerebellum 3.35 4- 0.09 
Caudate 31.49 ~- 1.56 
Hypothalamus 7.26 4- 0.37 

Trenlorine Cerebral cortex 5.29 • 0.52 
7.5 mg/kg Cerebellum 3.32 4- 0.11 

Caudate 28.43 4- 1.44 
Hypothalamus 7.57 -t= 0.50 

Tremorine Cerebral cortex 4.27 ~ 0.20 
22.5 mg/kg Cerebellum 3.43 ~ 0.20 

Caudate 33.28 4- 1.00 
Hypothalamus 6.71 i 0.31 

Tremorine Cerebral cortex 7.20 -l= 0.32 
30 mg/kg (< 0.001) o 

Cerebellmn 3.57 4- 0.07 
Candate 28.90 4- 1.83 
Hypothalamus 7.17 4- 0.20 

, Animals were treated daily for 7 days before sacrifice; simiIarly, 
controls received NaCI; b Mean ! SE; o Numbers in parentheses 
are P values for comparison to controls. 

T B. HOLMSTEDT, Ann. New York Acad. Sci. 14& 433, (1967). 

Table II. Changes in body weight during tremorine treatment 

Days from beginning of treatment 

Treatment 1 2 3 4 5 6 7 8 9 10 11 

COntrol 301•  ~ 3104-2 3154-2 316=E3 3194-3 3254-3 324 4-3 3364-2 3384-3 3364- 4 346~6  

Tremorine7.5mg/kg 2694-4 2774-4 276-1-3 2754-3 2774-1 278=E1 2774-2 281q-2 283-E2 281 4-4- 3 292~-4 

Tremorine22.5mg/kg 2894- 7 296:L7 299-t=8 305=c4 303t_7 3064-6 2904-9 299:t_9 299-E9 291q- l l  3154-9 

Tremorine30mg/kg 278 -4-4 2 8 2 i 4  2824-5 2864-5 286-t-6 290-L5 287 4-5 286 4-4 292 4-6 294• 7 300 4-9 

Mean 4- S.E. 
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con t ro l  an ima l s  ga ined  45 g d u r i n g  t he  l l - d a y  experi-  
m e n t a l  per iod,  t r e m o r i n e - t r e a t e d  an i m a l s  ga ined  a n  
ave rage  of 24 g. Th i s  effect  on  b o d y  we igh t  was  n o t  
r e f l ec ted  on  b r a i n  weight .  W h e n  b r a i n  we igh t s  were 
d i r ec t l y  c o m p a r e d  a m o n g  t h e  groups,  t h e y  were n o t  
s ign i f i can t ly  d i f ferent .  

The  lack of ea t ing  in t h e  t r e a t e d  an i m a l s  would  be  
i n t e r p r e t e d  to  ref lect  poss ible  effects  of t r e m o r i n e  on  t h e  
h y p o t h a l a m u s  a l t h o u g h  no  d i rec t  s u p p o r t i v e  ev idence  is 
known.  A n o t h e r  f ac to r  bes ides  lack of ea t ing  w h i c h  m i g h t  
be  i nvo lved  in t he  loss of we igh t  could be  t he  effect  of t he  
da i ly  p roduced  t r emor ,  a s t ressful  s t imulus ,  on  t h e  adre-  
nocor t i ca l  sys tem.  An  inc reased  secre t ion  of ad renocor t i -  
ca l  s te ro ids  due  to  s t ress  would  resu l t  in  b o t h  c a t a b o l i s m  
and  a n t i a n a b o l i s m  of muscle  p r o t e i n  wh ich  ad renocor t i ca l  
s t e ro ids  are  k n o w n  to  exer t .  

Severa l  s tud ies  ~-4 h a v e  a t t e m p t e d  to  exp la in  t he  t r e m o r  
p h e n o m e n a  p roduced  b y  t r e m o r i n e  and  o x o t r e m o r i n e  b y  
increased  levels of b r a i n  ACh. Moreover ,  a t t e m p t s  h a v e  
been  m a d e  to  exp la in  increased  levels of ACh, e i t he r  b y  
decrease  in a c t i v i t y  of ACHE, t he  h y d r o l y s i n g  e n z y m e  of 
ACh, or increase  in t h e  a c t i v i t y  of chol ine  ace t y l t r an s -  
ferase,  t he  s y n t h e s i z i n g  e n z y m e  of ACh. The  p r e s e n t  
m a r k e d  increase  of A C h E  in t he  cerebra l  cor tex  obse rved  
w i t h  t he  h ighes t  dose of t r e m o r i n e  (Table  I) does no t  sub-  
s t a n t i a t e  such  a cor re la t ion .  Also, r ecen t  s tud ies  b y  
BARTOLINI et  al. a h a v e  s h o w n  t h a t  ACh level  is ra i sed  in 
t h e  d i e n c e p h a l o n - m i d b r a i n  b u t  no t  in  t he  cerebra l  co r t ex  
a f t e r  acu te  o x o t r e m o r i n e  a d m i n i s t r a t i o n .  Since in t he  
p r e s e n t  s t u d y  no  changes  were obse rved  in t h e  A C h E  

a c t i v i t y  in  t he  d i e n c e p h a l o n - m i d b r a i n ,  t h e  increased  ACh 
levels obse rved  b y  BARTOLINI et  al. 3 c a n n o t  be exp la ined  
b y  changes  in t h e  a c t i v i t y  of t h e  h y d r o l y s i n g  enzyme.  
I t  is sugges ted  t h a t  t he  h igh  A C h E  a c t i v i t y  in  t h e  cere- 
b r a l  co r t ex  a f t e r  t r e m o r i n e  obse rved  in th i s  s t u d y  m a y  
ref lect  a h i g h  t u r n o v e r  r a t e  of ACh a n d  t h u s  exp la in  t he  
lack of changes  in ACh level  in  t h i s  CNS s t ruc tu re .  

Rdsumd. La  t r 6 m o r i n e  a ~t6 admin i s t r6e  chez les r a t s  
q u o t i d i e n n e m e n t  p e n d a n t  7 jours  ~ des doses de 7.5, 22.5 
ou 30 mg/kg.  Les t 6moins  o u t  m o n t r 6  des m o u v e m e n t s  
convuls i fs  p ropo r t i onne l s  ~ la dose de t r6mor ine .  Q u a t r e  
jours  aprgs  l ' a r r6 t  du  t r a i t e m e n t ,  l ' a c t iv i t6  ac6ty lchol in-  
es t~ras ique  du  co r t ex  c6r6bral  6 ta i t  augment6e .  I1 est  
propos6 que  ce change  de l ' a e t iv i t6  ac6 ty lcho l ines t6 ras ique  
refl~te une  u t i l i s a t ion  accrue  de l ' ac6 ty lcho l ine  cort icale.  
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The Rate Limiting Control of Enzymes  Monoamine Oxidase and Catechol-O-Methyl  
Transferase in the Foetus and the Adult by Adreno-Cortical  Hormones  

E a r l y  s tud ies  sugges ted  t h a t  h o r m o n e s  of t he  ad r ena l  
co r t ex  and  ca t echo l am i nes  ac t  as a single phys io logica l  
un i t  1, 2. The  shi f t s  in  t he  c o n c e n t r a t i o n  of cor t icos te ro ids  
g r e a t l y  affect  ad rena l ine  a n d  n o r a d r e n a l i n e  synthes is ,  
re lease a n d  u r i n a r y  exc re t ion  3-5. S tud ies  in  t he  p a s t  
decade  h a v e  p r o v i d e d  compel l ing  ev idence  t h a t  ad r ena l  
cor t ica l  s te ro ids  p l a y  an  essent ia l  role in  t he  phys io logy  of 
m e d u l l a r y  c h r o m a f f i n  t issue6, L The  i m p o r t a n c e  of 
g lucocor t icoids  in  n o r a d r e n a l i n e  m e t h y l a t i o n  to  ad rena l ine  
a n d  t he  i n d u c t i o n  of e n z y m e  p h e n y l e t h a n o l a m i n e - N -  
m e t h y l  t r an s f e r a se  (PNMT) h a v e  been  ex t ens ive ly  
i n v e s t i g a t e d  b y  WURTMAN a n d  AXELROD 8-11. Our  r ecen t  
o b s e r v a t i o n s  i nd i ca t e  t h a t  t he re  is a s ign i f ican t  rise in  
o u t p u t  of ca t echo la ln ine  m e t a b o l i t e s  a f t e r  h y p o p h y -  
s ec tomy  or a d r e n a l e c t o m y  12,18. To conf i rm th i s  hypo thes i s ,  
r a b b i t  foetuses  were d e p r i v e d  of t h e i r  h y p o p h y s i s  b y  
d e c a p i t a t i o n  in u te ro  a t  t he  age of 20 days  to  i n a c t i v a t e  
t h e  ad r ena l  cortex14,15. T he  ac t iv i t i e s  of enzymes  mono-  
a m i n e  oxidase  (MAO) a n d  ca t echo l -O-me thy l  t r ans fe r a se  
(COMT) in adrenals ,  k idneys ,  p a r a g a n g l i a  a n d  lung  of 
d e c a p i t a t e d  foetuses  a t  t he  age of 31 days  were measured .  
A d r e n a l e c t o m y  was also pe r fo rmed  in new b o r n  r a t s  a t  
t he  age of 0 h a n d  10 days  a f t e r  t h e i r  MAO a c t i v i t y  was 
c o m p a r e d  w i t h  t h a t  of n o r m a l  y o u n g  ra ts .  To see if 
ad reno-cor t i ca l  h o r m o n e s  i n h i b i t e d  MAO and  COMT in  
t h e  a d u l t  rats ,  g lucocor t ico id  syn thes i s  was  b locked  With 
m e t o p i r o n e  16-1s and  t h e  ac t iv i t i e s  of these  two enzymes  
were d e t e r m i n e d  8 h a f t e r  m e t o p i r o n e  a d m i n i s t r a t i o n .  

Materials and methods. W h i t e  r a b b i t s  of New Zea land  
s t r a i n  a n d  S h e r m a n  r a t s  were  ut i l ized t h r o u g h o u t  t he  
expe r imen t s .  The  female  r a b b i t s  were m a d e  p r e g n a n t  in  

our  l a b o t a r o r y  and  ver i f ied on  t he  14 th  d a y  b y  pa lpa t ion .  
The  m o t h e r s  were ope ra t ed  on t he  20 th  day  u n d e r  
n e m b u t a l  anae s the s i a  and  foeta l  h y p o p h y s e c t o m y  b y  
d e c a p i t a t i o n  was pe r fo rmed  1~, 15. The  m a x i m u m  n u m b e r  
of foetuses d e c a p i t e d  f rom each  m o t h e r  r a n g e d  f rom 
2 to  4. A n o t h e r  group of foetuses  f rom u n o p e r a t e d  m o t h e r  
also served  as controls .  16 decap i t ed  foetuses  in  groups  of 
8 each  were a d m i n i s t e r e d  w i t h  1.5 m g  of hyd roco r t i sone  

1 S. W. BRITTON, Physiol. Rev. 70, 617 (1930). 
2 E. R. RAMEY and M. S. GOLDSTEIN, Physiol. Rev. 37, 155 (1957). 
8 R. J. WVRTMAN and J. AXELROD, Science 750, 1464 (1965). 
4 H. PARVEZ, S. PARVEZ and J. RoFFI, Arehs. int. Pharmaeodyn. 
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