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Atropine-Induced Changes of Cerebral Dopamine Turnover 

Sys temic  a d m i n i s t r a t i on  of a t rop ine  has  b6en shown  to  
reduce  t h e  t u r n o v e r  of  d o p a m i n e  (DA) in  t h e  basa l  
ganglia.  The  d rug  decreases  t h e  c o n t e n t  of homovan i l l i c  
acid (HVA) in t he  s t r i a t u m  w i t h o u t  af fec t ing  t h e  d o p a m i n e  
concen t ra t ion  I,~ and  i t  de lays  t he  d i sappea rance  of endo-  
genous cerebra l  DA induced  b y  e -methy l -p - ty ros ine~ .  I n  
addi t ion ,  a t rop ine  coun te r ac t s  the  H V A  rise in t h e  bra in  
caused  b y  neuro lep t ics  1,3. 

In  t he  p re sen t  paper ,  the  ac t ion  of a t rop ine  has  been  
fu r the r  ana lyzed  by  compar ing  t h e  t u r n o v e r  of cerebra l  
DA af te r  a d m i n i s t r a t i on  of t he  d rug  in to  the  pe r i tonea l  
cav i ty  or  in to  t he  cerebra l  ventr ic les .  

Experimental.  Male a lbino ra t s  of ~Vistar origin (Fiillins- 
dorf) weighing  300-400 g received var ious  doses of a t rop ine  
e i ther  i.p. or in to  t he  r igh t  la tera l  vent r ic le  of t he  b ra in  
t h r o u g h  a p e r m a n e n t  cannula  i m p l a n t e d  1 - 2 weeks  
before ~. The  an imals  were kil led by  decap i t a t i on  a t  
var ious  t i m e  in terva ls  a f t e r  a d m i n i s t r a t i o n  of t h e  drug.  
R a t s  in jec ted  w i t h  sal ine se rved  as controls .  I n  b ra in  
(wi thout  cerebel lum and  medul la  oblongata)  H V A  5 (wi th  
some modificat ionsS),  DA ~, a n d  5 -hydroxy indo tace t i c  
ac id  8 were  de t e rmined .  

Results and discussion. As shown  before  1,~ i.p. in jec t ion  
of a t rop ine  causes  in  t h e  b ra in  of r a t s  a s igni f icant  
decrease  of endogenous  H V A  w i t h o u t  chang ing  the  DA 
con ten t .  5 mg /kg  a t rop ine  d imin i sh  the  H V A  level to  
a b o u t  60~o of t he  cont ro l  values,  b u t  a fu r the r  increase 
of t he  dose  (up to  40 mg/kg)  has  no s igni f icant  add i t iona l  
effect  (Figure 1). 

A d m i n i s t r a t i o n  of a t rop ine  in to  t he  cerebra l  vent r ic les  
causes  a p r o n o u n c e d  rise of H V A  in t h e  whole  b ra in  
w i t h o u t  af fec t ing  the  DA concen t ra t ion .  Similar  resul ts  
were ob ta ined  w h e n  the  s t r i a t u m  was  ana lyzed  ins tead  of 
t he  whole  brain.  Doses of a t rop ine  as low as 50 ~g have  
a l r eady  a s igni f icant  effect  and  w i t h  200 ~g the  H V A  level 
r ises to  a b o u t  200% as c o m p a r e d  to  cont ro ls  (100%). The  
m a x i m a l  effect  of 200 vg a t rop ine  is r eached  a f te r  1 h 
(Figure 2). The  c o n t e n t  of cerebra l  5 -hydroxyindo lace t i c  
acid is a t  t h e  bes t  s l igh t ly  increased  a f te r  a t rop ine  g iven  
e i the r  i.p. (5-40 mg/kg)  or  in to  t he  cerebraI  ven t r ic les  
(200txg) (Table). Therefore ,  t he  t n r n o v e r  of 5 -hyd roxy t r3~ t -  

amine  does n o t  seem to  be af fec ted  to  a ma jo r  e x t e n t  by  
a t ropine .  These  e x p e r i m e n t s  ind ica te  t h a t  a t rop ine  ac ts  
d i f fe ren t ly  on cerebra l  D A  according  to  t he  rou te  of  
admin i s t r a t i on .  Thus ,  i.p. in jec t ion  of t he  drug  p r o b a b l y  
d imin i shes  whereas  i n t r aven t r i cu l a r  a d mi n i s t r a t i o n  seems 
to  e n h a n c e  the  t u r n o v e r  of b ra in  DA. An  inh ib i t ion  b y  
in t r aven t r i cu l a r  a t rop ine  of t h e  out f low of H V A  f rom t h e  
b ra in  in to  t he  b lood is unl ikely  as shown  by  e x p e r i m e n t s  
w i th  the  benzoquinol iz ine  de r iva t ive  Ro 4-1284 9. This  
drug, due to a rap id  l ibera t ion  of endogenous  DA in the  
brain,  causes a ma r k e d  rise of cerebral  HVA.  This  increase 
is fu r the r  enhanced  by  probenecid ,  a known  inh ib i to r  of 
t he  t r a n s p o r t  of t he  pheno lca rboxy l i c  acids f rom the  
brain,  b u t  no t  by  a t rop ine  6. In  addi t ion ,  t he  effect  of in t ra -  
ven t r i cu la r ly  admin i s t e red  a t rop ine  is p r o b a b l y  no t  due to  
a b lockade  of t he  DA r e u p t a k e  in to  the  s t r ia ta l  synapses ,  
or to  a local anes the t i c  act ion.  In  fact,  in jec t ion  of a t rop ine  
(100 ~zg) in to  t h e  s t r i a t u m  does n o t  a f fec t  t h e  levels of 
b o t h  DA and  H V A  in th is  s t ruc tu re  and  i n t r a v e n t r i c u l a r  
a d m i n i s t r a t i o n  of p roca ine  (200 t~g) has  no inf luence  on 
t h e  cerebra l  H V A  c o n t e n t  s 

The  reason for  t h e  oppos i te  ac t ion  of a t r o p i n e  depend-  
ing on  i ts  s i te  of in jec t ion  r ema ins  to  be inves t iga ted .  The  
effect  of t he  d rug  admin i s t e r ed  i.p. does no t  seem to be of 
per iphera l  origin, s ince me thy l scopo lamine ,  an  ant i -  
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Fig. 1. Effect of the i.p. injection of atropine on the content of endo- 
genous homovanillic acid (HVA) and dopamine (DA) of the rat brain. 
HVA was measured at various time intervals after administration of 
20 mg/kg atropine (left) or 2 h after varying doses of the drug 
(middle). DA was determined 2 h after 40 mg/kg atropine (right). The 
values are expressed in % of controls (= 0.093 4- 0.006 p~g/g for 
HVA: point 0 on the abscissa; 0.75 4- 0.02 ~zg/g for DA). Averages 
with SE of 2-5 duplicate experiments each with 2 pooled brains. All 
the values of HVA after atropine are significantly different from 
controls (p < 0.01) with the exception of that obtained with 1 mg/kg 
of the drug. The values of DA in control and treated animals are not 
significantly different from each other (p > 0.05). 
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Fig. 2. Effect of intraventricular administration of atropine on the 
levels of endogenous homovanillic acid (HVA) and dopamine (DA) in 
the rat brain. Atropine was injected into the right lateral ventricle of 
the brain. The animals were sacrificed at various time intervals after 
200 ~zg (left) or 1 h after varying doses (middle} of the drug, respect i- 
vely. DA was measured 1 h after 200 tzg atropine (right). The values 
are expressed in % of controls (= 0.076 ~ 0.004 [zg]g for HVA: point 
0 on the abscissa; 0.81 + 0.03 [zg/g for DA} and represent averages 
with SE of 2-5 duplicate experiments each with a pool of 2 brains. 
Only the value of HVA obtained after 10 ~zg atropine is not different 
from controls (p > 0.05). All the other values are significantly differ- 
ent from controls (p < 0.01). 
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cholinergic agen t  which  does no t  pene t r a t e  in to  t he  brain,  
has  no effect  on the  cerebral  D A  tu rnove r  3. As a work ing  
hypothesis ,  i t  m a y  be assumed tha t  two cholinergic sys tems 
are invo lved  which influence the  regula t ion of the  cerebral  
D A  t u r n o v e r  in an opposi te  m a n n e r .  This  migh t  be the  
reason w h y  the  cerebral  H V A  decreases only to 60% even 
af ter  h igh i.p. doses of a t ropine.  The  dependence  of the  
effect  of a t rop ine  on the  rou te  of admin i s t r a t ion  is possibly 
expla ined  by  differences in the  d is t r ibut ion  of t he  drug  in 
the  brain.  Af te r  in t raper i tonea l  in jec t ion  the  d is t r ibut ion  

of a t rop ine  migh t  be  such t h a t  t he  s t imu la to ry  sys tem is 
p referen t ia l ly  inhibi ted  whereas  on in t r aven t r i cu la r  
admin i s t r a t ion  the  d rug  m a y  main ly  interfere  wi th  the  
inh ib i to ry  project ion.  

The  cerebral  local izat ion of the  two  cholinergic sys tems is 
no t  known.  P re l iminary  exper iments  indica te  t h a t  the  
inh ib i to ry  sys tem m a y  influence the  dopaminerg ic  ceil 
bodies  of t he  subs tan t i a  nigra. Thus,  supranigra l  in jec t ion  
of a t rop ine  causes a marked  increase of t he  s t r ia taI  H V A  
wi thou t  changing  the  D A  concent ra t ion  6. 

Effect of i.p. or intraventrieular administration of atropine on the 
level of the cerebral endogenous 5-hydroxyindolaeetie acid in rats 

Time Atropine 

(h) Intraperitoneal Intraventricular 
(mg/kg) Qzg) 

5 20 40 200 

1[~ 112.4 4- 2.3 
1 100.7 i 0.8 118.1 4- 4.2 
2 11.5.4 2h 4.7 101.6 i 6.5 121.9 4- 4.4 110.9 4- 3.5 
4 94.0 :h 0.5 

The values are expressed in % of saline injected controls (0.40 4- 
0.01 ~g/g) and represent averages with SE of 2-5 duplicate experi- 
ments each with 2 pooled brains. 

Zusammen/assung. N a c h  Appl ika t ion  yon Atropin  in die 
H i rnven t r i ke l  yon  R a t t e n  k o m m t  es zu einer s t a rken  
E r h 6 h u n g  der  Homovani l l ins~ure  (HVA) im Gehirn,  
w~hrend dessen Gehat t  an  D o p a m i n  nicht  verminder~ 
wird. In t r ape r i tonea le  In j ek t ion  von At rop in  bewi rk t  
dagegen eine A b n a h m e  yon  HVA,  ebenfalls  ohne Beein- 
f lussung des Dopamins  im Gehirn.  Es  wird ve rmute t ,  
dass zwei regulator ische cholinergische Mechanismen 
bestehen,  die eine entgegengese tz te  W i r k u n g  auf  den  
D o p a m i n u m s a t z  der  basalen Gangl ien haben.  
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2-hydroxy-2-ethyl-3-isobut yl-9,10-dimethoxy-l, 2, 3, 4, 6,7-hexahy- 
dro-llbH-benzo [a] quinutizine. 

D e r  E i n f l u s s  v o n  a d r e n e r g e n  R e z e p t o r e n - B l o c k e r n  auf  die W i r k s a m k e i t  v o n  S t r a h l e n s c h u t z s u b s t a n z e n  

Zur  D e u t u n g  der  Wi rkung  von  St rah lenschutzsubs tan-  
zen wird y o n  uns angenommen  1, dass zum mindes ten  
in ether Anzah l  yon F~tllen eine enge Beziehung der 
Schutzsubs tanz  zu dem cAMP-1Viechanismus 2 besteht .  
U m  die R ich t igke i t  unserer  A n n a h m e  zu prtifen, wurde  
yon  uns die F rage  untersucht ,  ob  durch  eine Blockade  
yon  adrenergen Rezep to ren  die S¥i rksamkei t  be s t immte r  
S t rah lenschu tzsubs tanzen  beeinflusst  wird. Bet den 
zu diesem Zwecke durchgef i ihr ten  Versuchen sind wir  
in der Weise  vorgegangen,  dass wir M~use (25 g 
K.-Gew.) 15 Min. vor  der  In jek t ion  der  jeweils verwende-  
t en  Schutzsubs tanz  en tweder  0.5 mg/5¢aus P h e n t o l a m i n  
(Regitin),  0 ,25mg/Maus  Proprano lo l  (Dociton) oder  
0,5 mg/Maus  L B  46 (Visken) i. p. appl iz ier ten.  Die Schutz-  
substanzen,  die wir  en tweder  i.p. oder  s.c. verabre ichten ,  
waren  : S, f l -Amino~thyl i so th iuronium (AET, 6,0 rag/ 
Maus), Cys tamin  (6 ,0mg/Maus) ,  5 - H y d r o x y t r y p t a m i n  

(Serotonin ,  1,0 m g / M a u s ) ,  Tr ian isy l -  2-Chlor / i thy len  
(TACE, 1.0 mg/Maus)  oder  das Lipopolysacchar id  (LPS) 
von  E. colt (10 txg/Maus). Gel6st  wurden  die Subs tanzen  
en tweder  in A q u a  dest. (AET,  Cystamin,  Serotonin,  LPS)  
oder  in Oliven61 (TACE).  Die Bes t rah lung  der  Tiere  m i t  
R6n tgens t r ah l en  (150 kV, 20 mA,  HVVS: 0.87 m m  Cu, 
85 R/min)  erfolgte  je  nach  der  Ar t  der  ve rabre ich ten  
Schutzsubs tanz  zu verschiedenen Ze i tpunkten  nach deren 
In jek t ion  (Serotonin:  5 Min., Cys tamin  15 Min., L P S :  
24 h und T A C E :  10 Tage). Die appl iz ier te  Strahlendosis  
be t rug  bet der  Pr t i fung des Einflusses verschiedener  Re-  
z e p t o r e n - H e m m e r  auf  die Wi rksamke i t  des L P S  750 R.  

Bet  e inem 2. Versuch, bet dem die W'irkung des fl-adre- 
nergen Rezeptoren-Blockers  L B  46 (Visken) in Zusam-  
m e n h a n g  m i t  den verschiedenen ve rwende ten  Schutzsub-  
s tanzen  un te r such t  wurde,  bes t rah l ten  wir  die Versuchs-  
t iere mi t  St rahlendosen im Bereich zwischen 810 und  

Tabelle I. Die Wirkung verschiedener Rezeptoren-Hemmer bet Verabreichung von LPS von E. coil als Schutzsubstanz an weibliehe M~iuse 

Substanz Rezeptoren-Hemmer Strahlendosis R 0berlebende 0berlebende F 
Tiere ohne Tiere mit 
Rez.-Block. (%) Rez.-Block. (%) 

LPS - 750 89.0 - 
Phentotamin (Regitin) 57.2 
Propranolol (Dociton) 58.0 
LB 46 (Visken) 64.0 

<0.01 

l]berlebensrate yon unbehandelten, mit 750 R bestrahlten Tieren nach 30 Tagen: 21,0%, 


