
m u s t  h a v e  been  pe r fo rmed  w i t h  an  isomeric  m i x t u r e ;  
t he  p r e sen t  resu l t s  sugges t  t h a t  i t  was  p r e d o m i n a n t l y  
meso-DMM c o n t a i n i n g  5 - 1 0 %  of (~-)-DMM. Secondly,  
as t he  ac t ion  of DMM on a v a r i e t y  of biological  p a r a m -  
e ters  is k n o w n  to  para l le l  t h a t  of m u c h  larger  doses of 
Myleran,  a n d  as i t  has  been  a s s um ed  2 t h a t  these  s tud ies  
were car r ied  ou t  w i t h  t he  meso-isomer, i t  could be  t h a t  
t he  c o m p o u n d s  used were s imi la r ly  ' i m p u r e '  and  con ta in -  
ed v a r y i n g  a m o u n t s  of ( ,-4-)-DM3/I. Therefore ,  i t  would 
be  i n t e r e s t i ng  to  r e - inves t iga t e  these  ac t ions  of DMM 

Tabie II. Effects of the isomers of dimethylmyleran on the fertiiity 
of male quail (Coturnix coturnix japonica). 
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and,  if b o t h  isomers  are  act ive,  to  see if e i the r  a s imi la r  
type  of syne rg i sm or a decrease  in t ox i c i t y  ~2 occurs. A 
more  de ta i led  his to logical  e x a m i n a t i o n  of t he  effects of 
t he  ' pu re '  i somers  and  t he  50% m i x t u r e  on  t h e  r a t  
tes t i s  is a t  p r e sen t  be ing  inves t iga ted .  

Zusammen/assung. Als Ant i fer tHi t /~tsmit te l  h a b e n  das  
meso-Isomer u n d  die ( -~) - I somere  yon  D i m e t h y l m y l e r a n  
eine synerg i s t i sche  W i r k u n g  auf  die Spe rma togenese  yon  
R a t t e n .  Bei  MXusen u n d  W a c h t e l n  h a t  t i n  50%iges  
Gemisch  der  I somere  eine n iedr igere  Tox iz i tg t  als die 
e inze lnen  Isomere ,  was  bei  h6he re r  Dosis des Gemisches  
zu 1 / ingerdanernder  SterilitS.t f t ihrt .  

Dose (i.p.) 

�9 0~ 25% 

o 26~ 50% 

% of isomers No. of days  

meso- (• of sterility 

10 a 0 100 0 

1 0  a 100 0 2 

10 50 50 4 

208 50 50 23 b 

Sterility, calculated from day 25 post-administration 3, was assessed 
as previously described 11. ~ maximum tolerated doses, b of four test 
birds, two were permanently sterile. 
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University of Manchester, 
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M e c h a n i s m  of  A c t i o n  of  C D P - C h o l i n e  in  P a r k i n s o n i s m  

CDP-chol ine  (cy t id ine  d i p h o s p h a t e  choline),  wh ich  
h a d  been  deve loped  as a t h e r a p e u t i c  for consciousness  
d i s tu rbance ,  was  found  to h a v e  an  effect  in  P a r k i n s o n ' s  
syndrome .  A t o t a l  of 102 p a t i e n t s  w i t h  p a r k i n s o n i s m  
were t r e a t e d  w i t h  t he  d rug  a t  s ix teen  medica l  i n s t i t u t i o n s  
up  to  19711, 2. The  t r e a t m e n t  w i t h  CDP-cho l ine  yie lded 

DA of It caudate 

Ft.5 

�9 51~75 % 

�9 76~100% 
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Fig. 1. Interrelation between the site of destruction of substantia 
nigra and the rate of dopamine diminution. Destruction of the central 
and caudal regions did not cause significant diminution of dopamine 
whereas destruction of the rostral region, especially the region medial 
to it, brings about a marked depletion of dopamine. 

e f fec t iveness  r a t e  (per cen t  of cases improved)  of 80% 
approx .  The  t h e r a p e u t i c  effect  of t he  d rug  in p a r k i n s o n i s m  
is genera l ly  c o m p a r a b l e  to  t h a t  of L-DOPA, i.e. p r o m i n e n t  
effect  on b radyk ines i a ,  less b u t  s ign i f ican t  effect  on  
r ig id i ty  and  r a t h e r  modes t  effect  for t r emor .  I m p r o v e m e n t  
in speech, ga i t  a n d  wr i t ing  is also conspicuous .  The  dosage 
of CDP-cho l ine  a d m i n i s t r a t i o n  was be tween  300 500 m g  
q.d. b y  the  i.v. or i .m. route .  

CDP-cho l ine  is devo id  of an t i cho l ine rg ic  ac t ion  a n d  i ts  
t h e r a p e u t i c  eff icacy in consciousness  d i s t u r b a n c e  is 
a t t r i b u t a b l e  to  i ts  ab i l i ty  to  amel io ra te  phospho l ip id  
m e t a b o l i s m  w i t h  c o n s e q u e n t  i m p r o v e m e n t  of de t e r io r a t ed  
func t i on  of n e u r o n s a - 5  

D o p a m i n e  in t h e  corpus  s t r i a t u m  is o r ig ina ted  in t he  
h o m o l a t e r a l  s u b s t a n t i a  nigra ,  a n d  p a r k i n s o n i s m  is 
de r ived  f rom t h a t  d o p a m i n e  def ic iency 6. The  mode  of 
ef fec t iveness  of CDP-cho l ine  resembles  t h a t  of L-DOPA, 
the re fore  t he  m e c h a n i s m  of ac t ion  of CDP-cho l ine  in 
p a r k i n s o n i s m  m i g h t  be  r e l a t ed  to t h e  a c t i v i t y  of t he  d rug  
to e n h a n c e  t he  p r o d u c t i o n  of d o p a m i n e  in t he  s u b s t a n t i a  
n igra  a n d  to  i m p r o v e  t h e  de t e r i o r a t ed  a x o n a l  flow of 
d o p a m i n e  f rom the  s n b s t a n t i a  n igra  in to  t h e  s t r i a tum.  To 
clar i fy th i s  possibi l i ty ,  t he  fol lowing e x p e r i m e n t s  were 
per formed.  
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Method. 49 adu l t  ca ts  ( from 2.0 to 3.5 kg), ane s t he t i z ed  
b y  i.p. N e m b u t a l  of 25 mg/kg,  were used. 

The  p r e l i m i n a r y  e x p e r i m e n t s  d e m o n s t r a t e d  7 t h a t  
p rac t i ca l ly  un i fo rm  levels of d o p a m i n e  in t he  r i gh t  and  
t h e  lef t  c a u d a t e  in  9 u n t r e a t e d  cats ,  a n d  t h a t  t he  c a u d a t e  
d o p a m i n e  dep le t ion  consequen t  to  de s t r uc t i on  of t he  
s u b s t a n t i a  n igra  in  17 ca ts  is af fected b y  t he  si te  of des t ruc-  
t i on  r a t h e r  t h a n  t he  d u r a t i o n  a f t e r  ope ra t ion  ; t he  des t ruc-  
t ion  of t he  ro s t romed ia l  p a r t  of t he  s u b s t a n t i a  n igra  
p rov ides  m a x i m a l  d i m i n u t i o n  (Figure  1). 

I n  23 cats ,  a r r a n g e d  in pairs,  t h e  s u b s t a n t i a  n igra  on  
one side was des t royed  b y  r ad io - f r equency  c u r r e n t  which  
p roduced  lesion of ca. 2 m m  in d i a m e t e r  w i t h  c o n s e q u e n t  
d i m i n u t i o n  of d o p a m i n e  in t i le  h o m o l a t e r a l  c a u d a t e  
nuc leus  e. The  t a r g e t  is e i the r  of m i d p o r t i o n  or t he  
ros t romed ia l  po r t i on  or b o t h  of t he  m i d p o r t i o n  and  
ros t ra l  p o r t i o n  of t i le  s u b s t a n t i a  nigra.  

One in each  pa i r  was  t h e n  g iven  CDP-cho l ine  da i ly  in  
a n  i.m. dose of 200 mg, and  t h e  o the r  in  each  pair ,  a 
c o m p a r a b l e  v o l u m e  of sal ine in jec ted  b y  same rou te  for 
2 to  5 weeks. Af te r  t h a t ,  t h e  ca ts  were sacr i f iced for 
d o p a m i n e  assay. The  b r a i n  was cu t  a t  f ron ta l  12 m m  f rom 
t h e  au ra l  orifice ; t i le an t e r i o r  ha l f  was  t a k e n  ou t  to  e x t r a c t  
t he  b i l a t e ra l  caudates ,  wh ich  was frozen i m m e d i a t e l y  in  
l iqu id  n i t rogen  whereas  t h e  r e m a i n i n g  po r t i on  of t he  
bra in ,  wh ich  was ut i l ized for c o n f i r m a t i o n  of t he  si te  of 
de s t ruc t i on  a n d  for h is to logical  e x a m i n a t i o n ,  was  per fused  
wit t l  10 % formal in .  

Tissue d o p a m i n e  assays  were pe r fo rmed  b y  t he  m e t h o d  
descr ibed  b y  ANSELL and  BEESON 7. AS t he  p a r a m e t e r  for 
compar i son  be tween  t he  t r e a t e d  a n d  t h e  con t ro l  group,  
t he  r a t e  in  pe rcen t age  of d o p a m i n e  dep le t ion  of c a n d a t e  
on  ti le t r e a t ed  side c o m p a r i n g  w i t h  t h e  n o n - t r e a t e d  side 

1 2 3 

~ i 
o 

.2..' 

._~ o ::::::: 
E ~ ....... 
x ~  ',Ni 

kecati 
of lesi :er of SN 

CDPchol. /1 10x/15d. 17x/20d. survival 110x 5d. 

4 5 6 
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[ ]  Control 

The greater [ Rostromedial part 
I 

part of SN of SN 

30x/75d. 10x/18d. 14x/21d. 

Fig. 2. Interrelation betweert CDP-choline and dopamine in the cau- 
date. To cats with dopamine depletion ill the caudate by destruction 
of the substantia nigra, CDP-eholine was injected i.m. in a dose of 
200 mg daily into one in each pair and saline into the other in each 
pair, respectively. CDP-chol./Survival: duration of CDP-eholine 
administration and the number of days between destruction of the 
substantia nigra and extraction of the eaudate. 3 cats were used in 
groups 2 and 3, and those with disadvantageous data were adopted. 
It can be seen from the chart that cats treated with CDP-eholine 
showed higher dopamine levels than the untreated controls. 

i.e., (left c a u d a t e  d o p a m i n e / r i g h t  c a u d a t e  dopamine )  
• 100 was used. 

Results. Figure  2 i l lus t ra tes  t he  resul t s  of t he  experi-  
men t s .  1 .3  pa i rs  ou t  of 4 pa i rs  of ca ts  revea led  d e s t r u c t i o n  
of t he  m i d p o r t i o n  of t he  s u b s t a n t i a  nigra .  Contro ls  in  
these  pa i rs  d i sp layed  d i m i n u t i o n  ra tes  of 82, 93 and  98% ; 
t h u s  on ly  a s l ight  deple t ion.  CDP-cho l ine  t r e a t e d  cats,  on  
t he  o the r  hand ,  showed  ra t e s  of 104, 104, and  108% 
respec t ive ly ;  t h u s  t h e  d o p a m i n e  levels were cons i s t en t ly  
h igher  t h a n  those  in t h e  u n t r e a t e d  controls .  I t  follows t h a t  
t he  t r e a t e d  an ima l s  showed  no d i m i n u t i o n  of d o p a m i n e  a t  
all, whereas  t he  d o p a m i n e  level d i m i n i s h e d  s l ight ly  ill 
u n t r e a t e d  cats.  

2. The re  were 2 pa i rs  of d rop -ou t s  a m o n g  t he  3 w i t h  
ex tens ive  d e s t r u c t i o n  of t he  m i d p o r t i o n  a n d  ros t ra l  
po r t i on  of t he  s u b s t a n t i a  nigra,  a n d  t h e  e x p e r i m e n t  was 
successful in the  r e m a i n i n g  pairl  The  r a t e  of d i m i n u t i o n  
shown  b y  t he  con t ro l  in  th i s  pa i r  was  8 %, whi le  t i le  t r e a t e d  
ca t  d i sp layed  a r a t e  of 36.7%, i n d i c a t i n g  a d o p a m i n e  level  
a p p r o x i m a t e l y  4 t imes  as h i g h  as t h a t  in  t h e  u n t r e a t e d  
control .  

3. The re  were 2 successful  pa i rs  ou t  of 3 pa i r s  w i t h  
de s t ruc t i on  of t h e  med ia l  po r t i on  of t he  ros t ra l  end  of t h e  
s u b s t a n t i a  nigra,  in  which  t he  e x p e r i m e n t  was  successful.  
The  con t ro l  ca t  in  1 pa i r  (No. 5) showed  a d o p a m i n e  
d i m i n u t i o n  r a t e  of 12%, whi l s t  t h e  t r e a t e d  one i n  th i s  
pa i r  d i sp layed  a r a t e  of 57%, a b o u t  5 t imes  as high.  I n  
t he  o the r  pa i r  (No. 6), t he  r a t e  s h o w n  b y  t he  con t ro l  was  
0% (viz. d i s appea rance  of d o p a m i n e  in t he  c a u d a t e  o n -  
t h e  side of des t ruc t ion)  a n d  t h a t  b y  t he  t r e a t e d  ca t  was 
2 7 % ;  hence  a n  obv ious  difference.  

4. His to logica l  e x a m i n a t i o n :  Degene ra t i on  of n e r v e  
ceils of t he  pars  c o m p a c t a  of s u b s t a n t i a  n ig ra  in  para l le l  
w i t h  t h e  d i m i n u t i o n  of c a n d a t e  d o p a m i n e  c o n c e n t r a t i o n  
was in evidence.  The  ca ts  t r e a t e d  w i t h  CDP-cho l ine  show- 
ed mi lde r  degen rea t i on  and  loss of ne rve  ceils in  tile sub-  
s t a n t i a  n ig ra  t h a n  t he  u n t r e a t e d  ca t s  did. 

Conclusion. CDP-cho l ine  is p r o v e d  to  exe r t  a s ign i f ican t  
(0.001 < P < 0.01) p r o t e c t i v e  effect  aga ins t  d i m i n u t i o n  
of d o p a m i n e  in t he  c a u d a t e  der ived  f rom ips i la te ra l  
de s t ruc t i on  of t h e  s u b s t a n t i a  nigra.  The  m e c h a n i s m  m i g h t  
be  p o s t u l a t e d  t h a t  phospho l ip id  m e t a b o l i s m  of i n ju red  
ne rve  cells in  t he  s u b s t a n t i a  n ig ra  a n d  n ig ros t r i a tM 
t r a c t  is i m p r o v e d  b y  CDP-cho l ine  and,  as a result ,  t h e  
p r o d u c t i o n  of d o p a m i n e  is a u g m e n t e d  and  t he  t r a n s p o r t i n g  
ac t i v i t y  is also amel io ra ted .  

Zusammen/assung. Es is t  a n z u n e h m e n ,  dass  CDP-Chol in  
(Cy t id in -Diphospha t -Cho l in )  auf  V e r m i n d e r u n g  y o n  Do- 
p a m i n  im Nucleus  c a u d a t u s  e inen  s ign i f ikan ten  (0.001 < 
p < 0.01) Abwehre f f ek t  aus t ib t ,  was  d u t c h  h o m o l a t e r a l e  
D e s t r u k t i o n  der  S u b s t a n t i a  n ig ra  v e r u r s a c h t  wird.  
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I t  is wel l - recognized t h a t  b ioelec t r ic  p h e n o m e n a  are 
associa ted  w i t h  d i f fe ren t ia l  f luxes  of a lkal i  m e t a l  ions 
across pe rmse lec t ive  m e m b r a n e s ;  and  a l t h o u g h  a g rea t  
deal  is k n o w n  a b o u t  t h e  k ine t ics  of t he  ionic fluxes, l i t t l e  
is k n o w n  of t he  chemica l  a r c h i t e c t u r e  of t he  m e m b r a n e ,  

pa r t i cu l a r l y  conce rn ing  i ts  pe rmse lec t iv i ty .  The  p rob l em 
has  been  i n v e s t i g a t e d  us ing  a v a r i e t y  of ma te r i a l s  
r ang ing  f rom ar t i f ic ia l  ion exchange  sys t ems  to i n t a c t  
muscle  and  ne rve  3, s. A l t h o u g h  such  s tud ies  h a v e  y ie lded 
va luab l e  i n f o r m a t i o n  on  t he  se lec t iv i ty  sequences  of 


