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Alky la t ing  E s t e r s  VIII.  The  Act ion  of the I s o m e r s  of D i m e t h y l m y l e r a n  on S p e r m a t o g e n e s i s  

W i t h  the  s epa ra t i on  ~ of t he  m e s o -  and  (4-)- i somers  of 
d i m e t h y l m y l e r a n  (DMM, 1) a n d  t he  e s t a b l i s h m e n t  of 
the i r  b imolecu la r  m e c h a n i s m  of a lky l a t i on  2, i t  was  
necessary  to  e x a m i n e  t he  ac t ions  of t h e  s epa ra t e  i somers  
in  a n m n b e r  of biological  sys tems.  As an t i f e r t i l i t y  
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agen ts  in  mice, b o t h  i somers  i n h i b i t  spe rma togon ia l  
deve lopmen t ,  t he  m e s o -  i somer  be ing  more  ac t ive  on  a 
we igh t  basis  t h o u g h  t he  ( + ) - i s o m e r  is more  effect ive 
w h e n  g iven  a t  h ighe r  doses due  to i ts  lower t ox i c i ty  ~. 
Vqhen t h e  i somers  were  e x a m i n e d  in  male  ra ts ,  however ,  
t h e y  appea red  to  h a v e  on ly  m i n o r  ac t i v i t y  on  spe rma to -  
genesis (Table  1) c o n t r a r y  to  r epor t s  3 t h a t  DMM produces  
a n  ac t ion  c o m p a r a b l e  to  t h a t  of Myle ran  ~. 

Since p rev ious  use has  been  res t r i c ted  to t he  m e s o -  
i somer  i t  was  a s sum ed  f rom t he  m e t h o d  of syn thes i s  s 
t h a t  t h e  DMM used  in t he  fe r t i l i ty  t e s t s  was  an  isomeric  
mix tu re .  Consequen t ly  va r ious  p ropor t i ons  of t he  i somers  
were a d m i n i s t e r e d  to p r o v e n  fert i le male  r a t s  and  the i r  
fe r t i l i ty  assessed. The  resul t s  (Table  I) i nd i ca t e  t h a t  a t  
a single i.p. dose level  of 4 mg/kg,  t he re  is a synergis t ic  
effect  of t he  isomers,  m a x i m a l  as a 50% mix tu re ,  in  
i n h i b i t i n g  spe rma togon i a l  deve lopmen t .  Tes t i cu la r  histo- ,  
logy conf i rms  t he  fe r t i l i ty  p a t t e r n s ;  s ince i.p. doses 
(4 mg/kg)  of e i the r  t he  m e s o -  or t he  (-4-) - i somer  results ,  
a f t e r  4 weeks, in  a d i m i n u t i o n  of p re -meio t ic  cells w i t h  
spe rmatogenes i s  c o n t i n u i n g  a t  a r educed  r a t e  and  
s p e r m a t o z o a  p r e sen t  in  all  s tages.  A t  t he  same  dose 
level, t h e  50% mix tu re ,  however ,  shows a comple te  loss 
of p re -meio t ic  cells w i t h  on ly  s p e r m a t o z o o n  h e a d  a n d  
tai ls  p r e sen t  in all tubules .  The  ( •  i somer  is less toxic  
to  r a t s  a n d  a d m i n i s t r a t i o n  of h igher  doses (6 mg/kg)  
shows t h a t  i t  is more  effect ive a t  m a x i m u m  to l e r a t ed  
dose level  t h a n  t h e  m e s o -  i somer  (Table  I). 13oth (4-)- 
and  ( - - ) -DMM 6 p roduced  s imi la r  an t i f e r t i l i t y  responses  
to  t he  (4-)- i somer  w h e n  a d m i n i s t e r e d  s epa ra t e ly  a n d  
were equal ly  synergis t ic  as 50% m i x t u r e s  w i t h  t he  
m e s o -  i somer  7, s. 

~/Ieso- a n d  (4- ) -DMM h a v e  s imi la r  t y p e s  of ac t ion  on  
mouse  fer t i l i ty  so t h a t  a d i s t inc t  synergis t ic  ac t ion  

c a n n o t  be  seen. H o w e v e r  t he  50% m i x t u r e  of i somers  is 
s l igh t ly  less toxic  t h a n  t he  i nd iv idua l  i somers  a l lowing 
h igher  doses to  be a d m i n i s t e r e d  which  c o n s e q u e n t l y  
lead to  a longer  p h a s e  of s ter i l i ty .  I n  t h e  ma le  qua i l  
( C o t u r n i x  c o t u r n i x  j a p o n i c a ) ,  t he  lower t ox i c i ty  of t he  
isomeric  m i x t u r e  is more  p ronounced .  W h e r e a s  single 
i.p. doses of each  i somer  a t  t h e  m a x i m u m  to l e r a t ed  
level  (10 mg/kg)  p roduce  sho r t  per iods  of comple te  or 
sub- fe r t i l i ty  c o m p a r a b l e  to  4 •  t he  dose of Myleran" ,  
twice  t h i s  level  of t he  m i x t u r e  c an  be  a d m i n i s t e r e d  
resu l t ing  in prolonged,  a n d  in some cases p e r m a n e n t ,  
s te r i l i ty  (Table  II) .  

I t  is k n o w n  t h a t  in  t he  r a t  m e s o - D M M  lowers t he  b lood 
n e u t r o p h i l  c o u n t  and  t h a t  ( ~ ) - D M M  has  v e r y  l i t t l e  
effect  ". Mix tu res  of t he  i somers  do n o t  e x h i b i t  a n y  
e n h a n c e d  ac t ion  on t h e  n u m b e r  of c i rcu la t ing  neu t ro -  
phi ls  b u t  show a decreased  effect  p ropo r t i ona l  to  t he  
lower a m o u n t  of t he  ac t ive  m e s o -  i somer  admin i s t e red .  

E v e n  t h o u g h  no e x p l a n a t i o n  can  be  offered for t he  
u n u s u a l  ac t ion  of t he  DMM isomers  on  r a t  s p e r m a t o -  
genesis,  two  t h i n g s  are  a p p a r e n t .  Firs t ,  t h e  in i t ia l  ex- 
p e r i m e n t s  of t he  ac t ion  of DMM on male  r a t  fe r t i l i ty  3 

t A. R. JONES, Chem. Commun. 1977, 1042. 
A. R. JoxEs ,  Chem.-biol.  In terac t .  6, 47 (1973). 
H. JACKSON, B. W. F o x  and A. W. CRAIG, J. Reprod.  Fert i l .  2, 447 
(1961). 

4 H. JACKSON, Antqert i I i ty  Compounds in  the Male and Female 
(Thomas, Springfield Illinois, 1966), p. 63. 

5 Tile usual  synthesis  of DMIV[ involves  the me thanesu lphony la t ion  
of hexaae-2,5-diol  and  recrys ta l l iza t ion  of the prec ip i ta ted  ester  
f rom alcohol. The prec ip i ta te  is m a i n l y  m e s o - D ~  b u t  contains ,  
together  wi th  mother  l iquors,  an equi-molar  amoun t  of ( •  

6 The ( + ) -  and (--)- isomers  of D l i M  were synthes ised  from ( + ) -  
and  (--)-hexane-2,5-diol .  The (-L)-diol was resolved th rough  the 
brucine  sal t  of the bis (monophthal la te)  es ter  according to DODSON 
and NELSON 7. Opt ical  pur i ty ,  b y  comparison to au then t i c  valuesS, 
was 80% for the ( + ) - a n d  83% for the (-- ) - isomers  respect ively.  
T rea tmen t  for each diol wi th  me thanesu lphony l  chloride in pyr id ine  
gave, respect ively,  (+ ) -DMM ((2R, 5R)-2 ,5-hexanedimethane-  
sulphonate)  and  (--)-D1K1K ((2S,5S)-2,5-hexanedimethanesul-  
phonate) ,  bo th  as whi te  pr i sms  from absolute  alcohol, m.p. 44-7 ~ 
R. M. DODSON and V. C. NELSON, J. org. Chem. 33, 3966 (1968). 

S K. SERCK-HANsSEN, S. STALLBERG-STENHAGEN and E. STEN- 
I~AOEN, Arkiv.  kemi.  5, 203 (1953). 

9 p. JoNEs and H. JACKSON, J. Reprod. Fert i l .  37, 319 (1972). 

Table  I. Effects of tile isomers  of d ime thy lmy le r an  on male r a t  fert i l i ty.  

No. of % Isomers  Dose 
animals  (mg/kg) 

Average l i t t e r  size ~ in  weeks 

meso- (-1-)- 7 8 9 10 11 12 

10 100 0 4 7 (70) 2 (30) 2 (20) 6 (50) 2 (30) 4 (40) 
5 90 10 4 2 (20) 3 (20) 0 0 0 0 
5 75 25 4 6 (80) 3 (40) 2 (20) 0 0 0 

10 50 50 4 2 (20) 0 0 0 0 0 
5 50 50 2 9 (100) 11 (100) 2 (40) 7 (80) 3 (20) 0 
5 25 75 4 2 (80) 2 (20) 1 (20) 2 (20) 0 0 
5 lO 90 4 4 (8o) 1 (20) 2 (20) 0 2 (20) 0 

10 0 100 4 6 (80) 6 (80) 5 (60) 5 (60) 2 (20) 0 
5 0 100 6 3 (60) 5 (60) 0 3 (20) 0 0 
5 b ? ? 3.5 5 1 2 0 0 0 

The compounds  were adminis te red  as suspensions in  d ime thyI  sulphoxide arachis  oil (1:3) to groups of 5 proven  ferti le an imals  and  fer t i l i ty  
assessed b y  the serial  ma t ing  technique 1~ LDs0 values  (single i.p. injections) are meso-DMM 5 mg/kg,  (:~z)-DMM 7 mg/kg,  50% mix tu r e  
5 mg/kg.  ~ Values in  parentheses  ind ica te  the percentage of t rea ted  an imals  not  sterile.  L i t t e r  sizes of 0 ind ica te  t h a t  al l  t r ea ted  an imals  were 
sterile in that particular week. ~Values quoted from reference s. 



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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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 
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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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