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v i ty  wi th in  20-60 sec. (The t imes  are upper  l imits  because 
of the  need to scan the  entire plate.) The rep lacement  of 
the med ium wi th  fresh med ium did no t  cause an imme-  
diate resumpt ion  of act ivi ty ,  bu t  all cul tures showed weak 
fibre contract i le  ac t iv i ty  af ter  70-80 rain a t  37~ Ful l  
s t rong ac t iv i ty  was observed af ter  4 h at  37 ~ No other  
changes were noted on fur ther  incubat ion.  

Lower  concent ra t ions  of d iamide (1 -2 •  10-4M) were 
w i thou t  appreciable  effect upon the  contract i le  ac t iv i ty  of 
the  fibres in the  cultures.  Higher  concent ra t ions  (3 • 
10-3M) of d iamide caused an ins tantaneous  loss of con- 
t ract i le  act ivi ty ,  observed th rough  the  microscope during 
the  addi t ion of the  reagent.  

The  specifici ty of our thiol-oxidizing agents  has been 
detai led elsewhere ~, 2,5. The  rapid cessation of contract i le  
ac t iv i ty  in muscle fibres af ter  intracel lular  ox ida t ion  of 
g lu ta th ione  to the  disulphide implies a close and possibly 
direct  role for G S H  in the  contract i le  act ivi ty .  Fu r the r  
suppor t  for this role is found in the length  of the t ime for 
recovery  of contract i le  act ivi ty ,  a t ime  reasonable for the  
intracel lular  regenera t ion  of G S H  from G S S G  2. The  
spontaneous  contract i le  a c t i v i t y  of muscle fibres in cul- 
ture  m a y  bear  a close relat ionship to the  acetylchol ine 

s t imula ted  ac t iv i ty  in denerva ted  muscles s,9. The mole- 
cular basis for the  par t ic ipa t ion  of G S H  in muscle con- 
t rac t ion is under  invest igat ion.  

Rdsumd. Le t r a i t emen t  de fibres en pulsat ion d 'un  
nmscle (cultiv6 ell vase dos) avec l ' o x y d a n t  diamide,  
sp4cilique pour  la conversion du gluta th ione (GSH) au 
disulfide (GSSG), arr6te v i te  t ou t  mouvemen t .  Apr~s 
quelques heures d ' incubat ion,  le n iveau normal  de l 'act i -  
vi t6 est retabli .  
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Effects of C y c l o h e x y l a m i n e  on Rat Ferti l i ty  

The biological  effects of cyclohexylamine ,  the  ma jo r  
degradat ion  product  oi cyclamate ,  on chromosomes,  re- 
product ion  and teratogenesis  have  been the  subject  of 
several  papers  1-a. In  an earlier communica t ion ,  a dele- 
ter ious influence of cyc lohexylamine  sulphate  on male  
fer t i l i ty  was described a. La te r  invest igat ions  showed t h a t  
females ma ted  wi th  cyc lohexylamine  su lphate- t rea ted  
males  had smal ler  l i t ters  a t  t e rm than  those bred wi th  
controls.  The  finding was suggest ive of genetic damage  
and iorms the  subject  of this report .  

Male Wis ta r  albino rats  weighing 175-200 g were ran- 
domly  assigned to tes t  (15 animals) and control  (10 
animals) groups. The  tes t  males were fed 0.2% cyclo- 
hexy lamine  sulphate  (CHS) in their  dr inking water .  At  
the  same t ime,  a 65-day breeding p rogram was ini t ia ted 
in which each male  was isolated wi th  2 virgin females for 
5 days for a to ta l  of 13 sequent ia l  ma t ing  trials for each 
of the  25 males. Dur ing  the  first 3 ma t ing  trials, the  
females as well as the  males drank  the  tes t  solution a t  an 
average dai ly ra te  of 142 mg/kg  body  weight.  Af ter  3 
trials, the  mode  of CHS adminis t ra t ion  was changed to 
gavage  (220 mg/kg/day)  so tha t  the  t r e a t m e n t  was re- 
s t r ic ted to the  males. Control  males received distil led 
wate r  by  garage .  Af te r  another  4 ma t ing  trials, CHS 
t r e a t m e n t  was suspended for the  dura t ion  of 3 trials. 
Dur ing the  final  2 breeding trials, CHS t r e a t m e n t  by  
gavage  (220 mg/kg/day)  was re- ins t i tu ted  in the  males. 

F i f teen  days af ter  being separated f rom the  males, the  
females were sacrificed to ascer ta in  pregnancies,  and to 
record the  numbers  of viable  and nonviable  embryos  and 
resorpt ion sites. The fetuses were examined  for ex terna l  
defects and skeletal  malformat ions .  

Male fer t i l i ty  was calculated as the  number  of females 
impregna ted  re la t ive  to the  number  exposed. The  male  
fer t i l i ty  and implan ta t ions  (viable and nonviable  embryos  
and resorpt ion sites) da ta  were analyzed using the  Sign 
Test  for t ime  effects and the  ~Vi lcoxon-Mann-Whi tney  
ranking  tes t  for t r e a t ed : con t ro l  comparisons 5. 

Fe r t i l i ty  in the  t rea ted  group was general ly impaired 
re la t ive  to the  control  group (P  < 0.05 by  one-tai led test). 

Fe r t i l i ty  is p lo t ted  in Figure  A. The  adverse  effect  was 
apparen t ly  related to CHS dosing of males since the  effect  
cont inued a i ter  t r e a t m e n t  of females was halted.  Observa-  
t ion on mat ing  behav iour  revealed no reduct ion  in male  
or female libido. The ant i fer t i l i ty  effect persisted during 
the  3 trials in which the  CHS t r e a t m e n t  was suspended, 
indica t ing  the  effect to be of more than  t rans i to ry  nature.  

The  incidences of resorpt ion sites and nonviable  em- 
bryos in the  tes t  and control  groups were similar  in all 
trials, which excludes the  possibi l i ty of a pos t implan ta t ion  
embryocida l  effect associated wi th  CHS. However ,  the  
average number  of implan ta t ions  per  l i t ter  was consis- 
t en t ly  and signif icant ly (P  < 0.01 by  one-tai led test) de- 
creased ill the  t rea ted  group. Da ta  on viable  and non- 
viable embryos  and resorpt ion sites were combined  to 
compare  pos t implan ta t iona l  reproduc t ive  efficiency in 
bo th  groups (Figure ]3). The  depression in numbers  of im- 
p lan ta t ions  could be accounted for by  p re implan ta t iona l  
loss apparen t ly  due to CHS t rea tment .  In  a previous  
s tudy  a in which the m a x i m u m  dose of CHS was lower than  
tha t  repor ted  here, interference wi th  embryona l  v iabi l i ty  
a t  pre- and pos t implan ta t ion  stages was no t  observed;  
however,  the  ant i fer t i l i ty  effect  of CHS in males was 
observed a t  as small  a dose as 22.26 m g / k g / d a y  as 
measured by  abi l i ty  to induce pregnancy.  

Since the  incidence and types  of ex terna l  defects and 
skeletal  anomalies  in embryos  obta ined  f rom tes t  animals  
were not  different  f rom the  controls, the  possibi l i ty  
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of a d o m i n a n t  m u t a t i o n  effect ing t h e  ske le ton  is remote .  
R e s o r p t i o n  si tes are cons idered  a measu re  of. d o m i n a n t  
l e tha l  m u t a t i o n .  W h e n  females  are no t  t r ea ted ,  a decrease  
in l i t t e r  size w i t h o u t  a c o n c o m i t a n t  increase  in r e so rp t ion  
sites m i g h t  be  due  to  p r e i m p l a n t a t i o n a l  was tage  as a 
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Male fertility (A), and average implantations (live and dead)/litter 
(B) in CHS-treated (solid lines) and control (broken lines) rats. Data 
from mating trials, 1-3 (CHS-treated males and females), 5-8 and 
12-13 (CHS-treated males only) and 9-11 (neither sex treated) is 
plotted. 

resu l t  of e i the r  decreased ab i l i ty  of t he  spe rm to fert i l ize 
or low v i ab i l i t y  of t he  zygotes,  p r e v e n t i o n  of m i t o t i c  
ac t iv i ty ,  or i nab i l i t y  of t he  b l a s tocys t  to  imp lan t .  A 
prev ious  cytological  s t u d y  of semen  of C H S - t r e a t e d  r a t s  
recovered  f rom the  v a g i n a  a f te r  m a t i n g  i nd i ca t ed  no  
vis ible  change  in spe rm m o r p h o l o g y  or mot i l i ty .  F u r t h e r  
work  is requ i red  to e luc ida te  t he  n a t u r e  of t he  decreased  
l i t t e r  size a n d  impa i r ed  fe r t i l i ty  obse rved  fol lowing CHS 
t r e a t m e n t  of males6.  

Rdsumd. Des ra t s  m~les t ra i t6s  o r a l e m e n t  avec  du  sul- 
fa te  de cyc lohexy lamine  (220 mg/kg / jour )  on t  6t6 
accoupl6s ~ des femelles t ra i t6es  ou non  avec  du  sul fa te  de 
cyc lohexy lamine .  Dans  les 2 cas, il y a eu des d e s c e n d a n t s  
moins  n o m b r e u x  que chez les contr61es. Les r6su l t a t s  
sugg6ren t  que l 'e f fe t  est  t r a n s m i s  p a r  les males  t ra i t6s  et  
est, peut -6 t re ,  caus6 p a r  u n  d o m m a g e  g6ngt ique  expr im6  
a v a n t  l ' i m p l a n t a t i o n  de l ' e m b r y o n .  
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11 f l - M e t h y l - 1 9 - N o r s t e r o i d s : * N o v e l  P r o g e s t a t i o n a l  

A c o n t i n u e d  search  for subs t ances  w h i c h  m a y  h a v e  
a d v a n t a g e s  over  k n o w n  ora l  con t r acep t i ve s  h a d  led us 
to  t he  d i scovery  t h a t  in e x p e r i m e n t a l  an ima l s  ce r t a in  
11f i -methyl -19-nors tero ids ,  as single subs tances ,  possess 
some of t he  h o r m o n a l  p roper t i e s  cha rac t e r i s t i c  of m i x t u r e s  
of s te ro id  h o r m o n e s  p r e sen t l y  used in h u m a n  fe r t i l i ty  
con t ro l  t a n d  lack o the r  undes i r ab le  proper t ies .  The  
syn thes i s  a n d  some of t h e  biological  p roper t i e s  of 17~- 
e t h y n y l -  17 f i -hydroxy-  11fl- m e t h y l e s t r -  4 -en-  3-one (XI I )  
and  3 fl, 17/%diacetoxy-17 e - e thyny l -  11 f l -methyles t r -4-ene  
( X I I I )  are descr ibed  p resen t ly .  

Thus  t he  readi ly  ava i l ab le  17 ,17-e thy lened ioxyes t r a -  
1, 3, 5(10)-triene-3, 11fl-dioI 2 (I) was  c o n v e r t e d  w i t h  
m e t h y l  iodide, methaffol ,  a n d  p o t a s s i u m  c a r b o n a t e  to  
I I  8, m p  127-128 ~ wh ich  was oxidized w i t h  8 N  chromic-  
sulfuric  acid in  ace tone  a t  0 ~ to  t h e  ke tone  I I I .  T r e a t m e n t  
of t he  c rude  ke tone  I I I  w i t h  m e t h y l  m a g n e s i u m  b r o m i d e  
followed b y  hydro lys i s  of t he  p r o d u c t  I V  in s t rong  acid 
y ie lded 11 fl - h y d r o x y  - 3 - m e t h o x y  - 11 e - m e t h y l e s t r a  
1, 3, 5, (10)- t r ien-17-one (V), m p  178-179 ~ Zma~ 2.72, 5.71, 
and  6.18 ~z, N M R  m a x i m a  a t  67 and  99 (C-11 and  C-13 
methy l s )  Hz. D e h y d r a t i o n  of V in re f lux ing  benzene  
c o n t a i n i n g  p- to luenesul fonic  acid p r o v i d e d  3 -me thoxy-  
l l -methyles tra- l ,3 ,5( lO) ,  9(11)- te t raen-17-one  (VI), m p  
95 ~ 2,,,x 257.5 n m  (e = 18,050) wh ich  upon  h y d r o g e n a t i o n  
in m e t h a n o l  w i t h  Pd-C af forded 3 - m e t h o x y - l l f i - m e t h y l -  
estra-1,  3, 5(10)- t r ien-17-one (VII) ,  m p  152 ~ N M R  m a x i m a  
a t  51 and  58 (C-11fl me thy l )  a n d  62 (C-13 me thy l )  Hz  and.  
in  m i n o r  a m o u n t ,  3 - m e t h o x y - l l a - m e t h y l - 9 f l - e s t r a -  
1, 3, 5 (10)-trien- 17-one (VIII ) ,  m p  129-130 ~ N M R  m a x i m a  
a t  75 a n d  83 (C-11~ me thy l )  and  61 (C-13 m e t hy l )  Hz.  
R e d u c t i o n  of V I I  wi t t l  sod ium b o r o h y d r i d e  gave  t he  
co r re spond ing  a lcohol  I X ,  m p  108-110% which  u p o n  
r e d u c t i o n  w i t h  sodium,  a m m o n i a ,  and  t -bu ty l  a lcohol  

H o r m o n e s  

followed b y  O p p e n a u e r  ox ida t i on  of t h e  p r o d u c t  w i t h  
a l u m i n u m  / -propoxide ,  cyc lohexanone ,  a n d  re f lux ing  
to luene  y ie lded t he  ke tone  X, m p  140-142 ~ E t h y n y l a t i o n  
of X w i t h  l i t h i u m  ace ty l ide  in t e t r a h y d r o f u r a n  fol lowed 
b y  hydro lys i s  of t h e  p r o d u c t  X I  in s t rong  acid y ie lded 
17 ~ - e t h y n y l -  17 fl- h y d r o x y  - 11 fi- m e t h y l e s t r  - 4- ell - 3 - one 

m p  222-223 , "~re~x 241 n m  (XlI), o MeOH ( e =  17,500), mazNBr 2.92, 

3.07, and  6.00 F. R e d u c t i o n  of X l I  w i t h  l i t h i u m  tri- t-  
b u t o x y a l u m i n u m  h y d r i d e  followed b y  d i ace ty l a t i on  of 
t he  p r o d u c t  a f forded 3/5, 17 fl, d iace toxy-  17 c~-ethynyl-11 fl- 
methylestr-4-ene (XlII), m p  148-150 ~ 

A buf fe red  h o r m o n a l  ac t ion  is cha rac te r i s t i c  of X l I  
a n d  X l I I .  I n  e x p e r i m e n t a l  an imals ,  t h e y  e x h i b i t  p o t e n t  
p roges t a t i ona l  act ivi t ies ,  an t i -es t rogen ic  act ivi t ies ,  a n d  
es t rogenic  responses  in  t he  es t rogen  def ic ient  s ta te .  

Thus,  in  t he  Clauberg  assay  4 for p roges t a t i ona l  a c t i v i t y  
t he  ac t iv i t i es  of XlI, XlII, and  X I V  w h e n  a d m i n i s t e r e d  
s.c. were 25 :25 :1 ,  respect ively ,  a n d  w h e n  a d m i n i s t e r e d  
ora l ly  were 10 :10 :1 ,  respec t ive lyK I n  t h e  r a t  vag ina l  
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XlI I  also exhibits potent anti-estrogenic activity in the immature 
female mouse treated with estrogen which correlates well with the 
progestational activity obtained in the Clauberg assay. 


