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fo rma t ion  of the  amide.  Fu r the rmore ,  such processes  are 
general ly  concer ted  10, so t h a t  if the  metabol ic  reac t ion  
proceeds  via  a s imilar  mechan i sm,  electrophil ic  in ter-  
med ia tes  such as those  genera ted  in react ions  following 
a ry lhyd roxy l amine  es ter i f icat ion 9 and cons idered  re- 
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sponsible  for el ici t ing toxic  or carcinogenic responses  
would no t  be expec ted  to  be formed.  
P a n  and  F le tche r  u have  repor ted  t h a t  subs t i t u t ed  
f luorenone oximes exh ib i t  an t i -neoplas t ic  ac t iv i ty ,  as 
ind ica ted  by  the i r  effect  on Walker  ca rc inosarcoma 256 
and  L-1210 leukemia.  Paral lel  ac t iv i ty  was found  wi th  
the  cor responding  phenan th r id inones ,  syn thes ized  f rom 
the  ox ime by  reac t ion  w i t h  po lyphosphor i c  acid. I t  now 
appears  t h a t  th is  paral lel  ac t iv i ty  be tween  these  s t ruc-  
tu ra l  i somers  m a y  no t  be for tui tous ,  b u t  r a t he r  resul ts  
f rom metabol ic  r e a r r a n g e m e n t  of the  oxime.  This pos- 
s ibi l i ty is being inves t iga ted .  

10 T. S. Stevens and W. E. Watts, in: Selected Molecular Re- 
arrangements, p. 52. Van Nostrand Reinhold Co., London 1973. 

11 H. Pan and T. L. Fletcher, J. med. Chem. 12, 822 (1969). 

Table 1. TLC Identification of phenanthridinone as a metabolite of 
fluorenone oxime 

Stationary support Solvent system R, oxim,~ Rfamia~ b 

Silica gelr Ethyl acetate: methanol : 
ammonia [85:10 : 5] 0.88 0.80 

Alumina a Chloroform : methanol 
[9:1] 0.05 0.29 

Polyanlide a Chloroform: methanol 
[9:1] 0.60 0.70 

a) Fluorenone oxime detected fluorometrically, b) Phenanthridinone 
detected fiuorometrically, c) E. Merck, Darmstadt, W. Germany. 
d) Eastman Chemical Co., Rochester, N.Y. 

Table 2. Spectral properties of metabolites of fluorenone oxime 

Property Characteristics 

U V  a , b 

F l u o r e s c e n c e a , b  

Mass spectrum e 

/tmax 337 nm and 323 nm 
Aex 323 nm; Aem 360 nm 
~ex 337 nm; &~ 360 nm 
Major bands : 
m/e 
149 (6.3) d 
!35 (26.7) 
120 (1.3) 
93 (100) 

a) All spectral characteristics of the metabolite corresponded to the 
properties of authentic phenanthridinone, b) Spectra recorded in 
chloroform:methanol (9:1) solution, c) All spectral bands with in- 
tensity equal to or greater than 1% of the base peak corresponded 
to the spectrum of authentic phenanthridinone which had been 
similarly chromatographed, d) % of relative abundance of base peak 
in parentheses. 

The  effect  of c l o m i p h e n e  c i trate  and e s t r a d i o l  on  b o d y  w e i g h t ,  v a g i n a l  corn i f i ca t ion ,  
and  u ter ine  w e i g h t  after c h r o n i c  t r e a t m e n t  of o v a r i e c t o m i z e d  rat s  1 

W. L. Poteat ~ 

Department o] Anatomy, Bowman Gray School of Medicine, Winston Salem (North Carolina, USA),  7 December 1976 

Summary. Clomiphene reduced  the  b o d y  weight  gain of ovar iec tomized  rats to  a m u c h  greater  degree than  ex t rad io l  
did. Es t radio l  had  a more  p ronounced  effect  on vaginal  cornif icat ion and  uter ine  weigh t  t h a n  c lomiphene  did. 

Clomiphene  c i t ra te  (Clomid | is one of m a n y  ant ies t ro-  
gens which  possess weak  estrogenic  po t ency  3,16,17 and  have  
var ious  effects  on the  female  r ep roduc t ive  sy s t em 3, 4,14,15. 
One of t he  p rob lems  m eva lua t ing  the  mechan i sm of ac- 
t ion  of these  compounds  is compar ing  t h e m  to the  effect  
and  p o t e n c y  of the  na tu ra l  estrogens.  Depend ing  on the  
p a r a m e t e r  and  d o s e ,  these an t ies t rogens  m a y  be  more,  
less, or as effect ive as es t radiol  4, 5. In  addi t ion ,  some of the  
an t i es t rogens  appea r  to  have  effects  which  are qui te  dif- 
fe rent  f rom those  of estradiolS, 6. One effect  of es t radiol  is 
to  reduce the  b . w t  gain observed  in ovar iec tomized  r a t sL  
One series of an t ies t rogens  was r epor ted  to  be far more 
effect ive t h a n  es t radiol  in reducing ra t  b .wt  gain despi te  
i ts  weak u t e ro t roph ic  ac t iv i ty  s. 
We have  previous ly  r epor ted  t h a t  c lomiphene  was  far 
more  effect ive t h a n  estradiol  in increasing luminal  epi- 

thel ial  glycogenesis  in r a t  u te rus  6. One dose of c lomiphene  
was less effective t han  es t radiol  in increasing glycogen 
concen t r a t ion  b u t  3 doses of t he  drug were  as effect iveK 
Because of the  marked  difference in the  effects  of clomi- 
phene  and  es t radiol  on one u te r ine  sys tem,  i t  was  of in- 
te res t  to  inves t iga te  the  effects  of chronic t r e a t m e n t  on 
b .w t  gain and 2 o the r  sensi t ive indices of es t rogenic  
po tency-vag ina l  cornif ica t ion and  uter ine  wt .  The ex-  
p e r i m e n t  was conduc ted  in order  to  inves t iga te  fu r the r  
t h e  compara t i ve  es t rogenic i ty  of c lomiphene  and  es t ra -  
diol, and  to  de t e rmine  if c lomiphene  followed the  p a t t e r n  
of o the r  an t i es t rogens  which  have  a grea ter  effect  on b . w t  
t h a n  does estradiol .  
Materials and methods. Virgin female H o l t z m a n  ra t s  were  
housed 3 per  cage unde r  control led l ight ing (14 h light) 
and  t e m p e r a t u r e  (22 ~ condi t ions  and  allowed free access 
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to  food and  water .  The  ra ts  weighed 1810-200 g a t  t he  t ime  
of ovar iec tomy.  The ra ts  were bi la tera l ly  ovar iec tomized  
under  e ther  anesthes ia ,  res ted  for 4 weeks, and  d iv ided  
in to  3 groups  of 5 animals .  Group i was the  ova r i ec tomy  
contro l  and  received the  c lomiphene  vehicle (5% acacia). 
Group 2 received 1.0 [xg es t radiol  d i sp rop iona t e / r a t / day  
s.c. in co t tonseed  oil. Group 3 received c lomiphene  c i t ra te  
(2.5 mg/kg  b .wt /day)  b y  garage .  The  ra ts  were t r e a t e d  
once /day  for 15 consecut ive  days  and killed by  cervical  
dis locat ion 24 h a f te r  t he  final  t r e a t m e n t .  L igh t  e the r  
anes thes ia  was used to  faci l i ta te  accura te  b . w t  recording  
and  dai ly t r e a t m e n t .  Dai ly  b . w t  and  vaginal  smears  were 
recorded.  A t  a u t o p s y  the  u te r ine  cornua  were removed ,  
t r i m m e d  of excess fa t  and  mesen te ry ,  and  weighed.  One 
piece was p laced  in an oven (100~ 24 h) for d ry  we igh t  
de te rmina t ion .  The d a t a  were analyzed b y  Duncan ' s  New 
Mult iple Range  Test .  
Resu l t s .  The dai ly  b . w t  (figure) were no t  recorded dur ing  
the  p o s t o v a r i e c t o m y  period.  The ra t s  gained :about 60 g 
be tween  ova r i ec tomy  and  the  f irs t  t r e a t m e n t  day. The 
ovar iec tomized  controls  con t inued  to  gain Weight t h rough-  
ou t  the t r e a t m e n t  period.  Es t rad io l  caused a~ smal l  b u t  
s ignif icant  weigh t  loss t h rough  the  f irs t  7 days  which  was  
followed b y  a p la teau .  Clomiphene caused a marked  weight  
loss which  was qu i te  s t r ik ing  over  t he  f i rs t  7 days  and  also 
appeared  to  p la teau .  The c lomiphene t r ea t ed  animals  did 
n o t  appear  chronica l ly  ill. 
The  effect  of the  d rug  and  ho rmone  on the  u ter ine  w t  is 
s h o w n  in t he  table .  Es t r ad io l  caused a m u c h  larger in- 
crease in b o t h  we t  and  d ry  weigh t  t h a n  did c lomiphene .  
The eftect  of t he  2 c o m p o u n d s  on re la t ive u te r ine  wt  par -  
alleled t h a t  on the  absolu te  u te r ine  wt  increase.  The uter i  
of the  es t rad io l - t r ea ted  ra ts  appeared  more  h y p e r e m i c  
t h a n  those  of the  c lomiphene- t r ea ted  a n i m a l s .  

The effect of clomiphene and estradiol on relative (mg/kg) b.wt and 
absolute (rag) uterine wt. The data is expressed as mean i SE 

Treatment Rats Absolute Relative 
wet dry 

Control 5 99.8 ~: 11.9 20.1 • 2.1 0.35 ~= 0.04 
Clomiphene 5 138.2 i 4.8* 27.9 • 1.6" 0.63 -t- 0.02* 
Estradiol 5 297.3 -1- 12.4"* 55.9 • 3.8"* 1.16 -4- 0.10"* 

*p < 0.05 vs control; ** p < 0.01 vs control and elomiphene. 
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The effect of daily doses of clomiphene and estradiol on total b.wt. 
The bars on days 1, 7, and 16 represent SE of the mean. There was a 
significant difference in the 3 groups on day 7 and thereafter (p< 0.01). 

All t he  ra t s  in bo th  the  c lomiphene  and  es t radiol  groups  
had  cornified vaginal  smears  b y  the  morn ing  of t he  fou r th  
t r e a t m e n t  day.  However ,  t he  groups  were qu i t e  d i f ferent  
on the  subsequen t  12 days  of the  expe r imen t .  Es t rad io l -  
t r e a t ed  ra ts  exh ib i t ed  a pe r s i s t en t  es t rus  smear  wi th  cor- 
nif ied cells p r e d o m i n a n t  for the  last  12 days.  Af te r  t he  
fo u r t h  day  each of t h e  c lomiphene - t r ea t ed  ra t s  h a d  a dif-  
f e ren t  dai ly smear  p a t t e r n  which was  qu i t e  variable.  
These 5 animals  had  typ ica l  es t rus  t y p e  smears  for only  
1, 5, 7, 8, and  10 days,  respect ively ,  versus  the  12 days  of 
t he  es t radiol  group. Various  combina t ions  of the  3 cell 
t y p e s  (cornified, nucleated,  and  whi te  blood cells) were 
observed  on the  o the r  days.  
Discuss ion .  The mos t  s ignif icant  resul ts  of t h i s  exper i -  
m e n t  were those  showing the  mark ed  weight  reduc t ion  in 
t he  c lomiphene- t r ea ted  animals .  Such an effect  has  been  
r epo r t ed  for o ther  an t i es t rogens  8. E s t ro g en  is known  to  
cause a reduc t ion  in b . w t  7. Clomiphene  was clear ly more  
effect ive  t h a n  es t radiol  in reduc ing  b .wt .  However ,  it  was  
no t  clear f rom the  p resen t  s t u d y  w h e t h e r  c lomiphene ' s  
m e c h a n i s m  of act ion was similar  to es t rad io l ' s  or not .  
Es t rad io l  m a y  ac t  t h r o u g h  i ts  effect  on the  h y p a t h a l -  
amus  10. Clomiphene has  also been  shown  to  effect  h y p o -  
tha lamic  func t ion  8,11,12, and  i t  is reasonable  to  specula te  
t h a t  t he  effects  m a y  therefore  be similar.  
The effects  of c lomiphene  and  es t radiol  on vaginal  smears  
were  qui te  d i f ferent  f rom the i r  effects  on b .wt .  The hor-  
mone  was far more  effect ive  t h a n  c lomiphene  in inducing 
vaginal  cornif ica t ion and  pe r s i s t en t  estrus.  A l though  
c lomiphene  was able to  induce  vaginal  cornif icat ion,  t h e  
effect  was no t  ma in t a ined  t h r o u g h o u t  the  t r e a t m e n t  
period.  This is cons i s ten t  wi th  o the r  repor t s  of clomi- 
p h e n e ' s  weak  es t rogenic i ty lK 
Other  inves t iga tors  have  repor ted  t h a t  c lomiphene  is 
more  effect ive t h a n  es t radiol  in increasing u ter ine  
weight11,1,, 14,15. However ,  3 dai ly doses of c lomiphene  
and  estradiol  caused similar u ter ine  w t  increases 9. The 
p re sen t  d a t a  showed a d i s t inc t  difference since c lomiphene  
caused  only  a 37% increase while es t radiol  caused  197% 
increase over  contro l  values.  Obviously  the re  is a signifi-  
c a n t  difference in the  t ime  and  dose-re la ted  effects  of t he  
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2 compounds .  Th i s  dose of c lomiphene  was c lear ly  n o t  
ef fec t ive  e n o u g h  to  m a i n t a i n  t he  u t e r o t r o p h i c  effect  i t  h a d  
a t  3 doses no r  to  e x t e n d  v a g i n a l  corn i f ica t ion  t h r o u g h o u t  
t h e  t r e a t m e n t  pe r iod  as es t rad io l  did. I t  appea r s  t h a t  
c lomiphene  was es t rogenic  e n o u g h  to mimic  t he  ea r ly  ef- 
fects  of es t rad io l  b u t  n o t  to  m a i n t a i n  those  effects  ove r  
a long period.  

The  resu l t s  add  f u r t h e r  ev idence  to  t h e  r epor t s  4, 5, s t h a t  
genera l i za t ions  conce rn ing  t h e  re la t ive  es t rogenic  effec- 
t i veness  of s y n t h e t i c  ant•  shou ld  be v iewed w i t h  
cau t ion ,  These  agen t s  w h i c h  possess  a t  leas t  weak  es t ro-  
gen• m a y  be  as effect ive  or even  more  so t h a n  es t rad io l  
in  in f luenc ing  t h e  va r ious  indeces  of es t rogenic  sens i t iv i ty .  
Clearly,  c lomiphene  is one of those .  

Adrenergic supersensit ivity of the pupil in idiopathic headache 1 

M. Fanciul lacci ,  P.  Gall• U. P ie t r in i  a n d  F. S icuter i  

Department of Clinical Pharmacology, Headache Centre, University o[ Florence, Viale Morgagni 85, 1-50134 Firenze 
(Italy), 14 February 1977 

Summary. I n  id iopa th i c  h e a d a c h e  (IH) sufferers,  p h e n y l e p h r i n e  and  f en f lu ramine  induce  a p u p i l l a r y  d i l a t a t i on  respec- 
t i ve ly  g rea t e r  a n d  lesser t h a n  in controls .  T he  di f ference m a y  be  due  to a s u p e r s e n s i t i v i t y  of t h e  iris a l p h a  ad reno-  
ceptors  caused  b y  a def ic iency of n o r a d r e n a l i n e  in t he  iris adrenerg ic  ne rve  t e r m i n a l  of t he  I H  sufferer.  These  f indings  
seem to  s u p p o r t  t h e  h y p o t h e s i s  of a b r a i n  receptor ia l ,  m o n o a m i n e  supe r sens i t i v i t y  in  IH .  

I d i o p h a t i c  h e a d a c h e  (IH) could be  due  to  a n  i m p a i r m e n t  
of t h e  c e n t r a l  m o d u l a t i o n  of p a i n  2. A def ic iency of b r a i n  
monoamines ,  5 - h y d r o x y t r y p t a m i n e  in pa r t i cu la r ,  a n d  
c o n s e q u e n t l y  a s u p e r s e n s i t i v i t y  of t he  pecu l ia r  pos t -  
s y n a p t i c  receptors ,  ha s  b e e n  sugges ted  to  be  t he  m a i n  
b iochemica l  d i sorder  in  I H  3. 

Controls(n-5) 
.. . . .  Chronic headache sufferers(n= 5) 

* p< 0.05 
** p < 0.02 

"~=~ 40FPhenylephrine 1% "t t 3 0 } 1  ,/' ~ 
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Fig. 1. Pupillary dilatation after phenylephrine 1% instilled in the 
right conjunctival sac. Each point represents the mean 4- SE; *, **, 
significantly different from the control group. 

Controls (n - 6) 
. . . .  Chronic headache sufferers(n-7) 

* p<O.05 

Fenfluramine T ~_ T 20% 4 0 m g ~  
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Fig. 2. Pupillary dilatation after a single oral dose of fenfluramine. 
Each point represents the mean 4- SE; *, significantly different from 
the control group. 

Since t he  pup i l  i n n e r v a t i o n  is cons idered  as a n  e m a n a t i o n  
of t he  b ra in ,  i t  is t he re fo re  possible  t h a t  t he  pupi l  reac-  
t i v i t y  p rov ides  i nd i r ec t  i n f o r m a t i o n  concern ing  t h e  mono-  
a m i n e  t u r n o v e r  a n d  recep to r i a l  s ens i t i v i t y  of t he  cen t r a l  
n e r v o u s  sys tem.  
Materials and methods. 12 drug-f ree  vo lun tee rs ,  sufferers  
f rom chron ic  headache ,  were s tud ied .  P h e n y l e p h r i n e  1% 
was ins t i l led  in 5 of t h e  p a t i e n t s  (3 w o m e n  a n d  2 m e n  w i t h  a 
m e a n  (4- SE) age of 40 ( •  19) years ,  r a n g i n g  f rom 35 to 
45) in  t he  r i g h t  c o n j u n c t i v a l  sac. The  r e m a i n i n g  7 pa -  
t i e n t s  (3 w o m e n  a n d  4 m e n  w i t h  a m e a n  (4- SE) age of 
30 (4- 40) years ,  r a n g i n g  f rom 17 to 48) rece ived  40 m g  
of f en f lu ramine  h y d r o c h l o r i d e  in a single oral  dose. 
The  con t ro l  g roup  was composed  of 11 h e a l t h y  drug-f ree  
vo lun tee rs .  5 con t ro l s  (2 w o m e n  a n d  3 men  w i t h  a m e a n  
(4- SE) age of 26 (4- 22) years ,  r a n g i n g  f rom 21 to  32) 
rece ived  pheny l eph r ine .  The  f en f lu ramine  con t ro l  g roup  
was composed  of 3 w o m e n  a n d  4 m e n  (wi th  m e a n  ( 4, SE) 
age of 32 ( 4. 18) years ,  r a n g i n g  f rom 20 to  42). 
The  pupi l  d i a m e t e r  was  a lways  s tud ied  in t he  same l igh t  
i n t e n s i t y  b y  us ing  t h e  p h o t o g r a p h i c  t e c h n i q u e  of S n e d d o n  
a n d  T u r n e r  4, s w i t h  some mod i f i ca t ions  s. The  pupi l  was  
m e a s u r e d  before  t h e  d rugs ;  15, 30, 45 a n d  60 min  a f t e r  
p h e n y l e p h r i n e  a n d  2, 4 ,  6 a n d  8 h a f te r  f en f lu ramine .  
Differences  b e t w e e n  pre-  a n d  p o s t - d r u g  va lues  and  be-  
t w e e n  h e a d a c h e  a n d  con t ro l  g roups  were c o m p a r e d  b y  
us ing  a t r a i n e d  S t u d e n t ' s  t - t e s t .  
Results. a) P h e n y l e p h r i n e  in s t i l l a t i on  did  n o t  induce  a n y  
s t a t i s t i ca l ly  s ign i f i can t  p u p i l l a r y  d i l a t a t i o n  in  controls .  
I n  I H  sufferers,  i t  p r o v o k e d  a s t a t i s t i ca l ly  s ign i f ican t  
mydr i a s i s  wh ich  l a s t ed  for a t  leas t  60 min.  The  p -va lue  
of t he  dif ference b e t w e e n  p r e - d r u g  a n d  15, 30, 45 a n d  
60 m i n  a f t e r  p h e n y l e p h r i n e  was  0.05, 0.01, 0.02 a n d  0.005 
respec t ive ly .  T h e  di f ference b e t w e e n  t he  con t ro l  a n d  
h e a d a c h e  g roup  was s t a t i s t i ca l ly  s ign i f ican t  45 and  60 
m i n  a f t e r  t he  eye ins t i l l a t ion  (figure 1). 
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