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should  exer t  a powerfu l  e lec t ronic  inf luence  u p o n  t he  
a r o m a t i c  r ing.  I n  add i t ion ,  i t  could p r ov i de  a n  accep to r  
si te  for h y d r o g e n  bond ing .  E x a m i n a t i o n  of t he  analgesic  
a c t i v i t y  of (3) shou ld  t h u s  yield i n f o r m a t i o n  upon  t he  
re la t ive  i m p o r t a n c e  of s ter ic  vs. i n d u c t i v e  inf luences.  

1-Fluorocodeine  (3) was p r e p a r e d  f rom 1-aminocode ine  3 
v ia  t he  d i a z o n i u m  I luorobora te ,  wh ich  was o b t a i n e d  as a 
yel lowish  powder  on  ca r ry ing  ou t  t he  d i azo t i za t i on  in a 
1 : 2 m i x t u r e  of f luorobor ic  acid a n d  e thanol .  S c h i e m a n n -  
r eac t ion  4, i.e. pyro lys i s  of th i s  salt ,  gave  accep tab le  yields 
(,-~ 30%) of (3) on ly  if pe r fo rmed  on a smal l  scale (100-200 
mg). However ,  t he  m e t h o d  of KIRK and  COHEN ~ for 
p h o t o c h e m i c a l  decompos i t i on  of d i a z o n i u m  I luorobora tes  
in  50% aqueous  f luorobor ic  acid p rov ided  the  desi red (3) 
in  s imi la r  yields  on  a 0.5-1.0 g scale. The  c o m p o u n d  was 
i so la ted  b y  co lumn  c h r o m a t o g r a p h y  on  SiO 2 (Merck, 
70-350 mesh)  w i t h  ch lo ro fo rm and  ch lo ro fo rm-ace tone-  
d i e t h y l a m i n e  (5:1:0.5)  as e luan t s ;  i t  was pur i f i ed  b y  
r ec rys t a l l i za t ion  f rom ace tone -hexane .  Colorless crystals ,  
m.p.  176-179~ mol.  wt.  317 (mass spec. ;  cale. for  
ClsH20NO~F, 317). 1-Fluorocodeine  h a d  the  expec ted  
spect roscopic  cha rac te r i s t i c s ;  t he  sp l i t t i ng  of t he  NMIR- 
s ignal  f rom the  p r o t o n  a t  C-2 in to  a doub l e t  (1H;  ~ 6.41, 
J = 12 Hz) b y  t he  a d j a c e n t  f luor ine  conclus ive ly  iden t i f i es  
the  c o m p o u n d  ~. 

The  (3) o b t a i n e d  b y  e i the r  t h e r m a l  or p h o t o c h e m i c a l  
decompos i t i on  of t he  f luo robora t e  was some t imes  
accompan ied  b y  v a r y i n g  a m o u n t s  of (2); s imi la r  replace-  
m e n t  of t he  d i a z o n i u m  group b y  h y d r o g e n  ha s  been  
obse rved  in o the r  ins t ances  7. 

Pha rmaco log i ca l  i n v e s t i g a t i o n  oI (3) gave t he  resul t s  
s u m m a r i z e d  in t he  Table .  Analgesic  a c t i v i t y  was de t e rmin -  
ed b y  t he  h o t - p l a t e  m e t h o d  s . Clearly, n e i t h e r  t he  pa in-  

re l iev ing  effect  no r  the  o t h e r  obse rved  p a r a m e t e r s  were 
s ign i f ican t ly  d i f fe rent  f rom those  of (2). This  f ind ing  
s t rong ly  suggests  t h a t  t he  decrease  in analgesic  p o t e n c y  
found1 on  i n t r o d u c t i o n  of s u b s t i t u e n t s  on t he  a r o m a t i c  
r ing  of (2) a n d  i ts  re la t ives  is caused b y  t he  b u l k  of these  
s u b s t i t u e n t s ;  t he i r  i n d u c t i v e  effect  seems to h a v e  no  
de t ec t ab l e  inf luence.  

The  b i n d i n g  of (3) to  t he  na rco t i cs  recep tor  of r a t  b r a i n  
has  been  m e a s u r e d  9 b y  Dr. WER~CER A. KLEE, w h o m  we 
wish to t h a n k  for pe rmiss ion  to quo te  his  f indings .  The  
d issoc ia t ion  c o n s t a n t s  obe rved  for (3), (2), and  (1) are 
7 • 10 -7, 8 • 10 -7, a n d  3 • 10 -9 21/I, respect ive ly .  Here,  
again,  the  b e h a v i o r  of (3) is t h u s  no t  s ign i f ican t ly  d i f fe ren t  
f rom t h a t  of (2)10. 

Zusammen/assung. Das b i she r  u n b e k a n n t e  1-Fluor-  
codein  wurde  d u r c h  S c h i e l n a n n - R e a k t i o n  aus  1-Amino-  
codein  dargesteHt.  Es  is t  nahezu  ebenso s t a r k  ana lge t i s ch  
w i r k s a m  wie Codein, und  wird  fas t  ebenso  s t a r k  an  den  
M o r p h i n - R e z e p t o r  des R a t t e n g e h i r n s  gebunden .  Diese 
Befunde  zeigen, dass  die f r i iher  b e o b a c h t e t e  ve r r inge r t e  
Aktivi t~i t  yon  1-Chlor-, 1-Brom-,  u n d  1-Acetocodein  
auf  die R a u m b e a n s p r u c h u n g  der  S u b s t i t u e n t e n  zuri ick- 
zuf i ihren ist. 

R. J. J. CH. LOUSBERG 11 and  U. WEISS 
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Table I 

1-Fluoro- Codeine (3) 
codeine (2) 

EDso (mg/kg) 7.9 7.5 
Onset of action 4.0 3.4 
Peak of action (rain after 22.8 12.4 
Duration of action administration) 118.8 108.7 

3 E. OCHIAI and T. NAKAMURA, chem. Bet. 72, 604 (1939), and earlier 
literature quoted there. 
A. ROE, in Organic Reactions (John Wiley and Sons, New York and 
London 1960), voI. 5, p. 193. 
K. L. KIRK and L. A. COHEN, J. Am. chem. Soe. 95, 4619 (1973). 

s 1-Fluorodihydrocodeine was prepared in analogous fashion from 
1-aminodihydrocodeine. Mol. wt. 319 (mass spec.). It was not 
obtained crystalline. 

7 CI., e.g., T. KAMETANI, T. SUGAHARI, F. SATOH and M. YAoI, Chem. 
Commun. 7968, 1398; J. chem. Soc. (C), 1969, 520. 

s N. B. EDDY and D. LEIMBACH, J. Pharmac. exp. Ther. 107, 385 
(1953). - A. E. JACOBSON and E. L. MAY, J. reed. Chem. 8, 563 
(1965). 

9 For the method used, see W. A. ]KLEE and R. A. STREATY, Nature, 
Lond. 248, 61 (1974). 

10 The authors are much indebted to Dr. EVERETTE L. MAY, Labo- 
ratory of Chemistry, NIAMDD, for the pharmacological data, and 
to Dr. K. L. KIRK of the same laboratory for the photochemical 
experiments. 

11 Present address: Organic Chemistry Laboratory, University of 
Utrecht, Utrecht (The Netherlands). 

H y p e r s e n s i t i v i t y  to  L y s e r g i c  Acid  D i e t h y l a m i d e  (LSD-25)  and P s i l o c y b i n  in E s s e n t i a l  H e a d a c h e  1 

The  b r a i n  m o d u l a t i o n  of the  pa in  i n p u t  is p a r t l y  
cont ro l led  b y  monoamines ,  m a i n l y  b y  5 - h y d r o x y t r y p t -  
a m i n e  (5-HT) ~, 3. An  i m p a i r m e n t  of the  m o d u l a t i o n  follow- 
ing a def ic iency of 5-HT, has  been  r ecen t ly  h y p o t h e s i z e d  
in t he  m e c h a n i s m  of mig ra ine  a n d  o the r  essent ia l  head-  
aches  (EI-t) 4, 5. Accord ing  to  t he  supe r sens i t i v i t y  p h e n o m -  
enon,  a def ic iency of 5 -HT could induce  an  increased  
r e a c t i v i t y  of t he  specific b r a i n  recep tors  to  t he  same 

1 This study has been carried out with a grant from the National 
Council of Research, Rome, Italy. 

2 R. SAMAmN and L. VALZELLI, Joint Meet. of the Italian Pharmac. 
Soe. and the Belg. Physiol. and Pharmacol. Soc. (Ghent, Belgium, 
1971). 

3 G. HARVEY and C. E. LI•TS, Science 1d8, 250 (1965). 
F. SICOTERI, Pharmac. Res. Commun. 3, 4 (1971). 

5 F. SICUTERI, B. ANSELMI and P. L. DEL BIANCO, Psychopharma- 
cologia 29, 347 (1973). 
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agonis t  6-s. 5 -HT does no t  pass  t h r o u g h  t he  b lood  b r a i n  
ba r r i e r  (BBB) so i t  c a n n o t  be  used for explor ing  a s i tua-  
t ion  of b r a i n  supersens i t iv i ty .  Lysergic  acid d i e t h y l a m i d e  
(LSD-25) and  ps i locybin  h a v e  an  indol ic  s t r u c t u r e  w i t h  
chemica l  ana logy  to 5-HT 9 ; t h e y  pass  t h r o u g h  the  B B B  10 
a n d  p r e s u m a b l y  affect  t he  se ro ton in  receptors .  These  
drugs  seemed su i tab le  for de t ec t i ng  a possible  5 -HT 
h y p e r s e n s i t i v i t y  in  E H  sufferers,  also in view" of t h e  
f r equen t  e l e m e n t a r y  ha l l uc ina t i ons  s u c h  as p r o d r o m a t a  
of t he  mig ra ine  a t t acks .  

Methods. All sub jec t s  were vo lun teers .  30 n o r m a l  (non- 
m i g r a i n e - h e a d a c h e  sufferers) sub jec t s  (18 w o m e n  a n d  
12 men  r a n g i n g  in age f rom 25 to 60; ave rage  age 43.3) 
were selected a m o n g  our  s taff  (physicians,  b iochemis t s  
and  technic ians )  a n d  a m o n g  t he  p a t i e n t s  of our  Depa r t -  
m e n t  of Clinical  Pha rmaco logy .  E v e r y  3 days  a t  09.00 h, 
while  fast ing,  t h e y  took,  accord ing  to  a r a n d o m  scheme, 
a n  oral  dose of LSD-25 (350 ng/kg),  ps i locybin  (20 Fg/kg), 
and  placebo.  The  same oral  doses were a d m i n i s t e r e d  to  t i le 
E H  sufferers.  The  E H  sufferers were d iv ided  in to  2 
groups ;  t he  f i rs t  one of 36 p a t i e n t s  (24 w o m e n  and  12 m e n  
r ang ing  in age f rom 22 to 62; average  age 42.4) took  
p lacebo  and  LSD-25  a t  r a n d o m ,  w i t h  all i n t e rva l  of 
3 days ;  t he  second one of 36 p a t i e n t s  (20 w o m e n  and  
16 m e n ;  be tween  t he  age of 26 a n d  58; ave rage  age 43.8) 
received p lacebo  and  ps i locybin ,  w i t h  the  same schedule  
as t he  LSD-25  group. Subjec t s  were ques t ioned  a b o u t  
t h e i r  sensa t ions ,  4, 8 a n d  12 h af te r  t he  d rug  was ad-  
min is te red .  The  reac t ions  were classified in 3 grades:  
0. No react ions .  1. S imple  psycho-af fec t ive  r eac t ions  
(nervousness,  s l igh t  anx ie ty ,  depression,  euphor ia) ,  
2. Psycho-af fec t ive  reac t ions  plus pe rcep t ive  d i s to r t ions  
a n d / o r  ha l luc ina t ions .  

Results. a) Placebo.  I l l  all, p lacebo  d id  no t  p rovoke  
psych ic  reac t ions .  Some vague  sensa t ions  were no t  
considered,  b) LSD-25  (Figure 1). I n  n o r m a l  subjects ,  
r eac t ion  0 has  been  obse rved  in 73%,  reac t ion  1 in 27%, 
and  r eac t ion  2 in none.  I n  E H  t he  resu l t s  h a v e  been  0 in 

25%, 1 in 57%, 2 in 18% ; in  3 p a t i e n t s  the  e n t i t y  of t he  
ha l luc ina t ions  was qu i te  d i sagreeable  and  the  p h e n o m e n a  
were p r o m p t l y  i n t e r r u p t e d  b y  a n  oral  dose (25 mg) of 
ch lo rpromaz ine ,  c) Ps i locyb in  (Figure 2), I n  n o r m a l  
subjects ,  r eac t ion  0 has  been  reg is te red  in 86%, r eac t ion  
1 in 14%, and  r eac t ion  2 in none.  I n  the  E H  sufferers we 
o b t a i n e d  r eac t ion  0 and  1 in 41%,  a n d  2 in 18%. 

The  s ta t i s t i ca l  eva lua t ion ,  car r ied  ou t  w i t h  the  M a n n -  
W h i t n e y  U test ,  shows a h igh ly  s ign i f ican t  difference 
(p < 0.001) b e t w e e n  t h e  E H  and  n o n - E H  groups.  

Comment. The  g rea te r  suscep t ib i l i t y  of t he  E H  sufferers 
to  non-ha l luc inogen ic  a m o u n t s  of LSD-25  and  ps i locybin  
could be  due  to  a p a r t i c u l a r  B B B  p e r m e a b i l i t y  to these  
drugs  or to  a supe r sens i t i v i t y  a t  t he  level  of t he  cen t r a l  
ne rvous  recep tors  or bo th .  I t  is s t i l l  u n k n o w n  if LSD-25  
acts  i n d e p e n d e n t l y  or d e p e n d e n t l y  on its ac t ion  on 5-HT : 
if d e p e n d e n t l y  a compe t i t i ve  or m i m e t i c  ac t ion  on  5-HT 
receptors  is u n d e r  d i s c u s s i o n ~ - ~ .  

The  psych ic  a c t i v i t y  of LSD-25  could also depend  on an  
adrenerg ic  m e c h a n i s m ,  since LSD-25  fac i l i ta tes  t he  
ca t echo lamines  a c t i v i t y  in a n i m a l  a n d  in m a n  ~4, ~5. 

G. L. Baow~, J. Physiol. Lond. ld3, 438 (1937). 
W. B. CANNO~ and A. ROSENBLU~TH, The Supersensitivity o] 
Denervated Structures (The Macmillan Co., New York 1949). 

s j .  AXELSSON and S. THESLEFF, J. Physiol., Lond. 749, 178 (1957). 
9 S. COHEN, A. Rev. Pharmae. 7, 301 (1967). 

10 j .  AXELROD, R. O. BRADY, B. WITKOP and E. V. EVARTS, Ann. 
N.Y. Acad. Sei. 66, 435 (1957). 

11 D. W. WOOLLEY and N. E. SHOW, Science 119, 587 (1954). 
18 D. W. WOOLLEV and E. N. SHow, Br. med. J. 2, 122 (1954). 
18 F. RINALDI, L. H. Ruby and H. E. HIMWlCH, A. J. Psyehiat. 712, 

678 (1956). 
1~ E. COSTA and G. Z~TLER, J. Pharm. exp. Ther. 125, 230 (1959). 
15 M. ];'ANCIULLACCI, G. FRANCHI and F. SICUTERI, Proe. of the 3rd 

National Congress of the Ital. Soc. of Psychosomatic Medicine 
Rome: S.E.U. (1971), p. 78. 
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The  ps i locyb in  h y p e r s e n s i t i v i t y  is also in a g r e e m e n t  
w i t h  t he  h y p o t h e s i z e d  b ra in  m o n o a m i n e  s upe r s ens i t i v i t y  
in m i g r a i n e - h e a d a c h e ;  neve r the l e s s  t he  i n t e r p r e t a t i o n  is 
more  diff icul t ,  because  of scarse i n f o r m a t i o n  a b o u t  t he  
pha rmaco log ica l  m e c h a n i s m  of t h i s  drug.  However ,  
ps i locybin ,  besides  possess ing a chemica l  s t r u c t u r e  s imi la r  
to 5-HT, exhibi ts ,  l ike LSD-25,  m i m e t i c  and  a n t a g o n i s t  
effects on  5 -HT 16, 1~. 

Riassunto. U s a n d o  dosi suba l luc inogene  di LSD-25  e di  
ps i Ioc ib ina  g s t a t o  d i m o s t r a t o  che i sogget t i  sofferent i  di  
cefalea essenziale sono pi/1 sensibi l i  dei sogget t i  no rma l i  
agli  e f fe t t i  ps ichici  di  ques t i  farmaci .  Ques t s  r icerca  
s e m b r a  a v v a l o r a r e  l ' ipo tes i  di  u n a  condiz ione  di super-  
sens ib i l i tg  m o n o a m i n i c a  cerebra le  nelle cefalee essenziali .  

IV[. FANCIULLACCI, G, FRANCHI a n d  F. SICUTERI 

16 H. WEIDMANN andA. CRRLETTI, Helv. physiol. Acta 18, 174 (1960). 
t~ The authors are ~atefuI to Sandoz Pharmaceuticals, Basel 

(Switzerland), for the supply of LSD-25 and psilocybin, and to 
Miss UNA HANRATTY for her assistance in the preparation of this 
paper. 

Department o~ Clinical Pharmacology, Headache Center, 
University o/Florence, 85 Viale Morgagni, 
1-5013d Firenze (Italy), 14 May 197d. 

Some Cross-Protection Experiments on the Cholinergic Receptor of Frog Ventricular Strip 

The  pha rmaco log i ca l  cha rac te r i s t i c s  of chol inerg ic  
recep tors  in  frog ven t r i c l e  were f i r s t  descr ibed  b y  CLARK ~-a. 
The  a u t h o r  found  t h a t  ace ty l cho l ine  (Ach) p roduces  
a n  i n h i b i t o r y  ac t ion  on t h e  con t rac t i l e  force. He  obse rved  
t h a t  t he  a n t a g o n i s t i c  ac t ion  of a t r o p i n e  (Atr) pers is ts  for a 
long  t i m e  a f t e r  r epea t ed  w as h i ng  a w a y  of t he  drug.  Ach  
d id  no t  increase  t h e  r a t e  of r ecove ry  of t he  h e a r t  f rom 
Atr .  A t  all  A t r  concen t r a t i ons ,  t he  same m a x i m a l  
response  could be  elicited, p rov ided  the  Ach  c o n c e n t r a t i o n  
was m a d e  h igh  enough.  The  effect  of A t r  on  Ach seems to  
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Fig. 1. ~ 1 h treatment of the strips with antagonist (Phe, Atr) or 
antagonist plus Car, and then washing with fresh normal solution. 

f i t  t h e  classical  desc r ip t ion  of compe t i t i ve  a n t a g o n i s m  4. 
Accord ing  to t he  mass  law t h e o r y  and  o c c u p a n c y  a s sump-  
t ion,  w h e n  a m a x i m a l  response  is o b t a i n e d  in t he  presence  
of A t r  t h e  recep tors  shou ld  be  occupied  b y  Ach molecules  
a n d  A t r  molecules  should  h a v e  been  displaced.  Therefore ,  
if t h e  i so la ted  t i ssue  is washed  m a n y  t imes  b y  so lu t ion  
c o n t a i n i n g  h i g h  c o n c e n t r a t i o n  of Ach,  i t  shou ld  h a v e  
rega ined  i ts  or ig inal  s ens i t i v i t y  to  Ach.  I n  fact ,  however ,  
t he  decreased s ens i t i v i t y  pers is ted .  

The  a i m  of our  s t u d y  is to  o b t a i n  f u r t h e r  i n f o r m a t i o n  
b y  c ross -p ro tec t ion  e x p e r i m e n t s  and  to  gain  some 
ins igh t  in to  t he  m e c h a n i s m  of th i s  a n o m a l o u s  an t agon i sm .  

Methods. The  same  m e t h o d  as descr ibed  ear l ier  5 was 
used. I n  all  expe r imen t s ,  Ach was appl ied  a t  t he  concen-  
t r a t i o n  of 2 ~zg/ml. The  c o n t a c t  t i m e  was  2 min.  Af te r  
this ,  t he  t i ssue  was washed  th ree fo ld  w i t h  f resh so lu t ion  
a n d  a l lowed to res to re  t h e  n o r m a l  v e n t r i c u l a r  f unc t i on  
for  a b o u t  1/2 h. A t r  was used in dose of 40 ng /ml .  P h e n o x y -  
b e n z a m i n e  (Phe) was added  to t he  b a t h  a t  the  c o n c e n t r a -  
t ion  of 250 ng /ml .  The  c o n t a c t  t i m e  of a n t a g o n i s t  w i t h  t h e  
t i ssue  was 1 h. I n  c ross -p ro tec t ion  e x p e r i m e n t s  6, c a rbacho l  
(Car) was  used as t he  p r o t e c t i v e  a g e n t  a t  t he  c o n c e n t r a t i o n  
of 20 ~xg/ml. This  d rug  was s i m u l t a n e o u s l y  added  to  t he  
b a t h  w i t h  a n t a g o n i s t .  The  c o n t a c t  t i m e  of a n t a g o n i s t  
p lus  Car  was  1 h.  I n  such  e x p e r i m e n t s  Ach  s e n s i t i v i t y  of 
t h e  s t r ip  was t e s t ed  b y  3 add i t i ons  of agonis t  to  t he  b a t h  
before  t he  i ncuba t i on .  Af t e r  t he  w a s h o u t  of a n t a g o n i s t  
p lus  Car, 1/2 h was wai ted .  Then ,  t he  Ach  sens i t i v i t y  was 
t e s t ed  again.  I n  each  e x p e r i m e n t  group,  t he  m o s t  obv ious  
m e a n  response  induced  b y  Ach  was accep ted  as the  100 % of 
Ach  sens i t iv i ty .  O t h e r  m e a n  responses  were e v a l u a t e d  
accord ing  to  t h i s  va lue .  The  n u m b e r s  o b t a i n e d  in t h i s  w a y  
were g raph ica l ly  p l o t t e d  versus  t he  t i m e  (h). 

Results. Ach  induced  a r ap id  a n d  revers ib le  n e g a t i v e  
ino t rop ic  effect.  The  s ens i t i v i t y  to  Ach  was t e s t e d  
d u r i n g  a b o u t  5 h. No a n y  s ign i f ican t  change  was  obse rved  
in t he  effect  of Ach  (Figure  1, no  ago-an tagon i s t )  6 s t r ips  
were used  (n = 6). 
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