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Summary. In  the  isolated r a t  uterus,  mescal ine induces con t rac t ions  t h a t  are n o t ab l y  an tagonized  by  ca techolamines ,  
by /3-adrenerg ic  s t imulan t s  and cer ta in /3-adrenergie  blocking agents  as well as b y  chlorpromazine ,  ami t r ip ty l ine  and 
methyserg ide .  

Some years  ago, in the  course of rout ine  examina t ion  
of t he  effects  of d i f fe rent  compounds  on isolated organs, 
i t  was no ted  t h a t  var ious  pheny la lky lamine  hal lucino- 
gens * induce rapid con t rac t ions  of smooth-muscle  organs, 
e.g. the  smalI in tes t ine  of the  guinea-pig and  the  r a t  
uterus.  Mescaline, for instance,  elicited reproducible  
con t rac t ions  of the  ra t  u te rus  a t  concen t ra t ions  ranging 
f rom 0.3 to 30 ag/ml.  

In  order  to character ize  the  mode  of act ion of mescal ine 
on th is  organ, a series of pharmacologica l  agents  were 
t e s t ed  wi th  regard to  the i r  capac i ty  to antagonize  con- 
t rac t ions  evoked by  this  hallucinogen.  In  the  course of 
these  invest igat ions ,  i t  was  found  t h a t  cer tain /3-adrener- 
gic blocking agents,  b u t  also/3-adrenergic s t imulants ,  were 
capable  of inhib i t ing  mescal ine- induced cont rac t ions  in 
the  ra t  u terus  a t  ve ry  low concent ra t ions .  Of the  psycho-  

Drug Inhibition of contractions 
elicited by 
Mescaline Serotonin 
(iC.~ 0 • SE)~ (IC50) b 

Adrenaline hydroehloride 0.01 ~ 0.003 0.0003 
Noradrenaline hydroehloride 0.01 • 0.008 0.2 
Isoprenaline hydrochloride 0.0001 • 0.0002 0.0001 
Salbntanlol 0.0001 ~2 0.0003 n.d. 
Terbutaline sulphate 0.0012 -: 0.0003 ll.d. 
Phentolamine hydroehloride 6 • 0.7 20 
H ydergine ninth anesulfonate 1 1 
Dibenamine hydroehloride 0.3 J_ 0.02 0.02 
Oxprenololhydrochloride 0.006 -]- 0.002 0.003 
D-isomer 0.005 j- 0.003 n.d. 
L-isomer 0.1 • 0.06 n.d. 
Propranolol hydrochloride 3 ~ 1.8 10 
Pronethalol hydrochloride 0.06 ~_ 0.004 > 1 
Ytetoprolol hydrochloride 10 o n.d. 
Oxyphenonium bromide 10-30 30 
Scopolamine hydrobromide 100 o 0.08 
Adiphenine hydrochloride 3 2 
Papaverine hydrochloride 5 3 
Tripelennamhm hydrochloride 30 I0 
Benzoctamine hydrochloride 0.3 -~- 0.007 2 
Maprotilin hydroehloride 1 • 0.08 0.2 
Imipramine hydrochloride 2 ~ 0.05 1 
Desipramine hydrochloride 6 3 
Amitriptyline hydrochloride 0.03 ~ 0.007 0.3 
Dibenzepin hydrochloride 10 5 
ChIorpromazine hydrochloride 0.0003 ~ 0.0002 0.1 
Methysergide hydrogen maleate 0.01 + 0.003 10 
Chlordiazepoxide hydrochloride 60 0.3 
l)ibucaine hydroehloride 10 20 

The concentrations listed refer to the salt, the nature of which is 
indicated in the first column. 
~Tbe ICs0 was determined graphically on semi-logarithmic paper on 
the basis of a 3 to 4 point assay, and the SE calculated according to 
Lord when n ~ 3. All other data represent the results of 1-2 deter- 
ininations, bn = 1 2. ~ at the concentration shown, n.d. -- 
not done. 

pharmacologica l ly  act ive drugs examined,  chlorpro-  
mazine p roved  b y  far t he  mos t  ac t ive  an tagon i s t  of 
mescaline.  An accoun t  of th is  work is given below. 

Materials and methods. Uter ine  horns  f rom virgin ra ts  
were m o u n t e d  as descr ibed previous ly  ~ in an organ b a t h  
conta in ing  de Ja lon ' s  solut ion a t  28 ~ which  was aera ted  
wi th  a mix tu re  of CO 2 (5%) and oxygen  (95%). Con- 
t r ac t ions  were induced at  in tervals  of 10 min by  adding  
mescal ine su lpha te  a t  a final concen t ra t ion  of 10 ~xg/ml. 
Af ter  a 30 sec exposure,  the  mescal ine was washed  out.  
The drugs to  be t e s t ed  for an tagonis t i c  ac t iv i ty  were 
added  to  the  b a t h  fluid 2 min before mescaline.  In  paral lel  
expe r imen t s  on separa te  u ter ine  prepara t ions ,  t h e  ca- 
pac i ty  of the  compounds  to  an tagonize  con t rac t ions  
elicited by  serotonin  creat inine su lpha te  (final con- 
cen t ra t ion  0.1 [zg/ml) was also de te rmined .  The drugs 
used are l isted in the  Table.  

Results. The results  are summar ized  in the  Table.  The 
following drugs coun te rac ted  the  con t rac t ions  elicited by  
mescal ine in the  r a t  u terus  a t  very  low to  fairly low con- 
cen t ra t ions :  a) adrenal ine  and noradrena l ine ;  b) /3- 
adrenergic  s t imulan t s  (e.g. isoprenaline,  t e rbu ta l ine) ;  c) 
cer ta in  /3-adrenergic blocking agents  (e.g. oxprenolol,  the  
D-isomer being the  act ive  moie ty  of the  racemate ,  pro- 
nethalol ) ;  d) some psychopharmaco log ica l  agents  (e.g. 
chlorpromazine ,  ami t r ip ty l ine ,  benzoc tamine) ;  e) a 
serotonin  an tagon i s t  (methysergide) .  

The specific p a r a s y m p a t h o l y t i c  compounds  atropine,  
scopolamine and  o x y p h e n o n i u m  bromide,  and also the  
p o t e n t  spasmoly t ic  agents  papaver ine  and adiphenine,  
were e i ther  only  act ive  a t  compara t ive ly  high concent ra-  
t ions  or even inact ive  in the  h ighes t  dose tes ted .  Likewise,  
the  s y mp a t h o l y t i c  drugs (phentolamine,  hydergine ,  di- 
benamine)  were only feebly active. Of t he  various psycho-  
act ive drugs examined  in addi t ion  to  chlorpromazine,  
only  ami t ryp t i l ine  exer ted  an tagonis t i c  ac t iv i ty  a t  a 
compara t ive ly  low concent ra t ion ,  whereas  n o t a b l y  the  
th ree  an t idep res san t  drugs ( imipramine,  d e s i p r a m i n e ,  
maprot i l ine)  were only  act ive a t  h igh  concent ra t ions .  The 
an t ih i s t amine  t r ipe lennamine  was found  to  be inact ive  in 
th is  respect ,  as was also the  local anaes the t i c  drug  dibu- 
caine. VChen the  capac i ty  of the  drugs examined  to  an- 
tagonize  mescal ine- induced con t rac t ions  is compared  
wi th  the i r  respect ive  antagonis t ic  effects  agains t  sero- 
ton in - induced  cont rac t ions ,  i t  is ev iden t  t h a t  these  two 
act ivi t ies  do n o t  general ly  run parallel.  The con t r a s t  is 
pa r t i cu la r ly  marked  among  the  compounds  displaying 
p ronounced  an tagonis t i c  ac t iv i ty  aga ins t  mescal ine-in-  
duced con t rac t ions  of the  ra t  uterus.  Thus,  adrenal ine  is 
a d i s t inc t ly  more  p o t e n t  an tagon i s t  of serotonin  t h a n  of 
mescal ine;  on the  o the r  hand ,  ch lorpromazine  is some 
300 t imes  less act ive agains t  sero tonin  t h a n  agains t  
mescaline,  whereas  isoprenaline,  oxprenolol  and  m e t h y -  
sergide are equal ly  act ive aga ins t  b o t h  types  of con- 
t rac t ion .  I t  is conceivable  t h a t  the  con t rac t ion  of the  

1 p. BRAWLEY and J. C. DUFFIELD, Pharmae. Rev. 2d, 31 (1972). 
2 R. JAQU~S and B. SCHXR, Helv. physiol. Acts 75, 134 (1957)" 
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r a t  u t e rus  caused  b y  mesca l ine  is due  to t he  release of 
endogenous  media tors ,  such  as se ro ton in  or ace ty lchol ine ,  
t h a t  s t i m u l a t e  s m o o t h  muscle.  H i s t a m i n e  can  be  ru led  
ou t  a priori ,  s ince i t  is well  k n o w n  t h a t  the  r a t  o rgans  are 
h igh ly  r e s i s t an t  to  th i s  a m i n e ;  th i s  is s u p p o r t e d  b y  the  
lack of effect  of t r i pe l ennamine .  The  fac t  t h a t  those  
drugs  caus ing  t he  mos t  p o t e n t  i nh ib i t i on  of mescal ine-  
induced  c o n t r a c t i o n s  were on ly  r a re ly  as ac t ive  aga ins t  
con t r ac t i ons  el ici ted b y  serotonin ,  would seem to e l imin-  
a te  th i s  a m i n e  as a p o t e n t i a l  m e d i a t o r  of t he  effect  of 
mescal ine.  Ace ty lcho l ine  l ikewise c a n n o t  be i nvo lved  in 
v iew of t he  i n a c t i v i t y  of p a r a s y m p a t h o l y t i c  drugs.  

I t  is di f f icul t  to  i n t e r p r e t  t he  f ind ings  p r e s e n t e d  a b o v e  
in t e r m s  of t he  possible  t h e r a p e u t i c  m e c h a n i s m s  of ac t ion  
of t he  drugs  examined ,  a n d  i t  is s o m e w h a t  su rpr iz ing  
t h a t  mesca l ine  causes  con t r ac t i ons  of a smoo th -musc l e  
o rgan  such  as t he  u te rus .  W e  also h a v e  no s t r a i g h t f o r w a r d  
e x p l a n a t i o n  for t h e  fac t  t h a t  ou r  f indings  are s o m e w h a t  
a t  va r i ance  w i t h  those  of COSTA 3, who did  no t  observe  a 
d i rec t  effect  of mesca l ine  on t he  same  organ,  b u t  on ly  a 
p o t e n t i a t i o n  of s e ro ton in - induced  con t rac t ions .  On the  
o the r  hand ,  i t  is p e r h a p s  r e l e v a n t  t h a t  some of the  psycho-  

ac t ive  drugs  examined ,  e.g. ch lo rp romaz ine  and  ami-  
t ryp t i l ine ,  are p o t e n t  i nh ib i t o r s  of mesca l ine  a t  pe r iphe ra l  
receptors ,  especial ly  if one assumes  t h a t  a s imi lar  an-  
t a g o n i s m  m i g h t  t ake  place  a t  mesca l ine  recep tors  in  t he  
cen t r a l  ne rvous  sys tem.  Moreover ,  t h e  u n e x p e c t e d  f ind-  
ing t h a t  some f l-adrenergic b locking  agents ,  n o t a b l y  ox- 
prenolol ,  an t agon ize  t he  ac t ion  of mescal ine,  could h a v e  
some bea r ing  on t he  cl inical  obse rva t ions  t h a t  such  drugs  
in h igh  dosages exe r t  benef ic ia l  effects in  m a n i a  and  
a g i t a t e d  psychoses  4 or d i sp lay  genera l  p sycho t rop i c  
act ivi t iesS.  The  c a p a c i t y  of s y m p a t h o m i m e t i c  subs t ances  
to  an t agon ize  mesca l ine  seems to  be  bes t  exp la ined  as 
be ing  one facet  of t h e i r  non-specif ic  spasmoly t i c  act ion.  
I n  th i s  regard,  i t  m a y  suffice to  m e n t i o n  t he  fac t  t h a t  
ad rena l ine  is a h igh ly  p o t e n t  a n t a g o n i s t  of con t r ac t i ons  
i nduced  b y  t r y p s i n  in t he  r a t  u terus2.  

a E. COSTA, Proc. Soc. exp. Biol. Med. 91, 39 (1956). 
4 W. GRt~TER, Symposium Betablocker und Zentralnervensystem, 

St.Moritz 1976, in press. 
5 D..L GREENBLATT and R. I. SKA~ER, Curr. ther. Res. 14, 615 

(1972). 
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Summary.  Acety lcho l ine  p roduced  me lan in  aggrega t ion  and  b l a n c h i n g  of skin colour  in Rana tigrina, t he  c o m m o n  
I n d i a n  frog. The  effects were more  pro longed m frogs p r e t r e a t e d  w i t h  an  an t i cho l ines t e rase  agent .  Ace ty lchol ine  
effects were n o t  a n t a g o n i z e d  b y  e i the r  m-chol ino ly t ic  (atropine)  or n-chol ino ly t ic  (pento l in ium)  agents ,  b u t  were 
m a r k e d l y  i n h i b i t e d  b y  procaine.  The  resul t s  h a v e  been  discussed ill t h e  l igh t  of the  we l l -known m e m b r a n e - s t a b i l i z i n g  
effect  of procaine.  

No p h e n o m e n o n  of n a t u r e  has  p r o b a b l y  a t t r a c t e d  more  
a t t e n t i o n  or ha s  been  i n v e s t i g a t e d  f rom more  diverse  
angles t h a n  t h a t  of co /our  changes  in animals .  I n  a m p h i b -  
ians  the  i n t e g u m e n t a r y  colour  changes  are p roduced  b y  
v a r i a t i o n s  in  t he  skin melanophores ,  wh ich  fo rm a v e r y  
del ica te  a n d  respons ive  sys tem,  c o n s t a n t l y  u n d e r g o i n g  
changes  in response  to a l t e r a t ions  in  t he  e x t e r n a l  env i ron-  
m e n t  and  i n t e r n a l  homeos ta s i s  1. The  skin colour  of 
Rana tigrina, t h e  c o m m o n  I n d i a n  frog, var ies  f rom a 
d i r t y  d a r k  b r o w n  to  a l igh t  ye l lowish-green colour. These  
v a r i a t i o n s  in  skin  colour  resu l t  f rom in t r ace l lu l a r  move-  
m e n t  of m e l a n i n  granules  w i t h i n  the  melanophores .  
Dispers ion  of m e l a n i n  granules  f rom a pe r inuc l ea r  
pos i t ion  ou t  in to  t h e  m e l a n o p h o r e  processes, resu l t s  in 
d a r k e n i n g  of skin  colour, while  aggrega t ion  of m e l a n i n  
granules  f rom t h e  m e l a n o p h o r e  processes to  a pe r innc l ea r  
pos i t ion  causes  l i gh t en ing  of skin  colour  % 

No repor t s  are  ava i l ab le  on  the  effect  of ace ty lchol ine ,  
t he  chol inergic  t r a n s m i t t e r ,  on m e l anopho r e s  of Rana 
tigrina. The  p r e sen t  i nves t i ga t i on  repor t s  t he  effect  and  
possible  mode  of ac t ion  of ace ty lcho l ine  on  skin colour  
and  m e l a n o p h o r e s  in th i s  species. 

Material and method. Studies  were conduc t ed  on  a d u l t  
frogs, of e i the r  sex, weighing  be t w een  150 and  300 g. Frogs  
were a n a e s t h e t i z e d  w i t h  p e n t o b a r b i t o n e  sod ium (50 m g / k g  
in v e n t r a l  l y m p h  sac). Drugs,  dissolved in 0 .6% sal ine 
in a f ixed volume,  were a d m i n i s t e r e d  t h r o u g h  c a n n u l a t e d  
lef t  b r a n c h  of tho rac ic  aor ta .  The  an ima l s  were k e p t  
s u b m e r g e d  t h r o u g h o u t  t he  e x p e r i m e n t  in 0 .6% sal ine for 
a d e q u a t e  c u t a n e o u s  resp i ra t ion .  The  dorsa l  sk in  colonr  

was obse rved  b y  n a k e d  eye and  the  mos t  la te ra l  web of 
t he  left  h i n d  l imb  was obse rved  u n d e r  low power  ( •  60) 
microscope.  I n d i v i d u a l  m e l a n o p h o r e s  were m e a s u r e d  
w i t h  a Lei tz  m i c r o m e t e r  eyepiece b y  n o t i n g  t h e  m a x i m u m  
ver t i ca l  a n d  ho r i zon ta l  d iameters .  5 such  m e l a n o p h o r e s  
were measu red  a n d  t he  m e a n  ' m e l a n o p h o r e  size i ndex '  
was  recorded  as t h e :  

maxinmm vertical • horizontal diameter (in [xm) . 
100 

Since t he  cell ou t l ine  of t he  me l anopho re s  was on ly  dis- 
t i n c t  w h e n  t h e y  were in t h e  c o n t r a c t e d  s ta te ,  care  was 
t a k e n  to measure  on ly  t he  span  of t he  p i g m e n t  and  no t  
t he  ceil b o u n d a r y .  In  effect, therefore ,  t he  va r i ab l e  
recorded  is t i le l inear  d i spos i t ion  of t he  p i g m e n t  in melano-  
pho re  processes.  The  m e l a n o p h o r e  size i ndex  was n o t e d  
before  a n d  a t  d i f fe rent  t i m e  per iods  a f te r  d rug  admin i s -  
t r a t i o n  a n d  the  dif ference in pre  a n d  pos t  d rug  p e a k  
effect  was t a k e n  in to  cons ide ra t ion  for s ta t i s t i ca l  ana lys is  
b y  S t u d e n t ' s / - t e s t .  

Results and discussion. Resul t s  are s u m m a r i z e d  in the  
Table.  Ace ty lcho l ine  (0.1 mg/kg)  p roduced  cen t r i pe t a l  
m o v e m e n t  of m e l a n i n  granules ,  l ead ing  to aggrega t ion  
a n d  resu l t ing  in b l a n c h i n g  of skin colour.  The  effect  was  
t r a n s i e n t  and  passed  off in  5-10 rain.  However ,  in frogs 

1 S. J. HOLMES, The Biology o/ the Frog, 4th edn. (Macmillan. Co., 
New York 1934), p. 191. 

2 j .  D. TAYLOR and M. E. HAI)L~;Y, Z. Zellforsch. mikrosk. Anat. 764, 
282 (1970). 


