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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, 
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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). 
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Drugs (mg/kg) Melanophore size index (mean =L SEM) 

Before After (peak effect) Difference 

Acetylcholine (0.1) 

Atropine (5) + Acetylcholine (0.1) 

Pentolinium (5) + Acetylcholine (0.1) 

Procaine (2) + Acetylcholine (0.1) 

20 55.0 ~= 1.68 

10 52.7 ~ 2.51 

10 53.6 ~_ 2.28 

10 56.1 ~_ 2.19 

17.45 -E 1.06 37.55 dc 1.42 
P1 < 0.001 
20.3 =J= 1.58 32.4d2 2.71 

P~ > 0.05 
17.1 ~_ 1.38 36.5 • 1.77 

P2 > 0.05 
49.9 :t_ 1.93 6.3 i 0.78 

P~ < 0.001 

P1, StatisticaI siglfifieance between pre and peak post drug response. 
P2, StatisticaI significance between differences in blocker pretreated and control acetylcholine groups. 

p r e t r ea t ed  wi th  a chol inesterase  inhib i tor  (physost igmine,  
0.1 mg/kg) ,  the  effect  of acetylchol ine  appea red  in 3-5 
rain, r eached  a peak  effect  by  20-30 min and las ted for 
45-60 min.  This dose of physos t igmine  did no t  have  any  
s ignif icant  effect  of its own. P r e t r e a t m e n t  wi th  e i ther  
a t rop ine  (5 mg/kg) or pen to l in ium (5 mg/kg) failed to 
inhibi t  s ignif icant ly  the  effect  of acetylcholine.  Procaine  
(2 mg/kg) m a rked ly  inhib i ted  the  skin colour b lanch ing  
and melan in  aggregat ing  effects  of acetylcholine.  All 
blocking agents  were admin is te red  15 min  prior  to  
acetylehol ine  and none of t h e m  had  any  s ignif icant  
effect  per  se on the  t e s t  pa ramete rs .  

The effect  of acetylchol ine  on melanophores  of /~. 
tigrina was p robab ly  no t  med ia ted  t h rough  cholinergic 
receptors ,  since a t rop ine  (m-cholinolytic) and  pen to l in ium 
(n~cholinolytic) b o t h  failed to antagonize  its effects. The 
marked  and h ighly  s ignif icant  an tagon i sm produced  b y  
procaine  can be expla ined  on the  basis of t he  m e m b r a n e  
stabi l izing effect  s of t he  local anaes the t ic ,  which  would  
p r even t  acetylchol ine  induced ion influx in to  the  melano-  
phores.  I t  has  been  suggested ~ t h a t  sodium is involved in 

the  melanin  aggregat ing  and  dispers ing effects of acetyl-  
chol ine and  me lanocy te  s t imula t ing  ho rmone  (MSH), 
respect ively.  Acetylchol ine  induced  inhibi t ion of t he  
melanin  dispersal  effect  of M S H  5, 6 has been suggested to  
be due to  a mechan i sm involving m e m b r a n e  polar i ty  and  
ion t r a n s p o r t  across the  me lanophore  m e m b r a n e  ~. 

I t  is in te res t ing  to  note  tha t ,  embryological ly,  melano-  
phores  are der ived f rom the  neura l  cres t  7,8. Procaine,  
which blocks nerve  t ransmiss ion,  including cholinergic 
neuro t ransmiss ion ,  has  been  shown to inhibi t  cholinergic 
melanophore  response  as well, t h e  under ly ing  mechan i sm 
p robab ly  being similar  in e i ther  case. 
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Summary. Stannous  or s tannic  chlorides reduced  the  g rowth  ra te  of K. aerogenes, Ps. reptilovora and an unident i f ied  
bac t e r ium in a min imal  l iquid med ium and on agar plates.  The grea tes t  effect  was observed wi th  K. aerogenes and was 
accompan ied  by  a decreased viabil i ty,  b u t  100% survival  occurred wi th  the  o the r  strains.  The meta l  was loosely bound  
to  the  cells and there  was no di rect  correla t ion be tween  the  a m o u n t  adsorbed  and  the  biological response.  

This work  forms p a r t  of a general  s t u d y  of the  act ions  
of me ta l  ions on bac te r ia  and the i r  concen t ra t ion  b y  the  
organisms dur ing  growth,  in i t ia l  expe r imen t s  showed 
t h a t  s t annous  or s tannic  chloride a t  concen t ra t ions  be- 
tween  0.25 and 2.0 m M  reduced  the  g rowth  ra te  of or- 
ganisms in l iquid cul ture  and  accordingly  the  invest iga-  
t ion repor ted  here  was under taken .  Other  workers  have  
c o m m e n t e d  on the  innocuousness  of soluble inorganic t in  
compounds  towards  bac te r ia  2 and  fungi 3. 

Materials and methods. Klebsiella aerogenes NCIB 418, 
Pseudomonas reptilovora N R R L  B 334 and s t ra in  X, an 

organism, as ye t  unident i f ied ,  which  was isolated by  ex- 
posing med i u m conta in ing  s t annous  chloride to  the  at-  
mosphere ,  were used. They  were grown aerobical ly a t  
28~ in the  min imal  med i u m descr ibed by  CARTER and  
I)EAN 4 supp lemen ted  wi th  KC1 to  increase the  K + con- 
cen t ra t ion  f rom the  normal  level of 9 m M  to 64 mM.  This  
is a glucose-inorganic salts med i u m (pH 7.1) in which ex- 
haus t ion  of the  glucose l imits g rowth  and the  added  KC1, 
besides increasing the  s tab i l i ty  of the  t in  chlorides, en- 
abled s t ra in  X to  grow at  its m a x i m u m  rate.  I t s  g rowth  
ra te  ill the  presence  of 9 m M  KC1 was 66% of t h a t  ob-  


