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Effect of aeetylcholine on melanophores of Rana tigrina 

Specialia EXPERIENTIA 32/8 

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. 

P. J. WATSON, J. Pharm. Pharmac. 12, 257 (1960). 
S. LANI)E and A. B. LERNER, Pharmae. Rev. 79, 1 (1967). 
H. MOLLER and A. B. LEANER, Acta endoer., Copenh. 51, 149 
(1966). 

6 M. R. WRIGHT and A. B. LERNER, Endocrinology 66, 599 (1.960). 
7 R. G. HARRISOn, J. exp. ZooL 9, 787 (1.910). 

M. E. RAWLES, Physiol. Rev. 28, 383 (1948). 

A c t i o n  of  S t a n n o u s  a nd  S t a n n i c  C h l o r i d e s  on  B a c t e r i a  
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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-  
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ra ined  wi th  64 m M  KC1 b u t  t he  addi t iona l  KCI had  no 
effect  on the  g rowth  ra te  of t he  o ther  two strains.  Agar  
med ium  was p repared  by  solidifying min imal  medium,  
as modif ied  above,  w i th  1.25% Difco Agar-Noble.  

Resulls and discussion. Increas ing  the  concen t ra t ion  of 
e i ther  of the  till salts  in min imal  l iquid m e d i u m  led to  a 
progress ive  increase in t he  doubl ing  t ime  (reciprocal of 
t he  g rowth  rate) of s t ra in  X b u t  Sn 2+ was more  inhibi t ing 
t h a n  Sn 4+ (Figure a)5. B o t h  SnP+and Sn 4+ had  a grea ter  
ac t ion on Ps.  reptilovora b u t  t he  order  of the i r  act ivi t ies  
was  reversed (Figure b). Fo r  example,  the  doubl ing t ime 
of th is  organism was increased 7-fold by  2 m M  Sn 4+ and 
3-fold b y  2 m M  Sn ~+ compared  to the  increases of only  
50% and  140% respec t ive ly  ob ta ined  w i t h  s t ra in  X, and 
th is  difference was also in evidence a t  the  lower concen-  
t r a t ions  tes ted .  In  sheer  magn i tude  of effect  the  response  
of K.  aerogenes to Sn 2+ was the  mos t  str iking.  E v e n  at  
re la t ive ly  low concen t ra t ions  the  doubl ing t ime increased 
sharp ly  cu lmina t ing  in an 11-fold increase a t  2 m M  Sn 2+. 
Low concen t ra t ions  of Sn ~+ p roduced  less d rama t i c  re- 
sponses  bu t  never the less  these  were grea te r  t han  observed 
wi th  the  o ther  s t ra ins  and a t  2 m M  Sn 4+ no growth  oc- 
curred wi th in  30 h. This is indica ted  by  the  broken line 
in Figure  c. These expe r imen t s  were carr ied out  in dupli-  
ca te  on successive days  and the  doubl ing t imes  were re- 
producib le  to wi th in  • 5%. 

The up take  of Sn ~+ by  K.  aeroge~es, 2as. mptilovom and 
s t ra in  X was 0.76, 0.70 and 0.44~ respect ive ly  of the  d ry  
weigh t  of the  organisms,  which  migh t  suggest  a corre- 
spondence  be tween  up take  and the  degree of inhibi t ion,  
bu t  the  differences are no t  as grea t  as migh t  be expec ted  
f rom the  responses  in t he  Figure.  Also, changing the  
carbon  source in t he  g rowth  m e d i u m  f rom glucose to  
c i t ra te  (0.1 M) increased the  up take  of Sn 2+ by  s t ra in  X 
f rom 0.44~ to  7.9%, b u t  this  increased up take  was no t  
associa ted  wi th  a similarly a u g m e n t e d  doubl ing t ime.  In-  

deed the  la t t e r  was only increased 2.2-fold relat ive to  the  
control ,  which  is ve ry  similar  to t he  inhibi t ion ob ta ined  
when  the  up take  was only  0.44% (Figure a). The absence  
of any  di rect  corre la t ion be tween  up take  and  biological 
response  was also a p p a r e n t  wi th  Sn 4+. The up take  in 
glucose-salts  med i u m was 0.52, 0.42 and 0.61% respec- 
t ive ly  for K.  aerogenes, Ps. reptilovora and s t rain X. 
Samples  w i t h d r a w n  at  the  end of the  g rowth  cycle in 
med ium conta in ing  2 m M  Sn 2+ or Sn 4+ were used in these  
me ta l -b ind ing  expe r imen t s  and  the  meta l  was easily re- 
moved  f rom the  organisms by  washing wi th  saline 
(8.5 mg NaC1 ml l). 

Viable coun t  de t e rmina t ions  showed t h a t  the  survival  
of K.  aerogenes was 14% on min imal  agar  conta in ing  
2 m M  SnC12 and  12% on agar  conta in ing  2 m M  SnC14, 
which  con t ra s t s  w i th  earlier repor t s  6 t h a t  inorganic t in  
salts  are no t  bactericidal ,  bu t  100% survival  was ob ta ined  
in cor responding  exper imen t s  wi th  s t ra in X and Ps. rep- 
tilovora. Nevertheless ,  even when  100~ survival  occurred,  
the  colonies grew slowly and  moreover  the  n u m b e r  ap- 
pear ing  on the  p la tes  increased over  a per iod of 6 days  in 
the  presence of b o t h  t in  chlorides compared  to  3 days  in 
the i r  absence.  This process was even more  p ro t r ac t ed  in 
the  K.  aerogenes exper iments .  All the  colonies on the  
control  p la tes  appeared  wi th in  2 days  of incubat ion  a t  
28~ bu t  8 days  were necessary  in the  presence of Sn 4+ 
and  10 days  in the  presence  of Sn ~+. In  suitable condi t ions  
colony g rowth  ra te  can be ob ta ined  by  measur ing  colony 
d iamete r  dur ing  the  phase  of colony deve lopmen t  in 
which this  p a r a m e t e r  increases l inearly wi th  t imer  b u t  a 
compar i son  of values so ob ta ined  wi th  those  found in 
liquid cul ture  would not  be meaningfu l  since prec ip i ta t ion  
of t in  compounds ,  t h e r eb y  render ing  the  concen t ra t ion  of 
Sn a+ or Sn 4+ uncer ta in ,  occurred progress ively  as in- 
cuba t ion  of the  pla tes  proceeded.  This did no t  occur in the  
liquid cultures.  
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]~ffeet of Sn 2+ or Sn 4+ on the relative doubling time of a) strain X, 
b) Ps. reptilovom arid c) 1,2, aerogenes. The relative doubling time is 
the ratio of the doubling time obtai*xed in the presence of the ap- 
propriate tin salt to that obtained in its absence. 
The values obtained for the latter were 2.4, 1.7 and 0.9 h respectively 
for strain X, Ps. reptilovora and K. aerogenes. O, Sn~+; A, Sn 4+. 
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