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Paw irritancy (oedema) and gastric irritaney (mucus effusion, gastric swelling) of Cu, Zn and Ni ions in rats: Correlation with free Cu(II) 
applied in stomach after fasting or in extragastric tissue 

Compound pCu at Paw irritancy b Gastric irritancy o 

pH 4.5 pH 7.4 Mucus effusion Swelling 

CuCI~ 1.7 1.7 + -k + 3.0 3.0 
Cu(imidazole)2C1 ~ 2.3 4.7 + + + 3.0 3.0 
Cu(II}-earnosine 2.0 7.5 -}- + + 2.7 3.0 
Cu(II)-salieylat% 2.6 5.4 -t- -- 1.0 0.4 
Cu(II)-histidin% 8.2 12.6 + 1.3 1.3 
Cu(II)-TRIEN 6.8 14.7 0 0.3 0.5 
Cu(II)-Gly �9 His . Gly 3.7 10.3 0 0.4 0.2 
Cu(II)-Gly 2 �9 His . Gly 2 2.7 12.5 0 0.2 0.1 
Cu(II)-NTA 7.0 9.9 0 0 0 

Cu(I)C1 a + + + + 1.0 2.5 
Cu(thiourea)aC1 a + + + + 3.0 3.0 
Cu(CH3CN)4C104a + + 3.0 3.0 
Cu(I)-thiomalate, Na 2 + + 1.0 1.0 
Cu(I)-penicillamine 0 0 0.3 
10% thiodiglycol 0 0 0 

Cu ~ (metal powder) 0 0 0 
ZnC12 _c + + 0.3 0 
NiC12 + 2.3 2.3 

TRIEN,  triethylenetretralnine; NTA, nitrilotriacetic acid. 
~pCu/II } negative logarithm10 of the Cu(II) concentration (cf. pH), calculated from pK~'s and stability constants 1~ of the Cu-ligands, 

for total Cu 20 m M  using SPECON 18, a variant of the progranlme COMICS 12. 
b Paw irritancy scored by increase in paw thickness : < 1 r a m =  0; 1 2 r a m - -  - - ; 2 - 3 m m  = + + ; 3 - 4 r a m =  + + + ;  > 4 r a m =  + - - + + ,  

2 h after injecting 2 ~zmoles metal ion in isotonic saline; pH metaI complexes adjusted to 6-6.5. 
~2 h after 100 wnoles/kg p.o. in starved rats. 
aCuprous compounds stabilized in aqueous solution with 10% (v/v) thiodiglycol. 

2. A s p i r i n  (100 m g / k g )  c a u s e s  c o n s i d e r a b l e  g a s t r i c  
l e s ions  - e v e n  in  u n s t r e s s e d  r a t s  w i t h i n  2 h 5, 9. P r e t r e a t i n g  
a g r o u p  of  a n i m a l s  w i t h  ora l  CuC12 (50 a m o l e s / k g )  60 m i n  
b e f o r e  a d m i n i s t e r i n g  t h i s  dose  of  a s p i r i n  ( =  550 ~zmoles/ 
kg) i n d u c e d  s u f f i c i e n t  e f f u s i o n  of  m u c u s  a n d  w a t e r y  
e x u d a t e  to  w h o l l y  p r o t e c t  t h e  m u c o s a  f r o m  t h e  d e l e t e r i o u s  
e f f ec t s  of  t h e  a s p i r i n .  [L es i on  i n d e x  w i t h  no  p r e t r e a t m e n t  
- -  17.2;  w i t h  CuCI~ p r e t r e a t m e n t  - -  0J. R e m o v i n g  t h e  
a v a i l a b l e  i .g.  C u ( I I )  b y  s u b s e q u e n t  a d m i n i s t r a t i o n  of  
T R I E N  or  N T A  (55 ~zmoles/kg) o r  L - h i s t i d i n e  (110 ixmoles /  
kg) 10 m i n  be fo r e  g i v i n g  a s p i r i n  d i d  n o t  b l o c k  t h e  a n t i -  
u l c e r a n t  e f f ec t  (i.e. l e s ion  i n d e x  w a s  s t i l l  zero).  T h i s  s h o w -  
ed  t h a t  i t  w a s  p r o b a b l y  m u c u s  r e l e a s e d  in  r e s p o n s e  t o  

Cu ( I I )  t h a t  a f f o r d e d  p r o t e c t i o n  f r o m  t h e  a s p i r i n  s ince  a) 
C u - T R I E N  a n d  C u - N T A  a r e  n o t  p r o t e c t i v e  i r r i t a n t s  in  
t h e  s t o m a c h s  of  f a s t e d  r a t s  (Tab le ) ,  a n d  b) t h i s  q u a n t i t y  
of  Cu ( I I )  c o u l d  ' n e u t r a l i z e '  o n l y  1 8 %  of t h e  a s p i r i n  a p -  
p l ied .  ( H o w e v e r ,  e v e n  C u ( I I ) - a s p i r i n  2 is u l c e r o g e n i c  3, 
b e i n g  d e c o m p o s e d  b y  t h e  n o r m a l  g a s t r i c  a c i d i t y  to  l iber -  
a t e  f ree  a sp i r i n ) .  

C u p r i c  c h e l a t e s  h a v e  b e e n  r e p o r t e d  to  h a v e  a n t i - u l c e r  
a c t i v i t y  in  t h e  S h a y  r a t  u l c e r  modeN3,1~.  O u r  f i n d i n g s  
s u g g e s t  t h a t  i t  is p r o b a b l y  u n c o m p l e x e d  C u ( I I ) ,  r a t h e r  
t h a n  t h e  c h e l a t e d  Cu  in  t h e  s t o m a c h ,  t h a t  h a s  t h e  u lce r -  
p r o t e c t a n t  a c t i v i t y .  

Effect  of S u l f a t e d  a nd  N o n - S u l f a t e d  G a s t r i n  a n d  O c t a p e p t i d e - C h o l e c y s t o k i n i n  on  Cat  Gal l  B l a d d e r  
in  v i t r o  1 
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Summary. T h i s  s t u d y  d e m o n s t r a t e s  t h a t  for  t h e  i s o l a t e d  c a t  ga l l  b l a d d e r  a s m a l l e r  m o l a r  d o s e  of  t h e  s u l f a t e d  f o r m  of  
O P - C C K  a n d  g a s t r i n  is r e q u i r e d  to  p r o d u c e  c o n t r a c t i o n  as  c o m p a r e d  to  t h e  r e s p e c t i v e  n o n - s u l f a t e d  f o r m s .  F o r  O P  t h e  Ds0 
for  t h e  s u l f a t e d  f o r m  v e r s u s  t h e  n o n - s u l f a t e d  f o r m  w a s  1.94. F o r  g a s t r i n  i t  w a s  1.10. 

S t r u c t u r e - a c t i v i t y  r e l a t i o n s h i p s  of  s e v e r a l  g a s t r o -  
i n t e s t i n a l  h o r m o n e s  a n d  t h e i r  a n a l o g u e s  h a v e  b e e n  s t u d i e d  
on  a v a r i e t y  of  t i s s u e s .  Of  p a r t i c u l a r  i n t e r e s t  h a s  b e e n  t h e  
i m p o r t a n c e  of  s u l f a t i o n  of  t h e  t y r o s i n e  r e s i d u e  in  t h e  
C - t e r m i n a l  7 t h  p o s i t i o n  in  c h o l e c y s t o k i n i n  (CCK) a n d  i t s  
a n a l o g u e s ,  a n d  in  t h e  6 t h  p o s i t i o n  in  g a s t r i n .  T h e  p r e s e n t  

1 This s tudy was supported in part  from NIH grant No. HL 15422 
from the National Heart  and Lung Institute. 
Present address: Dept. of Medicine, Division of Gastroenterology, 
Albert Einstein College of Medicine, Bronx, N.Y., USA. 

8 Address reprint requests to JWF,  Dept. of Physiology and Bio- 
physics, Health Sciences Center, State University of New York, 
Stony Brook, N.Y. 11794, USA. 
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s t u d y  was  done  to  c o m p a r e  isomeric  t ens ion  responses  to  
su l f a t ed  (G-17-S) and  n o n - s u l f a t e d  (G-17-NS) porc ine  
gas t r in  an d  su l f a t ed  (OP-S) and  n o n - s u l f a t e d  (OP-NS) 
s y n t h e t i c  C- t e rmina l  oc t apep t i de  of cho lecys tok in in  on 
s t r ips  of ca t  gall b ladder .  

Methods.  Gall b l adde r s  were r e m o v e d  f rom ca ts  
ane s th e t i z ed  wi th  k e t a m i n e  (30 mg/kg)  and  p e n t o b a r b i t a l  
(20 mg/kg) .  E a c h  gall  b l adde r  was  cu t  in to  15 m m  X 3 m m  
s t r ips  wh ich  were t h e n  m o u n t e d  in a K r e b s  so lu t ion  
b a t h  4, b e tween  a s t a t i o n a r y  hook  and  an  i somet r ic  s t r a in  
gauge  (Grass FT-03 or S t a t h a m  UC-2). T e m p e r a t u r e  of 
t he  b a t h  was  m a i n t a i n e d  a t  37 ~ and  ae ra t ed  a n d  s t i r red  
w i th  a gas  m i x t u r e  of 95% O= and  5% CO 2. Tens ion  was  
recorded on a Grass  7C po lyg raph .  

To beg in  each  e x p e r i m e n t ,  a 1200 m g  pas s ive  t en s ion  
was  appl ied  an d  30-45 m i n  al lowed before d rugs  or 
h o r m o n e s  were tes ted .  Fol lowing th i s  period,  t he  v iab i l i ty  
of the  p r e p a r a t i o n  was  t e s t ed  b y  add ing  ace ty lcho l ine  
(1 ~g/ml) to t h e  b a th .  I n d i v i d u a l  t i s sue  s t r ips  gave  repro-  
ducible  r e su l t s  over  6-8 h. 

H o r m o n e s  an d  d rugs  used :  n o n - s u l f a t e d  s y n t h e t i c  
h u m a n  gas t r in  I (HSG-NS) ,  p u r c h a s e d  f rom Impe r i a l  
Chemica l  I n d u s t r i e s ,  L td . ,  Cheshire,  E n g l a n d ;  su l f a t ed  
porc ine  gas t r in  I I  (G-17-S) a n d  n o n - s u l f a t e d  porc ine  
ga s t r i n  I (G-17-NS), p r e p a r e d  by  Professor  R. A. GREaORY 
and  Dr. H. J.  TRACY, U n i v e r s i t y  of Liverpool ,  and  k i nd ly  
g iven  to us  b y  Dr. M. I. GROSS~aA~; su l f a t ed  (OP-S) 
and  n o n - s u l f a t e d  (OP-NS) oc tapep t ide -cho lecys tok in in ,  
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DOWD-RIGGS transformatioil_ of a typical dose-response curve of 
G-17-NS, dashed line (y = -- 0.9x -k 0.515; r = 0.90) and G-17-S, 
solid line (y = --0.82x q- 0.525 ; r = 0.89). Isometric tension response 
(g) is plotted on the ordinate, and tension response (g)/dose of gastrin 
(btg/ml) on the abscissa. The y-intercept gives the calculated maximal 
response, and the slopes of the curves the respective Da0's. 

The dose of peptides required to produce half the maximal response 
(D~), and the relative potency of different peptides in relation to 
OP-S on the basis of Ds0 

Peptide * Mean D~0 (M) DB0 relative to OP-S b 

OP-S 8.36 • 10 10 1 
OP-NS 7.92 • 10 -~ 943 
G-17-S 3.71• 10 s 44 
G-17-NS 4.07 • 10 -r 485 
HSG-NS 4.29 x 10 7 513 

~OP-S and OP-NS were each tested one or more times on 7 tissues 
obtained from 4 cats. G-17-S, G-17-NS, and HSG-NS were tested on 
10 tissues lrom 6 cats. bNumber of molecules needed to produce a 
similar response. Because the CMRs for gastrin averaged 70% that of 
OP-S, for gastrin preparations to produce an effect equal to that of 
Ds00P-S, the dose required would be the Ds0 of gastrin times 1.43. 

k ind ly  p rov ided  by  Dr. M. ONDETTI,  Squ ibb  In s t i t u t e ,  
P r ince ton ,  N.J .  ; a nd  ace ty lcho l ine  chloride (Sigma).  Doses  
are expressed  as mo la r  c o n c e n t r a t i o n s  in t h e  ba th .  

Dose- response  cu rves  were o b t a i n e d  b y  r a n d o m l y  
i n t r o d u c i n g  a dose of one h o r m o n e  a n d  w a i t i n g  un t i l  t h e  
m a x i m a l  response  to t h a t  dose was  reached  (usua l ly  10-15 
rain). T h e  b a t h  was  t h e n  r insed  3 t i m e s  a n d  15 m i n  
al lowed before a ne w  dose was  tes ted .  I n  some  exper i -  
me n t s ,  c u m u l a t i v e  dose - response  cu rves  were also ob- 
t a ined .  B o t h  m e t h o d s  gave  essen t i a l ly  the  s a m e  curves .  
To  c o m p a r e  r e sponses  b e t w e e n  tw o  h o r m o n e s ,  t h e y  were 
t e s t ed  on t he  s a m e  t i s sues  in a r a n d o m i z e d  sequence .  The  
r ange  of effect ive c o n c e n t r a t i o n s  of OP-S  a nd  O P - N S  
were s t ud i e d  on 7 t i s sues  ob t a ine d  f rom 4 cats .  G-17-S, 
G-17-NS,  a nd  H S G - N S  were t e s t e d  on 10 t i s sues  f rom 6 
d i f fe ren t  cats .  The  m a x i m a l  r e sponse  to each  h o r m o n e  
a n d  t he  dose requi red  to p roduc e  hal f  t h e  m a x i m a l  
response  (Ds0) were ob t a ine d  b o t h  b y  direct  obse rva t i on  
a n d  b y  DOWD-RmGS l inear  t r a n s f o r m a t i o n  of Michaelis-  
M e n t e n  c o n s t a n t s  5. P l o t t i n g  t he  r e sponse  on t he  o rd ina te  
a nd  the  r e sponse /dose  ra t io  on t he  abscissa ,  t h e  y - in t e rcep t  
gives t he  ca lcu la ted  m a x i m a l  r e sponse  (CMR), and  t he  
slope of t he  curve,  w i th  c ha nge  of sign, g ives  the  Ds0 
(Figure).  O n ly  the  l inear  por t ion  of t he  c u rve s  were used  
to  ca lcu la te  CMR a nd  Ds0. 

Results. The  m i n i m a l l y  effect ive  dose of OP-S  was  
2.2 • 10 -1~ M.  The  m a x i m a l  r e sponse  was  ob t a ine d  w i th  
5.3 • 10 .6 M.  Values  for O P - N S  were 2.2 • 10 -7 M a nd  
7 . 0 •  -6 M,  respec t ive ly .  The re  was  no s ign i f ican t  
difference be tween  the  m a x i m a l  i somer ic  t e n s ion  responses  
ob ta ined  w i th  OP-S  a n d  OP-NS.  

The  effect ive dose r a nge  for G-17-S was  3.5 • 10 -9 to  
1 . 1 •  -7 M.  Values  for G-17-NS were 5 . 7 •  -s  to  
2.7 X 10 -6 M,  a nd  for H S G - N S  were 1.1 • 10 -7 to 1.8 • 
10 -6 M.  There  was  no s ign i f i can t  difference in m a x i m a l  
r esponses  o b t a i n e d  w i th  G-17-S, G-17-NS,  a n d  H S G - N S ,  
a n d  the  m a x i m a l  r e sponse  ob t a ine d  wi th  each  of the  th ree  
gas t r in s  a v e r a g e d  70% t h a t  o b t a i n e d  w i th  OP-S.  

On c o m p a r i s o n  of respec t ive  Ds0's (Table), OP-S  was  
ne a r l y  1000- t imes  more  p o t e n t  t h a n  OP-NS,  while  G-17-S 
was  a b o u t  10- t imes  more  p o t e n t  t h a n  G-17-NS and  H S G -  
NS.  

Discussion.  Effec t s  of su l f a t ed  ve r su s  non - su l f a t ed  
gas t r in  a nd  o c t a p e p t i d e - C C K  h a v e  no t  been  p rev ious ly  
c o m p a r e d  on ca t  gall  b ladder ,  a l t h o u g h  suc h  s tud ies  h a v e  
be e n  done  in o ther  a n i m a l s  a n d  on o ther  t i ssues .  T h e  
large difference in p o t e n c y  c u r r e n t l y  observed  be tween  
O P-S  a nd  O P - N S  is c ons i s t e n t  w i t h  effects  on gu inea-p ig  
gall  b l adde r  in v i t ro"  a nd  on r a t  pa nc re a t i c  secre t ion  7, a nd  
e m p h a s i z e s  t h e  i m p o r t a n c e  oI su l i a t i on  of the  7 th  pos i t ion  
tyros ine .  

For  gas t r in ,  w h ic h  shares  the  s a m e  C- t e rmina l  p e n t a -  
pep t ide  g roup  w i th  O P - C C K  b u t  w h ic h  has  a su l fa ted  or 
n o n - s u l f a t e d  ty ros ine  res idue  in t h e  6 th  posi t ion,  t he  
effect  of su l f a t ion  is no t  as cr i t ical  for d e t e r m i n i n g  biologic 
po tency .  On  ca t  gall  b ladder ,  G-17-NS was  a b o u t  10-t imes 
less p o t e n t  t h a n  G-17-S. B y  con t ra s t ,  G-17-S a nd  
G-17-NS are r e po r t e d ly  e q u i p o t e n t  on dog gall  b l adde r  
in v ivo  s. I n  o the r  in v i t ro  p r e p a r a t i o n s  of r a bb i t  a nd  
gu inea -p ig  gall  b ladder ,  su l f a t ed  g a s t r i n  is s l igh t ly  more  

~' J.  R. CHOWDHURY, J.  M. BERKOWITZ, M. PRAISSMAN and J. W. 
FARA, Am. J. Physiol. 229, 1311 (1975). 

5 j .  E. DowD and D. S. RIGGS, J. biol. Chem. 240, 863 (1965). 
6 A. ANASTASI, L. BERNARDI, G. ]3ERTACCINI, G. BOSISIO, R. DE 

CASTIGLIONE, V. ERSPAMER, O. GOFI~'REDO and M. IMPICCIATORE, 
Experientia 2d, 771 (1968). 

7 G, J. DOCKRAY, Q. Jl exp. Physiol. 58, 163 (1973). 
s M. VAGUE and M. I. GROSSMAN, Am. J. Physiol. 215, 881 (1968). 
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p o t e n t  t h a n  t he  non - su l f a t ed  form 9 Therefore,  i t  appea r s  
t h a t  for the  in v i t ro  gall  b l adde r  G-17-S is genera l ly  more  
p o t e n t  t h a n  G-17-NS;  however ,  for o the r  t a r g e t  t i ssues  
one c a n n o t  generalize.  Thus ,  G-17-S and  G-17-NS are 
e q u i p o t e n t  in s t i m u l a t i n g  r a t  gas t r ic  secre t ion in v ivo  an d  
in c o n t r a c t i n g  h a m s t e r  s t o m a c h  and  r a t  colon in v i t ro  ~0. 
T h e y  are also e q u i p o t e n t  in s t i m u l a t i n g  ca t  gas t r ic  acid 
secre t ion (Dr. M. GROSSMAN, persona l  commun ica t i o n ) .  
B u t  as a secre togogue of bul l f rog gas t r ic  mucosa  in vi t ro,  
G-17-S is 10- t imes more  p o t e n t  t h a n  G-17-NS ~1. 

There  are no r epo r t s  whe re in  t he  su l fa ted  fo rm of 
gas t r in ,  CCK, or t he i r  ana logues  has  been  found  to be  
less p o t e n t  t h a n  the  non - su l f a t ed  form. 

The  mola r  c o n c e n t r a t i o n s  of OP-S  which  were c u r r e n t l y  

found  to  be effect ive in el ici t ing a response  on  ca t  ga l l  
b ladder ,  i.e. 2.2 • 10 -10 to 5.3 • 10 -9, a p p r o x i m a t e  fas ted  
h u m a n  p l a s m a  levels of CCK lz,la. On t h e  o the r  hand ,  
the  c o n c e n t r a t i o n s  of O P - N S  a n d  t h e  3 g a s t r i n  p repa ra -  
t ions  needed  to  elicit  responses  p r o b a b l y  would  n o t  be 
r eached  in a n y  physio logica l  s i tua t ion .  

9 M. S. AMER, Endocr inology 84, 1277 (1968). 
10 E. MIKOS and J.  R. VANE, Nature ,  Lond. 21,1, 105 (1967). 
11 L. W. WAY and R. P. DURBIN, Gas t roentero logy 56, 1266 (1969). 
12 R. F. HARVEY, M. I~ARTOG, L. DOWSETT and A. E.  READ, Lance t  

2, 826 (1973). 
13 D. A. REEDER, H. D. BECKER, N. J. SMITH, P. L. RAYFORD and 

J. C. THOMPSON, Ann. Surg. 178, 304 (1973). 

L o s s  o f  B i o l u m i n e s c e n c e  i n  Anomalops katoptron d u e  t o  S t a r v a t i o n  1 

V.  B. MEYER-ICZOCI-IOW 

Department o/ Biological Sciences, University o~ Waikato, Hamilton (New Zealand), I March 1976. 

Summary. After  3 weeks of s t a r v a t i o n  t he  bac te r i a l  l igh t -o rgans  of t h e  b i o l u m i n e s c e n t  sha l low-wate r  f ish Anornalops 
katoptron cease to p roduce  l ight .  Because  of a r e d u c t i o n  of t h e  n u m b e r  of s y m b i o n t s  in  t h e  cells of t h e  l i gh t  organ,  i t  is 
conc luded  t h a t  t he  f ish suppl ies  i ts  l u m i n e s c e n t  bac t e r i a  w i t h  n u t r i e n t s  o u t  of i ts  own  me t ab o l i s m .  As a resu l t  of 
s t a r v i n g  the  fish, the  l u m i n e s c e n t  b a c t e r i a  decrease  in n u m b e r  an d  f ina l ly  cease to  e m i t  l ight .  

Anomalops katoptron is a b i o l u m i n e s c e n t  sha l low-wate r  
fish, which  is ind igenous  to t he  B a n d a  I s l ands  in t h e  
S o u t h  Moluccan  Sea. I t  emi t s  a greenish  l igh t  f rom a pa i r  
of b e a n - s h a p e d  organs  be low the  eyes. The  l i gh t - emi t t i n g  
s t r u c t u r e s  con t a in  l uminous  b a c t e r i a  2. STECH]~ 3 s tud ied  
t he  a n a t o m y  a n d  h i s to logy  of t he  l igh t  o rgan  in detail .  

The  side of t he  o rgan  wh ich  emi t s  l igh t  con t inuous ly ,  
is c reamcoloured ,  while  t he  oppos i te  face is b l ack  owing 
to  a p i g m e n t e d  cell layer.  Dur ing  t he  d a y  t he  l igh t  is ex- 
t i ngu i shed  b y  r o t a t i o n  of the  en t i r e  l ight  o rgan  a long i ts  
long axis, so t h a t  the  l uminous  side is t u r n e d  t owards  t h e  
body,  p r e sen t ing  t he  b l ack  p i g m e n t e d  face to t he  outs ide.  
A t  n i g h t  t he  l uminous  side is t u r n e d  to t he  outside,  an d  
t he  l igh t  is p r e s u m a b l y  used to aid in nav iga t ion ,  f ind 
food and  help  keep ing  t h e  school  toge ther .  

Dur ing  t he  1975 A l p h a  He l ix  S o u t h  E a s t  Asia  BiD- 
luminescence  Exped i t ion ,  I k e p t  7 Anomalops in  a 73 • 
32 • 30 cm glass aqua r ium,  t he  sides of which  were covered  
w i t h  da rk - r ed  cel lophane.  The  w a t e r  was o x y g e n a t e d  
a n d  h id ing  places  for t h e  fish, m a d e  f rom dead  coral  
b locks  and  rocks, exis ted.  The  f ish were c a u g h t  d u r i n g  
moonless  n igh t s  b y  local  f i shermen.  AnomMops can  be  
easi ly  he rded  b y  t he  b e a m s  of 2 to rches  in to  shal low 
water ,  where  t h e y  are c a u g h t  w i t h  h a n d  nets .  

N o r m a l l y  t he  f ish were h id ing  u n d e r  s tones  d u r i n g  t h e  
d a y  and  h a d  t h e i r  l igh ts  ex t ingu i shed  b y  t he  m e t h o d  
descr ibed  above .  Coinciding w i t h  sunse t  t h e y  regu la r ly  
came  ou t  and  swam all n igh t ,  d i sp lay ing  a b r i g h t  lumines -  
cence. A t  d a w n  t h e y  r e t r e a t e d  aga in  to t he i r  r es t ing  
places.  A l t h o u g h  t he  l igh t  would  be d i sp layed  w h e n  the  
f ish were m o v e d  in to  t he  dark,  even  d u r i n g  t he  day,  t h e  
a c t i v i t y  r h y t h m  appea red  to be  i n d e p e n d e n t  of w h e t h e r  
t he  an ima l s  were k e p t  in c o n t i n u o u s  l igh t  or darkness .  

Af te r  1 week  of s t a r v a t i o n  t h e  l igh t  i n t e n s i t y  e m i t t e d  
b y  t he  l igh t  o rgans  of all Anomalops b e c a m e  n o t i c e a b l y  
weaker .  Af te r  2 weeks s t a r v a t i o n  l igh t  p r o d u c t i o n  in the  
cen t r a l  p a r t  of t he  l igh t  o rgan  h a d  d ropped  to a level  
wh ich  m a d e  t he  l igh t  o rgan  seem to  h a v e  a grey  spot  
w h e n  s tud ied  a t  n i g h t  (Figure).  Af te r  3 weeks of s ta r -  
v a t i o n  t he  l igh t  organs,  to  t he  h u m a n  eye, did n o t  a p p e a r  

Two Anomcdops, the lower individual starved for 2 weeks. Photo- 
graph slightly retouched to demoustrate how the light organ of the 
starved fish gradually turned non-lurninescent, starting in the centre. 

to  emi t  a n y  l igh t  a n y  longer ;  t h e y  were j u s t  of a whi te  
c r e a m y  colour. Yet ,  all t h e  fish b e h a v e d  per fec t ly  n o r m a l  
a n d  c o n t i n u e d  the i r  precise c i r cad ian  a c t i v i t y  r h y t h m .  
Af te r  4 weeks of s t a rv a t i o n ,  ( the f ish sti l l  did n o t  show 
a n y  signs of m a l n u t r i t i o n )  some of t h e  n o n - l u m i n e s c e n t  
l igh t  o rgans  were f ixed in seawater /col l id ine-s  buffered  
2 %  OsO 4 solut ion,  a n d  l a t e r  e x a m i n e d  in t h e  e lec t ron  
microscope.  

1 Supported by a Queen Elizabeth II Fellowship in Marine Science, 
and carried out during the 1975 'Alpha Helix' South East Asia 
Biolumineseence Expedition. 
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