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(A) Records of area fluctuations ('oscillations') of the pupil of a 
previously dark-adapted unanaesthetized pigeon at increasingly 
higher levels of adaptive illumination (values in log Troland beside 
records). {B) Ordinate: Frequencies (in e/see, averaged over a period 
of 10 see) of oscillations of the pigeon's pupil in relation to state of 
adaptation. Abscissa: Adaptive illunfination (values in log Troland). 

Measurements of an experiment as in A. 

PUpillary d iameter ,  reaching a change of up to 16% in 
retinal i l luminat ion  (cf. F igure  A, lowermost  record). 
Changes like these m a y  p l a y  a role in the  v i sua l  process 
lrt the pigeon's  eye with  i ts  h igh resolving power  in t ime  :o 
a n ~  S P a c e  11 e n e t ~  s" . : . . . . . .  as p r even t ing  the  d isappearance  of a 
tabfllzed image.  

Zusammen]assung. Die oszil latorischen )knderungen der 
Pupi l lenwei te  wacher  Tauben  wurden  infrarot - ref lekto-  
metr isch gemessen.  Gleichzei t ig  mi t  einer  Ampl i tuden -  
zunahme  s te igt  die F requenz  der  Pupi l lenoszi l la t ionen 
yon  1/see bei einer adap t iven  Be leueh tung  un te r  10 Tro-  
land bis auf  15/see bei 1500 Troland.  
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S T U D I O R U M  P R O G R E S S U S  

Light Sensitivity of Melanophores in Neural 
Crest Explants  

~! Changes in the  s ta te  of cont rac t ion  {concentrat ion of 
gment) or  expansion (dispersion of p igment)  of amphi-  

~:an raelanophores resul t ing f rom al tera t ions  in i l lumina-  
~ n  have been s tudied  f requent ly .  In  some cases, as in 
li~;e tail melanophores  of Xenopus larvae,  the  ac t ion  of 
t~ gttt :s directS,2, while  in o thers  i t  p r e sumab ly  opera tes  
ia~r°Ugh indirect  ho rmona l  mechanisms.  One body  of in- 
t~rraation recent ly  discussed by  BURGERS et  al a, reveals 
~at Co ' • / • lor va rmt ton  m a y  depend upon the  release of ~ r ~ e d i n  f rom the  hypophysis .  Another  group of ex-  

:raents 4-Q indicates  t h a t  t he  b lanching  of amph ib ian  
ae which are placed in darkness  m a y  resul t  f rom the  

~ l o a  of a pineal  hormone.  In  order  to ascer ta in  whe the r  
2~ese indirect  ho rmona l  effects are inf luenced by  re- 
; ~ n s e s  a t t r i bu t ab l e  to di rect  act ion of l ight  on melano-  
p~aOres, the .  fol lowing exper iments  on isolated melano-  

'tOres Were performed.  

Pieces of t r unk  neura l  fold f rom open neura l  p la te  
stages of 3 annrans,  Xenopus laevis, Rana esculenta and 
R. pipiens, and  2 urodeles,  Ambystoma mexicanum 
(axolotl) and Pteurodetes waltlii, were excised and wrapped  
in sheets  of ven t r a l - l a t e r a l  epidermis  (with accompany ing  
mesoderm) f rom the  same embryo,  Xenopus explan ts  
were made  and cul tured  in N i u - T w i t t y  solution, while 
for all t he  others,  the  ini t ial  opera t ion  was per formed  in 
full s t reng th  Hol t f re te r ' s  solut ion fol lowed b y  subsequen t  
cul ture  in 50% Hol t f re te r ' s  solut ion wi th  addi t ion  of an 
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ant ibiot ic ,  Elcosine (CIBA), a t  a concen t ra t ion  of 5 ml/l .  
All expe r imen t s  and  cul ture  were pe r fo rmed  a t  r o o m  
t e m p e r a t u r e  (20-22°C). A to t a l  of  67 wel l - formed ex-  
p lan t s  were ob ta ined  for t es t s  of t he  effects  of l igh t  and  
darkness .  Tes ts  were pe r fo rmed  b y  plac ing exp lan t s  in a 
l ight - f ight  box  for  var ious  l eng ths  of t ime  and  the  re la t ive  
s t a t e  of me lanophore  expans ion  or  con t r ac t i on  was  ob- 
t a ined  f rom observa t ions  m a d e  wi th  a d issect ing micro-  
scope. Tes ts  were r epea ted  on the  same exp lan t s  several  
t imes  dur ing  the  per iod of cul ture  which  ex t ended  to 3 
weeks in some cases. 

Melanophore  d i f fe ren t ia t ion  occurred  in abou t  5 days  
on exp lan t s  of all species excep t  Xenopus, where  i t  re- 
quired only  3 days.  In  axolot l  exp lan t s  prac t ica l ly  every  
me lanophore  was con t rac ted ,  while in P. waltlii, R. pi- 
piens, and  R. esculenta the  m a j o r i t y  of melanophores  
were expanded .  Xenopus exp lan t s  were  more  var iable ;  

however ,  t he  ma j o r i t y  h a d  e x p a n d e d  melanophores .  The 
ac t ion  of li h t  on t h e  s t a t e  of me lanoohore  expansion 0~ 
con t r ac t i on  is s u m m a r i z e d  in Table.  Metanophore 
the  2 urodele  species,  A. mexicanum and  P. waltlii, we~ 
unaf fec ted  b y  da rkness  and  a lways r e t a ined  the i r  originW 
sta te .  Melanophores  on  ex p l an t s  of all 3 anurans ,  how" 
ever,  were  s t imu la t ed  to  co n t r ac t  m a r k e d l y  b y  darkness' 
Af te r  15 rain, only  s l ight  me lanophore  con t rac t ion  was 
observed ;  however ,  a f te r  30 rain in darkness ,  a more 
p r o m i n e n t  response  was visible. E x p l a n t s  in darknesS.i°r 1 
45 min d isp layed  fully con t r ac t ed  melanophores .  A tYp.lc~ 
response  to  da rkness  is i l lus t ra ted  in Figures  1 and f~ 
which d e m o n s t r a t e  the  degree of me lanophore  contrac~J~" 
induced  in a Xenopus ex p l an t  ma in t a ined  in darkneSS for 
45 rain. 

I t  seems t h a t  for all 3 respons ive  species, a darkneSs 
s t imula t ion  of more  t h a n  ~/2 h is necessary  to  evoke co#" 

State of melanophores on neural crest explants in darkness and in light 
J 

Explant State of melano- State of melanophores in darkness for 
species phores in light 15 rain 30 min 45 min 

Time necessary for fully 
expanded melanophOres 
to re-expand* 

A. mexicanum contracted: only a no change no change no change 
(axolotl) few expanded 

R. waltlii almost all no change I1o change no change 
expanded 

R. pipiens almost all little or partial full 
expanded no change contraction contraction 

R. esculenta almost all little or partial full 
expanded no change contraction contraction 

Xenopus laevis full expansion on slight partial full 
most explan ts contraction contraction con traction 

6-12 min 

8-10 min 

10-15 nfin 

J 

Melanophores contracted from 1-3 h exposures to darkness took no longer to re-expand than those in darkness for only 45 rain. 

Fig. 1. Expanded melanophores on neural crest explant of Xenopus Fig. 2. Contracted melanophores on same explant which was kept i~ 
which was kept under normal room illumination. × 150. darkness for 45 rain. x 150. 
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r P 2 e t e ,  cont rac t ion .  I n  obv i ous  c o n t r a s t  to  th is ,  is t h e  
* a C l V e  . . . .  ,^ ly shor t  pe r iod  of t i m e  r equ i r ed  for  r e - e x p a n s i o n  

L u  o e  - -  - -  - -  
ill- cur a f te r  t h e  e x p l a n t s  are  r e t u r n e d  to  n o r m a l  room 
• Ummation. R e - e x p a n s i o n  occur red  in  as ea r ly  as  6 ra in  
anneXplants of R. pipiens, whi le  in  those  of 17. esculenta 
~" "~enopus i t  t o o k  s l igh t ly  longer.  Th i s  r e l a t i ve ly  s h o r t  

Period for r ecovery  a p p e a r e d  to  be  fa i r ly  c o n s t a n t  r ega rd -  
less of the  l e n g t h  of d u r a t i o n  of t he  i n d u c i n g  d a r k  per iod.  
_ Altogether,  these  d a t a  i nd i ca t e  t h a t  m e l a n o p h o r e s  h a v e  
~n intrinsic s e n s i t i v i t y  to  l i gh t  w h i c h  enab les  t h e m  to  
respond accord ing  to  t h e i r  s t a t e  of i l l umina t ion .  T e m -  
Poral factors  i n v o l v e d  in e x p a n s i o n  or  c o n t r a c t i o n  may.  
PrOVide some n o t i o n  as to  t he  m e c h a n i s m  of t h e  response.  
It seems l ike ly  t h a t  t h e  r e l a t i v e l y  s tow m e l a n o p h o r e  con-  
~a.etion of e x p l a n t s  in t h e  d a r k  is due  to t h e  g r a d u a l  
~v~lt~.-up of a pho to l ab i l e  m e l a n o p h o r e  c o n t r a c t i n g  a g e n t  
-ule~ evokes th i s  r e sponse  w h e n  a suf f ic ien t  level  is 

reached. W h e n  i l l u m i n a t i o n  is r es to red ,  t h e  s u b s t a n c e  is 
quickly des t royed  or modif ied ,  r e su l t i ng  in  r e l a t i ve ly  
rapid re n l - -  - expans ion  of me lanophores .  Such  a p roposed  

eehanism is s imi l a r  to  t h a t  w h i c h  ha s  been  a d v a n c e d  to  
explain t h  . . . .  ~ ~ " be e t a l l - d a r k e n i n g  r e a e t m n  in  Xenopus , . I t  is 
1, ~ond  t he  scope of t h e  p r e s e n t  d a t a  to  a t t e m p t  to  ana-  
k~ e the  m e c h a n i s m  of th i s  response"  h o w e v e r  i t  s h o u l d  
aI ~ raphamzed t h a t  m e l a n o p h o r e s  m n e u r a l  c res t  e x p l a n t s  

these 3 a n u r a n  species a re  l igh t  sens i t ive  a n d  t h a t  t h e y  
~ n  respond to t h i s  p h o t i c  s t imu lus  b y  c o n c e n t r a t i n g  

lr melan in .  A l t h o u g h  P. waltlii a n d  axo lo t l  d id  n o t  ex-  
li*Ult a s imi la r  response,  OBIKA 7 ha s  s ince s h o w n  s imi la r  
urg2 t s ens i t i v i t y  b y  m e l a n o p h o r e s  i n 2  e x p l a n t s  of t h e  

-,,e~e, Triturus pyrrhogaster. W i t h  respec t  to  t he  
Physiology of m e l a n o p h o r e  con t r o l  in  t h e  l iv ing  a m p h i -  

inn, the  imp l i ca t ions  of t h i s  in t r ins i c  s ens i t i v i t y  of 
.raelanophores to  l igh t  m a y  be fa r - reaching .  I t  seems  
l ~ p o r t a n t  t h a t  one  shou ld  b e  aware  of t h e  poss ible  in -  
Volvement of t h i s  response  in  p i g m e n t a r y  e x p e r i m e n t s  

hnich m i g h t  invo lve  changes  in i l l umina t ion•  Of specific 
t e rn  in th i s  c o n t e x t  is t h e  poss ible  s u p e r - i m p o s i t i o n  of 

p'~i~ .mechanism on  t he  b o d y - b l a n c h i n g  r eac t i on  of am-  
lblan larvae .  Obv ious ly  t h e  in t r ins i c  m e c h a n i s m  is n o t  

~o he p r ima ry  one  in b r i n g i n g  a b o u t  t h e  b l a n c h i n g  r eac t i on  
r t  . -  - ~. ~. he d i rec t  r e soonse  to  l igh t  occurs  v e r  slowl a n d  ulsa - - Y Y 

~, Ppears r a o i d l v  whi le  t e m p o r a l  e v e n t s  for  t h e  body-  
°~anchi - • ~'  . . ng r eac t i on  occur  in  t he  oppomte  m a n n e r ,  re- 
fq~iring j u s t  a few m i n u t e s  for  onse t  a n d  a b o u t  a n  h o u r  
ur d~sappearance 4 Moreover ,  s a l a m a n d e r  l a rvae  d i sp lay  

a Perfectly good b l a n c h i n g  reac t ion ,  whi le  these  s ame  
.~alataander m e l a n o p h o r e s  in  e x p l a n t s  do n o t  e x h i b i t  a n  
intrinsic s ens i t i v i t y  to  l ight .  However ,  in  a n u r a n  l a rvae  

a t  least ,  i t  seems a l t o g e t h e r  r e a s o n a b l e  to  c o n s i d e r  t h a t  
whi le  m e l a n o p h o r e  c o n t r a c t i o n  i nduced  b y  t he  d i rec t  
effect  of l igh t  m a y  n o t  o p e r a t e  as t he  p r i m a r y  s t i m u l u s  
of t h e  b o d y - b l a n c h i n g  reac t ion ,  i t  m a y  f u n c t i o n  to  sup-  
p l e m e n t  m e l a n o p h o r e  c o n t r a c t i o n  l a t e r  on. Th i s  is a f ac to r  
w h i c h  shou ld  be  t a k e n  in to  cons ide ra t i on  in  t h e  e v a l u a t i o n  
of a b l a n c h i n g  r eac t ion  i nduced  b y  long  exposures  to  
d a r k n e s s  o r  in  t h e  i n t e r p r e t a t i o n  of m e l a n o p h o r e  re-  
sponses  in  general ,  where  a pe r iod  of exposu re  to  d a r k n e s s  
is invo lved .  J u s t  as one  m u s t  t a k e  in to  a c c o u n t  t h i s  in  
v i t r o  m e c h a n i s m  in i n t e r p r e t i n g  in  v i v o  resul t s ,  i t  m u s t  be  
r e m e m b e r e d  t h a t  m e l a n o p h o r e s  in  e x p l a n t s  are  a specia l  
s i tua t ion .  The re  is no  ev idence  to  p rove  t h a t  me l ano -  
p h o r e s  in  t he  sk in  of l a r v a e  are  also l i gh t  sens i t ive  and ,  
indeed,  t h a t  t h e y  can  c o n t r a c t  as a r e su l t  of t h i s  sensi-  
t i v i ty .  I t  shou ld  be  po in t ed  out ,  however ,  t h a t  general ly ,  
m e l a n o p h o r e s  in  cu l tu re  s i t u a t i o n s  r e s p o n d  to  m a n y  of 
t h e  s ame  s t imu l i  as do  m e l a n o p h o r e s  in v ivo  s. These  ob-  
se rva t ions ,  t o g e t h e r  w i t h  t he  resu l t s  of t{ULEMANN 9, t h a t  
Xenopus m e l a n o p h o r e s  in  h a n g i n g  d rop  cu l tu res  are l igh t  
sens i t ive ,  a rgue  t h e  case t h a t  m e l a n o p h o r e s  h a v e  a n  in-  
t r ins ic  m e c h a n i s m  of response  to  l ight .  The  biological  
s igni f icance  of t h i s  response  is a n  en igma,  as is t he  
m e c h a n i s m  i n v o l v e d  10. 

Rdsumd. Les m61anophores  de la  cr~te neu ra l e  de  
d ivers  a m p h i b i e n s  isol6s in  v i t ro  se s o n t  m o n t r 6 s  sen-  
s ibles  k la  lumi&re. A la  lumi~re  no rma le ,  i ls  s ' 6 t e n d e n t ,  
mais  se c o n t r a c t e n t  r a p i d e m e n t  dons  l 'obscurit&. Cet te  
sens ib i l i t6  in t r ins&que p o u r r a i t  r en fo rce r  la r6ac t ion  qui  
p r o d u i t  ta  d6co lo ra t ion  du  corps  chez  les larves ,  ma i s  
n ' e n  es t  pas  la cause  pr inc ipa le .  
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P R O  E X P E R I M E N T I S  

& Template for the Rapid Measurement of Rf- 
Values in Thin-Layer Chromatography 

. Ia  the  course  of a n  ex t ens ive  c h r o m a t o g r a p h i c  screen-  ~ g of u r i n a r y  ex t rac t s ,  t h e  need  arose  for  t h e  r ap id  
eaSurement  of Rf -va lues  on  t h i n - l a y e r  c h r o m a t o g r a m s .  

ia~ernplate was  the re fo re  des igned  a n d  c o n s t r u c t e d  allow- 
the  d i rec t  m e a s u r e m e n t  of R f -va lues  in  a qu i ck  a n d  

V ~ r  . . . .  
~. Y Convenient  way  Th l s  no t e  will descr ibe  t h e  f ea tu res  

TheUlS deVmdat e t e m p  is m a d e  of t r a n s l u c e n t  p la s t i c  m a t e r i a l  
~tld co " • ~- nmsts  of 2 p a r t s  as s h o w n  in  F igu re  1. T h e  ba se  

p l a t e  A serves  to  cove r  up  t he  t h i n - l a y e r  p l a t e  to  be  
e x a m i n e d  a n d  to  s u p p o r t  p a r t  I3. P a r t  B is i n se r t ed  in to  
a groove on  p a r t  A b y  m e a n s  of a p r o m i n e n t  r i m  on one 
of i t s  sides,  a n d  i t  c a n  t h u s  be  sl id f r o m  one  side to  t he  
other•  To min imize  f r i c t ion  a n d  to  p r e v e n t  s c r a t c h i n g  of 
t h e  c lear  surfaces,  2 n a r r o w  pieces of t a p e  m a y  be  f ixed 
o n t o  p a r t  A g iv ing  p a r t  B a 2 -po in t  suppor t •  A s imple  
m e a s u r i n g  grid,  as  s h o w n  in  F i g u r e  2, was  d r a w n  o n t o  
p a r t  B us ing  a special  l acquer  for p las t i c  surfaces.  T h e  gr id  
r ep re sen t s  a s l id ing  scale mode l  w i t h  each  of t h e  l ines cor- 
r e s p o n d i n g  to  a p a r t i c u l a r  R f - v a l u e  ove r  t he  whole  r a n g e  
of poss ib le  s o l v e n t  f ron t s  on  t h i n l a y e r  c h r o m a t o g r a m s .  


