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React ion Patterns  of D a r k .  and L ight -Adapted  Hydra to  Light  S t imul i  I 

Tha t  fresh wa te r  polyps  of the  genus H y d r a  can per-  
ceive l ight  and  react  to it has  been  known since the  work  
of TREMBLEY 2 and  has been  conf i rmed subsequen t ly  by  
various o the r  au thorsa -L  The response to l ight  s t imul i  
mani fes ts  i tself in a posi t ive  or negat ive  p h o t o t r o p i s m  
de te rmin ing  the  locomotory  act ivi t ies  of t he  semi-sessile 
animals ;  or i t  can consist  of a f a s t  s tepwise  con t rac t ion  
of the  ent i re  an imal  including the  ten tac les  (see Figure 1). 
This  phobic  reac t ion  is pe r fo rmed  by  polyps  which are 
exposed to l ight  of high intensi t ies .  

In  H y d r a  no th ing  has been es tabl ished so far abou t  
the  exis tence and localization of pho torecep tors .  Elec- 
t ronmic rog raphs  s of the  ec todermis  have  revealed par-  
t icular  nerve  e lements  fea tur ing  r u d i m e n t a r y  ciliary s t ruc-  
tures  and these  m a y  act  as p r imi t ive  photorecep tors .  

H.  pirardi  7 is known to be par t icu lar ly  sensi t ive to  
blue l ight  ranging  be tween  350 and 500 n m  (see alsoS). 
In  this  spect ra l  s e g m e n t  lie the  absorp t ion  peaks  of m o s t  
of the  carot inoids  t h a t  are incorpora ted  in the  en tode rma l  
cells of H y d r a  9. Thus,  according to FELDMAN and  LEN- 
HOF~ 1~ the  carot inoids  m a y  be involved somehow in the  
process of photorecep t ion .  

This note  is concerned  wi th  the  react ions  of H .  attenuata 
Pall. 11 to various l ight  condi t ions  (white l ight  only) wi th  
special reference to  the  ques t ion  whe the r  there  is adap ta -  
t ion to l ight  or not.  Consequent ly  all expe r imen t s  were 
carried out  wi th  2 groups of animals :  ' l ight  a d a p t e d '  
specimens which pr ior  to the  expe r imen t  were exposed 
for a t  least  10 days  to  a cons t an t  i l luminat ion  (3000 Lux) 
and  'dark  a d a p t e d '  animals  which were kep t  in comple te  
darkness  for as long as 6 months .  Bo th  'dark-  and l ight-  
adap t ed '  polyps  were then  exposed to  r epea ted  l ight  
s t imuli  (2 min  exposure) a l t e rna t ing  wi th  dark  in tervals  
of 2 rain each (Figure 3). This 'on and off ' - sequence  was 
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Fig. 1. Protocoll of contraction performed by a single Hydra atte- 
nuata after exposure (arrow) to 90,000 Lux (reconstruction of a 
time lapse film at 12 frames/see). 

kep t  cons t an t  t h r o u g h o u t  all exper iments ,  the  in tens i t ies  
wi th in  the  l ight  per iods  were varied.  E a c h  expe r imen ta l  
run  compr ised  14 animals  which  were exposed  collect ively 
to  the  same sequence  of a l t e rna t ing  dark  and l ight  pe- 
riods. Each  polyp  was placed on the  t ip  of an upr igh t  
glass capi l lary f ixed to the  b o t t o m  of a waterf i l led glass- 
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Fig. 2. Experimental set up: {1) Light source13; (2) water filter; 
(3) shutter; (4) focusing lens (biconvex 22 era); (6) timer; (7) aquar- 
ium with experimental animals; (8) recording movie caineral~; 
(9) electronic flash; (10) tube lights. 
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Fig. 3. Reactions of 'light adapted' hydras (14 specinlens) to alternating dark and light (90,000 Lux) intervals of 2 min each (ordinate EC, 
extent of contraction; abszissa, time). 
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chambe r  (12 • 6 • 8 cm). The behav iour  of these po lyps  
in t e r m s  of the i r  s tage of expans ion  or con t rac t ion  was 
recorded by  means  of a mo t ion  p ic ture  camera  1. ope ra ted  
a t  a speed of 1 f rame per  10 or 20 see. The shu t t e r  of 
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Fig. 4. Contraction pattern of 14 dark (solid lines) and 14 light 
(dotted lines) adapted animals to alternating dark and light 
(!4,500 Lux) intervals of 2 min each. The curves represent the 
average of 10 subsequent periods (ordinate EC, extent of contraction ; 
abszissa, time). 

the  camera  was  synchronized  wi th  an electronic f lash 
so t h a t  p ic tures  could be t a k e n  dur ing  the  da rk  in tervals  
also (the po lyps  did no t  reac t  to  the  electronic flash). 
E a c h  p ic ture  was  then  p ro jec ted  onto  p lo t t ing  paper .  
A magni f ica t ion  of 2 • was  kep t  cons tan t .  The lengths  
of the  body  co lumns  f rom h y p o s t o m e  to  pedal  disc of 
all 14 animals  were  s u mmed  to give a co lumn represen t ing  
the  stage of con t rac t ion  or expans ion  of all 14 animals  a t  
a given i n s t an t  of the  e x p e r i m e n t  (Figure 3). This pro- 
cedure no t  only pe rmi t s  us to  ascer ta in  w h e t h e r  an an imal  
has  con t r ac t ed  or not,  b u t  i t  also provides  a measure  of 
the  ex t en t  of con t rac t ion  or expansion.  

In  order  to  reduce  v ibra t ions ,  t he  l ight  source 13 and  
the  aqua r ium conta in ing  the  exper imen ta l  animals  were 
placed on separa te  tables  (Figure 2). The  l ight  source 
was swi tched on and off by  a p r o g r a m m e d  au toma t i c  
t imer  which  also control led the  opera t ion  of the  film 
camera  and t h a t  of the  electronic  flash. The l ight in ten-  
s i ty  was set  by  means  of grey-f i l ters  placed in be tween  
the  l ight  source and  the  target .  The following intensi t ies  
which were recorded  wi th  a p h o t o m e t e r  14 were used:  250, 
900, 3200, 14,500, 50,000 and  90,000 4 -20% Lux.  

Figure 3 shows the  behav iour  of 14 l ight  adap ted  Hydra 
exposed  to  a sequence of dark  and l ight  periods. The 
l ight  in tens i ty  cor responds  to 90,000 Lux, comparab le  
to  weak sunlight .  Approx ima te ly  10 sec af ter  being h i t  
by  the  l ight  b e a m  the  animals  s t a r t  to  con t rac t  as shown 
in Figure 1. The p a t t e r n  and  ex t en t  of con t rac t ion  remain  
cons t an t  a t  each subsequen t  l ight  s t imulus.  Dur ing  the  
da rk  per iods  the  animals  ex t end  to  the i r  normal  length.  
The regular i ty  of the  reac t ion  to l ight  s t imuli  r epea ted  
at  in tervals  of 2 min  for as long as 3 h indicates  t h a t  there  
is no hab i tua t ion .  This f inding conf i rms the  observa t ions  
made  by  PtUSHFORT et al. ~. The responses  of dark  ad ap t ed  
animals  to  ident ical  a l t e rna t ing  condi t ions  is in principle 
the  same, bu t  t he  ex t en t  of con t rac t ion  in the  l ight and 
t h a t  of ex tens ion  in the  da rk  are less p ronounced  t h a n  
in ' l ight  a d a p t e d '  animals.  We  have  no sa t i s fac tory  
exp lana t ion  as ye t  for th is  difference.  

18 Bolex H16 reflex. 
18 Universal microscope lamp 'Wild' (Heerbrugg, Switzerland) with 

a Xenon burner XBO 162 (Osram). 
14 Tavolux 2, Metrawatt, Nfirnberg (Germany); 
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Fig. 5. Reactions of 14 light (dotted line) and 14 dark (solid line) adapted polyps to alternating dark and light intervals of 2 min 
each. During the sequence of light intervals, the light intensity was increased from 250-90,000 Lux. The arrows indicate at which 
intensities light (dotted arrow) or dark (solid arrow) adapted animals start to respond to the light stimuli (abszissa, EC, extent of 
contraction; ordinate, time). 
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If, ins tead  of 90~000 Lux,  lower l ight  in tensi t ies  are 
used in the  same sequence of 2 min  dark- l igh t  intervals ,  
'dark-  and  l ight  a d a p t e d '  animals  behave  to ta l ly  dif- 
fe rent ly  (Figure 4). 'L igh t  a d a p t e d '  po lyps  do no t  show 
any  reac t ion  w h e n  exposed  to 14,500 Lux  while the  da rk  
adap t ed  group clearly responds  by  cont rac t ing .  

This  marked  difference be tween  the  2 expe r imen ta l  
groups also mani fes t s  i tself when  the  sequence of da rk  
and  l ight  per iods  is modif ied  in the  following m a n n e r :  
ins tead  of using the  same l ight  in t ens i ty  t h r o u g h o u t  a 
series we increased gradual ly  the  in t ens i ty  in each sub- 
sequent  l ight  per iod s t a r t ing  f rom 250 Lux  and  ending  
up wi th  the  h ighes t  possible in t ens i ty  of 90,000 Lux. 

The compar ison  (Figure 5) be tween  the  behav iour  of 
' l ight-  and dark  adap t ed '  animals  under  these  condi t ions  
clearly shows t h a t  in da rk  adap t ed  polyps  the  contrac-  
t ions  a l ready become ev iden t  when  a l ight  in t ens i ty  of 
3200 Lux  is reached,  whereas  l ight  adap t ed  animals  do 
not  s t a r t  reac t ing  unt i l  h i t  by  90,000 Lux. Thus,  the  
th reshold  for the  response to whi te  l ight  is cons iderably  
lower in ' da rk  a d a p t e d '  t h a n  in ' l ight  adap t ed '  animals.  

This  different ia l  behav iour  of po lyps  t h a t  had  been 
kep t  in comple te  darkness  and  those  sub jec ted  to  con- 
t inuous  i l luminat ion can be in t e rp re t ed  as be ing a mani -  
fes ta t ion  of an adap t a t i on  to  par t i cu la r  l ight  condi t ions .  
We have  no in format ion  so far abou t  the  mechan i sm of 
a d a p t a t i o n  and  the  level a t  which  this  a d a p t a t i o n  takes  
place. Inves t iga t ions  a b o u t  the  possible role of the  earot-  
inoids are in progress.  

Zusammen/assung. Die Kon t r ak t ions in t ens i t / i t  b le ib t  
auch dann  unver / inder t ,  wenn  die Po lypen  yon  Hydra 
attenuata dem Dunkel -Hel l -Wechse l  (je 2 min) w g h rend  
3 h ausgese tz t  werden.  Dunke ladap t i e r t e  H y d r e n  reagieren 
auf Lichtre ize  auffal lend empf ind l icher  als bei 3000 Lux  
he l ladap t ie r te  Tiere. 
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C h a n g e s  in A s c o r b i c  Acid  Content  in D e n e r v a t e d  

I t  is shown t h a t  there  is cont inuous  local accumula t ion  
of ascorbic acid in the  gas t rocnemius  muscle of ra t  af ter  
denerva t ion  1. In  the  p resen t  s tudy,  an a t t e m p t  was made  
to examine  cer ta in  causa t ive  factors  for the  increase of 
ascorbic acid con t en t  in the  dene rva t ion  a t r o p h y  of the  
muscle.  

Uni la tera l  dene rva t ion  of the  h ind  l imb of the  c o m m o n  
Ind ian  frog, Rana hexadactyla, was carr ied out  according 
to KRISHNAMOORTHY and  DAS2. The gas t rocnemius  
muscles were excised, weighed and homogen ized  in ice- 
cold 5% me taphosphor i c  acid conta in ing  1% SNC123. 
The homogena te s  were cent r i fuged at  2000 r p m  for about  
20 min and the  acid-soluble f ract ion was used for the  
assay of ascorbic acid. L-ascorbic acid (AsA), dehydro-  
L-ascorbic acid (DHA) and  diketo-gulonic acid (DKA) 
were de t e rmined  by  the  2 ,4-d in i t ro-phenyl  hydraz ine  
me thod  of ROE and  KUETHER 3. The same procedure  
was followed for the  liver, k idney and  adrenals  af ter  

F r o g  G a s t r o c n e m i u s  M u s c l e  

nor i t  t r e a t m e n t  3 to r emove  in ter fer ing  p igments .  The 
blood was collected in to  a hypode rmic  syringe th rough  
the  inferior  vena-cava  and  pooled f rom 4-5 spec imens  
for assay. The da ta  were s ta t i s t ica l ly  analysed  4. 

AsA, D H A  and  D K A  concen t ra t ions  were no t  changed  
in the  k idney  and adrena l  t issues of frog af ter  dene rva t ion  
(Table I), ins tead  of an increase as in the  gas t rocnemius  
muscle.  D H A  and D K A  were s ingular ly  absen t  in the  
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Table I. The levels of catabolic products of aseorbie acid in the tissues of normal and denervated frog (period of denervation, 60 days) 

Tissue Catabolic product Normal frog Denervated frog t-test value Incidence of change 
(mg %) (mg %) on denervation 

Serum AsA 0.12 4- 0.007 0.11 4- 0.15 0.17 no change 
DHA nil nil - 
DKA nil nil - - 

Liver AsA 80 4- 1.14 95 -1- 3.00 7.80 �9 increase, p = < 0.01 
DHA 25 ~- 1.94 24.5 :J- 3.50 0.09 no change 
DKA 6 • 1.23 7 • 1.58 0.21 no change 

Kidney AsA 149 ~- 8.35 157 -t- 12.75 0.99 no change 
DHA 33 • 3.24 35 4- 1.0 1.02 no change 
DKA 6 i 1.58 7 ~- 1.32 1.05 no change 

Adrenal gland AsA 98 4- 5.49 100 ~ 5.83 0.25 no change 
DHA 24 • 2.59 27 4- 4.66 0.97 no change 
DKA 7 -1- 1.32 6 :~ 1.93 0.74 no change 

Mean of 4 samples ~ standard deviation. 


