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In  th e  last tw o decades th e  eye, and  especially  th e  crysta lline  lens, has 
becom e th e  favourite  o b jec t o f regenerative researches. As it is know n, if  th e  
lens of some inferior anim als is rem oved, it  regenerates ou t of th e  dorsa l m arg in  
on th e  iris, because in  th e se  anim als (urodela, an u ra ) no t only th e  em bryon ic  
ca lyx , b u t the  d ifferenciated  eye as well possesses th e  facu lty  o f fo rm ing  the  
lens. W o lff  (1895) was th e  first to  give an  ex ac t m orphological an a ly s is  o f th e  
process. N evertheless th e  charac ter of th e  fac to rs  inducing and  m ain ta in in g  
th e  process of regeneration  rem ained unexplained  up  to  now in sp ite  o f th e  fac t 
th a t  the problem  occupied the  in te res t of a g rea t m any  w orkers for severa l 
decades. T hey  th o u g h t to  have found th e  cause o f th e  phenom enon in  some 
ex te rn a l and  in ternal fac to rs , u n til Speem an  and , la te r  Wachs an d  his school 
form ed a hypothesis according to  w hich i t  is th e  re tin a  w hich is responsib le  
for th e  regeneration  o f th e  lens (induction of th e  lens). These experim en ts 
beeing o f operative an d  exclusively  m orphological charac ter w ere u n ab le  to 
clear up  the biochem ical processes going on in the re tin a  and  connected  w ith  
th e  regeneration  of th e  lens. So they  d id  n o t p roduce any  d irect p roo f concerning 
th e  role o f th e  re tina  in  th e  process. Since i t  is know n th a t  some fe rm en ta tiv e  
processes show an increased  ac tiv ity  in th e  regenerative  phenom ena, th e  su p ­
position  seem ed justified  to  us th a t  we shall succeed in  registering som e changes 
in  th e  enzym ic processes also during  th e  lens regeneration , and  fu r th e r  th a t  
we shall be able to  draw  conclusions on the a c tiv ity  o f th e  re tin a  in  th e  couise 
o f  th e  regeneration  o f  th e  lens.

O n th e  basis o f th ese  suppositions we exam ined  th e  beh av io u r o f th e  
p h o sp h a tase  histochem ically  and  chem ically in  connection  w ith th e  regeneration  
o f  th e  lens of tr ito n s . W e chose th e  exam ination  o f th e  alcaline p h o spha tase  
for th e  reason  because we possess a lready  num erous lite ra ry  d a ta  concerning 
th e  action  of it  in o th e r  reg en era tiv e  processess, in  developing organs and  
(in general) in norm al tissu es , —  based on cy tochem ical and  m icrochcm ical e x a ­
m inations.

I 4 Acta Morphologica 2.



208 ZOLTÁN PÓ SA L A K Y , SÁ N D O R K ELEM EN , IM R E  TÖ RÖ , PÁ L  NÁNÁSY

M aterial. Methods

W e experim ented u p o n  110 Triton  cristatus g a th e red  w ith o u t selection . T he rem oval 
o f th e  lens of their r ig h t eyes w a s  execu ted  in e th e r narcosis . T he le f t eye p reserved  in ta c t  has 
s e rv e d  as th e  control of th e  r ig h t  eye. A fter th e  o p era tio n , t ill  th e ir  sacrifice, th e  an im als  were 
re g u la r ly  fed. For th e  h is to ch em ica l exam inations w e sacrificed th e  anim als b y  d ecap ita tio n  
in  g ro u p s  of 8 to 12, on th e  3 rd , 5 th , 8 th , 10th, 12 th , 14 th , 18th, 22nd days follow ing th e  
o p e ra t io n . The fixation w as c a rr ie d  o u t in 80 per cen t a lcohol k e p t for 8 hours in  th e  ice-box. 
A f te r  th e  fixation we rem o v ed  th e  skull-bones th ro u g h  o p e ra tio n  in stead  of deca lc ination . 
W e  chose th is technique b ecau se  a  fu r th e r  considerable loss o f enzym es w ould h av e  been  in ­
e v ita b le  during the  deca lc in a tio n . F u rth e r , we tre a te d  o u r m ate ria ls  according to  th e  m ethod  
e la b o ra te d  by Gomori (1939, 1941) a n d  by Takam atsu  (1939) fo r th e  h istochem ical d e te rm in a tio n  
o f th e  phosphatase. The p H  o f o u r  incubating  so lu tion  w as 9,5. F o r incu b a tio n  tim e  we fixed, 
o n  th e  basis of previous in v e s tig a tio n s , 18 hours. As a  re su lt of th e  reac tion  a b lack  p rec ip ita te  
(C o S ), h ighly ap t to  m icroscop ica l analyses appears on th e  p laces corresponding to  th e  phospa- 
ta s e .  T h is proceeding alone w as  n o t  sufficient, because th e re  is h a rd ly  any d ifference in  th e  
c o lo u r  of th e  precip ita te  a n d  th e  b lack  p igm ent w hich is p re se n t in  a g rea t q u a n titie s  on th e  place 
o f  th e  reaction , especially in  th e  iris  and th is m akes ev a lu a tio n  d ifficult. T herefore  w e changed 
th e  m eth o d  of Gomori— T a k a m a tsu  as follows : we tran sfo rm e d  th e  calc ium phosphate  —  arisen  
in  consequence of th e  en zy m e-a c tiv ity  and p recip ita ted  in  th e  tissues —  in to  lead  p h o sp h a te , 
a n d  la te r  by  the help  c f  p o ta s s iu m  bich  om at in to  lead ch ro m ate ; so we succeeded in  localizing 
th e  enzym e as a yellow, in so lu b le , readily  identifiable  p re c ip ita te .

T he m icrochem ical a n a ly se s  w ere executed on th e  3 rd , 8 th , 10th, 12th , 14 th , 18th , resp . 
2 2 n d  d ay s of developm ent. A s m a te ria l  of our in v estig a tio n s we used p a r tly  th e  no rm al and  
th e  »experim ental«  eye of th e  sam e  tr ito n , p a rtly  th e  eyes o f n o n -trea ted  an im als. W e o b tained  
th e s e  m ateria ls by rem oving th e  b u lb s  of the  anim als n a rco tized  in e th e r and  b y  cleaning th em  
c a re fu lly  from  all connective  tis su e . There too, we m ade  com parisons, be tw een  th e  norm al 
a n d  o p era ted  eyes of th e  sam e an im a ls  on th e  one h a n d , a n d  betw een  th e  no rm al eyes of non- 
o p e ra te d  anim als on th e  o th e r  h a n d . A fter the  rem oval we w eighed th e  b u lbs, a n d  add ing  a 
d ro p  of chloroform, we t r i tu r a te d  each  of them  sep ara te ly  in  a  sm all tu b e , tak in g  care  especially 
o f th e  re tin a . Then we p ip e tte d  1,5 ml. 0,2 M. co n ce n tra ted  g lycerophosphate  N a  so lu tion  
a d ju s te d  to  p H  9,5 in b o th  tu b e s ,  an d  we stirred  i t  u n til  th e  suspension becam e hom ogenous ; 
t h e n  w e incubated  i t  for 18 h o u rs  a t  37° C. F o r each e x am in a tio n  we took o ff from  th e  above- 
m e n tio n e d  suspension 0,5 m l. a n d  a f te r  rem oval of th e  p ro te in s we d e term ined  i ts  inorgan ic  
p h o sp h a te  contents by  m ean s of th e  M artland— Robison  co lorim etrical m icro -m ethod  (1923).

Experim ents

To estim ate p ro p e rly  th e  results of ou r experim en ts it  seem s necessary  
t o  go over the  process o f  a n o rm al lens-regeneration  (Sato, cit. M angold, p. 316). 
T h e  successive process o f  a lens-regeneration  in  th e  circum stances in  w hich 
w e m ade our ex perim en ts is as follows : A fter th e  rem oval of th e  lens th e  edge 
o f  th e  iris swells an d  grow s rich  in p igm ent (1st— 5th  day). A fte r th is  th e  
d ep igm en ta tion  of th e  iris  ta k e s  place and  a gap appears betw een its  tw o layers 
(5 th — 10th day). T hen  th e  edge of the  iris begins to  proliferate an d  to  form  
a  ho llow  epithelial vesicle (1 0 th — 15th day), in w hich fibres appear (17 th  and  18th 
d a y )  F inally  the  new , reg en e ra tin g  lens detaches from  th e  dorsal edge of th e  iris 
(1 8 th — 21st day). T he n ew  lens is quite n o rm a l in  its  s tru c tu re  an d  d ifferen tia­
t io n , b u t it  is sm aller t h a n  th e  original lens an d  reaches norm al size only  la te r . 
N evertheless th is reg en e ra tin g  process is g rea tly  su b jec t to  ind iv idua l varia tio n s ; 
th e re fo re  we found i t  p ro p e r  to  evaluate th e  changes of t he p hosphatase  occurring 
in  th e  operated eye d u rin g  th e  regeneration on th e  basis of com parisons w ith  th e  
n o rm a l eye of th e  sam e an im al. The above-m entioned  term s of th e  successive 
sacrifices were chosen w ith  regard  to  th e  sam e po in ts of view .
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Histochemical investigations

We exam ined  first th e  p hosphatase  co n ten t o f  th e  eyes o f th e  con tro l 
an im als (F ig. 1). We found i t  equal in  b o th  eyes o f th e  sam e an im al w ith o u t 
an y  difference in  q u a n tity  or localization. We o b ta in ed  a general, s lig h tly  
positive m ain ly  n uclear reaction . I t  m ay  be observed th a t  th e  reaction  is s tro n g e r 
in th e  ex te rn a l and  in te rn a l g ranu lar layers and  in  th e  ganglion cells o f th e  
re tin a  th a n  in  th e  o ther layers, w here it  is scarcely v isib le. In  th e  ep ith e liu m

F i g .  1 .

L eft eye of a non-opera ted  Triton taeniatus. Phosphatase  reac tio n . A diffuse, m o d era ted  
nuclear reac tio n  is to  be seen. General remark. Signs occurring  in  m ost of th e  figures :
B  =  le f t (contro l) eye  ; . /  =  r ig h t (experim en tal) eye ; r =  re tin a  ; i =  iris ; ch =  choroid  ; 

c =  cornea L  =  lens o f th e  eye ; l =  lens vesicle.

of th e  lens, in  th e  cornea an d  in  th e  peribu lbar tissu e , we m ay  notice a k in d  
of nuclear reaction  like th e  one observed in th e  re tin a . As for th e  iris, on ly  
th e  cells o f th e  fro n ta l an d  dorsal epithelial layer show  a m odera te  n u c lea r 
reaction . T he choroid, the sclera m ay  be p rac tica lly  considered as free from  
enzym e. I t  m ay  be obseived  th a t  th e  re tin a l reac tion  is n o t  stronger th a n  th e  
nuclear reac tio n  o f th e  en v ironm en t : only a g rea te r d ensity  of cells m ak es 
it m ore strik ing . W e m ay  rem ark  th a t  th e  analysis o f th e  iris and  chorioid was 
m ade w ith  th e  above-described lead-chi ornate m odification .

On th e  3rd an d  5 th  days following th e  operation  m icroscopical ex am in a tio n  
showed a general increase of th e  reaction  in th e  regenera ting  cornea. A p ro ­
nounced reaction  w as observed in  the  fornices. T he re tin a l reaction  d id  n o t

14
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c h a n g e  significantly (F ig . 2). In  several cases a scarcely p e rcep tib le  increase 
o f  a c tiv ity  could be o b serv ed  on th e  ex p erim en ta l and  th e  co n tro l re tin a  visible 
r a th e r  beside th e  iris. I

8 days a fte r th e  rem oval one m ay  observe th a t ,  in  com pari­
son  w ith  the  earlier p h ases , only th e  ex p erim en ta l eye showed a changed  reaction  
(F ig . 3), though a s ligh t rise of ac tiv ity  m ig h t be found in  th e  co n tro l eye too . 
I n  th is  phase th e  re tin a  o f  th e  exp erim en ta l eye gives a lread y  a stronger 
re a c tio n  th a n  th a t  o f th e  con tro l eye. T he s tren g th en in g  of th e  re a c tio n  is p arti-

f i g .  2.
F iv e  days a fte r rem o v a l of th e  lens (Saio’s 1st phase). B o th  eyes o f T rito n  taeniatus. 
P hosphatase  reac tion . T h ere  is no im p o rta n t d ifference betw een  th e  a c tiv ity  o f th e  two 
re tin ae . Note, in th e  e x p erim en ta l eye (J ) th e  sw ollen m argin  of th e  d o rsa l iris (di) 

an d  th e  hyp ertro p h ic  cornea (c).

c u la r ly  visible in  th e  e x te rn a l g ranular layer, w h ilst tow ards th e  inside i t  keeps 
d im inishing. One m ay  observe th a t  th e  increase of th e  reac tio n  begins in  b o th  
ey es  beside th e  iris. B u t  th e  pro lifera tion  o f  cells occurring on th e  dorsa l edge 
o f  th e  iris does n o t show  an y  increase of ac tiv ity .

On the 10th  d a y  o f  regeneration  th e  a lread y  m entioned p o sitiv ity  appears 
in  th e  re tina  of th e  n o rm a l eye beside th e  iris and  th ere  m ain ly  in  th e  ex te rn a l 
g ra n u la r  layer (F ig. 4). I n  constrast to  th is  th e  reaction  in  th e  re tin a  of th e  
o p e ra ted  eye proves to  b e  diffuse and  m ore in tense  (Fig. 4, 5), th o u g h  a careful 
observa tion  m ay  show  th a t  i t  is, even in  th is  case, d ark er on th e  peripheral
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p a r ts . H igher m agnifying clearly  indicates th a t  th e  in ten s ity  of reac tio n  show s 
a g rad u a lly  dim inishing ten d en cy  from  th e  ex te rn a l cellu lar layer of th e  re tin a  
to w ard s th e  in te rn a l p a r ts  (F ig. 5). The reac tio n  observed  in  th e  o u te r  and  
especially  in  th e  inner ep ithe lia l layer of th e  dorsal iris is o f th e  sam e in te n s ity  
as in  th e  re tin a . The new ly form ed lens vesicle show s, on th e  co n tra ry , 
only  a m ild reaction .

T he reaction  of th e  re tin a  increases considerably  on th e  12 th  a n d  14th 
d a y  w hich is especially well visible in  th e  14 days o ld  anim als (Fig. 6). The

F ig . 3.
E ig h t days a fte r operation  (Sato's 3rd phase). B o th  eyes of T riton  taeniatus. P h o sp h atase  
reac tion . E nzym ic a c tiv ity  is slightly  g rea ter in th e  re tin a  (r) of th e  experim en ta l eye (J ) 
th a n  in  th e  contro l eye (B ). T he cellu lar swelling on th e  dorsal m argin  of th e  iris (<fi) 
is deficient in enzym es. In  th e  re tin a  of the  contro l eye a sligh t m arg inal reac tio n  is

to  be observed.

m assive reac tio n  in  th e  re tin a  o f th e  experim en ta l eye is m uch stro n g er th a n  
th e  reac tio n  in  th e  contro l re tin a , th o u g h  we m ay  find here also as in  th e  pre- 
ceeding cases —  some enzym e a c tiv ity  on th e  edges. T he regenerating  cornea, 
th e  con junc tiva  (m ainly in  th e  fornix) is very  ac tiv e  ; while on th e  c o n tra ry  
th e  regenerating  lens, in  w hich th e  first signs o f th e  fo rm ation  of len ticu la r 
fibres appear, p resen ts a very  fa in t reaction .

In  th e  18 days old an im als we m ay  observe a considerable decrease o f th e  
re tin a l reac tio n  of th e  exp erim en ta l eye, and  now , excep ting  som e p a r ts , w here 
a slig h t difference is s till v isible no difference m ay  be found  any  m ore betw een
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th e  tw o , the  ex p erim en ta l an d  th e  contro l re tin a e  (Fig. 7). N evertheless th e  
reg en e ra tin g  cornea gives in  m an y  cases an  im p o r ta n t degree of reac tio n . In  th is  
p h a s e  o f regeneration  n ew ly  form ed concentric fibres fill up  th e  c a v ity  of th e  
len s  vesicle.

22 days after th e  rem o v a l of th e  lens th e  regenerating  lens show s a d if­
fe re n tia tio n  sim ilar to  t h a t  o f th e  original lens, on ly  i t  is sm aller (F ig. 8). In  n o

F ig . 4.
T e n  days a f te r  rem oval {Sa to 's  4 th  phase). B o th  eyes of Triton  laenialus. P h o sp h atase  
reac tio n . N ote, in  th e  r e tin a  (r) o f th e  experim ental eye ( J )  th e  diffuse un iform  reaction , 
-—  m ore intense th a n  th e  re tin a l reaction  of th e  co n tro l eye (B ). T he lens vesicle (1) 
v isib le  on the  dorsal m a rg in  of th e  iris con ta ins scarcely  any  enzym es. In  th e  lens (L) 
o f th e  control eye an d  on  th e  m arg inal p a r ts  of i ts  re tin a  enzym ic a c tiv ity  is to  be re­

m arked.

in s ta n c e  of th is phase  could  we observe an y  difference betw een  th e  ac tiv ity  
o f  th e  two re tinae . T h e  p ic tu re  resem bles th e  reac tio n  found in  th e  eyes of 
n o n -o p era ted  anim als (F ig . 1).

Chemical investigations

On Table I . we su m m arized  the  resu lts o f th e  m icrochem ical investigations 
c a rr ie d  out w ith  th e  above-m en tioned  m eth o d s an d  phases o f developm ent. 
B y  a c tiv ity  we m ean  th e  q u a n tity  of free p h o sp h a te  of 5 experim en ta l, resp. 
c o n tro l eyes (bulbus) sp lit off in  18 hours b y  1 m g. (wet w eight) u n d er th e  
above-m entioned  c ircu m stan ces (at th e  tem p era tu re  of 37° C., a t  9,5 p H  in
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0,2 M iV a-glycerophosphate). The com parison o f th e se  values of the  ex p e rim en ta l 
and  th e  con tro l eyes supplied  us th e  percent-specification  of th e  in crease  of 
th e  a c tiv ity  in  th e  o p era ted  eye as it  is visib le on  Fig. 9. The increase o f  th e  
enzym ic a c tiv ity  s ta r ts  a fte r th e  8 th  day , a t ta in s  its  culm ination on th e  14th  
day , w hen  th e  enzym e a c tiv ity  of th e  opera ted  eyesshow s an  83 per c en t increase  
com pared  w ith  th e  con tro l eyes. In  th e  follow ing phases the enzym ic a c tiv ity  
o f  th e  experim en ta l eye approaches rap id ly  th e  no rm al value.

F ig . 5.
T en  d ay s a f te r  operation . D etail of re tin a  of th e  ex p erim en ta l eye (J ) .  P h o sp h a ta se  
reac tion . N o te , the  decrease of in tensity  of the  reac tio n  from  the  outer cellular la y e r  (k ) 
to w ard s th e  layer of th e  ganglion cells (g). t ta p e tu m , bm  - inner nuclear lay e r.

Table I.

D ays a f te r  th e  
o p era tio n 3 1'1 8 " ' 10lh 12th 14th 18'li 22 nd

A ctiv ity  of o p er­
a ted  eye in mg 0,0266 0,0275 0,0286 0,0280 0,0396 0,0281 0,0214

A ctiv ity  of norm al 
eye in m g ............ 0,0227 0,0204 0,0208 0,0171 0,0218 0,0207 0,0191

Increase  of a c tiv ity  
in  % , in fav o u r of 
the  o p e ra ted  eye 17,5 34,5 37,5 64 83 36 10

A ctiv ity  =  free p h ospha te  sp lit by 1 mg w et w eight o f 5— 5 eyes (bulbs) a t 37° C an d  p H  9,5 
in  0,2 M N a-g lycerophosphate  in 18 hours (mg).
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Discussion

Speem an s opinion, t h a t  th e  lens-fo rm ation  induced by  th e  re t in a  ( Törő  
1932), w as b u ilt ou t b y  W achs and his schoo l in to  th e  theory  o f  a secre to ry  
e q u ilib riu m  betw een th e  lens and th e  re tin a . A ccording to  them  th e re  ex ists  
a sec re to ry  equilib rium  —  probab ly  a chem ical one —  betw een th e  re tin a  and  
th e  lens, because th e  secre tion  of th e  lens n e u tra lize s  th e  secretion o f  th e  re tin a , 
w h ich  induces the reg en e ra tio n  of th e  lens a f te r  its  rem oval. T he follow ing

Fig. 6.
F o u rte e n  days a fte r rem o v a l (Soto’s 6 th  phase). B o th  eyes of Triton taenialus. P h o sp h a ta se  
reac tio n . In  th e  re tin a  (r) o f th e  experim ental eye (,/ ) v e ry  intensive enzym ic a c t iv ity  is to  
b e  seen. The reg en eratin g  lens (/) dyes pale. N o te  ch aracteris tic  m arg inal re ac tio n  in 

th e  re tin a  of th e  co n tro l eye (B ). The lens (L ) too  contains p h o sp h a tase .

ex p erim en ts  m ay argue in  favour of th e  in h ib itin g  influence o f  th e  lens :
1. A  p a r t  o f th e  dorsa l edge of th e  iris im p la n te d  into th e  dorsal ch am b er of 
a n  eye  s till possessing a lens did n o t form  a len s , b u t  after th e  rem o v a l o f th e  
o rig in a l lens, i t  d id  in  7 cases ou t of 8 (W achs, Sato  cit. b y  M angold, p . 327).
2. I f  a larger lens was rep laced  b y  a sm aller one , th en  on cond ition  o f a good 
a d ju s tm e n t regeneration  w as checked in  m o s t cases (Wachs, cit. b y  M angold, 
p . 327). 3. B u t if  th e  lens of a T riton , im b e d d e d  in  paraffine, w as im p lan ted  
in to  th e  place of th e  rem oved  lens of a n o th e r  T rito n  (Kesselyák, 1935), a lens 
o r  a lens vesicle reg en era ted . The influence o f  th e  re tina  on th e  in d u c in g  an d
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m ain tenance  of regenera tion  is proved by th e  follow ing facts : 4. D o rsa l iris 
tra n sp la n te d  into th e  la b y r in th  o f another an im a l (em bryo) w ith o u t re tin a  
does n o t regenerate lens (5 cases), b u t w ith re tin a  i t  does (2, resp. 6 cases o f 9) 
(1Vachs, 1914, cit. b y  M angold, p. 327). 5, I f  th e  w hole re tin a  is rem oved to g e th e r  
w ith  th e  lens, th e  re tin a  regenerates first, an d  th e n  th e  lens. (W achs, 1920 
cit. b y  .M angold, p. 327.)

F ig. 7.
E ig h teen  days a fte r  o p e ra tio n  (Sato's 10th phase). B o th  eyes of Triton taenia tus. 
P ho sp h atase  reaction . T he difference betw een th e  a c t iv ity  of th e  re tina  (r) of th e  
ex p erim en tal eye (.7) an d  of th e  contro l eye (B )  is scarcely  perceivable. The reg en e ra ted  

lens (/) is a lread y  segm ented  from  th e  d o rsa l m arg in  of the  iris.

N atu ra lly  m any  ob jections could have been an d  also were raised  ag a in st 
th ese  experim ents. P a r tly  because of the  sm all n u m b e r  of th e  anim als used  for 
th e  experim ents, p a r tly  because of the  occasional c ircum stance th a t  som e cells 
o f h u r t  re tin a  m ay also transfo rm  into leus-like s tru c tu res , in to  th e  so-called 
len to ids (Törő, 1932; Reyer, 1948). This concerns especially the  ex p erim en t 
N o. 4 ., w hich shows only  tw o  absolutely positive  cases, th e  four o th e r  cases 
are p ro b ab ly  lentoids. In  sp ite  of th e  objections, th e  above described ex p erim en ts  
prove th e  im portance of th e  re tin a  in th e  in d u c tio n  of th e  lens-regeneration , 
th e y  could, however, n o t dem onstra te  a d irec t evidence of th e  d e te rm in a tin g  
role of th e  re tina  in  th e  regeneration .
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T he results d eriv ed  from  our experim en ts fo rm  the  first phase  o f  a series 
o f  experim ents w hich w ill t r y  to  analyze th e  lens regeneration  fro m  th e  bio­
ch em ica l, resp. h is to ch em ica l po in t of view .

O u r observations co n ce rn in g  th e  n o rm al eye correspond to  som e l i te ra ry  d a ta  : 
S a n to n i  (1938) h im self h a s  fo u n d  th e  p h o p h a ta se -co n ten t o f the  lens very  sm all ; an d  accor­
d in g  to  De Concilis (1934), th e re  is some alcaline  p h o p h a ta se  in  th e  re tin a  to o . Verkstern 
(1946  c it. b y  Baur, p. 572) a ffirm s th a t  th e  p resence  of ad en o sin trip h o p sh atase  in  the 
r e t i n a  shows a sim ilar p ic tu re .  U p  to  now n o  d ifference  has been  fo u n d  be tw een  the 
a d a p ta t io n  of the  re tin a  to  l ig h t  or to  darkness (c it. b y  Baur). Lindem an  (1949) h a s  found

Fig. 8.
T w e n ty  two days a f te r  re m o v a l (Safos’s 13th p h ase ). B o th  eyes of T rito n  taenialus. 
P h o sp h ata se  reac tion . N o difference betw een th e  enzym ic a c tiv ity  of th e  re tin a  (r) 

of b o th  eyes. N ote th e  seg m en ted  new  lens (l).

a n  im p o r ta n t increas of p h o sp h a ta se  activ ity  d u rin g  th e  d ifferen tia tion  of th e  r e tin a  of 
th e  ch ick en  em bryo. S iilm a n n  (1947, cit. by  B aur, p . 572) has found also a lcali-m ono- and 
B ie s te ra s e  in  the cells o f th e  co rnea .

According to  o u r researches there  is (in com parison w ith  the  n o rm a l eye) 
a  considerable increase o f  enzym e a c tiv ity  in  th e  re tina  of th e  ex p erim en ta l 
e y e . I t  is m anifest t h a t  th is  phenom enon is connected  w ith  th e  regenerating  
le n s , as far as in  c e r ta in  m orphologically  d em o n stra ted  form s o f  developm ent 
w e m a y  find a d e te rm in ed  increase of the  re t in a  ac tiv ity . I f  we observe , in  the 
co u rse  of the  reg en era tin g  process, the  increase  o f  ac tiv ity  in the re t in a  of the  
e x p e rim e n ta l eye, we m a y  find th a t  i t  is confined  to  th e  period  (from  about 
th e  8 th  day  till th e  18 th ) in  w h ich  th e  lens is developing from  th e  d o rsa l m argin
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o f  the  iris. B u t even w ith in  th is  period a c tiv ity  increased  during  th e  ap p ea ran ce  
an d  fo rm atio n  of th e  fibres o f th e  lens (F ig. 4 a n d  6). A t th e  sam e tim e  th e  
reg en era tin g  lens con ta in s scarcely any  enzym es.

T hese exam inations show  th a t  certa in  processes ta k e  place in  th e  re tin a  
during th e r  egeneration  o f lens and  in these processes th e  enzym e p h o sp h a ta se  
p lays a n  im p o rta n t role.

T he phosphatases cooperate  considerably  in  th e  m etabolism  o f som e 
organs or cells, an d  ta k e  p a r t  in th e ir  specific fu n c tio n s too . T hus th e y  occur 
also in  th e  illum inated  re tin a  (Reis, 1940), b u t  th e ir  q u a n tity  seem s to  be 
in d ep en d en t o f th e  lig h t s tim ulus. T heir role seem s to  be proved in  th e  m e ta ­
bolism  of nuclein acids, nucleo tids and, in genera l, in  th a t  of nucleopro te ins

Activity
%

100-1

F ig. 9.
In c rease  of th e  pho sp h a tase  a c tiv ity  of the  e x p erim en ta l eyes in  percentage d u rin g

th e  lens regeneration.

(S u lk in , 1948). C ertain  experim en ta l d a ta  show  th e  close connection o f  th e  
p h o sp h a tase  w ith  th e  (collagenous) fibrogenetic processes too  (D anielli, 1943, 
Bourne, 1943, Lorch, 1947) etc.

T ak ing  in to  consideration , m oreover, th e  c ircum stance  th a t  th e  increase 
o f a c tiv ity  is in tensified  a t  th e  tim e  of th e  fo rm atio n  of th e  lens and  especially  
o f th e  len ticu la r fibres, we m ay  suppose th a t  d u ring  regeneration  such processes 
are going on in  th e  re tin a  w hich have an  im p o rta n t ro le in  or are perhaps re sp o n ­
sible for th e  fo rm ation  o f th e  album ines of th e  lens.

O ur experim ents show  fu rth e r th a t  th e  p h o sp h a tase -ac tiv ity  of th e  re tin a  
begins to  change su b stan tia lly  only after th e  5 th  d a y  (Fig. 3, 4 and  6) th o u g h  
th e  in tro d u c to ry  sym ptom s o f regeneration  —  a s trong  dep igm entation  o f th e  
iris a n d  fo rm ation  of th e  gap —  appear a lread y  before th a t  tim e.

These d a ta  show th a t  a t  th e  beginning of th e  regeneration  th e  a c tiv ity  
o f th e  re tin a  is n o t increased  y e t  as m uch as could  be expected  on th e  basis  
o f th e  increase of enzym e-activ ity  observed in  th e  la te r  phases of reg en era tio n .
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So w e m a y  suppose t h a t  th e  role o f th e  re tin a  is sm aller a t  th e  b eg inn ing  o f th e  
re g e n e ra tio n  th a n  a t  th e  tim e  of th e  fo rm atio n  o f th e  lens. P e rh ap s  th e  local 
d e s tru c tiv e  processes follow ing th e  o p era tion  (R einke , cit. b y  M angold, p . 326), 
re sp . th e  specific changes o f  m etabo lism  connected  w ith  th e m , m a y  induce 
th e  regeneration . T his op in ion  is su p p o rted  b y  th e  conclusion o f Striganova  
(1950), concerning th e  reg en era tio n  of ax o lo tl lim bs.

T h e  hypothesis arising  from  th e  num erous analyses w hich prove th e  u n d o u b ­
te d ly  im p o rta n t role of th e  re tin a  in th e  in d u c tio n  of th e  lens-regeneration  (W olff, 
S p eem a n , Wachs, M angold, Törő  etc.) seem s to  be more p robab le . O n th e  basis 
o f  th e s e  we m ay say  th a t  th e  re tin a  is responsib le  for th e  in d u c tio n  o f th e  re ­
g e n e ra tio n  ; b u t  th e  processes tak in g  place th is  tim e  in  th e  re tin a  could  n o t be 
d e m o n s tra te d  by  m eans o f phospha tase  analyses —  probab ly  because  in  these  
p rocesses i t  is n o t th e  p h o sp h a tase  th a t  p lay s  th e  essential ro le .

C onsequently , i t  seem s th a t  th e  changes occuring in  th e  re tin a  a t  th e  tim e 
o f  th e  fo rm ation  of th e  lens differ in ch a ra c te r  from  th e  changes responsib le 
fo r  th e  induction  o f th e  regeneration .

Com paring th e  enzym e con ten t of th e  re tin a  in  th e  n o rm al eye o f  th e  
o p e ra te d  anim als w ith  t h a t  of th e  lens, th e re  seem s to  be a ce rta in  connection  
b e tw e e n  th e  p hosphatase  co n ten t o f th e  re tin a  and  th e  lens. T h is  op in ion  is 
su p p o r te d  by  our finding according to  w hich in  th e  la te r phases o f reg en era tio n , 
e sp ec ia lly  on th e  10 th , 1 2 th , 14th  days, w h en  even th e  re tin a  o f  th e  no rm al 
eye  show s some increase o f ac tiv ity , th is  a c tiv ity  goes para lle l w ith  th e  p ro ­
p o r tio n a l increase of a c tiv ity  in  th e  lens.

T h e  changes of th e  enzym e con ten ts o f th e  control eyes p rove  th a t  in  th e  
co u rse  o f  th e  regeneration  o f  th e  organ (du ring  th e  different phases o f g row th  
a n d  differen tia tion) (Fig. 3, 4, 6) th e  process going on in  th e  re tin a  o f the  
re g e n e ra tin g  eye does n o t rem ain  a local phenom enon , b u t  in fluences th e  o th e r 
eye  an d , probably , th e  w hole organism . T here  are tw o possib ilities for th e  
e x te n s io n  of th is  process. One of th e m  is t h a t  th e  re tin a  of th e  reg en era tin g  
eye  p roduces a substance  t h a t  w ould s tim u la te  specifically th e  o th e r eye th ro u g h  
th e  b lo o d  stream . T he o th e r supposition  is t h a t  th e  stim ula tion  w ould  excite , 
th ro u g h  th e  nervus o p ticus, th e  respective p a r t  of th e  cen tra l n e rv o u s  system  
a n d  th is  s tim ula tion  w ould  effect th e  reac tio n  on  th e  o th e r side. T ak in g  in to  
co n sid e ra tio n  th e  w orks o f Speranski an d  h is school, we suppose  th e  la t te r  
to  be  m ore probable. T h is observation  is p ro v ed  b y  the  f a c t ,—  bo rn e  o u t by  
m a n y  lite ra ry  d a ta , —  t h a t  th e  cen tra l n e rv o u s system  of th e  t r i to n  is able 
to  reg is te r, receive an d  tra n s m it certa in  stim u la tio n s (connected w ith  regene­
ra t io n ) . Poleshaev (1950) d em o n stra ted  in  frogs th e  effect o f th e  c e n tra l nervous 
s y s te m  an d  of th e  h y p ophysis  on th e  reg en era tio n  of th e  lim b . W e m a y  rem ark  
t h a t  th e se  problem s of th e  lens-regeneration  o f th e  tr ito n  are n o t y e t cleared 
u p  a n d  we p lan  to  u n d e rta k e  fu rth e r investig a tio n s in  th is  field.
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O ur chem ical resu lts  correspond, on th e  w hole, w ith  our h is to ch em ica l 
ones, confirm ing them , excep t th e  beginning an d  th e  end of th e  re g e n e ra tio n  
(F ig . 9) w hen  th e  chem ical analyses show  a ce rta in  increase o f th e  enzym e 
a c tiv ity  o f th e  experim en ta l eye, a ph en o m en o n  w hich canno t be confirm ed 
h istochem ically . This m ay be exp lained  by  th e  fa c t th a t  we used up th e  w hole  bu lb  
for o u r chem ical estim ations, an d  so th e  phosph a tase-co n ten t o f  th e  cornea 
and  con ju n c tiv a  and  of th e  o th e r tissues m a y  have produced th e  d iffe rence  
w hich  we disregarded and  ignored in  our h istochem ical investiga tions w here 
we com pared  only the  re tin a l reaction .

Sum m ary

1. T he au th o rs  exam ined h istochem ically  and  chem ically  the  behaviour o f  th e  alcalin^ 
p h o sp h a tase  in  th e  regeneration  of th e  lens of tr ito n s .

2. B o th  histochem ically  an d  chem ically , th e  increase  of the  enzym ic a c t iv i ty  cou ld  be 
o bserved  in the  re tin a  on the 8 t h —  16th days follow ing th e  rem oval of the lens. T h is  m ay  be 
connected  w ith  some phenom ena of th e  lens-form ation  g iv ing  us the  convincing c e r t i tu d e ,  th a t  
d u rin g  th e  lens-regeneration  processes of decisive im p o rta n ce  are going on in th e  re tin a .

3. On th e  first 5 days no increase could be o bserved  in  th e  re tina  of the  e x p e rim e n ta l eye. 
I t  is likely  th a t  in connection w ith  th e  induction  of reg en era tio n  processes, of su ch  c h a ra c te r  
are tak in g  p lace in th e  re tin a  in w hich alkaline p h o sp h a tase  has no essential role.

4. D uring  regeneration  we observed some v a r ia tio n s  of the  enzyme con ten ts o f th e  contro l 
eyes too .
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ПОВЕДЕНИЕ ЩЕЛОЧНОЙ ФОСФАТАЗЫ ВО ВРЕМ Я РЕГЕНЕРАЦИИ ХРУСТА­
ЛИКА ПО ВОЛЬФ У

3. Пош алаки, Ш. Келемен, И. Тэрэ, П. Нанаши

Резюме :

1. Мы исследовали гистохимически и химически поведение щелочной фосфатазы 
в процессе регенерации хрусталика тритонов.

2. Через 8 16 дней после Удаления хрусталика мы наблюдали с гистохимической
а такж е с химической точки зрения повышенную активность энзима в сетчатке глазы. 
По нашему мнению, это явление стоит в связи с процессом регенерации хрусталика а 
является прямым доказательством того, что в сетчатке глаза во время регенерации хру­
сталика происходят очень важные процессы.

3. Во время первых 5 суток регенерации мы не установили повышенной актив­
ности энзима в сетчатке подопытного глаза. Мы считаем вероятным, что в этот период 
происходят начальные процессы регенерации, в которых щелочная фосфатаза не играет 
существенной роли.

4. В течение регенерации мы наблюдали некоторые изменение содержания энзима 
и в контрольных глазах.
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