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Table II, Titers of anti-guinea-pig RBC antibodies in culture fluids of (i) normal rat thymoeites, (ii) thymocites treated with RNA-1C from 
anti guinea-pig serum and (iii) thymocites treated with RNA-IC preineubated with ribonuelease 

Titers Slide hemagglutination test  lmmunofluoreseence test 

Thymocites Thymocites Thymocites Thymocites Thymocites  Thymocites 
alone + RNA-IC + ribonuctease- alone + RNA-IC + ribonuclease- 

treated RNA-IC treated RNA-IC 

1:2 
1:4 
1:8 
1:16 
1:32 

+ + + +  - -  _ + + + +  
+ + + +  - -  _ + + + +  
+ + +  - -  _ + + + +  
t - -  - -  + + +  

p l aques  of hemolys i s  in  th i s  case were v e r y  large  a n d  
ev iden t .  

Results. T h y m u s  a n d  sp leen  cells of r a t s  in j ec ted  w i t h  
R N A - I C  f rom a n t i  gu inea-p ig  R B C  serum,  showed  severa l  
h e m o l y t i c  p l aques  in t h e  a n t i b o d y  p l a q u e  f o r m a t i o n  t e s t  
in  c o m p a r i s o n  w i t h  t h e  s a m e  cells  f rom n o r m a l  r a t s  or  
f rom r a t s  in j ec ted  w i t h  r i b o n u c l e a s e - t r e a t e d  RNA-IC .  The  
n u m b e r  of h e m o l y t i c  p l aques  was  g r ea t e r  in  t h e  t h y m u s  
t h a n  in  t h e  spleen of t h e  a n i m a l s  sacr i f iced 24 h a f t e r  
R N A - I C  in jec t ion ,  a b o u t  t h e  s ame  in t he  a n i m a l s  sacr i -  
ficed 48 h a f t e r  in jec t ion ,  a n d  g r ea t e r  in t he  spleen t h a n  in 
t h e  t h y m u s  of t h e  an i m a l s  sacr i f iced 72 h a f t e r w a r d s  
(Table  I). S imi l a r  resu l t s  were o b t a i n e d  w i t h  smal l  t h y m u s  
a n d  spleen f r a g m e n t s  (Figure  1). T he  cu l tu re  f luid of r a t  
t hymoc i t e s ,  wh ich  h a d  been  in c o n t a c t  for 48 h w i t h  
R N A - I C  f rom a n t i  gu inea -p ig  R B C  serum,  h a d  agg lu t i -  
n a t i n g  power  t o w a r d s  t he  s a m e  R B C  a t  a d i lu t ion  of 1 : 12, 
a n d  t h e  i m m u n o f l u o r e s c e n t  t e s t  g a v e  pos i t i ve  resu l t s  t i l l  a 
d i l u t i on  of  1 : 25. Cu l tu re  f luids  of n o r m a l  t h y m o c i t e s  or  of 
t h y m o c i t e s  w h i c h  h a d  been  for  48 h in  c o n t a c t  w i t h  r ibo-  
nuc l ea se - t r e a t ed  R N A - I C  gave  a lways  n e g a t i v e  r e su l t s  
(Table  I I ) .  

Conclusions. The  presence  in t he  s e r u m  of i m m u n i z e d  
an ima l s  of a R N A  car r ie r  of t he  a n t i b o d y  t e m p l a t e  
capab le  of e l ic i t ing a r ap id  a n t i b o d y  response  in v ivo  a n d  
in v i t ro  is conf i rmed .  The  p o i n t  of ac t ion  of th i s  R N A - I C  
is found  in the  l y m p h o i d  cells b o t h  in v ivo  a n d  in v i t ro .  
I n  the  a n i m a l s  in j ec ted  in v i v o  w i th  RNA- IC ,  specific 
a n t i b o d i e s  a p p e a r  r a p i d l y  in the  t h y m u s  a n d  r a p i d l y  dis-  
a p p e a r :  t h e  decrease  of  a n t i b o d y  p r o d u c t i o n  in t h e  t h y m u s  
co r r e sponds  to  a n  increase  in t h e  spleen.  

Riassunto. Nel siero di  an ima l i  i m m u n i z z a t i  6 p resen te  
u n  R N A  depos i t a r io  del  model lo  an t i co rpa l e  che& capace  
di  i n d u r r e  la fo rmaz ione  di a n t i c o r p i  in cellule l infoidi  nor-  
ma l l  in  v ivo  ed in v i t ro ,  s ia  di or igine  t imica  che  splenica .  
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S t u d i e s  o n  t h e  A c t i o n  o f  s o m e  E n z y m e s  o n  t h e  

C y s t  W a l l  o f  I s o l a t e d  M e t a c e r k a r i a e  1 f r o m  t h e  

L i v e r  F l u k e ,  Fasciola hepatica L .  2 

The  wal l  of t he  cys t  of Fasciola hepatica cons is t s  of an  
o u t e r  s t r o n g l y  eos inophi l ic  a n d  a n  i n n e r  weak ly  eos ino-  
phi l ic  l ayer  s. R e c e n t  s tud ies  4-* h a v e  revea led  t h a t  b o t h  
l ayers  a re  s u b d i v i d e d  i n to  t w o  s t r a t a .  T h u s  t h e  o u t e r  
l aye r  of  t h e  wal l  cons i s t s  of  a s p o n g y  p r o t e i n a c e o u s  a n d  
a n  i nne r  more  f ib rous  p r e d o m i n a n t l y  m u c o p o l y s a c c h a -  
r id ic  layer .  T h e  i n n e r  l aye r  of t h e  cys t  wal l  aga in  c o n t a i n s  
a n  o u t e r  m a i n l y  mucopo l y s accha r i d i c  l aye r  a n d  a n  i n n e r  
f ib rous  p r o t e i n a c e o u s  l aye r  poss ib ly  covered  b y  lipids.  
The  occur rence  of phenol ic  s u b s t a n c e s  l a t h e  cys t  wal l  h a s  
also been  p o i n t e d  o u t L  A t  e x c y s t m e n t  t he  y o u n g  f luke 
emerges  t h r o u g h  a n  o p e n i n g  in  t he  inne r  layer .  Th i s  ex-  
c y s t m e n t  is i n d u c e d  in v i t ro  b y  some  a d d e d  p r o t e o l y t i c  
e n z y m e s  b u t  also b y  e x t e r n a l  s y s t e m s  devo id  of  e n z y m e s  ~. 

As  some e n z y m e s  a c t  fa i r ly  specif ical ly  on  t h e i r  sub-  
s t ra tes ,  a series of e n z y m e s  of d i f fe ren t  o r ig in  a n d  w i t h  
d i f f e ren t  s u b s t r a t e  speci f ic i ty  were chosen  in t h e  follow- 
ing a n a l y t i c a l  s t u d y  of t h e  cys t  wall.  T he  effect  of t h e  

enzymic  ac t ion  was  s tud ied  w i t h  l ight  a n d  e lec t ron  
microscopy .  

Me tace rka r i ae  were o b t a i n e d  accord ing  to a m e t h o d  b y  
BORAY 8. T e n  of t h e m  were i n c u b a t e d  a t  38°C in smal l  
c h a m b e r s  c o n t a i n i n g  0.2 ml  of 0 . 1 M  p h o s p h a t e  buffer ,  
p H  7.0 or  0.01 M HCI, p H  2.0, t o g e t h e r  w i t h  0.2 m g  of the  
a c t i v e  e n z y m e s  l i s ted  in the  Table .  O t h e r s  were i n c u b a t e d  
w i t h o u t  a d d i t i o n  of  e n z y m e s  a n d  r ep re sen t ed  t he  con-  
trois.  Af te r  3 h of i n c u b a t i o n  t he  m e t a c e r k a r i a e  were  
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washed  3 t imes  in disti l led wa te r  and s tud ied  wi th  a l ight  
microscope a t  x 80 magnif icat ion.  The metace rka r i ae  
were then  fixed in buffered OsO4 for 3-5 days  and  em- 
bedded  in E p o n  ~. Some spec imens  were s ta ined  wi th  t he  
periodic acid-Schiff  (PAS) reagen t  or to luidine  blue ' °  and  
examined  wi th  a l ight microscope,  while o thers  were 
s tudied  wi th  a Siemens E lmiskop  I a t  60 kv. 

The  results  ob ta ined  f rom obse rva t ion  in the  l ight  
microscope a t  x 80 magni f i ca t ion  are s u m m a r i z e d  in 
the  Table.  

Controls a t  pH 7.0 are shown  in Figures  1 and  2. O the r  
controls,  especially those  t r e a t e d  bo th  a t  p H  2.0 and  7.0, 
showed a t e n d e n c y  of d i s in tegra t ion  of t he  ou te r  cys t  
layer. Therefore t h e  effect  of the  d i f fe ren t  enzymes  was  
difficult  to evaluate .  

The enzymes  found  to d i s in tegra te  the  ou te r  p a r t  of the  
capsule belong to the  p ro te in  sp l i t t ing  group, viz. pepsin,  
pepsin + t ryps in ,  papa in ,  A s p .  oryzae  protease ,  pronase .  
The o the r  enzymes  t e s t ed  did n o t  vis ibly  affect  t he  layers 
of the  capsule,  w i th  the  excep t ion  of hya lu ron idase  which  
appeared  to  d imin ish  the  s ta inab i l i ty  w i th  P A S  and  
toluidine blue. 

I f  the  me tace rka r i a l  wM1 m i g h t  be regarded  as a sub-  
s t ra te  for the  enzym es  t e s t ed  and  the  ac t ion  is visible in 
the  microscope,  one  m i g h t  suppose  f rom the  resul ts  ob-  
t a ined  t h a t  i ts  pro te in  is composed  of amino  acids jo ined 
to pep t ides  poor  in prol ine  and  hyd roxyp ro l i ne  (col- 
lagenase),  whereas  t he  occurrence  of L-forms of a roma t i c  
amino  acids  (pepsin),  basic amino  acids ( t rypsin,  papain) ,  
leucine and  glycine (papain) is possible.  As the  spl i t t ing  
wi th  A s p e r g i l l u s  oryzae pro tease  and  pronase,  known  for a 
s t rong  hydro ly t i c  ac t iv i ty  on a va r i e ty  of pro te ins ,  is 
incomple te ,  i t  seems as if t h e  cys t  wall, t he  ou te r  as well 
as t he  inner  basophi l ic  layer,  is fairly res i s tan t .  

The weaker  s ta in ing  proper t ies  of the  inner  p a r t  of the  
capsule (PAS, toluidine blue) a f te r  t r e a t m e n t  w i th  
hya lu ron idase  could po in t  to the  occurrence  of acid carbo- 
hydrate(s)  of hya turon ic  acid-, chondro i t i n  su lphur ic  acid 
A- or  C-type.  F r o m  the  nega t ive  resul ts  w i th  ~-amylase  

Fig. 1. Cross section of metacerkaria. Outer layer of capsule irregular 
and partly spongy, partly amorphous. Weakly stained. Inner layer 
fibrous and strongly stained. Note the morphological difference be- 
tween the sealing material in the pore for excystment (bottom) and 
the rest of the cyst wall. Stain: Toluidine blue. Photomicrograph. 

× 375. 

Effect of enzymes on ilmtacerkariae of Fasciola hepatica 

pH Activator Ef- 
optimum added feet • 

Protein splitting enzymes is 
Pepsin, Worthington, 
2 x cryst. 1961 ~ 2.0 ? 
Trypsin, Worthington, 
1 x eryst. 1961 ~ 7.0 -- ? 
Pepsin, followed by trypsin as above + 
Collagenase, Worthington, 1961 ,,o 7.4 
Papain, Pharm. 4.08.1 0.1 mg -- ? 

cysteiu 
A spergillus oryzae protease, 
T. Astrup, cryst. 6.0-7.0 -- ? 
Pronase, Calbioehem. 1961 ,~, 7.0 -- ? 

Carbohydrate splitting enzymes 1~ 
~-Amylase, saliva, purified 9 4.57.0 0.6 mg 

NaC1 
Muramidase (lysozyme), 
Worthington, 1961 4.5-7.0 
Hyaluronidase, Worthington, 1961 4.5-7.0 

Lipid splitting enzymes TM 

Lipase, pancreas, Worthington, 0.3 mg 
1964 6.0-7.6 CaCI,~ 
'Phospholipase C', Worthington, 0.3 mg 
1961 5.1-5.9 CaCI~ 

m 

Fig. 2. Cross section of cyst wall showing an outer spongy layer, an 
intermediate amorphous Iayer with differences in electron density 
and an inner fibrous, strongly electron dense layer. Stain: Uranyl 
acetate. Electron micrograph x 2500. Inset: Enlargement of the 
fibrous layer showing lamellae with a distance of 7 nm between con- 
secutive elements. The lamellae have serrated profiles with a spacing 

of 9 nm between the processes. × 140,000. 

Compared with controls the meaning of the signs is as follows: 
+ splitting of the capsule and beginning excystation; - -  no ob- 
servable effect; --? changes of the capsule doubtful. 

J. H. LOV-T, J. biophys, biochem. Cytol. 9, 409 (1961). 
a0 N. BJ6RKMAN, Acta morph, neerL-scand, d, 344 (1962). 
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a n d  m u r a m i d a s e  the  occurrence  of h igher  a m o u n t s  of 
c o m m o n  ~- and  /3-1.4-glucosidic l inkages in neu t ra l  or  
acid po lysacchar ides  migh t  be  excluded.  

The  supposed  lipids (some u n s a t u r a t e d  l ipids are  osmio-  
phil ic  and  PAS-pos i t ive)  seem no t  to  belong to  c o m m o n  
neu t ra l  fa t  or  leci thins s ince no p ronounced  sp l i t t ing  was 
obse rved  wi th  lipase or  'phosphol ipase  C'. 

The e x c y s t m e n t  is induced  ex te rna l ly  by p ro te in  spli t -  
t ing  enzymes  (pepsin + t rypsin)  which  has  been  conf i rmed 
in th is  s tudy .  E x c y s t m e n t  has  also been  observed  a f te r  
t r e a t m e n t  wi th  bile, which  normal ly  conta ins  p ro t e in  and  
c a r b o h y d r a t e  sp l i t t ing  enzymes ,  b u t  also in enzyme  free 
s y s t e m s  3. Thus  the  ques t ion  w h e t h e r  e x c y s t m e n t  is an 
ac t ive  in te rna l  process  or no t  has  been  discussed n Act ive  
in te rna l  processes  have  a l r eady  been  descr ibed  in o t h e r  
connec t ions  w i th  t he  life cycle of Fasciola hepatica when  
the  mi rac id ium emerges  t h r o u g h  the  open ing  of the  egg- 
shell  wi th  the  aid of a ' h a t ch ing  enzyme '  supposed  to  have  
p ro te in  sp l i t t ing  proper t ies  lz. W h e t h e r  the  process  of ex-  
c y s t m e n t  depends  upon  ex te rna l  or in te rna l  factors ,  pro-  
te in  appear s  to  be an i m p o r t a n t  c o m p o n e n t  in the  mate r ia l  
of t he  pore.  

Conclusion. The  effect  of pro te in ,  c a r b o h y d r a t e  and  
lipid sp l i t t ing  enzymes  on  t h e  cys t  wall  of  isolated me ta -  
cerkar iae  f rom Fasciola hepatica seem to  show t h a t  a t  
least  p a r t s  of t he  ou te r  l ayer  con ta in  fairly r e s i s t an t  
p ro te in  in which  aromat ic ,  basic amino  acid, leucine and  

glycine could be componen t s .  The occurrence  of acid 
ca rbohydra te ( s )  be longing  to  t he  group  of hya luron ic  acid 
or  chondro i t in  su lphur ic  ac id  A or  C in t he  inner  layers  is 
possible.  

ZusarnrnenJassung. Die W i r k u n g  von  prote in- ,  kohlen-  
h y d r a t -  und  l ip idspa l tenden  E n z y m e n  auf  die W a n d  yon  
isol ier ten Metazerkar ien  aus Fasciola hepatica sche in t  zu 
zeigen, dass  wen igs tens  Teile der  i iusseren Sch ich t  aus 
ziemlich r e s i s t en t em Pro te in ,  das  m6gl ieherweise  a roma-  
t ische,  basische AminosAuren,  Leucin und  Glycin enth~ilt, 
bes tehen .  Das  V o r k o m m e n  yon  sauren  K o h l e n h y d r a t e n ,  
insbesondere  yon t t ya lu rons~ure  oder  Chondro i t inschwe-  
Iels~Lure A oder  C in den  inneren  Schich ten  ist w a h r -  
scheinlich.  
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July 30, 1965. 
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T h e  C o n c e n t r a t i o n  of  L a c t i c  A c i d  in  t h e  H u m a n  

A q u e o u s  H u m o u r  i s  n o t  D e t e r m i n e d  b y  t h e  
M e t a b o l i s m  of  t h e  L e n s  

In  the  h u m a n  subjec t ,  there  is i nd i spu tab ly  a h igh con- 
cen t r a t i on  of lactic acid in the  aqueous  h u m o u r  1, which is 
ve ry  marked  in compar i son  to  the  p lasma  level (A/P rat io  
above  2). This  h igher  concen t r a t i on  does no t  appea r  a t t r ib -  
u tab le  to t he  glycolyt ic  me tabo l i sm of the  crystal l ine lens, 
as d e m o n s t r a t e d  by  the  fact  t h a t  s imilar  values  are ob- 
served in eyes w i th  a t r a n s p a r e n t  lens or wi th  ca tarac t ,  
even  h y p e r m a t u r e  ca tarac t .  I t  m i g h t  be argued tha t ,  in 
ca t a rac t ,  the re  stil l  pers is t s  enough  metabo l ic  ac t iv i ty  to  
p roduce  the  high concen t r a t i on  of lact ic  acid. 

We  were therefore  in te res ted  in measur ing  lactic acid in 
aphak ic  eyes. Th i s  could se t t le  the  d i spu te  a b o u t  the  im- 
po r t ance  of the  lens for the  high lact ic  acid c o n t e n t  in the  
aqueous  humour .  

Our inves t iga t ions  were carr ied out  in 5 pa t i en t s  in 
w h o m  ex t r ac t ion  of the  lens of one eye had  been  per-  
fo rmed earlier,  and  who p re sen ted  ca t a rac t  in the  o the r  
eye. In  4 cases, t he  in t r acapsu la r  ope ra t ion  was carr ied 
out ,  in one case t he  ex t r acapsu la r  va r ian t .  In  these  cases, 
samples  of aqueous  h u m o u r  could be t a k e n  prac t ica l ly  
s imul t aneous ly  f rom b o t h  eyes,  and  t h i s  avoided  the  dis- 
a d v a n t a g e s  of h a v i n g  to  compare  d a t a  re la t ing to  d i f fe rent  
subjec ts .  

As rega rds  the  t echn ique  of t ak ing  samples  of  aqueous  
h u m o u r  and  the  t echn ique  of d e t e r m i n a t i o n  of the  lactic 
acid concen t ra t ion ,  the  reader  is referred  to our earl ier  
publ ica t ions  on th is  sub jec t  I a. 

As can be seen in the  Table,  there  is no s ignif icant  dif- 
ference b e t w e e n  the  concen t r a t ion  of lact ic  acid in the  

Lactic acid concentration in the aqueous humour of the anterior 
chamber of human eyes with monolateral aphakia. Under I are given 
the values from the aphakic eye, under II the values from the non- 
aphakic eye of the same subject. The values are given in mM per 

kg H~O 

Name Age Date and kind of Lactic acid 
operation cotleentration 

I II 

A. Nicola 7l June 1964. Intra- 5.03 4.45 
capsular extraction 

F. Gennaro 41 February t964. Intra- 5.23 5.18 
capsular extraction 

D. Francesco 60 October 1962. Intra- 4.35 4.78 
capsular extraction 

L. Giacomo 66 March 1961. Intra- 4.54 4.28 
capsular extraction 

S. Margherita 70 July 1961. Extra- 4.92 4.56 
capsular extraction 

Mean 4.81 4.65 

Standard deviation 71 0.31 4- 0.34 

l 0.94 
P 0.40 
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