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BRINKMAN and  LAMBERTS 1 and  LAMBERTS g have  de- 
scribed a p h e n o m e n o n  abol ished b y  the  r ad iop ro t ec to r  
cys t amine  discovered by  BACQ and  NERVE a. Vqe have  ob-  
served t h a t  it is not  sensi t ive to the  presence  of O=. 
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Pressure records. One injection needle is supplied with normally 
oxygenated saline, the other with oxygen-depleted solution. In each 
case, calibration of the apparatus to 100 mm Hg; then the pressure is 
slowly built up until a plateau is reached. The lower curve indicates 
the time of X-irradiation (175 r/see). Both pressures fall in the same 

manner. 

Thanks  to the  help  of Dr. LAMBERTS, we have  buil t  in 
Li6ge the  a p p a r a t u s  used by  the  D u t c h  scientis ts .  I t  con- 
sists of two very  fine in ject ion needles  (no. 20) inser ted  in 
the  skin of a young  adul t  m a m m a l  (rat, man) in the  deep  
layer of the  dermis  where  t he  mucopo lysacchar ide  fibres 
are numerous .  One bui lds  a pressure  of a b o u t  100 m m  Hg 
by  slow cons t an t  in jec t ion  of 0.9% NaC1 solut ion;  t he  
pressure is l imited by  a sy s t em of valves  and  regis tered on 
photographic  pape r  b y  means  of e lectronic  tubes  which  
t rans form pressure  in po ten t i a l  changes.  The skin is ir- 
radia ted  locally j u s t  above  the  t ip  of the  needle wi th  a sof t  
X - r a y  beam (30 kV, 15 mA,  175 r/see) ; a f te r  a l a tency  of 
only 1 sec, t he  pressure  falls, p r e s u m a b l y  because  hya l -  
uronic acid depolimerizes.  This  effect  is observed  in a 
living or a recent ly  dead  rat .  We have  conf i rmed BRINK- 
MAN and LAMBERT'S observa t ions .  In  order  to be sure t h a t  
oxygen  is no t  involved,  we have  worked  wi th  ra t s  an- 
aes thet ized  by  Nembuta l ,  killed in a plas t ic  box  where  
a slight pressure of pure  n i t rogen was main ta ined .  The 
oxygen dissolved in the  in jec ted  solut ion was careful ly 
removed  by a v a c u u m  p u m p  and  3 or 4 washings  wi th  
pure nitrogen. The effect  of X- i r rad ia t ion  in th is  condi t ion  
of s t r ic t  lack of oxygen  is the  same as t h a t  seen when  no 
precaut ions  are t aken  to  exclude oxygen  (Fig.).  V~'e have  
seen t h a t  the  rad iopro tec tor  t r y p t a m i n e  (HC1, 0.01 M) in- 
hibi ts  the  fall of pressure jus t  as cys t amine  does. 

Thus  the  oxygen effect  in this  case canno t  expla in  the  
act ion of cys tamine  or t r y p t a m i n e  which  is be t t e r  in ter-  
p re ted  by the  theory  of t r app ing  of free radicals  as pro-  
posed by  ALEXANDER, BACQ et al.*. 
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Rdsumd 

La chute  de pression sous l ' inf luence des rayons  X dans  
une poche  de solut ion saline inject&e dans  la peau du ra t  
(ph6nom6ne d6cri t  par  BRINKMAN et  LAMBERTS) se pro- 
dui t  aussi en l ' absence  d 'oxyg~ne.  L ' ac t ion  de t e r r a in s  
rad iopro tec teurs ,  mise en 6vidence par  ce t te  technique ,  
es t  donc  6galement  i nd6pendan te  de l 'oxyg6ne.  

Occurrence of a Pigment Layer in Gastrothylax 
erumenl/er (Creplin, 1847) 

P i g m e n t s  in he lmin ths  have  been known  for a long t ime 
bu t  dur ing  the  last  decade or two  some of these  have  been  
shown  to resemble  haemoglob in  (WHARTONL STEPHEN- 
S O N  2, V A N  G R E M B E R G E N  a, D A V E N P O R T  4, and  ROGERSS). 
The p resen t  p a p e r  gives an accoun t  of a p igmen ted  layer  
in an a m p h i s t o m e ,  Gastrothylax crumeniJer (CREPLIN, 1847) 
c o m m o n l y  paras i t iz ing  the  r u m e n  of cat t le .  

Fig. 1.-Photograph of a thick transverse section of Gastrothylax 
crumeni/er to show the pigment layer lining the cavity of the 

ventral pouch. 

The body  of th is  a m p h i s t o m e  appears  red or p ink  in 
fresh condi t ion  when  r emo v ed  f rom the  rumen,  bu t  in a 
t r ansverse  sect ion of th is  a m p h i s t o m e  (Fig. 1) the  colour 
can  be t r aced  to its ven t r a l  pouch  which  is a large cav i ty  
showing a red coloured layer.  This  p i g m e n t e d  layer  lies 
jus t  over  the  layer  of the  obl ique muscles  nex t  to  the  
general  p a r e n c h y m a  and  appears  to  be s l ight ly  vacuola ted .  
As the  p igmen ted  layer  ex t en d s  along the  leng th  of the  
ven t ra l  pouch,  the  ent i re  b o d y  of the  a m p h i s t o m e  appears  
red. The p igmen ted  layer  can  be peeled off f rom the  cu t  
surface in an a m p h i s t o m e  longi tudina l ly  b isec ted  t h r o u g h  
its ven t ra l  pouch  (Fig. 2) and  pa r t s  of t he  b o d y  of t he  
a m p h i s t o m e  w i t h o u t  t h i s  layer  appea r  a lmos t  greyish-  
white .  The p i g m e n t  seems to  be concen t r a t ed  in th is  
layer,  there  being l i t t le d ispersal  of the  p i g men t  elsewhere.  

E x t r a c t i o n  of th is  p igmen t  f rom a m p h i s t o m e s  was done  
by a s imple  me thod .  Live  w o r m s  along wi th  some co n t en t s  
of the  rumen  ma in t a ined  a t  abou t  37°C in a t h e r m o s  flask 
were b rough t  to the  l abora to ry  f rom the  s laughte r  house.  
The worms  were the rea f t e r  t ho rough ly  r insed in dist i l led 
wa te r  and  then  cut  longi tudinal ly  into two ha lves  across 
the  cav i ty  of the  ven t ra l  pouch.  The cu t  worms  were 
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w a s h e d  qu i ck ly  w i t h  two  to  t h r e e  changes  of d is t i l led  
w a t e r  a n d  t h e n  lef t  in  dis t i l led  w a t e r  in a fr igidaire.  W i t h i n  
48-72  h m o s t  of t h e  p i g m e n t  was  e x t r a c t e d  in w a t e r  a n d  
t he  a m p h i s t o m e s  b e c a m e  colourless.  Pee l ings  of t h e  
p i g m e n t e d  layer  were o b t a i n e d  f rom the  v e n t r a l  p o u c h  of 
t he  a m p h i s t o m e  a n d  t r e a t e d  in a s imi la r  way.  Th i s  gave  
t he  p i g m e n t  so lu t ion  w i t h  l i t t le  c o n t a m i n a t i o n  w i t h  the  
a n i m a l  t i ssue  fluid.  In  f ac t  th i s  l a t t e r  m e t h o d  was more  

Fig. 2.--Photograph of a specimen of Gastrothylax crumeni/er split 
longitudinally into two halves to show the pigment layer lining the 
ventral pouch. Part of the layer removed in one half to show the 

grey body. 

s a t i s f ac to ry  as m o s t  of t he  p i g m e n t  is conf ined  to the  l in ing 
of t he  v e n t r a l  pouch .  The  p i g m e n t  so lu t ion  was cen t r i -  
fuged a n d  t he  s u p e r n a t a n t  c lear  red  fluid was  s e p a r a t e d  
a n d  s to red  in a fr igidaire .  W h e n  4 %  t r i ch lo race t i c  acid or  
9 0 %  a lcohol  was  a d d e d  to  th i s  fluid,  a b r o w n i s h  red  
p rec ip i t a te ,  m a i n l y  of p ro t e in ,  was  fo rmed  a n d  a colourless  
so lu t ion  was left. Th i s  sugges ted  the  assoc ia t ion  of p i g m e n t  
w i t h  pro te in .  I n  a n o t h e r  e x p e r i m e n t ,  glacial  ace t ic  acid 
was a d d e d  to t he  aqueous  so lu t ion  of the  p i g m e n t  and  t he  
m i x t u r e  s h a k e n  in a t e s t  t u b e  w i t h  a l i t t le  e t h e r  a n d  
a l lowed to s t a n d  for some t ime.  Th ree  d i s t i nc t  layers  or  
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Fig. 3.--Diagram to show the three layers after treatnu,nt of the 
pigment solution with acetic acid and ether. 

co lumns  of l iquid  (Fig. 3) a p p e a r e d  in the  t e s t  t ube  (HAWK, 
OSER, and  SUMMERSON°). The  u p p e r  c o l u m n  c o n t a i n e d  a 
r edd i sh  e the r i a l  so lu t ion  of the  p igmen t ,  below th i s  was  
a n a r r o w  zone of p r e c i p i t a t e d  p ro t e in  which  was  devoid  of 
co lour  ( the  co lour  h a v i n g  b e e n  i so la ted  f rom the  p ro te in  
b y  t he  ac t ion  of glacial  ace t ic  ac id  a n d  e ther) ,  and  t he  
b o t t o m  c o l u m n  was a m i x t u r e  of acet ic  ac id  a n d  res idual  
w a t e r .  B o t h  the  aqueous  a n d  e ther ia l  so lu t ions  were t e s t ed  

6 p. B. HAWK, B. L. OSER, and W. H. StYMMERSON, Practical 
Physiological Chemistry (Toronto 1954). 

for t h e  presence of iron.  A few d rops  of these  so lu t ions  
were e v a p o r a t e d  to  d r y n e s s  a n d  t h e  res idue ign i ted  a n d  
e x t r a c t e d  wi th  d i lu te  h y d r o c h l o r i c  acid.  A d i s t i nc t  b lue  
co lora t ion  wits deve loped  in t h e  so lu t ion  on  a d d i t i o n  of a 
d rop  of d i lu te  po t a s s ium fe r rocyan ide  so lu t ion ,  t h e r e b y  
ind i ca t i ng  the  presence of iron. No such  co lo ra t ion  was 
o b t a i n e d  in the  controls .  

W h e n  a dr ied film of the  aqueous  so lu t ion  of t h e  p i g m e n t  
on  a glass slide was fk)oded w i th  a d r o p  of g lacia l  ace t ic  
acid c o n t a i n i n g  a few crys ta l s  of p o t a s s i u m  iodide  a n d  
e x a m i n e d  u n d e r  a polar iz ing microscope,  m i n u t e  boa t -  
s h a p e d  b i r e f r i ngen t  c rys ta l s  of p r o t o i o d o h e m e  were  ob-  
se rved  which  resembled  p ro to iodoheme  c rys t a l s  p r e p a r e d  
f rom h u m a n  blood (GmCK 7, p. 62). In a n o t h e r  e x p e r i m e n t ,  
a sma l l  d r o p  of the  aqueous  so lu t ion  of t h e  p i g m e n t  
g rea t ly  d i lu ted  w i th  dist i l led wa te r  wits p u t  on  a glass  
slide. T h e n  a f r ac t ion  of a d rop  of 0 .75% NaC1 was a d d e d  
to i t  an d  the  fluid carefu l ly  e v a p o r a t e d  to d ryness  o v e r  a 
m i c r o b u r n e r .  A cover  glass was p u t  over  the  dr ied  spo t  
a n d  a d r o p  of glacial  acet ic  acid was r u n  u n d e r n e a t h .  T h e  
slide was w a r m e d  gen t ly  un t i l  t h e  fo rma t ion  of gas bubb les .  
A n o t h e r  smal l  d r o p  of g lac ia l  acet ic  acid was ru n  b e n e a t h  
the  covers l ip  a n d  the  p r e p a r a t i o n  on  cooling was e x a m i n e d  
u n d e r  t h e  microscope.  Pa ra l l e log ram-shaped  h e m i n  
c rys t a l s  were obse rved  wh ich  also resembled  t h e  hero in  
c rys ta l s  p r epa red  f rom h u m a n  blood (HAWK, OSER, a n d  
SUMMERSON 6). 

Fig.-l.--Photonlicr(~graph of a greatly enlarged parallelogram- 
shaped hendn crystal obtained from the pigment f)f (;astrothylax 

cru meni[er. 

P i g m e n t  e x t r a c t e d  f rom 20 a m p h i s t o m e s  in a b o u t  2 ml 
of wa te r  an d  d i lu ted  1 : 4 was  sub j ec t ed  to a spectroscopic 
e x a m i n a t i o n  b y  Hi lger ' s  s p e c t r o g r a p h  a n d  a microspect ro-  
scope. Th i s  revea led  two  a b s o r p t i o n  bands ,  a - b a n d  a t  
5735-5850 ° ~ a n d  b - b a n d  a t  5410-5535 ° ~ (diffuse). I n  
o rde r  to  d e t e r m i n e  t h e  peaks  w i th in  these  ranges,  a 
B a u s c h  a n d  L o m b  s p e c t r o p h o t o m e t e r  was employed  
which  ind ica t ed  t h e  a b s o r p t i o n  peaks  a t  5750 an d  5450 ° ~_ 
respec t ive ly ,  co r r e spond ing  to the  two bands .  Add i t i on  of 
T a k a y a m a ' s  fluid (HAWK, OSER, a n d  SUMMERSON 6) to  the  
aqueous  so lu t ion  of t h e  p i g m e n t  did not  ma te r i a l ly  a l t e r  
t h e  pos i t ion  of t h e  or ig ina l  two b a n d s ;  but ,  when  "the 
mix tu re -was  h e a t e d  a n d  e x a m i n e d  b y  a microspect roscope,  
two  cha rac t e r i s t i c  b a n d s  d i f fe ren t  f rom the  normal ,  one  a t  
5550-5650 ° ~ (sharp)  a n d  t h e  o t h e r  5200-5300 ° ~ (faint)  
were seen. These  a p p a r e n t l y  confo rm to the  cha rac t e r i s t i c  
b a n d s  of p y r i d i n e  h a e m o c h r o m o g e n  produced w h e n  t h e  
h a e m  p i g m e n t s  are t r e a t e d  w i th  T a k a y a m a ' s  fluid. 

T h e  p i g m e n t  o b t a i n e d  f rom the  l ining of t h e  v e n t r a l  
p o u c h  of Gastrothylax crumeni[er is associated w i t h  p ro te in .  
This  fac t  is p r o v e d  f i rs t ly  b y  the  coloured p ro t e in  precipi -  
t a t e  o b t a i n e d  a f t e r  t r e a t m e n t  wi th  t r i ch lo race t i c  acid,  
second ly  b y  t h e  fac t  t h a t  t h e  p i g m e n t  ap p ea r s  to  d isso lve  
more  r ead i ly  in e t h e r  a f te r  acet ic  acid t r e a t m e n t ,  a n d  
t h i r d l y  b y  t h e  l ibe ra t ion  of the  coloured p r o d u c t  f rom t h e  
p ro t e in  d u r i n g  t h i s  t r e a t m e n t .  T h a t  tile p i g m e n t  m i g h t  
p r o b a b l y  be  of a h a e m i n  t ype  was also m a d e  c lear  w h e n  a n  
aqueous  so lu t ion  of the  p i g m e n t  was sub j ec t ed  to it spec- 

7 I) .  (;LICK, Techniques o] Histo- and Cytochemistry (New York 
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troscopic examination. This revealed the usual two ab- 
sorption maxima at 5750 and 5450. ]k. With  the addition 
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Fig, 5.--A graph showing the absorption peak~ of the pigment 
solution of Gastrothylax crumeni]er. 

of Takayama's  fluid and application of heat, the charac- 
teristic pyridine haemochromogen bands at 5200-5300°]~ 
(faint) and 5550-5650°~ (sharp) were also detected on 
spectroscopic examination. The chemical detection of 
traces of iron and the positive deposit of boatshaped 
protoiodoheme and parallelogram-shaped hemin crystals 
comparable to those obtained from human blood, suggest 
a haem base in this pigment. The solubility tests also point 
to a non-carotenoid nature of the pigment. I t  is, however, 
not possible for the writer at this stage to explain the 
peculiar disposition of the pigmented layer in the ventral  
pouch and its possible role in the physiology of this 
amphistome. 

M. B. LAL 

Department o/Zoology, The University, Lucknow (India), 
December 1, 1958. 

Rdsumd 

I1 s'agit de l '6tude d'une couche rouge pigment6e for- 
m a n t l a  surface int6rieure de la poche ventrale de l 'amphi- 
stome Gastrothylax crumeni[er (CREPLIN, 1847). Les ex- 
periences de solubilit6 d6montrent la nature non-caro- 
t6noide de ce pigment. L 'examen spectroscopique et les 
exp6riences chimiques prouvent la pr6sence d 'une base 
(haem) dans le pigment. 

F a r b m u s t e r u m s c h l a g  a u f  d e r  M o l l u s k e n s c h a l e  

Zahlreiche Untersuchungen an Farbmustern yon 
Schmetterlingen, V6geln und Siiugern haben gezeigt, 
dass die tierischen Farbmustel  geeignete Modelle fiir 
eine entwicklungsphysiologische Analyse einfacher Glie- 
derungsvorgiinge sind (HENKE~). Die Farbmuster  der 

Molluskenschale sind dagegen aus Manget an einem ge- 
eigneten Laboratoriumstier bisher wenig beriicksichtigt 
worden. Ihre morphologische und experimentelle Unter- 
suchung konnte neuerdings aufgenommen werden, nach- 
dem die Zfichtung der einheimischen Flussdeckelschnecke 
Theodoxus/luviatilis L. (abgektirzt Th./1.) gelungen war. 

a b 

c d 

Farbmuster von Theodoxus [luviatilis aus der Werra. a-c: die drei 
Farbmustertypen (Erl~iuterungen siehe Text) ; d: sukzessiver Muster- 
umschlag zwischen dem synchronen Querstreifenmuster und dem 

phasenlfingenkonstanten Lfngsmuster. VergrSsserung 1:5. 

Das Farbmuster  yon Theodoxus geh6rt der zwischen 
Periostracum und Hauptkalkschicht  gelegenen Muster- 
kalkschicht an (BECKER2). In ihr linden sich im Bereich 
dunkler Schalenteile braune Einlagerungen, das Schalen- 
pigment ~, und im Bereich heller Schalenteile farblose Ein- 
lagerungen, die Schalengranula. Die Musterkalkschicht 
erfiihrt einen Zuwachs nut l~ings des Schalenrandes und 
ist einer gesonderten Bildungszone desMantelrandepithels 
zuzuordnen z. Aus der gleichbleibenden oder wechselnden 
Verteitung yon pigment- und granulabildenden Zell- 
bereichen dieses Musterkalkschicht-Epithels fiigt sich im 
Wachstumsverlauf das Schalenmuster von Theodoxus 
zusammen. Bei Th. [L k6nnen bisher drei Farbmuster-  
typen gegeneinander abgegrenzt werden, denen quali- 
ta t iv  voneinander verschiedene Gliederungsvorg/inge 
zugrunde liegen. 1. Das Sektorenmuster (Abb. 1 a, halb- 
schematisch) ist mit dem Muster der einheinfischen 
B~inderschnecken verglemhbar. Es entsteht,  wenn die 
Verteilung der bevorzugt pigment- und granulabildenden 
Bereiche bereits frtihzeitig in der Entwicklung determi- 
niert und anschtiessend w~hrend des weiteren Schalen- 
wachstums unverXndert beibehalten wird. 2. Das syn- 
chrone Querstreifenmuster (Abb. l b) erscheint auf der 
Schalenfl/~che, wean Pigment- und Granulabildung zeit- 
lieh nacheinander l~ngs des gesamten Schalenrandes mit- 

i K. HENKE, Naturwissenschaften 35, 176, 203, 239 (1948). 2 j(. BECKER, Biol. Zbl. 68, 263 (1949). 


