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where  no muscle  fibers remain ,  the  g ian t  cells are im- 
bedded  in a region of f ibroblasts .  Such regions in the  
muscle t issue m a y  be the  site of origin for myob la s tomas .  

These responses  in i nve r t eb ra t e  t issues have  par t i cu la r  
significance,  for t h e y  are r emin i scen t  of changes  seen in 
m a m m a l i a n  t issues and  t h e r e b y  s u p p o r t  the  concep t  t h a t  
s imilar  cell m e c h a n i s m s  occur  in i n v e r t e b r a t e  pa tho logy .  
The ques t ion ,  however ,  of w h e t h e r  i nve r t eb ra t e  t u m o r s  
are ' t rue '  t umors  r emains  an issue a m o n g  cance r  biolo- 
gists. 

Zusammen/assung. Verschiedenes ,  durch  R 6 n t g e n b e -  
s t r ah lung  he rvorgerufenes  R e g e n w u r m n e o p l a s m a  erweis t  
sich den V e r t eb ra t en -Mi o b l a s t o ma  ghnlich.  In  solchen 
T u mo ren  werden  zuweilen Riesenkerne  gefunden.  Be- 
s t rah l t e  \Vi i rmer  weisen ebenfal ls  vielkernige l~iesen- 
zellen auf. 

R. L. HANCOCK 

Hulls Cove (Maine USA), .July 9, 196& 

Presence  of a S l o w - C o n t r a c t i o n  Induc ing  
Material  in Fluid Col lected f r o m  the Rat P a w  

O e d e m a  Induced by  Seroton in  

In  previous  s tudies  on ra t  p a w  oedema  we succeeded 
in d e m o n s t r a t i n g  t h a t  t he  d i f fe ren t  induc t ing  subs tances  
appea red  to  de t e rmine  the  t ime course of the  oedema  and  
also its respons iveness  to var ious  k inds  of an tagonis t i c  
drugs  1-3. These  f indings  sugges ted  the  occurrence  of 
manifo ld  processes  in th is  p h e n o m e n o n .  We decided to  
s t u d y  the  mechan i sms  involved  by  search ing  for the  
presence  of biologically ac t ive  material(s)  in the  oedema  
fluid of t he  swollen r a t  paw.  Since se ro ton in  as inducer  
resu l ted  in a larger degree of swell ing t h a n  did mos t  o the r  
induc ing  mater ia ls ,  which  fac i l i ta ted  the  collect ion of 
suff ic ient  a m o u n t s  of oedema  fluid, we dec ided  to  com-  
mence  the  inves t iga t ion  wi th  th is  k ind  of oedema.  

Male albino ra t s  (100-110 g) f rom our  own colony were  
given a s u b p t a n t a r  in jec t ion  of 2 / , g  sero tonin  c rea t in ine  
su lpha te  dissolved in 0.9% saline in b o t h  h ind  paws.  The 
in jec ted  volume was 0.1 ml  in each  paw and  cont ro l  ani-  
mals  received a cor responding  vo lume of saline. 30 rain 
af ter  the  inject ion,  a t  the  t ime  of m a x i m a l  swelling, t he  
ra t s  were sacrificed b y  decap i t a t i on ;  bo th  h ind  paws were 
cu t  off d is ta l  to  the  ta r so-c rura l  a r t icu la t ion  and  pressed  
be tween  the  rollers of a small  mangle ,  special ly con- 
s t ruc ted  for th is  purpose .  This  p rocedure  enab led  us to 
collect 0.2-0.5 ml  of fluid f rom the  two h ind  paws  of ra t s  
t h a t  were given the  s u b p l a n t a r  in jec t ion  of serotonin ,  
whereas  five or more  of t he  ra t s  which  had  received saline 
were needed  to  yield t he  same a m o u n t  of fluid. The fluid 
was s l ight ly  opa lescen t  and  fa in t ly  pinkish.  Af ter  f i l tra-  
t ion  t h rough  co t ton ,  a clear fluid was ob ta ined .  The fluid 
was  col lected and p rese rved  in a t e s t  t ube  t h a t  was im- 
mersed  in ice-cold water .  Biological ac t iv i ty  was t e s t ed :  
(a) On t h e  isolated u te rus  of  ra t s  t h a t  were g iven 0.01 mg  
of es t rad io l  benzoa t e  one  day  before r emoving  the  organ.  
The  t e m p e r a t u r e  of t he  isolated organ  b a t h  (2.5 ml) was  
kep t  a t  30°C and  Ja lon ' s  solut ion was  used as organ  b a t h  
med ium.  Sero tonin  c rea t in ine  su lpha te ,  ace ty lchol ine  
chlor ide and  syn the t i c  b r adyk in in  4 were used as reference 
compounds ,  and  LSD-25,  a t rop ine  su lpha te  and  pheny l -  
b u t a z o n e  served  as an tagonis t s ,  i n  order  to  p r even t  
t a c h y p h y l a x i s  w h e n  sero tonin  was  used,  the  admin i s t r a -  
t ion  of th is  subs tance  was  a l t e rna t ed  wi th  add i t ion  of 
aeetylchol ine.  (b) In  o the r  e x p e r i m e n t s  the  isolated 
guinea-pig i leum was  used. This  organ was suspended  in 
Tyrode  solut ion in an organ b a t h  hav ing  a vo lume  of 
2.5 ml and  kep t  a t  37°C. H i s t amine  d ihydroch lor ide  was 
used as reference subs tance  and  p h e n b e n z a m i n e  (Anter-  
gan) as specific an tagonis t .  The use of the  isolated guinea-  

pig i leum was necessary  in view of the  non- respons iveness  
of the  ra t  u te rus  to h i s t amine .  I r respec t ive  of the  use of 
e i ther  of the  isolated organs,  the  lever was loaded wi th  
0.5-0.85 g and  the  con t rac t ions  were recorded  on a 
smoked  d rum.  Tile oedema  fluid was t e s t ed  as soon as 
possible af ter  collection f rom the  paws.  

W h e n  the  isolated organs  were exposed  to Iluid col lected 
f rom paws of ra t s  receiving a s u b p l a n t a r  in ject ion of 
saline, no con t rac t ions  were observed  wi th  doses up  to  
0.3 ml. The  fluid or ig ina t ing  f rom the  swollen paws  of 
ra t s  t r e a t e d  by  s u b p l a n t a r  admin i s t r a t i on  of serotonin,  
induced  mark ed  con t rac t ions  of the  isolated organs  when  
added  in a vo lume  of 0.1 to 0.3 ml to  t he  organ  ba th .  In  
Figure  1 a record is p resen ted  d e m o n s t r a t i n g  charac te r -  
istic responses  of the  isolated r a t  u te rus  to var ious  m a t e -  
rials. I n  th is  pa r t i cu la r  e x p e r i m e n t  the  k y m o g r a p h  was 
run  a t  a h igher  speed t h a n  usual,  in order  to ob ta in  more  
d e t a c h e d  in fo rma t ion  on the  qua l i t a t ive  cha rac t e r  of t he  
responses .  Acety lchol ine  induced  i n s t an t an eo u s  con t rac -  
t ion,  whereas  w i th  se ro ton in  a sho r t  lag per iod  p receded  
the  response.  The lag per iod was even  more  p ronounced  
wi th  b radykin in ,  f u r t he rmore  wi th  th is  subs tance  the  
con t rac t ion  occurred a t  a s lower ra te  t h a n  w i t h  e i ther  
ace ty lchol ine  or serotonine .  W h e n  the  u te rus  was  chal-  
lenged wi th  t he  oedema  fluid, the  lag per iod  and  speed of 

tqg. 1. Effect of various lnaterials on the isolated uterus of the 
oestrus rat. 1 - Aeetyleholine 0.75/*g. 2 - Serotonine 0.15/2g. 3 - 

Bradykinin (synthetic) 0.02 fLg. 4 - Oedema fluid 0.1 ml. 

1 I. L. BONTA, Aeta physiol, pharmac, neerl. 8, 310 {1959). 
I. L. BONTA and C. J. DE Vos, Proceedings of the 2nd International 
Meeting of Angiology, Kreislauf-Bticherei, Band 21 (Dietrich 
Steinkopf Vcrlag, Darmstadt 1963). 

a I. L. BONTA and C. J. I~E Vos, Acts endocr., in press (1964). 
4 Synthetic bradykinin was obtained through the courtesy of Prof. 

A. CERLETTf, Sandoz AG, Basel. 
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c o n t r a c t i o n  were s imi lar  to  t h e  response  ob t a ined  wi th  
b r a d y k i n i n .  F igure  2 shows t h a t  a dose of LSD-25 capab le  
of b lock ing  comple t e ly  t he  c o n t r a c t i o n  due  to  sero tonin ,  
induced  no  i n h i b i t o r y  effect  on  t he  response  evoked  b y  
t he  o e d e m a  fluid. U n d e r  s imi la r  cond i t ions  no inh ib i t ion  
of t he  effect  of t he  o e d e m a  fluid was o b t a i n e d  when  
a t rop ine  was a d d e d  in a dose suff ic ient  to  abol i sh  the  re- 
sponse  due  to  ace ty lchol ine .  P h e n y l b u t a z o n e ,  however ,  
b locked  t he  effect  of b o t h  t he  o e d e m a  fluid a n d  s y n t h e t i c  
b r a d y k i n i n ,  as  s h o w n  in F igure  3. F u r t h e r m o r e ,  a pa r t i a l  
i n h i b i t i o n  b u t  n o t  a comple t e  b lockade  of t he  response  to 
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Fig. 2. Lack of blockade by LSD-25 of contraction evoked by oedema 
• fluid on the isolated uterus of the oestrous rat. 1 - Serotonine 0.2pg. 

2 - Oedema fluid 0.`2 ml. 3 - Acetylcholine 0.75pg. 4 - LSD-`25 5ttg. 
5 - Washing. 6 - Serotonine 0.'2 pg. 7 - Acetylcholine 0.75 pig. 

8 - Oedema fluid 0.'2 ml. 
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Fig. 3. Blockade by phenylbutazone of contractions evoked by 
oedema fluid and by synthetic bradykinin on the isolated uterus 
of the oestrous rat. 1 - Oedema fluid 0.15 rnl. 2 - Phenylbutazone 
1.'25 rag. 3 - Oedema fluid 0.15 ml. 4 - Bradykinin 0.01 pg. 5 - Phe- 

nylbutazone 1.'25 rag. 6 - Bradykinin 0.01 pg. 

the  oedema  fluid w ~  o b t a i n e d  when  p h e n b e n z a m i n e  was 
used in a dose suff ic ient  to  block the  effect  of h i s t a m i n e  
complete ly .  

I t  should  bc r emarked  t h a t  the  biological  a c t i v i t y  of 
t h e  oedema  fluid showed a t e n d e n c y  to decl ine even  w h e n  
preserved  a t  0°C. On the  o t h e r  hand ,  acid t r e a t m e n t  of 
the  fluid, followed by  i n c u b a t i o n  a t  37°C for 30 rain a n d  
s u b s e q u e n t  neu t ra l i za t ion  resul ted  in a m a r k e d  e n h a n c e -  
m e n t  of the  biological ac t iv i ty ,  wh ich  could  be  abo l i shed  
af te r  add i t ion  of c h y m o t r y p s i n ,  

The  resul ts  p resen ted  ind ica te  t h a t  t h e  fluid col lected 
f rom sero tonine- induced  r a t - p a w  o e d e m a  d i sp lays  m a r k e d  
smooth-musc le  co n t r ac t i n g  proper t ies .  I t  appears ,  f rom 
the  l imi ted n u m b e r  of tes t s  so far  per formed,  t h a t  t h e  bio-  
logical ac t iv i ty  is possibly  due  n e i t h e r  to  ace ty lcho l ine  
nor  to  serotonin,  b u t  was p a r t l y  caused b y  a h i s t a m i n e -  
like mater ia l  an d  pa r t l y  by  a fac tor  the  p rope r t i e s  of 
which resembled b r a d y k i n i n  a n d / o r  o t h e r  r e l a t ed  p l a s m a  
kinins.  I t  is p e r t i n e n t  to  men t i o n  in th i s  connec t ion  t h a t  
the  presence of a b radyk in in - l ike  ma te r i a l  has  been  
d e m o n s t r a t e d  in the  per fusa te  of the  ' t h e r m i c  o e d e m a  
(45°C) ' in the  r a t ' s  paw m. Our  resul ts  sugges t  t h a t  t h e  
release of kinin- l ike  subs tance(s )  is no t  l imi ted  to t h e  
t he rmic  <)edema, b u t  also occurred  when  o e d e m a  was in-  
duced b y  s u b p l a n t a r  a d m i n i s t r a t i o n  of sero tonin .  Pres-  
en t ly  we are s t u d y i n g  fluids collected f rom o t h e r  k inds  of 
r a t  paw oedema,  such as those  induced  b y  ch i cken  egg 
white,  kaolin,  car rageenin ,  cob ra  v e n o m  etc.  I t  has  been  
shown t h a t  a d m i n i s t r a t i o n  of p h e n y l b u t a z o n e  has  no  in- 
h ib i to ry  inf luence on  the  d e v e l o p m e n t  of t h e  r a t  p a w  
oedema  i n d u c e d  b y  se ro ton in  s,s. P h e n y l b u t a z o n e ,  how-  
ever,  ma rked ly  an t agon ized  the  s m o o t h  musc le  c o n t r a c t -  
ing ac t i v i t y  of the  oedema  fluid col lected a f t e r  s e ro ton ine -  
induced  swell ing of the  r a t  paw. These  two facts  a re  n o t  
necessar i ly  in con t r ad i c t ion  w i th  each  o t h e r ;  f i r s t ly  s ince  
it  m a y  be  t h a t  the  release of t h e  kinin- l ike  m a t e r i a l  is n o t  
a causa t ive  fac to r  in t h e  o e d e m a  d e v e l o p m e n t  b u t  mere ly  
a co inc iden ta l  process or  even  a resu l t  of it ,  a n d  secondly  
since p h e n y l b u t a z o n e  m a y  an t agon ize  some effects  of 
p l a sma  k in ins  whi l s t  leaving o t h e r  effects  un inf luenced ,  
as suggested  b y  LEwxs a. 

Pi lot  exper iments ,  r ecen t ly  perf l ) rmed in our  labora-  
tory,  ind ica ted  t h a t  the  feeble r a t  paw o e d e m a  induced  
by  syn the t i c  b r a d y k i n i n e  was no t  i nh ib i t ed  b y  p r e t r e a t -  
m e n t  wi th  pheny lbu tazone .  

The  obse rva t ions  p resen ted  offer the  poss ib i l i ty  of de-  
veloping a m e t h o d  t h a t  would be su i t ab le  for the  s t u d y  
of d rug  influences on the  release of p l a s m a  kinin- l ike  
mater ia ls .  For  th i s  purpose,  however ,  some i n t e r c u r r e n t  
var iables  mus t  be e l imina ted .  One of these  is t h e  t e n d e n c y  
of the  oedema  fluid 's  biological  a c t i v i t y  to  decl ine a n d  
presen t  expe r imen t s  ind ica te  t h a t  we are well on the  w ay  
to solving th is  ques t ion.  

Zusammen/assung. E i n  biologiseh ak t ives  P r inz ip  in d e r  
0demfl i i s s igke i t  aus  R a t t e n p f o t e n  n a c h  S e r o t o n i n b e h a n d -  
lung ist  wahrsche in l ich  n i ch t  Se ro ton in  oder  Aeety lchol in ,  
sondern  zum ger ingeren  Teil  eino h i s t a m i n a h n l i c h e ,  z u m  
gr6sseren Teil  j edoch  eine Subs tanz ,  die Rhnliche E igen-  
schaf ten  wie B r a d y k i n i n  zeigt.  

I. L. BONTA a n d  C. J .  DE V o s  

Department o/Pharmacological Research, N.V. Organon, 
Oss (The Netherlands), September 23, 1964. 
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