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E v i d e n c e  f o r  a Selective Cytotoxic E f f e c t  of  Carrageenan on Cells of the Immune System i n  v i v o  a n d  

i n  vitro 
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Summary. Car r ageenan  suppressed  a n t i b o d y  p r o d u c t i o n  to  sheep  e r y t h r o c y t e s  in t he  mouse  on ly  w h e n  in jec ted  t o g e t h e r  
w i t h  or 24 h pr io r  to  an t igen .  P r e t r e a t m e n t  of sensi t ized spleen cell c u l t u r e s  w i t h  c a r r a g e e n a n  reduced  t h e  degree of 
s t i m u l a t i o n  o b t a i n e d  us ing  an t i gen  b u t  n o t  P H A .  

The re  is ev idence  f rom s tudies  on  c u l t u r e d  cells t h a t  
t he  h i g h  molecu la r  we igh t  s u l p h a t e d  po lyga lac tose  car-  
r ageenan ,  de r ived  f rom t h e  m a r i n e  alga Chondrus crispus, 
is tox ic  to  m a c r o p h a g e s  b u t  n o t  cy to tox i c  to  l y m p h o -  
cytes  8, 3. Such  an  a g e n t  could  p rove  an  asse t  in  e luc ida t ing  
t he  role of t he  m a c r o p h a g e  in i m m u n e  reac t iv i ty .  R e c e n t l y  
i t  h a s  been  s h o w n  t h a t  c a r r a g e e n a n  in j ec t ion  suppresses  
p r o d u c t i o n  of s e rum a n t i b o d y  a n d  splenic  p l aque - f o r ming  
cells (PFC) to sheep red  b lood  cells (SRBC) in t he  mouse  a, 5. 
However ,  t h e  stage(s) d u r i n g  t he  d e v e l o p m e n t  of a n  im- 
m u n e  response  a t  w h i c h  c a r r a g e e n a n  exe r t s  i t s  i m m u n o -  
suppress ive  effect  has  no t  been  ascer ta ined .  

I n  t h i s  s t u d y  we h a v e  inves t iga ted ,  in  t he  mouse,  
w h e t h e r  a r e l a t ionsh ip  exis ts  be t w een  t i m e  of ca r rageen-  
a n  a d m i n i s t r a t i o n  in r e l a t i on  to  a n t i g e n  (SRBC) a n d  t he  
ensu ing  level  of h u m o r a l  a n t i b o d y  p roduc t ion .  Also, we 
h a v e  examined ,  in v i t ro ,  t he  effect  of c a r r a g e e n a n  on  t he  
response  of sens i t ized  spleen cells to  b o t h  an t i gen  a n d  t he  
l y m p h o c y t e - s t i m u l a t i n g  a g e n t  p h y t o h a e m a g g l u t i n i n  
(PHA).  

Materials and methods. Male LACA mice  weighing  
25-30 g were i n j ec t ed  i.p. w i t h  1 • 108 w a s h e d  sheep red  
b lood cells (SRBC) (Wel lcome R e a g e n t s  Ltd . )  in  0.2 m l  
p h o s p h a t e  buf fe red  sal ine (PBS) p H  7.2. P o t a s s i u m  car-  
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Fig. 1. Direct PFC responses 96 h after antigen administration in the 
spleens of male LACA mice receiving a single earrageenan injection at 
various times in relation to antigen. Columns represent mean values 
~z 1 standard error obtained from 10 animals. 

r a g e e n a n  (Sigma Chemica l  Company)  was dissolved e i the r  
in  w a r m  P B S  or, for a d d i t i o n  to  cell cul tures ,  in  w a r m  
cu l tu re  m e d i u m  (see below) t h e n  s ter i l ized b y  m e m b r a n e  
f i l t ra t ion .  An ima l s  received 0.5 m g  i.p. a t  va r ious  t imes  
in r e l a t ion  to  an t igen .  Cont ro l  mice were in jec ted  w i t h  
t h e  same  a m o u n t  (0.2 ml) of PBS .  96 h a f t e r  an t i ge n  
i n j ec t i on  mice  were ki l led a n d  d i rec t  (IgM) a n t i b o d y  
p l aque - fo rming  ceils (PFC) in  t h e  spleen e s t i m a t e d  b y  
t he  C u n n i n g h a m  techn ique ,  as descr ibed  b y  Dresser  a n d  
Greaves  6. The  n u m b e r  of P F C  o b t a i n e d  pe r  mil l ion spleen 
cells was  expressed  as p e r c e n t  con t ro l  va lue .  

The  effect  of c a r r a g e e n a n  on  cu l tu red  l y m p h o i d  cells 
was  i n v e s t i g a t e d  us ing  spleen ceils f rom a n  LACA mouse  
in j ec t ed  one m o n t h  ear l ier  w i t h  0.2 ml  5% SRBC.  
Rep l i ca t e  cu l tu res  were  se t  u p  in capped  3" • t u b e s  
and  compr ized  1 • 106 nuc l ea t ed  cells in  0.3 ml  Eag le ' s  
m i n i m u m  essent ia l  m e d i u m  (MEM) (Biocul t  Labora to r ies )  
s u p p l e m e n t e d  w i t h  10% h e a t  i n a c t i v a t e d  au to logous  
serum.  Cul tures  were m a i n t a i n e d  a t  37 ~ in a h u m i d i f i e d  
a t m o s p h e r e  of 5% CO2 in air. Soluble  an t i gen  was pre-  
p a r e d  b y  f i rs t  lys ing S R B C  in dis t i l led w a t e r  a t  a con- 
c e n t r a t i o n  of 1 • 107 cel ls /ml  t h e n  d i lu t ing  t he  p r epa ra -  
t i o n  2-fold in d o u b l e - s t r e n g t h  cu l tu re  med ium.  A n t i g e n  
so lu t ion  (0.2 ml) was  added  to  t he  a p p r o p r i a t e  t ubes  6 h 
a f te r  e s t a b l i s h m e n t  of t h e  cul tures .  C a r r a g e e n a n  (150 ~g) 
was added  e i the r  a t  t he  s t a r t  of t h e  cu l tu re  per iod  or 6 h 
a f t e r  i n t r o d u c t i o n  of an t igen .  

A d d i t i o n a l  cul tures ,  t o  wh ich  e i the r  c a r r a g e e n a n  or 
m e d i u m  h a d  been  a d d e d  were t r e a t e d  w i t h  50 Fg p h y t o -  
h a e m a g g l u t i n i n  (Wellcome,  P H A - P )  a t  6 h. A t  48 h, 
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Fig. 2. Effect of carrageenan on antigen 
and PHA-sthnulated tritiated thymi- 
dine incorporation by sensitized LACA 
mouse spleen cells. Columns represent 
mean values zE 1 standard error of 5 
cultures. 
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2 ~Ci ~H- thymid ine  (Rad iochemica l s  Centre,  A m e r s h a m )  
was added  to each  cul ture .  3 h l a t e r  t h e  cell depos i t  was  
washed  consecu t ive ly  in P B S ,  5~o t r i ch lo race t i c  acid 
(3 t imes) ,  abso lu te  m e t h a n o l  t h e n  dissolved in 0.2 ml  
0.1 M NaOH.  The  ~H c o n t e n t  was  d e t e r m i n e d  b y  scint i l la-  
t i on  c o u n t i n g  a f t e r  mix ing  N E  260 sc in t i l l a t ion  f luid 
(Nuclear  E n t e r p r i s e s  Ltd.) .  

Results. Figure  1 shows t h a t  t h e  level  of P F C  p r o d u c t i o n  
96 h a f t e r  S R B C  in jec t ion  was d e p e n d e n t  on t he  t i m e  of 
c a r r a g e e n a n  a d m i n i s t r a t i o n  in  r e l a t i on  to  an t igen .  Ant i -  
b o d y  p roduc t ion  in mice rece iv ing  a single in j ec t ion  a t  
- -24 or 0 h were s ign i f i can t ly  lower t h a n  con t ro l  va lues  
(p < 0.005 a n d  p < 0.0025 respect ive ly ,  accord ing  to  
S t u d e n t  t-test) ,  t h e  effect  be ing  m o s t  m a r k e d  w h e n  car-  
r a g e e n a n  was g iven  a t  - - 2 4 h .  Ca r r ageenan  t r e a t m e n t  a t  
a n y  o t h e r  t i m e  did  n o t  s ign i f i can t ly  af fec t  t he  response.  

The  effect  of c a r r a g e e n a n  on  cu l tu res  of in  v ivo  sen- 
s i t ized spleen cells is shown  in F igure  2. No tab ly ,  t h e  
presence  of c a r r a g e e n a n  a lone  d id  n o t  s ign i f i can t ly  af fec t  
t he  a m o u n t  of t h y m i d i n e  incorpora ted .  A l t h o u g h  pre-  
t r e a t m e n t  of a n t i g e n - s t i m u l a t e d  cells w i t h  carrageenaI1 
s ign i f i can t ly  depressed  t h e  response  (p < 0.025), t h e  
add i t i on  of th i s  a g e n t  6 h a f te r  an t i gen  chal lenge d id  no t  
af fec t  u p t a k e  of radiolabel .  T he  level  of s t i m u l a t i o n  
o b t a i n e d  to  the  polyc lonal  m i t ogen  P H A  was no t  signif-  
i c an t l y  a l t e red  b y  p r e t r e a t m e n t  of t he  spleen cells w i t h  
ca r rageenan .  

Discussion. F r o m  th i s  s t u d y  i t  is c lear  t h a t  t h e  eff icacy 
of c a r r a g e e n a n  as an  i m m u n o s u p p r e s s a n t  b o t h  in v ivo  
a n d  in v i t ro  depends  on  t he  t e m p o r a l  r e l a t i onsh ip  be-  

tween  t r e a t m e n t  and  a n t i g e n  a d m i n i s t r a t i o n .  The  fac t  
t h a t  c a r r a g e e n a n  caused  m a r k e d  suppress ion  of t he  P F C  
response  on ly  w h e n  g iven  24 h before  or  t o g e t h e r  w i t h  
S R B C  suggests  t h a t  i t  ac ts  on  t he  i n d u c t i v e  phase  of t h e  
i m m u n e  response  a n d  n o t  on  a n t i b o d y - p r o d u c i n g  bone-  
m a r r o w  der ived  (B) cells. Macrophages  are k n o w n  to be  
i nvo lved  ill t h e  i n d u c t i o n  of i m m u n e  r e a c t i v i t y  to  a v a r i e t y  
of an t igens  7 a n d  our  o b s e r v a t i o n s  are the re fo re  cons i s t en t  
w i t h  t he  k n o w n  in v i t ro  se lect ive  cy to tox ic  effect  of car-  
r a g e e n a n  for  these  ceils. Th i s  a r g u m e n t  ga ins  f u r t h e r  sup-  
p o r t  f rom our  f ind ing  t h a t  t r e a t m e n t  of sens i t ized  spleen 
cell cu l tu res  w i t h  c a r r a g e e n a n  before,  b u t  n o t  6 h a f t e r  
an t i gen  chal lenge i m p a i r e d  t h e  b las togen ic  response.  

I t  is un l ike ly  t h a t  c a r r a g e e n a n  is toxic  to  t h y m u s -  
der ived  (T) l ymphocy t e s ,  s ince i t  fai led to  suppress  lym-  
p h o c y t e  t r a n s f o r m a t i o n  b y  P H A ,  a k n o w n  T cell mi togen .  
Th i s  f ind ing  is in  a g r e e m e n t  w i t h  t h e  o b s e r v a t i o n  of 
p rev ious  a u t h o r s  us ing  cu l tu red  h u m a n  a n d  gu inea-p ig  
l y m p h o c y t e s  3, s. F u r t h e r ,  we h a v e  shown  elsewhere ~ t h a t  
in  t h e  ra t ,  c a r r a g e e n a n  does n o t  af fec t  T cell f unc t i on  as 
m e a s u r e d  b y  the  g ra f t  ve rsus  h o s t  reac t ion .  I n  conclusion,  
we bel ieve  t h a t  these  obse rva t i ons  are c o n s i s t e n t  w i t h  t he  
h y p o t h e s i s  t h a t  in  vivo,  c a r r a g e e n a n  is toxic  to  macro -  
phages  b u t  non - tox i c  to  l ymphocy te s .  
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Production of Heteroagglutinins in Haemocytes  of Leucophaea maderae L. 
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Summary. I t  was  our  purpose  to  s t u d y  t he  immuno log ica l  a c t i v i t y  of c i rcu la t ing  f luid cells in  t h e  b l a t t o i d  insec t  
Leueophaea maderae L. These  cells are gener ica l ly  cal led h a e m o c y t e s ;  a f t e r  a p r e l i m i n a r y  morpho log ica l  s t u d y  u n d e r  
opt ica l  microscope,  t h e y  were t r e a t e d  w i t h  an t i - he t e roagg lu t i n in s  s e rum m a r k e d  w i t h  f luorescein i so th iocyana te .  Thus ,  
i t  was  possible  to  show t he  presence  of h e t e r o a g g l u t i n i n s  in to  t he  cy top lasm,  as regards  one g roup  of haemocy te s ,  
and  on t he  cell m e m b r a n e  for  t h e  second group.  

Fo r  some years  t he  a t t e n t i o n  of m a n y  researchers  has  
been  d r a w n  more  a n d  more  to  t he  immuno log i ca l  pheno-  
m e n a  to  be found  in i nve r t eb ra t e s .  

The  subs t ances  p r e s e n t  in  t he  f luids of m a n y  inver -  
t e b r a t e  classes a n d  in n e a r l y  all  species, are t he  ob jec t  
of s tudies  wh ich  more  and  more  f r equen t ly  a p p e a r  in  t he  
l i t e ra tu re .  These  subs t ances  are c o m m o n l y  k n o w n  as 
he te roagg lu t in ins ,  due  to  t h e i r  c apac i t y  for r eac t ing  
more  or less specif ical ly w i t h  he te ro logous  cells or w i t h  
bac te r ia .  

Such  subs t ances  h a v e  been  isola ted f rom worms~, a, 
mol luscs  4, 5 a r t h r o p o d s  6-10, ech inode rms  11,12, a n d  pro-  
t ocho rda t e s  1~, 1~, a n d  m a n y  a u t h o r s  consider  t h e m  to be  
s imi la r  to  or c o m p a r a b l e  w i t h  v e r t e b r a t e  i m m u n o g l o b u -  
lins. Some au tho r s  also sugges t  t h a t  t h e  i m m u n o g l o b u -  
l inic cha ins  of v e r t e b r a t e s  m a y  or ig ina te  f rom these  
s impler  prote ins .  In  th i s  connec t ion ,  t h e  he t e roagg lu t i n in s  
of some c rus t acean  a n d  mol lusc  species h a v e  been  s tud ied  
p a r t i c u l a r l y  f rom a s t ruc tu ra l ,  i m m u n o c h e m i c a l  and  
b iophys ica l  p o i n t  of v iew 15. 

On t he  o t h e r  h a n d ,  n o t h i n g  is k n o w n  a b o u t  organs ,  
t i ssues  or ceils t h a t  m a y  be  i nvo lved  wi th ,  or respons ib le  
for t h e i r  synthes is ,  excep t  for  MARCK'S s tudies  s conce rn ing  
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