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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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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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Fig. 1. Immunoelectrophoresis of Leucophaea haemolymph against 
serum anti-haemolymph (a). Immunoeleetrophoresis of Leucophaea 
haemolymph against serum anti-heteroagglutinins (b); only 2 bands 
of precipitation representing the 2 purified heteroagglutinins are 
seen, 

a) 

a p p e a r a n c e  of h e t e r o a g g l u t i n i n s  in  Galleria mellonella 
a f t e r  a t h e r m a l  shock ;  in  t h i s  research  1V[ARCK h y p o -  
thes izes  t h a t  haemocy te s ,  i.e. t h e  cells p r e s en t  in  t he  
i n v e r t e b r a t e s  h a e m o l y m p h ,  m a y  be  somehow cor re la ted  
w i t h  t h e  h e t e r o a g g l u t i n i n s  synthes is ,  s ince a f t e r  t h e i r  
a p p e a r a n c e  h a e m o c y t e s  increase  in n u m b e r .  

On t h e  o the r  h a n d ,  t h e  a c t i v i t y  of haemocy tes ,  or a t  
leas t  of some of t h e m ,  is well  k n o w n  in r e l a t ion  to  t h e  
iden t i f i ca t ion  of e x t r a n e o u s  corpuscles  a n d  f r a g m e n t s  of 
he te ro logous  t issues,  th i s  r eac t ion  t a k i n g  place b o t h  in 
v i t ro  a n d  in t h e  t i ssues  e x p e r i m e n t a l l y  g ra f t ed  in t he  
an imal .  I n  fact ,  in  anel l ids  16, mol luscs  1~ a n d  a r t h r o p o d s  is, 
i t  was  obse rved  t h a t  t h e  presence  of he te ro logous  bodies  
leads to  a rheo t ax i s  of these  cells, wh ich  f i rs t  isolate  t h e  
foreign b o d y  b y  i n c a p s u l a t i n g  an d  t h e n  des t roy ing  it. 

T h e  purpose  of t h e  p r e s en t  work  is to  ca r ry  o u t  a more  
t h o r o u g h  i n v e s t i g a t i o n  on  t h e  role t h a t  t h e  h a e m o c y t e s  
p r e s en t  in  t h e  b l a t t o i d  insec t  Leucophaea maderae L. 
p lay  in th i s  a n i m a l  immuno log i ca l  response,  a n d  p a r t i -  
cu la r ly  to  a sce r t a in  w h e t h e r  a n y  of t h e m  m a y  be  re- 
sponse,  an d  p a r t i c u l a r l y  to  a sce r t a in  w h e t h e r  a n y  of t h e m  
m a y  be  respons ib le  for t h e  n a t u r a l  h e t e r o a g g l u t i n i n s  
synthes is .  

Materials and methods. E x t r a c t i o n  of h a e m o l y m p h .  
A d u l t  spec imens  of Leucophaea (suppl ied b y  t h e  Zoolo- 
gical D e p a r t m e n t  of P a v i a  Unive r s i ty )  were immobi l ized ,  
a n d  h a e m o l y m p h  was r e m o v e d  f rom t h e  haemocoe l  w i t h  
a mic rop ipe t t e .  The  h a e m o l y m p h  of a b o u t  80 an i ma l s  was  
i m m e d i a t e l y  col lected an d  cen t r i fuged  in o rder  to  r e m o v e  
all  haemocy tes .  N a t u r a l  h a e m a g g l u t i n i n s  were e x t r a c t e d  
b y  t h e  h a e m o l y m p h  so o b t a i n e d  b y  m a k i n g  t h e m  reac t  
w i t h  a suspens ion  of r a b b i t  r ed  b lood  cells. 

T h e  re su l t ing  ag g l u t i n a t e  was  c e n t r i f u g e d  a n d  t h e n  
w a s h e d  severa l  t imes  w i t h  sal ine so lu t ion  to  r e m o v e  eve ry  
h a e m o l y m p h a t i e  c o m p o n e n t  t h a t  h a d  n o t  specif ical ly  
r eac t ed  w i t h  e ry th roey te s .  T h e  he t e roagg lu t i n in s - r ed  
cell complex  was emuls i f ied w i t h  F r e u n d ' s  comple te  
a d j u v a n t  (1:1) an d  in jec ted  to  r abb i t s .  This  t r e a t m e n t  
was  r epea t ed  4 t imes,  an d  soon a f t e r  a good p r o d u c t i o n  
of h e t e r o a g g l u t i n i n  specific an t ibod ie s  was ob ta ined .  To 
t e s t  t h e  specif ic i ty  of such  an t i s e rum,  i m m u n o e l e c t r o -  
phores is  aga ins t  h a e m o l y m p h  or h y d r o s o l u b l e  e x t r a c t  
of Leucophaea, var ious  o rgans  h o m o g e n a t e  were p repared .  
T h e  resu l t s  h a v e  a lways  conf i rmed  a pos i t ive  r eac t ion  
on ly  aga ins t  t h e  2 h e t e r o a g g l u t i n i n s  (Figure 1) t h a t  are 
p r e s en t  in  h a e m o l y m p h ,  an d  w h i c h  we i so la ted  an d  s tud ied  
f rom a n  i m m u n o c h e m i c a l  p o i n t  of v iew in a p r e c e d e n t  
work  19. 

F u r t h e r m o r e ,  if a n t i s e r u m  is f i rs t  t r e a t e d  w i t h  t h e  
he t e roagg lu t i n in s - r ed  cell complex,  t h e  2 immunospec i f i c  
b a n d s  do n o t  a p p e a r  on  immunoe lec t rophores i s .  

C o n j u g a t i o n  of a n t i s e r u m  w i t h  f luorochromes .  T he  
an t i  h e t e r o a g g l u t i n i n  a n t i s e r u m  so o b t a i n e d  was marked ,  
accord ing  to  NAIRN ~0, b y  c o n j u g a t i n g  i t  w i t h  f luorescein 
i s o t h i o c y a n a t e  pur i f ied  on  a D E A E  S e p h a d e x  A25 
co lumn,  an d  t h e n  c o n c e n t r a t e d  b y  u l t rad ia lys i s .  

b) 
Fig. 2. Strips of haemoeytes stained according to May Grfinwald-Giem- 
sa. a) Two differently sized elliptical 0r (see arrows) showing 
various vacuoles. It is possible to see E-cells nuclea, b) Sheroidal 
0c-cells with cytoplasmatic granulations (black arrows) and big 
ellipsoidal m-cells with cytoplasm full of dense inclusions (white 
arrow). 
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Fig. 3. Haemocytes treated with marked anti-heteroagglutinin 
serum. The green fluorescence is present at the level of the cyto- 
plasmatic membrane in some cells; in others the fluorescence is 
diffused throughout the cytoplasm, with the exception of the 
vacuoles and nuclea. 

Ex t r ac t i on  of haemocytes  and the i r  t r e a t m e n t  wi th  
marked  ant iheteroagglut inins .  The  haemocy tes  present  
in h a e m o l y m p h  were t aken  f rom the  haemocoeI  wi th  a 
micropipet te ,  as described above.  A drop of this  haemo-  
l y m p h  conta ining haemocytes  was immedia te ly  laid on 
a slide and dried. Some strips were s tained according to 
May Gri inwald Giemsa or according to Wright ,  and were 
observed under  opt ical  microscope;  others  were f ixed 
wi th  me thano l  for 5 rain, washed 3 t imes wi th  P B S  p H  
7.2 and t rea ted  wi th  marked  an t ihe te roagglu t in in  ant i -  
serum for 50 rain. The slides were then  washed 3 t imes  
wi th  P/3S and prepared wi th  buffered glycerin in order  
to be observed under  U V  microscope. As a control,  some 
slides were t rea ted  wi th  unmarked  an t i se rum for 20 
rain, washed and then  t rea ted  for 50 min  wi th  marked  
an t i se rum;  fur thermore ,  the  marked  serum t h a t  had 
been t rea ted  beforehand wi th  the  heteroagglut in ins-red 
cell complex  and then  was made to reach wi th  haemocytes  
strips, always give a nega t ive  response. 

Results  and discussion. The haemocytes  ex t rac ted  from 
h a e m o l y m p h  and observed under  optical  microscope 
were found to be ve ry  numerous.  As regards thei r  
morphology,  observing t h e m  superficial ly t h e y  can be 
dis t inguished into 2 classes of cells. These classes m a y  be 
compared  wi th  the  2 groups of haemocy tes  t h a t  were 
s tudied and described by  JOHNSTON et  al. ~1 in Carcinus 
moenas. In  our case also, the  cells of the  first  group, 
which JOI~NSTON called ~- cells, have  the highest  numerica l  
percentage and are represented by  a fair va r i e ty  of forms. 
In  fact,  some are smaller  (about  6 lxm) and have  a general iy 
spherical or ell iptical  shape and l i t t le  cytoplasm,  others 
are larger (about 10 ~m) and have  a more a b u n d a n t  cyto-  
plasm i n  which acidophi l  granula t ions  can be seen, 
f inal ly some are still  bigger (about 12 ~m) and have  less 
regular cellular ougline t h a n  the  foregoing ones;  the i r  
cy top lasm abounds in vacuoles  which are opt ical ly  
e m p t y  or full of inclusions (Figure 2). The  character is t ic  
common  to these ceils are a spherical  or ovoid form, the  
basophi ly  of cy top lasm and the  presence of a s t rongly 
basophil  nucleus which is spherical and eccentric.  

The  haemocytes ,  belonging to the  second group which  
observed,  can also be compared  wi th  the  fl-cells descr ibed 
by  JOHNSTON. Less numerous  in percentage,  t h e y  have  

larger dimension than  the  ones of the  first  class; the i r  
nucleus is roundish and less basophil,  and thei r  cy top lasm 
is much  clearer. Very  seldom, these cells were observed 
uninjured.  Often the  cell membrane  appears  broken,  so 
t h a t  only  nuclei can be seen. As JOHNSTON and TAIT 
and GtJNN 22 suggest, these cells, m a y  be responsible for 
the  h a e m o l y m p h  coagulation.  

In  the  slides t rea ted  wi th  marked  ant i -heteroagglu-  
t inin serum, we found tha t  about  95% of the  first  group 
of haemocytes  (e-cells) were fluorescent.  This  fluores- 
cence is ve ry  clear and ou ts tanding  and, fur thermore ,  is 
h igh ly  specific. I n  fact,  the  haemocytes  t r ea ted  before 
wi th  unmarked  an t i se rum and then  wi th  marked  anti-  
serum, never  showed fluorescence. E x a m i n a t i o n  of Figure  
3 reveals t h a t  f luorescence is localized on the  cell mem-  
brane,  as regards the  smallest  group of haemocytes ,  
while in the largest  cell f luorescence is clear and diffused 
al l  over  the  cytoplasm, except  vacuoles  and inclusion 
t h a t  look dark  and non-f luorescent  spots. The nucleus 
never  shows fluorescence. F r o m  these p re l imina ry  data,  
we can infer t h a t  e -haemocytes  are responsible for the  
na tura l  heteroagglut in ins  synthesis. That ,  in these cells, 
the  synthesis  of heteroagglu t in ins  takes  place (at least  in 
the  biggest  haemocytes)  is p roved  by  the  fact  t h a t  fluores- 
cence is uni formly  diffused all over  cytoplasm,  always 
except ing the  vacuoles.  This  hypothesis  will obviously  
have  to be suppor ted  by  fur ther  observat ions  and tests, 
which are being carried out  in our  laboratory.  

The  fact  t h a t  heteroagglut in ins  are di f ferent ly  localized 
in small  and large haemocytes ,  suggests t h a t  these two 
groups of ceils do no t  belong to the  same class of e-cells 
(young and adul t  forms), as observat ion  under  optical  
microscope gives reason to suppose, bu t  ra ther  t h a t  t h e y  
cons t i tu te  2 qui te  different  groups:  the  former,  in which 
heteroagglut inins  are localized on cell membrane,  m a y  
be responsible for cellular immunologica l  react ions;  the  
lat ter ,  in which there  is a considerable concent ra t ion  of 
heteroagglut in ins  in cytoplasm,  m a y  be responsible for 
their  synthesis  and subsequent  excret ion in haemol imph.  
One one hand,  we propose to ex t en t  our  knowledge about  
immunochemica l  and biophysical  propert ies  of hetero-  
agglutinins,  while on the  o ther  hand we intend to invest i-  
gate  the  behaviour  of Leucophaea haemocytes  in v i t ro  
and in vivo, as well as their  role in biosynthesis  mechanism 
of such substances.  

21 1Vf. A. JOHNSTON, H. Y. ELDER and P. S. DAVIES, Comp. Bioehem. 
Physiol. 46, 569 (1973). 
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