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ABSTRACT: Echinocardium cordatum frequently harbours in its coelomic cavity the protozoan 
parasite Lithocystis schneideri, Motile stages of this gregarine (trophozoites and gamonts) may be 
surrounded by echinoid coelomocytes which show a peculiar transformation of their shape (i.e. each 
cell develops a single spine-like extension giving a pincushion aspect to the parasite). Encysted 
stages of the gregarine (gametocysts and sporocysts) are found mostly within brown bodies. Brown 
bodies are particular mesothelium-covered formations occurring usually in the coelomic cavity of 
E. cordatum. It is suggested that brown bodies naturally originate from detached fragments of 
mesenteries. 

INTRODUCTION 

Echinocardium cordatum is infested very often by  the gregar ine  species, Lithocystis 
schneideri Giard (Cu~not, 1891, 1892; L~ger, 1896, 1897; Pixell-Goodrich,  1915). Most of 
the deve lopmenta l  stages of the gregar ine  (trophozoites, gamonts,  gametocysts  and  
sporocysts) occur wi th in  the echinoid  coelomic cavity. A very pecul iar  host react ion was 
noted by several  authors, i.e. the motile stages of the parasi te  may be covered by 
coelomocytes which typically are sharp-poin ted  (L~ger, 1897; Pixell-Goodrich,  1915; 
Brownell & MacCauley,  1971). The goal of this paper  is to characterize the coelomic 
reactions of E. cordatum r ega rd ing  the ma in  deve lopmen ta l  stages of L. schneideri. 

MATERIAL AND METHODS 

Echinocardium cordatum ind iv idua l s  were  collected in ter t idal ly  on a sandy  beach  at 
Le Home-Varavi l le  (Normandy, France). For l ight  microscopy, in t racoelomic b rown 
bodies were fixed in  Bouin 's  fluid. They  were  e m b e d d e d  in  paraplas t  and  cut into 5 ~m 
sections. Sections were s ta ined  with Mayer ' s  h e m a l u n  and  Masson 's  trichrome. For EM 
observations, motile coelomic stages of the gregar ine  as wel l  as b rown  bodies  were  fixed 
at 4 °C in  a solution of 3 % g lu ta ra ldehyde  in  a sodium cacodylate  buffer (0.1 M, pH 7.4). 
They were washed  in  buffer, postfixed with 1 %  osmium tetroxide in  the same buffer, 
and washed  aga in  in  buffer. For TEM observations,  spun" e m b e d d i n g  and  th in  sect ion 
(LKB ultramicrotome) were performed. Th in  sections were  then  contrasted with uranyl  
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Fig. 1. Gamonts of Lithocystis schneideri in syzygy 
Fig. 2. Trophozoite of Lithocystis schneideH covered by sharply pointed coelomocytes 

Figs 3-5. Enlarged views (SEM and TEN'I) of sharply pointed coelomocytes, dp = distal part, f 
microfilaments, rd ~ central round part, rt ~ basal root 
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aceta te  and  Reynold ' s  l e ad  citrate. They  were  obse rved  on a Phi l ips  EM 300 t ransmiss ion  
electron microscope  at 80 KV. For SEM observat ions ,  pos t f ixed  samples  were  dehy-  
dra ted  in g raded  e thanol  and  d r i ed  b y  the cr i t ical  poin t  method,  us ing  CO 2 as t rans i t ion  
fluid. They were  then moun ted  on a l u m i n i u m  stubs,  coa ted  with  go ld  in a spu t te r  coa ter  
and  observed  wi th  a ISI DS-130 scann ing  e lec t ron  mic roscope  at  30 KV. A dd i t i ona l  SEM 
observat ions  were  car r ied  out on s imi lar  s amp le s  s imply  f ixed in Bouin 's  fluid, w a s h e d  in 
dis t i l led wate r  and  d e h y d r a t e d  in g r a d e d  e thanol .  These  s a mp le s  were  d r i ed  and  coa ted  
with gold  just  l ike  the  p r e c e d i n g  ones.  

RESULTS AND DISCUSSION 

Two types  of coe lomic  reac t ions  occur  w h e t h e r  we  cons ide r  the  mot i le  s t ages  or the 
encys ted  s tages  of the  paras i te .  Mot i le  s tages  are  ac t ive ly  su r rounded  by  coe lomocytes  
which  tend  to wa l l  off the paras i te .  In contrasts,  g r e g a r i n e  cysts are  never  su r rounded  by  
coelomocytes  but  are found e m b e d d e d  in pa r t i cu la r  in t racoe lomic  format ions  ca l l ed  
brown bodies .  

C o e l o m o c y t e  r e a c t i o n  

Trophozoi tes  or gamonts  m a y  be  " a t t a cked "  by  coe lomocytes  (i.e. phagocy t i c  
coelomocytes)  wh ich  tend  to sur round  them.  This  is the  usua l  reac t ion  occur r ing  in al l  
ech inoderms  w h e n  fore ign  bod ies  en te r  thei r  coe lomic  cavity.  However ,  in this  case  
pa ras i t e -assoc ia ted  coe lomocytes  show very  p e c u l i a r  t ransformat ions .  Ac tua l ly  each  
t rophozoi te-  or g a m o n t - a d h e r i n g  coe lomocy te  bec ome s  p rog re s s ive ly  sha rp ly  po in t e d  so 
that  the who le  pa ras i t e  looks  l ike  a minu t e  p incush ion  (cf. F igs  1 and  2). Paras i te -  
adher ing  coe lomocytes  are  ra ther  wel l  d i f fe ren t ia ted  wi th  a basa l  root - l ike  par t  ex tend-  
ing over the  g rega r ine  outer  surface,  a centra l  round  part ,  and  a conspicuous  sha rp ly  
po in ted  dis ta l  par t  (Figs 3, 4, 5). 

TEM observa t ions  we re  pe r fo rmed  to fo l low the  coe lomocy te  t ransformat ions .  An  
und i f fe ren t i a ted  coelomocyte ,  jus t  abou t  to adhere ,  is shown in F igure  6. Soon after its 
adhesion,  the  coe lomocyte  adopts  a ves i cu la r  out l ine,  and  p i les  of m e m b r a n e - l i k e  
structures a p p e a r  here  and  there  over  the  nuc l ea r  e n v e l o p e  (s tage 1, Fig. 7). The  
coelomocyte  p rogres s ive ly  e longa t e s  a n d  a "hood"  of c l ea r  cy top lasm deve lops  over  the  
nucleus  which  wil l  be  loca ted  consequen t ly  in the  b a s a l  half  of the  cell.  At  this  s tage,  
groups of microf i laments  are  seen  e x t e n d i n g  from the nuc leus  towards  the  a p e x  of the  
cell  (stage 2, Fig. 8). The  microf i l aments  show an  axia l  o r ien ta t ion  and  are  in  c lose  
contact  wi th  a p e c u l i a r  s t ructure  m a d e  of p i l e d  m e m b r a n e s  (s tage  3, Fig. 9). The  ap ica l  
cy toplasmic  hood  p rogress ive ly  t apers  whi l e  the  b u n d l e  of ax ia l  mic rof i l aments  thick-  
ens. Piles of m e m b r a n e - l i k e  s tructures  occur  in the  cy top lasm w h e r e  they  form a k ind  of 
cy l indr ica l  s t ructure  loca ted  close to the  b u n d l e  of mic rof i l aments  (s tage 4, Fig. 10). Fu l ly  
t ransformed coe lomocyte  (s tage 5) is i l lus t ra ted  b y  F igure  5. It is cha rac t e r i zed  by  a 
sha rp-po in ted  ap ica l  par t  m a d e  of a th ick  b u n d l e  of mic rof i l aments  su r rounded  by  the 
cell  membrane .  

The p re sence  of sha rp -po in t ed  coe lomocytes  a round  gamonts  has  b e e n  repor ted  
prev ious ly  (L6ger, 1896, 1897; P ixe l l -Goodr ich ,  1915; Faur6-Fr6mie t ,  1926). The  authors  
agree  that  this coe lomocyte  reac t ion  occurs  w h e n  pa ras i t e s  lose the i r  moti l i ty ,  i.e. just  
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Figs 6-10.  T E M - v i e w s  of coe lomocy te  t ransformat ions :  coe lomocy te  just  about  to adhe r e  (Fig. 6); 
s tage  1 (Fig. 7); s t age  2 (Fig. 8); s t age  3 (Fig. 9); s t age  4 (Fig. 10). For exp lana t ions  see  text; f = 
microfilaments,  h = hood of c lear  cy toplasm,  m = m e m b r a n e - l i k e  structures,  n = nucleus ,  p = 

pa ra s i t e  



Parasitic sporozoans in E c h i n o c a r d i u m  229 

before encystment. According to L~ger (1896, 1897), coelomocytes surround every 
gamont (single or paired) without affecting the normal development  of the parasite.  In 
contrast, Pixell-Goodrich (1915) pointed out that only unheal thy parasi tes are a t tacked 
by coelomocytes. Our observations indicate that coelomocyte reaction may occur ei ther 
before or just after gregarine syzygy, depending  presumably  on parasi te  motility. We 
think that the presence of sharply pointed coelomocytes around trophozoites and 
gamonts could be a way to prevent  gregar ine  syzygy and thus cyst formation. 
Trophozoites and non-encysted gamonts wal led  off by such coelomocytes supposedly 
degenerate  (a suggestion that corroborates Pixell-Goodrich 's  interpretations). 

S t ruc tu re  a n d  o r i g i n  of b r o w n  b o d i e s  

The coelomic cavity of E. corda tum contains peculiar,  sometimes very conspicuous 
formations, called brown bodies (Fig. 11). Brown bodies are of various size, being always 
irregular in shape. They consist basical ly  of clots of p igmented  material  surrounded by a 
more or less well  preserved cell layer. Intracoelomic cysts of L. s c h n e i d e r i  (gametocyts 
and sporocysts) mostly occur within brown bodies. SEM investigations show that a 
mesothelium surrounds these brown bodies (Figs 12, 13, 14) (cf. report by Brownell & 
MacCauley, 1971). Histological sections however indicate that the surrounding tissue 
layer is relatively complex. It consists of a thin connective tissue layer sandwiched 
between two mesothelial  layers (Fig. 15). This structure is obviously identical  to that of 
the mesenteries part i t ioning the echinoid coelom. Addit ional  observations show that 
cyst-containing brown bodies sometimes are "composite" in the sense that they may 
have several successive mesenteric envelopes,  i.e. one main per ipheral  envelope and 
several inner envelopes surrounding either single cysts or small groups of cysts. 

The morphological study of brown bodies allows a tentative suggestion as to their 
origin. Authors general ly  agree to say that the p igmented  material  within brown bodies 
results from coelomocyte degenerat ion (see, for example,  Arvy, 1957; Hetzel, 1965). 
Degenerated coelomocytes occur mostly in the central hemal  system (i.e. the axial  
organ). They are supposedly conveyed to part icular  hemal  "excretory" areas (hemal 
lacunae of the gut and of the mesenteries) where they accumulate,  forming patches of 
unwanted material  (Jangoux & Schaltin, 1977; Bachman et al., 1980). In E. c o r d a ~ m  

such areas occur in mesenteries.  Our opinion is that accumulat ion of degenera t ing  
coelomocytes distends the hemal  lacunae and breaks  down the mesentery. The latter 
may spontaneously break  down at the level  of the lacuna. Pigmented materials  sur- 
rounded by mesenterial  envelope are drawn into the coelomic cavity where they form 
brown bodies. 

Gregarine cysts that develop within the coelomic cavity settle and accumulate  on 
mesenteries. The cysts progressively distend the mesentery by their own weight  and 
protrude into the underneath coelomic subcavity {the general  coelomic cavity of 
E. cordatum is roughly divided into three superposed subcavities l imited by the mesen- 
teries and the loops of the gut). The mesentery presumably  breaks down finally, thus 
allowing the cysts surrounded by a mesenterial  envelope to pass into the underneath 
coelom. The presence of cysts in brown bodies is presumably  the consequence of their 
accumulation on mesenteries whose hemal  lacunae were heavi ly laden with p igmented 
debris. 



Fig. 11. Genera l  aspect  of a b r o w n  body  (SEM view) 

Figs 12-13. En la rged  SEM v iews  of the meso the l i a l  cover of b r o w n  bodies  

Fig. 14. SEM v iew of a l tered meso the l i a l  cells f rom b r o w n  bodies;  fl ---- {broken) f lagel lum, cr = 
collar of microvil l ies  

Fig. 15. His tological  sect ion t h rough  the mesen te r i c  enve lope  of b r o w n  body; cn = connect ive 
t issue, 1 = hema l  lacuna,  ml = m e s o t h e l i u m  
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C O N C L U D I N G  R E M A R K S  

It is  p r e s e n t l y  i m p o s s i b l e  to  d e t e r m i n e  to w h a t  e x t e n t  t h e  c o e l o m i c  r e a c t i o n s  of 

Ech inocard ium c o rda tum  a f fec t  t h e  d e v e l o p m e n t  of Li thocys t i s  schne ider i .  O n e  m a y  

s u p p o s e  t h a t  t h e  c o e l o m o c y t e  r e a c t i o n  a g a i n s t  g r e g a r i n e  t r o p h o z o i t e s  a n d  g a m o n t s  

r e d u c e  c o n s e q u e n t l y  t h e  n u m b e r  of i n t r a c o e l o m i c  cysts .  H o w e v e r  o c c u r r e n c e  of b o t h  

a t t a c k e d  a n d  u n a t t a c k e d  g a m o n t s  i n  t h e  g e n e r a l  b o d y  c a v i t y  i n d i c a t e s  t h a t  t h a t  r e a c t i o n  

h a s  o n l y  a p a r t i a l  e f f e c t i v e n e s s .  E m b e d d i n g  of cys t s  i n  b r o w n  b o d i e s  is s t r i c t l y  a p a s s i v e  

p h e n o m e n o n  t h a t  c o u l d  o c c u r  w i t h  a n y  k i n d  of p a r t i c l e  f a l l i n g  o n t o  t h e  m e s e n t e r i e s .  T h i s  

e m b e d d i n g  a p p a r e n t l y  d o e s  n o t  a f fec t  t h e  d e v e l o p m e n t  of t h e  p a r a s i t e .  As  for  t h e  

p a t h o g e n i c i t y  of t h e  p a r a s i t e ,  w e  c a n  o n l y  s ay  t h a t  t h e  i n v e s t i g a t e d  e c h i n o i d s ,  a l t h o u g h  

b e i n g  a l m o s t  a l w a y s  p a r a s i t i z e d ,  h a d  a n  u n a l t e r e d  l i f e - h a b i t  a n d  w e r e  p e r f e c t l y  h e a l t h y .  

I n v e s t i g a t i o n s  a r e  in  p r o g r e s s  d e a l i n g  e i t h e r  w i t h  t h e  d e t a i l e d  a n a l y s i s  of L. s c h n e i d e r i  

l i f e - cyc le  a n d  w i t h  t h e  f r e q u e n c y  of t h e  c o e l o m o c y t e  r e a c t i o n .  
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