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A bstract. A  p rev iously  u n d escribed  cy sto p h o ro u s 
cercaria , w hich develops in  th e  py ram ide llid  opis- 
th o b ra n c h  O dostom ia eulim oides  H an ley , w as ex­
perim en ta lly  show n  to  be the  ce rca ria  o f  L ecithas­
ter gibbosus (R u d o lp h i, 1802) L ühe, 1901, a  co m ­
m o n  d igenean  in  th e  in testin e  o f  m arin e  teleosts 
in  the  N o r th  A tla n tic  O cean  a n d  ad jacen t seas. 
T he im m otile  ce rcariae  a re  ingested  by ca lan o id  
copepods. P ressure  by the  m o u th  p a r ts  triggers d e ­
livery tu b e  eversión , w ith  co n seq u en t in jec tion  o f  
the  cercaria l body  in to  the  haem ocoel. A ca rtia  sp., 
Pseudocalanus elongatus  a n d  C entropages ham atus  
w ere experim entally  in fected , b u t the  m etacercar- 
iae becam e infective on ly  in  A ca rtia  sp . T he stickle­
b ack , G asterosteus aculeatus , w as the  experim en ta l 
final host. T he infective ce rca ria  o f  L. gibbosus 
d iffers fro m  th a t  o f  L. confusus  O d h n er, 1905, 
w hich develops in  O. trifida  (T o tten ), in  th a t the  
fo rm er has a d o u b le-layered , sw ollen  cau d a l cyst 
a n d  a  longer delivery tube . T h e  cercaria , m etacer- 
c a ria  an d  adu lts  o f  L. gibbosus a re  described  by 
m eans o f  in terference  c o n tra s t a n d  scann ing  elec­
tro n  m icroscopy  (SE M ).

L ecithaster gibbosus (R u d o lp h i, 1802), L ühe, 1901 
(L ecithasteridae) is one  o f  th e  m o s t w idely d is trib ­
u ted  digeneans in  th e  N o r th  A tlan tic  O cean  and  
ad jacen t seas. I t  h as  been  reco rd ed  in th e  in testine 
o f  m o st te leost fam ilies, inc lu d in g  th e  C lupeidae, 
Salm onidae, G ad id ae  a n d  P leu ronec tidae . N o  la r ­
val developm enta l s tages have been  fo u n d  and  
n o th in g  is know n a b o u t its  life cycle. V ery little 
is k n ow n  a b o u t the  life cycle o f  m a rin e  hem iuro ids 
an d  the  only  tw o dev e lo p m en ta l cycles th a t  have 
to  d a te  been experim en ta lly  e lu c id a ted  are  those  
o f  L . confusus O d h n er, 1905 by  H u n n in en  and  
C ab le  (1943) and  D erogenes varicus  (M üller, 1784) 
L ooss, 1901 by K o ie  (1979).

M a te ria ls  and m ethods

Specim ens o f  Odostomia eulimoides H anley (G astropoda, Opis­
th o branch ia , Pyram idellidae) were dredged from  the western 
K a tteg a t o ff  F rederikshavn, D enm ark , a t a depth  o f  18-24 m 
(M arch, June, July) using a detritus sledge furnished w ith a 
265-pm mesh bag. In  this a rea  O. eulimoides parasitises the 
p rosobranch  snail Turritella communis R isso. O ther specimens 
o f  O. eulimoides were ob tained  th ro u g h o u t the year from  the 
n o rthern  O resund a t a dep th  o f  22-25 m  ; T. communis is ex­
trem ely ra re  here, and  O. eulimoides parasitises various species 
o f bivalves.

Im m ediately a fter their cap ture, calanoid copepods from  
the n o rthern  O resund were transferred  to  cylindrical cages 
a b o u t 10 cm  in diam eter m ade o f 250-pm  p lan k to n  net. The 
cages w ere placed in aquaria  supplied w ith running seaw ater 
from  the recirculating  system (30%o salinity, 10° C). T he cope­
pods were fed for 1 h  five tim es a week w ith a m ixture of 
Rhodomonas sp., Dunaliella tertiolecta, Isochrysis galbana  and 
Heterocapsa  sp. Several hundred  copepods from  each sam ple 
were exam ined fo r n a tu ra l infections w ith m etacercariae, bu t 
no na turally  infected copepods were found.

C opepods thus isolated fo r a  m inim al period o f 1 week 
were p laced in 250-ml glass ja rs  w ithou t running w ater but 
w ith an  a ir  supply. T hey were exposed to  cystophorous cercar­
iae from  crushed, na turally  infected O. eulimoides for 24 h 
(10° C). A fter exposure the copepods were transferred  to  the 
cylindrical cages and  fed as described above. C opepods h a r­
bouring  2-, 3- and  5-week-old m etacercariae were exposed to 
sticklebacks, Gasterosteus aculeatus L ., which had  been kept 
in aq u aria  fo r 1 year, during  which they fed on frozen food 
only. Ten con tro l specimens o f  these G. aculeatus d id  no t har­
bour any  n a tu ra l infection.

T he m aterial fo r scanning electron m icroscope (SEM ) stu ­
dies was fixed fo r 2 -3  h  in 2.5%  glutaraldehyde buffered with 
cacodylate (pH  7.4), washed in buffer and  post-fixed for 1 -2  h 
in cacodylate-buffered 0 s 0 4, dehydrated  in ethanol and  ben­
zene, and  freeze-dried. The m oun ted  specim ens were coated 
w ith gold and  exam ined in a Jeol 840 SE M . All m easurem ents 
are based on live specimens.

R esults

N atura l infection o f  the m olluscan host

O f m o re  th a n  200 O. eulim oides exam ined , 5 speci­
m ens w ere in fected  : 3 cam e fro m  the  w estern  K a t­
teg a t (M arch , June , Ju ly) an d  the  o th e r 2 from
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th e  n o rth e rn  0 re su n d  (A u g u st and  N ovem ber). 
Several h u n d red  specim ens o f  o th e r  species o f  
O dostom ia  w ere n o t infected . All five infected 
snails h a rb o u re d  fully developed  infective cercar- 
iae. E ach  infected snail co n ta in ed  few er th an  ten  
germ inal sacs up  to 2 m m  lo n g  th a t  w ere p rov ided  
w ith  irregu larly  a rran g ed  con stric tio n s. I t  w as im ­
possib le  to  distinguish  a  p h ary n x , caecum  o r  b irth  
po re . T he germ inal sacs occu rred  in te rtw in ed  in 
the  digestive g land  an d  w ere d ifficu lt to  sep ara te  
fro m  the  h o s t tissue. T h e  g o n ad  ap p eared  only 
slightly  affec ted ; d u rin g  th e  sum m er, infected 
snails co n ta in ed  b o th  eggs a n d  sp e rm ato zo a , a l­
th o u g h  in  sm aller am o u n ts  th a n  un in fec ted  snails.

E xperim en ta l infection o f  the second interm ediate  
hosts

M etacercariae  w ere fo u n d  in  the  haem ocoel o f  
A cartia  sp. (Fig. 4A ), Pseudocalanus elongatus 
B oeck a n d  Centropages ham atus  (L illjeborg), in d i­
ca tin g  th a t  these copepods h ad  ingested  the  cercar- 
iae. M o st specim ens o f  these species, as well as 
o f  o th e r copepods belong ing  to  several o th e r  gen­
e ra , w ere n o t infected. In  in fected  A cartia  sp. the 
m etacercariae , w hich alw ays occu rred  singly, p re ­
ven ted  the  n o rm al d eve lopm en t o f  the  gonad .

E xperim en ta l infection o f  the f in a l  host

T h e  2-w eek-old m e tacercariae  w ere n o t infective. 
H ow ever, 3-w eek-old m e tacercariae  in  A cartia  sp. 
w ere infective (Fig. 4 D ), w hereas the  m e tace rca r­
iae in P. elongatus  and  C. ham atus  developed  m ore 
slow ly an d  even the 5-w eek-old  m etace rca riae  in 
these hosts d id  n o t survive in  the  sticklebacks.

The cercaria

Y o u n g  cercariae  in the germ inal sac h ad  a  club- 
shaped  delivery tu b e  (F ig . 2 A ), w hereas the  deliv ­
ery  tubes o f  slightly o lder specim ens w ere w ith ­
d raw n  in to  the caudal cyst. A n  ap p en d ag e  w ith  
an  apical spherical d ila tio n  w as a tta ch ed  to  the 
ex ternal w all o f  the cau d a l cyst o f  y oung  specim ens 
(F ig . 2A , B). T he a p p en d ag e  o f  o lder specim ens 
lo st its ap ical d ila tion , ap p earin g  as a  filam ent 
a b o u t 150 pm  long (F igs. 1 A , 2C ).

S hortly  a fte r em ergence fro m  the  snail, the  d o u ­
b le-layered  w all o f the  c a u d a l cyst to o k  up  w ater, 
resu lting  in  m ore  th an  a  d o u b lin g  o f  the  d iam ete r 
o f  the  cyst (Fig. 2D ). T h e  sw ollen  cau d a l cyst was 
slightly  fla ttened , w ith  a cen tra l dep ression  on  each  
side (Fig. 3 A ); the sw elling o f  its w all u sua lly  to o k

25pm

i-c b

4 -d t

Fig. 1A -C . D ifferent developm ental stages o f the cercaria o f 
L. gibbosus. A C ercaria  im m ediately a fter release from  the snail 
host. B Infective cercaria. C C ercaria  with everted delivery tube 
contain ing  the  cercarial body, cb, cercarial b ody ; cc, caudal 
cyst; dt, delivery tube; ev, excretory vesicle; fa ,  filam entous 
appendage; os, oral sucker; ph , pharynx
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Fig. 2 A -G . In terference co n trast m icrographs o f  differental developm ental stages o f  th e  cercaria o f  L. gibbosus. A Y oung intram ol- 
luscan stage, show ing th e  spherical d ila tion  on the filam entous appendage (arrow). B Slightly older in tram olluscan stage. The 
pro trud ing  delivery tube is no t seen. T he arrow  show s the spherical d ila tion  on the filam entous appendage. C C ercaria imm ediately 
after release from the snail. D C ercaria  w ith swollen caudal cyst. E  Infective cercaria show ing the rem ains o f  the filam entous 
appendage and the m ark  left by the w ithdraw n cercarial body (arrow). F  C overglass pressure has caused the partial eversión 
o f  the delivery tube. G C om plete eversión o f the  delivery tube and  ejection o f  the cercarial body. H  E nd piece o f the delivery 
tube, cb, cercarial b ody ; cc, caudal cyst; d t , delivery tube; fa ,  filam entous appendage

Fig. 3 A -C . SEM  m icrographs o f  a  cercaria  o f L . gibbosus. A V entrola tera l view showing th e  swollen caudal cyst. B D etail of 
A. A nterola tera l view o f  the cercarial body, show ing the folded tegum ent and  presum ed sensory  structures. C Surface o f the 
swollen caudal cyst
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Table 1. C ercariae o f  Lecithaster gibbosus (live specimens) and  L. confusus (stained m ate ria l)3 (m easure­
m ents in pm )

L. gibbosus L. confusus

Cercarial body, length 90 85
Cercarial body, width 25 20
C audal cyst, diam eter 110 50
C yst wall double-layered, swollen non-sw ollen
Everted delivery tube, length 200 150
Delivery lube, proxim al diam eter 15 10
Delivery tube, distal diam eter 5 7
N um ber o f  projections on delivery tube 3 2
H ost Odostomia eulimoides O. trifida  (T otten)
Locality 0 re su n d , K attegat, D enm ark W aquo it Bay, M ass., USA

3 F rom  H unninen  and Cable (1943)

Fig. 4A -D . M etacercariae o f L . gibbosus fro m  experim entally infected copepods. A Live Acartia  sp. w ith a  less th an  1-day-old 
m etacercaria in the haem ocoel (arrow). B SEM  m icrograph show ing the tegum ental surface o f  a  10-day-old specimen. C SEM 
m icrograph o f  a 17-day-old m etacercaria  seen from  the front. D Slightly flattened, live 21-day-old m etacercaria  w ith lipid droplets 
in  the intestinal caeca

a few m inutes. A t the  beg inn ing , co m p artm en ts  
connected  the tw o layers a n d  the  filam en to u s a p ­
p endage  could  still be seen (F ig . 2 D ). S ho rtly  a fte r 
com ple tion  o f  the  sw elling th e  cercaria l b o d y  re ­
trac ted  in to  the  caudal cyst, w here  the  detached  
b o d y  becam e elongate  a n d  slender, som etim es ly­
ing  w ith  the  an te rio r an d  som etim es w ith  the  p o s te ­
r io r  end  ad jacen t to  the  delivery  tu b e . C o n c u r­
ren tly , the  filam entous a p p en d ag e  d isappeared . 
T h e  surface o f  the  sw ollen cau d a l cyst w as covered 
w ith  sm all m icrovilli (F ig . 3 C).

M easu rem en ts an d  som e m o rp h o lo g ica l details 
o f  the infective cy s to p h o ro u s  ce rca ria  a re  show n 
in  T ab le  1. Tw o in d en ta tio n s  close to  each  o th e r 
show  the  a tta c h m e n t o f  the  filam en to u s ap p en d ag e  
an d  the opening  th ro u g h  w hich  the  cercaria l b o d y  
w ithd rew  in to  the cau d a l cyst (F igs. 1 B, 2 E ). T he 
delivery tu b e  w as coiled up a t  one  end  o f  the  cres­

cen t-shaped  cyst cavity . L ig h t coverglass pressure 
resu lted  in im m ed ia te  delivery tu b e  eversión and  
the s im u ltan eo u s ex tru sio n  o f  th e  cercaria l body 
in to  the  p ro x im al p a r t  o f  the  delivery  tube  
(Fig. 2 F ). T h e  com plete  eversión  o f  the  delivery 
tu b e  an d  p assage  o f  the  cercaria l b o d y  to  the  exte­
rio r usually  firs t occu rred  a fte r  a d d itio n a l pressure 
on  the  cau d a l cyst (F igs. 1 C , 2 G , H).

T h e  ora l sucker an d  p h a ry n x  o f  infective cer­
ca riae  w ere p o o rly  developed  an d  the  ventral 
sucker w as n o t d iscern ib le ; how ever, a p re-oral 
lobe cou ld  be seen. T he excre to ry  vesicle con tinued  
in to  a  Y -sh ap ed  excreto ry  d u c t w hose arm s ex­
ten d ed  a  little  m o re  th a n  h a lfw ay  to  the an te rio r 
end o f  th e  body . Spines, s ty le t an d  p en e tra tio n  
g lands w ere absen t. T he ex te rn a l su rface o f the 
fully developed  cercaria  w as slightly  annu la ted . 
T he teg u m en t o f  the  o ra l lobe h a d  anastom osing
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Fig. 5 A -F . SEM  m icrographs o f L . gibbosus from  experim entally infected stickleback (A) and na turally  infected herring  from  
the 0 re su n d  (B -F). A L atera l view o f  a 1-week-old specimen. B V entral view o f a  specimen from  a herring. C A n te rio r end 
w ith  everted sinus organ. D P o ste rio r end o f a specimen with the p o sterio r extrem ity w ithdraw n. T he ventral surface is tow ards 
the  left. E  Specimen w ith  ex truded  p o sterio r extrem ity. N ote  the papillae su rround ing  the posterio r extrem ity, being m ost num erous 
ventrally  (upper left). F  V entral view o f  the  specimen show n in E

ridges, and  sm all pap illae , p ro b a b ly  sensory , oc­
cu rred  la terally  (F ig . 3 B).

The m etacercaria

T h e  ex ternal su rface  o f  th e  unencysted  10-day-old  
m etacercariae  fro m  A ca rtia  sp . w as increased  e n o r­

m ou sly  by n u m ero u s  deep, irreg u la r ridges o r folds 
(F ig . 4B ). T h e  17-day-old m e tacercariae  fro m  the 
sam e co p ep o d  h ost h ad  an  irreg u la rly  fo lded  teg u ­
m en t (F ig . 4 C ) ; the  p resu m ed  sensory  s tru c tu res  
o f  th e  cercaria  were n o t observed . T he 3-w eek-old 
infective m etacercariae  w ere 350-390 pm  (m ean, 
380 pm ) lo n g  and  140-150 pm  (m ean , 145 pm )
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w ide (m easurem ents o f  fo u r specim ens). T h e  d iam ­
e te r o f  the  o ra l an d  ven tra l suckers w ere 4 5 -6 0  pm  
(m ean , 50 pm ) an d  75-100  p m  (m ean , 80 pm ), re ­
spectively. These m etacercariae  h ad  sm all lipid 
d ro p le ts  in the caeca (Fig. 4 D ) , w hereas younger 
developm enta l stages h ad  an  a p p a ren tly  em pty , 
n on -fu n c tio n in g  digestive system .

The adult

T h e  sm all specim ens o f  L . g ibbosus  fo u n d  in the 
in testine  o f  sticklebacks 1 w eek a fte r the  ingestion  
o f  infective m etacercariae  (F ig . 5 A ) w ere in d is tin ­
gu ishab le  from  those in  n a tu ra lly  in fected  herring  
fro m  the  n o rth e rn  0 re s u n d . T hese  herrings h a r ­
b o u red  b o th  sm all, im m a tu re  specim ens and  
larger, m a tu re  L. gibbosus. B o th  im m atu re  an d  m a ­
tu re  L. gibbosus were p ro v id ed  w ith  pap illae  o f  
d ifferen t sizes an d  su rface  s tru c tu res  (F ig . 5). The 
large pap illae  w ere especially co m m o n  a ro u n d  the 
m o u th , on and  inside the  v en tra l sucker a n d  ven- 
tra lly  su rro u n d in g  the p o s te rio r  ex trem ity . T h e  ex­
trem e p o ste rio r end m ay  p ro tu d e , fo rm in g  a  “ ta i l” 
(Fig. 5E , F ) ; how ever, th is shou ld  n o t  be confused  
w ith  the ecsom a o f  som e m em bers o f  the  fam ily 
H em iu ridae .

Discussion

L. gibbosus is the  only  species o f  L ecithaster  in 
D an ish  w a te rs ; it has ad eq u a te ly  been described  
by au th o rs  such  as O d h n er (1905) an d  L ebour 
(1908). L . gibbosus is co m m o n  in the  in testin e  o f  
p lan k to p h ag o u s  m arin e  fishes such  as sp ra t, h e r­
ring  an d  sand  eel b u t also  occurs in la rge  b en th o - 
p h agous an d  p iscivorous fishes such  as g u rn a rd s , 
flatfishes, gado ids an d  sa lm o n id s (D aw es 1947). 
T h e  p red a to ry  fishes p ro b a b ly  becom e infected 
a fte r p reying on  p la n k to p h a g o u s  fishes, suggesting  
th a t  L . gibbosus, like m an y  s to m ach  hem iuro ids, 
m ay  be tran sfe rred  fro m  one fish to  a n o th e r.

T h e  cy s to p h o ro u s cercaria  o f  L . gibbosus 
differs from  o th e r k n ow n  cy sto p h o ro u s  cercariae , 
includ ing  th a t o f  L . confusus  (T ab le  1), in  its sw ol­
len, doub le-layered  cyst w all. A lth o u g h  the  fo rm er 
c a n n o t sw im , its relatively  low  density  enab les it 
to  rem ain  suspended  in the  w ater, w here it  m ay 
be seized by copepods. T h e  inocu la tiv e  m echan ism  
w hereby  th e  cercaria  infects th e  co p ep o d  h o s t is 
sim ilar to th a t o f  o th e r cy s to p h o ro u s  cercariae , de­
scribed  by au th o rs  such  as H u n n in en  a n d  C able 
(1943), K oie (1979) an d  M atth ew s (1981, 1982).

T he increased  surface area  o f  the  sm all, non - 
infective m etacercariae  o f  L . gibbosus suggests th a t

the  ex ternal su rface  p lay s a ro le  in  the  ab so rp tio n  
o f  n u trien ts  w hen  the  digestive system  is n o t yet 
function ing . O lder m e tacercariae  can  apparen tly  
ingest h o s t tissue, inc lud ing  lip id  d rop le ts .

C ilia ted  a n d  n o n -c ilia ted  pap illae  are  com ­
m only  fo u n d  in a d u lt d igeneans, b u t L . gibbosus 
is p rov ided  w ith  m o re  large, n o n -c ilia ted  papillae 
th a n  are  m o st species. H u n n in e n  an d  C ab le  (1943) 
em phasized  th e  co n trac tile  p ap illae  in the  suckers 
an d  on  the body  o f  L . confusus , w hich  had  p re ­
viously been overlooked . T h e  pap illae  o f  ad u lt L. 
gibbosus a re  n o t  co n trac tile  a n d  are  d ifferen tly  d is­
tr ib u te d  o n  th e  body . T hey  a re  p ro b a b ly  con tac t 
recep to rs  and  have fea tu res in  co m m o n  w ith  the 
c o n ta c t recep to rs  an d  b u tto n  pap illae  described a t 
the  T E M  a n d  SE M  levels by  B en n e tt (1975) and  
H o o le  an d  M itchell (1981), respectively.

Boyce (1969) fo u n d  th a t C entropages abdomi­
nalis S a to  a n d  Pseudocalanus m inutus  (K royer) 
fro m  the  P acific  O cean  o ff B ritish  C o lu m b ia  were 
n a tu ra lly  in fected  w ith  m e tacercariae  o f  Lecithas­
ter  -  acco rd ing  to the  a u th o r , p resu m ab ly  L . gibbo­
sus. H e  also  fo u n d  the  cercariae  o f  w h a t he believed 
to  be L . gibbosus in p ro so b ra n c h  snails o f  the  genus 
Thais. T he  cercariae , w hich w ere n o t  described, 
w ere ingested  by p lan k to n ic  cop ep o d s, in w hich 
they  developed  to  infective m etace rca riae  in ab o u t 
3 w eeks. T h e  life sp an  o f  L . gibbosus  in  Pacific 
sa lm on , O ncorhynchus  spp ., has experim entally  
been d e te rm in ed  to be less th a n  9 m o n th s  (M argo- 
lis an d  Boyce 1969).

As the p resen t study  show s th a t  the  cercaria 
o f  L . gibbosus uses o p is th o b ran ch  snails o f  the ge­
nus O dostom ia  as its first in te rm ed ia te  ho st, it is 
un likely  th a t  the  L ecithaster  in  the  Pacific  salm on 
stud ied  by B oyce (1969) and  M arg o lis  a n d  Boyce 
(1969) w o u ld  also  be iden tica l w ith  th is  species. 
C h ing  (1960) suggested  th a t tw o d iffe ren t cysto ­
p h o ro u s  cercariae  in d ifferen t species o f  Thais de­
veloped in to  L . salm onis Y am ag u ti, 1934 an d  L. 
confusus. M arg o lis  and  B oyce (1969) considered  
L . salm onis to  be a  synonym  o f  L. gibbosus. C hing 
(1960) co n c lu d ed  th a t  it w as possib le  th a t  the cer­
caria  described  by H u n n in en  an d  C ab le  (1943) was 
n o t the  la rv a  o f  L . confusus. B ecause m an y  species 
o f  Lecithaster  a re  d ifficu lt to  d istin g u ish , it is likely 
th a t  one o r  m o re  o f  the  ab o v e-m en tio n ed  species 
have been inco rrec tly  identified.

F ro m  the  above, it ap p ea rs  th a t  tw o species 
o f  L ecithaster  in  th e  A tlan tic  O cean  use species 
o f  O dostom ia  as first in te rm ed ia te  h o sts  an d  th a t 
tw o species o f  Lecithaster  in  th e  Pacific O cean  use 
species o f  Thais  as first in te rm ed ia te  h o s ts  (see also 
K oie  1983). C y sto p h o ro u s  ce rcariae  have n o t been 
fo u n d  in Thais  sp. in  the  A tlan tic  O cean . O dos to-
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m ia  spp. occur in  th e  Pacific  O cean, b u t it is un ­
k n ow n  w hether th ey  are in fected  there.
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Possible roles of c AMP and Ca2 + in the regulation 
of miracidial transformation in Schistosoma mansoni
Fum ihiko K aw am oto1, A kiko S h o zaw a1, Nobuo K um ada1, and K iyohide K o jim a2
1 D epartm ent o f M edical Zoology, and  2 L ab o ra to ry  o f  Cancer Cell Biology, R esearch Institu te  fo r Disease M echanism  
and  C ontro l, N agoya University School o f  M edicine, N agoya 466, Japan

A bstract. T h e  triggering  ac tio n  o f  physio log ica l sa ­
line in th e  m iracid ial tra n sfo rm a tio n  o f  Sch isto ­
som a m ansoni w as analyzed  using  v a rio u s agents 
affecting  cA M P - and  C a 2 +-d ep en d en t pa thw ays. 
P o ten t ac tiv a to rs  o f ad en y la te  cyclase, such  as fors- 
ko lin  an d  se ro ton in , s trong ly  in h ib ited  the  tra n s ­
fo rm a tio n  p ro v o k ed  by saline in  R P M I-1640. 
T hese in h ib ito ry  ac tions w ere d im in ished  by the 
com bined  ad m in is tra tio n  o f  p h o sp h o d ieste rase  ac ­
tiv a to rs  such as am m o n iu m  sa lts  o r  im idazole. 
F u rth e rm o re , the  exposure o f  m irac id ia  to  a m m o ­
n ium  sa lts  o r  im idazole in d ech lo rin a ted  ta p  w ater 
“ m im ick ed ”  the  tran sfo rm a tio n , i.e ., the cessation, 
o f  sw im m ing an d  then  shed d in g  o f  ep ithelia l p lates. 
T his m im ic tra n sfo rm a tio n  w as also  in h ib ited  by 
se ro to n in  o r  forskolin . In  c o n tra s t, tre a tm e n t o f  
m irac id ia  w ith  ;Ca2+' a n tag o n is ts  such  as T M B -8 
(a n  in h ib ito r  o f  C a 2+ release), n icard ip in e  (a C a 2 + 
channel b locker), o r W -7 (a  ca lm o d u lin  in h ib ito r) 
in  tap  w a te r p roduced  severe vésicu la tion  on  their 
body  su rfaces and  resu lted  in  dea th . H ow ever, 
these tox ic  effects w ere ab o lish ed  by a com bined  
ad m in is tra tio n  o f  these C a 2+ an tag o n is ts  w ith  sa ­
line o r N H 4CI, and  the  tra n s fo rm a tio n  w as rees­
tab lished  except w ith  W -7 trea tm en t. W -7 strong ly  
in h ib ited  the  triggering  ac tio n  o f  saline an d  N H 4C1 
an d  the w orm s sw am  slow ly, w hereas W -5, an  in ac ­
tive an a lo g u e  o f  W -7, h a d  no  in h ib ito ry  effect on  
th e  tran sfo rm atio n . T hese resu lts  suggest th a t  the 
in itia tio n  o f  m icracid ial tra n s fo rm a tio n  to  young  
spo rocysts  m ay  be synerg istically  regu la ted  by 
cA M P  a n d  C a 2+ an d  th a t  a  decrease in cA M P
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Abbreviations : N icardipine, 2-(N-bentyl-jV-m ethylam ino)ethyl- 
m ethyl-2 ,6-dim ethyl-4-(m -nitrophenyl)-l,4-dihydropyridine- 
3,5-dicarboxylate; TM B-8, 8-(JV,JV-diethyl am ino)-octyl-3,4,5- 
trim ethoxybenzoate; TPA , 12-O -tetradecanoyl-phorbol-l 3-ace­
ta te ; W-7, 7V-(6-am inohexyl)-5-chloro-l-naphthalene su lfona­
m ide

levels an d  an  increase in C a 2+ m ob iliza tio n  m ay 
be p ro v o k ed  in  w orm s tran sfo rm ed  by saline, am ­
m on ium  salts, o r im idazole.

Schistosom e m irac id ia  tran sfo rm  to  y o ung  sp o ro ­
cysts by shed d in g  th e ir  ep ithe lia l p la tes afte r pene­
tra tin g  snails o r  in in v itro  cu ltu res  con ta in in g  sa ­
line (V oge an d  Seidel 1972; S am uelson  e t al. 1984). 
T herefo re , sa line  is believed to  ac t as a  trigger in 
m irac id ia l tra n sfo rm a tio n  (S am uelson  and  C au l­
field 1985); how ever, little is k n o w n  a b o u t the 
m echan ism s by  w hich  tra n s fo rm a tio n  is elicited 
(Voge an d  Seidel 1972).

I t  is well k n o w n  th a t  ce llu lar responses to  ex tra ­
cellu lar signals such  as h o rm o n es  an d  g row th  fac­
to rs  a re  m ed ia ted  by signal tra n sd u c tio n  system s 
o f  cyclic ad en o sin e  S '^ '-m o n o p h o s p h a te  (cA M P)- 
a n d /o r  C a 2 +-d ep en d en t p a th w ay s  (N ish izuka 
1984, 1986). In  th is reg ard , th e re  is little  in fo rm a­
tio n  on th e  ro les o f  these system s in  schistosom al 
developm ent in  e ither snails o r final hosts. In  S . 
m ansoni, cA M P  has been rep o rte d  to  ac t as a sec­
on d  m essenger fo r the  reg u la tio n  o f  c a rb o h y d ra te  
m etabo lism , a n d  se ro to n in  is rep o rted ly  involved 
in  the  reg u la tio n  o f  cA M P  levels by ac tiva ting  ad e ­
ny late  cyclase (M a n so u r 1984; E stey  an d  M an so u r 
1987). O n the  o th e r h an d , se ro to n in  has been re ­
p o rte d  to  in h ib it Schistosom a m ansoni m iracidial 
tra n sfo rm a tio n  to  y o ung  spo ro cy sts  in in  v itro  cu l­
tu res (S am uelson  e t al. 1984). A lth o u g h  there  h as  
been no  an a ly tica l d a ta  on  th e  m ode o f  the inh ib i­
to ry  ac tio n  by se ro to n in  in th is  p a rasite , these find ­
ings seem  to  suggest th a t an  increase  in cA M P  
levels ind u ced  by se ro to n in  m ay  p rev en t the  tra n s ­
fo rm atio n . E stey  an d  M a n so u r  (1987) recently  re ­
p o rte d  th a t  a  p o te n t a c tiv a to r  o f  ad en y la te  cyclase,


