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t ion was p ropor t iona l  t o  t he  logar i thm of the  ra t io  of 
ve rapami l  to  ionophore  concen t ra t ion ,  each 10fold in- 
crease in such a ra t io  causing a a/3 reduc t ion  in calc ium 
t rans loca t ion .  This  re la t ionship  is comparab le  to t h a t  
charac ter iz ing  t h e  inh ib i to ry  act ion of organic ca lc ium- 
an tagon i s t s  upon  physiological  processes such  as glucose- 
induced  insulin release, wh ich  is l ikewise reduced by  
30-40 % for each  10fold increase in drug concen t r a t i on  5-L 
Incidenta l ly ,  i t  was  a l ready  shown t h a t  ve rapami l  also 
inh ib i t s  t he  secre tory  response  evoked by  the  ionophore  
A23187 in b o t h  the  neu rohypophys i s  s and  pancrea t ic  
B-cell  9. 
The inh ib i to ry  effect  of ve rapami l  upon  A23187-media ted  
calc ium t rans loca t ion  was invar iably  present ,  w h a t e v e r  
the  calc ium concen t r a t i on  of the  initial aqueous  phase .  
However ,  w h e n  the  l a t t e r  concen t ra t ion  was raised and  
the  ve rapami l / i onophore  ra t io  kep t  cons tan t ,  t he  organic 
an t agon i s t  caused  a lesser reduc t ion  in t he  a p p a r e n t  
a m o u n t  of ac t ive  ionophore  molecules,  as judged  b y  
reference to the  no rma l  dose-ac t ion  re la t ionship  for cal- 
c ium t rans loca t ion  a t  var iable  calcium and A23187 con- 
cent ra t ions .  Thus,  in the  p re sen t  model,  as in l iving 
cells a0, calc ium itself  p ro tec ted  in a compe t i t ive  m a n n e r  
aga ins t  the i nh ib i to ry  effect of t he  organm calcium- 
an tagonis t .  Such a p ro tec t ive  effect  of calcium indica tes  
t h a t  ve rapami l  acts  a t  the  ca lc ium-bind ing  si te of 
A23187, r a t he r  t h a n  causing an unspecif ic  and  d i rec t  
a l t e ra t ion  of the  ionophore  molecule itself. Verapami l  
exer ted  no obvious  effect  upon  calcium m o v e m e n t s  in t he  
absence  of ionophore .  I t  did no t  abol ish the  revers ib i l i ty  

of A23187-mediated calc ium t rans loca t ion  and failed to  
affect  t he  appa ren t  pos i t ive  coopera t iv i ty  be tween  cal- 
c ium and  the  res idual  ac t ive  ionophore  molecules (data 
n o t  shown).  Essen t ia l ly  t he  same resul ts  were ob ta ined  
w h e n  ve rapami l  was added  to t he  ini t ial  aqueous  as 
d i s t inc t  f rom organic phase.  Comparable  resul ts  were also 
ob ta ined  wi th  o ther  organic ca lc ium-antagonis t s ,  includ- 
ing R337117 and  suloctidi l  n 
In  conclusion,  organic ca lc ium-an tagonis t s  interfere,  m 
an art if icial  model ,  w i th  t he  ionophoret ic  p r o p e r t y  of 
A23187. I t  is pos tu la ted  t h a t  a s imilar  in ter ference  of 
these  drugs  wi th  the  ca lc ium-bind ing  sites of na t ive  
ionophore t ic  sys tems  located in the  p lasma  m e m b r a n e  
m a y  account  for the i r  inh ib i to ry  ac t ion  upon  calc ium 
h an d l i n g  in l iving cells. 
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Summary. Synthes i s  and  proper t ies  of 2 -cyc lohexylcarbonyl - l ,3 ,4 ,6 ,7 ,11b-hexahydro-2H-pyraz ino  [2,l-a] isoquinolin-  
4-one, a novel  an the lmin t i c  wi th  excel lent  ac t iv i ty  agains t  all species of Schis tosomes pa thogen ic  to  man  and  a wide 
range of cestodes,  will be  repor ted .  

A l though  diseases caused b y  he lmin t ic  infect ions  are of 
g rea t  impor t ance  in h u m a n  and  ve t e r ina ry  medicine,  only  
few the rapeu t i c  agents  are avai lable for mass  eradica t ion  
p rog rams  1. R e q u i r e m e n t s  for mass  t r e a t m e n t  include high 
eff icacy aga ins t  all s tages  and  the  d i f ferent  species of par -  
asites,  only  a few doses per  t r e a tmen t ,  low tox ic i ty  and 
chemical  s tabi l i ty .  I t  has  been  e s t ima ted  t h a t  some 200 
million people  are in fec ted  wi th  schis tosomes,  b u t  none  of 
the  p re sen t ly  avai lable  schis tosomicides  appears  to m e e t  
all cr i ter ia  desi red for use in mass  t r e a t m e n t  p rog rams  a, 2. 
Abou t  100 mil l ion persons  in the  world are e s t ima ted  to 
be infec ted  w i t h  in tes t ina l  ces todes  3, �9 and  economic loss 
t h r o u g h  cestode infect ions  in animals  is considerable .  
While  sa t i s fac to ry  advances  have  been made  in t he  t r ea t -  
m e n t  of m a n y  adu l t  ces tode  infect ions,  no drug  is avail-  
able which  acts  aga ins t  all ces tode  species, t h a t  are of im- 
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por tance  in h u m a n  and ve t e r i na ry  medicine,  and  t r ea t -  
m e n t  of larval  s tages still  p resen t s  an unsolved problem.  
In  th is  no te  we w a n t  to  r epo r t  the  d iscovery  of Praz i -  
quan te l  5-7, a h ighly  p romis ing  b road  spec t rum an the l -  
min t ic  for oral or pa ren te ra l  use. 
P raz iquan te l  has  been  syn thes ized  in E. Merck c o m p a n y  
and  came ou t  of an ex tens ive  inves t iga t ion  of tile p h a r m a -  
ceut ical  po ten t iM of subs t i tu t ed  isoquinolines der ived  
f rom Reisse r t -compounds .  I t s  an the lmin t i c  ac t iv i ty  was 
found by  Bayer  AG ~. P raz iquan te l  is 2-cyciohexylcarbo-  
nyi-l,3,4,6,7,11b-hexahydro-2H-pyrazino ~2,1-a~ isoquin-  
olin-4-one (2 for R = Cyclohexyl).  F rom a large n u mber  
of pyraz inoisoquinol inones  (2), P raz iquan te l  has  been  
selected for fu r the r  t r ials  on grounds  of i ts  excel lent  the ra -  

"peut ic  index  7, s in expe r imen ta l  schis tosomiasis  and  cesto-  
diasis. 
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Pyraz inoisoquinol inones  (2) can be syn thes ized  b y  dif- 
fe ren t  me thods ,  for ins tance  s t a r t ing  f rom the  easily 
avai lable  N- ~l .2 .3 .4- te t rahydroisoquinolyl - l -methyl~ car-  
boxamides  (1)9,10. Acyla t ion  of 1 w i th  chloroacetylchlo-  
r ide is fol lowed by  r ing closure in the  presence  of s t rong  
bases.  P raz iquan te l  (C19H24NeO ~, Mol .wt  312,42) is a 
colourless, a lmost  odourless  crys ta l l ine  c o m p o u n d  hav ing  
a b i t t e r  tas te .  I t  is s table  unde r  no rma l  condi t ions  and  
mel t s  a t  136-139 ~ (decomposi t ion) .  I t  is soluble in mos t  
organic so lvents  (9.7 g/100 ml e thano l ;  56.7 g/100 ml 
ch loroform a t  25 ~ and  only  spar ing ly  soluble in wa te r  
(0.04 g/100 ml a t  25 ~ I t s  s t ruc tu re  is in full ag reemen t  
w i t h  t he  IR ,  NMR,  mass  spec t ra  and  e lementa l  analysis.  
P r az iquan t e l  has  excel lent  ac t iv i ty  aga ins t  all species of 
Sch is tosomes  pa thogen ic  to m a n  1~-14. In  add i t ion  i t  
p roves  h igh ly  effect ive in a single oral  dose aga ins t  all in- 
t e s t ina l  ces tode  species in m a n  and  a grea t  va r i e ty  of 
ces tode  species in animals,  including Echinococcus15,16 
P re l imina ry  expe r imen t s  indicate  t h a t  i t  is also effect ive 
against various larval  s tages of cestodes  ~5. P raz iquan te l  
was well to le ra ted  in acute  and  subacu te  tox ic i ty  tes t s  in 
var ious  animals .  No te ra togenic  or mutagen ic  ac t iv i ty  
has been observed  IT, ~s. Clinical t e s t ing  is now under  way  
around t he  world fully to  eva lua te  the  field eff icacy of 
Praziquante116, 19--23. 
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Summary. The 'b i t ing  edges '  of t he  chelae and pere iopods  of A. pal l ipes are made  up of ind iv idua l  setae of a specialized 
s t ruc ture .  Those  mak ing  up t h e  edges of t he  chela te  appendages  are modif ied  for prehension,  those  of t he  non-che la te  
appendages ,  for preening.  

A t  t he  f i rs t  ha t ch l ing  s tage of A. pal l ipes the  b i t ing  edges 
of t he  chelae, f i rs t  2 pairs  of pere iopods ,  and  the  dac ty l s  
of t he  t h i rd  and  four th  pai r  of pere iopods  bear  single rows 
of se ta l  buds .  These seta l  buds  are s imple ou tg rowths  of 
t he  i n t e g u m e n t  (figure, A) which  af ter  the  f i rs t  moul t  
become fully deve loped  setae (figure, B). In  these  ear ly  
s tages  these  setae  are spaced  well a p a r t  (figure A, and  C). 
Dur ing  the  subsequen t  g rowth  of A. pallipes,  these  setae  
n o t  only  d rama t i ca l ly  change  the i r  form, b u t  increase 
spec tacu la r ly  in n u m b e r  and  d i s t r ibu t ion  (figure, C, 
c o m p a r e d  to  figure D, and  E) to  form the  so called 'b i t ing '  
edges of t he  chelae and  pereiopods.  
E v e n  a t  the  f i rs t  ha tch l ing  s tage  i t  can be seen t h a t  the  
se tae  fo rming  the  'b i t ing '  edges are d i f fe rent  f rom o the r  
setae  in t h a t  one side of the  seta l  wall is t h i ckened  (fig- 
ure, A and  C). The  th i ckened  side of the  setae becomes  the  
func t iona l  surface as t he  ha tch l ings  become i n d e p e n d e n t  

of t he  m o t h e r  and  ab an d o n  the i r  l ec i tho t rophic  mode of 
feeding. The increase in n u m b e r  of setae,  t oge the r  w i th  
the  exaggera ted  d e v e l o p m e n t  of the i r  walls, br ing  t h e m  
ve ry  close t oge the r  c rea t ing  tile 'b i t ing '  edges in t he  adul t  
animals  (figure, D and  E). I t  is w o r t h  no t ing  t h a t  t he  
cons t i t uen t  setae  on the  'b i t ing '  edges of t he  chelae and  
chela te  pere iopods  differ in form and a r r a n g e m e n t  to  
those  of pere iopods  3 and  4 (figure D, and  E). 
Dur ing  feeding in A. pal l ipes all small  prey,  e.g. Tubifex,  
algae, and  pieces of de t r i tus  are passed  to the  m o u t h  b y  
tile f i rs t  pair,  a ided somet imes  b y  tile second pair  of 
chela te  pereiopods.  In  add i t ion  t h e y  are used to  clean 
the  dorsal  and  ven t ra l  surfaces of the  cepha la thorax .  The 
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