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cons i s t en t ly  showed  s ign i f ican t ly  g rea te r  D N A  syn thes i s  
t h a n  controls ,  i t  can  be conc luded  t h a t ,  u n d e r  t he  g iven  
e x p e r i m e n t a l  condi t ions ,  G H  (ovine or h u m a n )  does 
possess s l ight  g r o w t h  s t i m u l a t o r y  effects. Th i s  is in accord  
w i t h  t he  s t u d y  of LI and  gANG 10 who  r epo r t ed  t h a t  
m a m m a r y  t u m o r  g r o w t h  of bov ine  G H  t r e a t e d  an ima l s  
was  essen t ia l ly  i n t e r m e d i a t e  to  t h a t  of cont ro l s  and  P L  
t r e a t e d  animals .  F u r t h e r m o r e ,  t he  resul t s  of t he  au to -  
r ad iog raph ic  ana lyses  sugges t  an  add i t i ve  effect  of these  
h o r m o n e s  as t he  h o r m o n a l  c o m b i n a t i o n  was s ign i f i can t ly  
g rea t e r  t h a n  e i the r  h o r m o n e  alone. Th i s  a p p a r e n t  effect  
of P L  a n d  h u m a n  G H  on D N A  syn thes i s  of m a m m a r y  
c a r c i n o m a  cells is in  accord  w i t h  a p rev ious  in v ivo  s t u d y  ~4 

a n d  a n  in v i t ro  s t u d y  is wh ich  h a v e  sugges ted  a possible 
synerg i sm b e t w e e n  P L  an d  G H  in t h e  r egu la t ion  of g rowth  
of n o r m a l  14 a n d  h y p e rp l a s t i c l a  m a m m a r y  t issue.  Thus,  
t h e  resu l t s  of these  s tudies  f u r t h e r  emphas ize  t h e  key  role 
of p ro l ae t i n  in  g r o w t h  s t i m u l a t i o n  of ca rc inogen- induced  
r a t  m a m m a r y  carc inomas ,  b u t  in  add i t ion ,  p rov ide  
ev idence  t h a t  g r o w t h  h o r m o n e  m a y  also be a n  in f luen t ia l  
h o r m o n a l  f ac to r  in th i s  process.  
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Summary. New o b s e r v a t i o n s  on  the  morpho logy ,  a n a t o m y ,  asexua l  r e p r o d u c t i o n  a n d  m e t a m o r p h o s i s  of t h e  fo rmer ly  
u n k n o w n  polyp  of t he  t rop ica l  C u b o m e d u s a e  resu l ted  in the  conclus ion t h a t  a new class Cubozoa  m u s t  be e s t ab l i shed  
and  pos i t ioned  be tween  t he  Scyphozoa  and  Hydrozoa .  Th i s  conclus ion could be conf i rmed  b y  the  his tological  inves t i -  
ga t ion  of t he  cubopo lyp ' s  m u s c u l a r  and  n e r v o u s  sys t ems  b y  l igh t  an d  t r a n s m i s s i o n  e lec t ron  microscopy.  

As t he  lowest  g roup  of t r ue  Metazoa,  t he  Cn ida r i a  h a v e  
a lways  a t t r a c t e d  t he  ex tens ive  in te res t  of biologists .  I n  
t he  classes of Scyphozoa  a n d  Hydrozoa ,  t he re  are 2 
genera t ions ,  the  sessile a sexua l  po lyp  a n d  the  free- 
s w i m m i n g  sexual  medusa ,  whereas  t he  class A n t h o z o a  is 
r ep re sen t ed  b y  the  po lyp  gene ra t ion  only. Ana tomica l ly ,  
t he  basic  p lan  of b o d y  c o n s t r u c t i o n  is t he  t e t r a - r a d i a l  
s y m m e t r y .  This  is pa r t i cu l a r l y  e v i d e n t  in t he  class 
Scyphozoa  because  n o t  on ly  t he  m e d u s a  b u t  also t h e  
po lyp  has  a m a r k e d  t e t r a r a d i a t  b o d y  p l an  e x h i b i t e d  b y  

t h e  4 gas t r ic  sep ta  a n d  4 gas t r ic  pockets .  Because  of the i r  
t e t r a m e r o u s l y  c o n s t r u c t e d  body ,  t h e  Cubomedusae ,  
wh ich  are i n h a b i t a n t s  of t h e  ner i t i c  zones of t rop ica l  
oceans, h a v e  also been  g rouped  b y  m o s t  zoologists w i t h  
t h e  Scyphozoa,  t h o u g h  some a u t h o r s  h a v e  po in t ed  to 
a b e r r a n t  cha rac te r i s t i c s  b y  wh ich  t h e y  differ fo rm ' t rue '  
S c y p h o m e d u s a e  (orders Corona tae ,  Semaeos tomeae ,  
Rhizos tomeae) .  The  C u b o m e d u s a e  are f amous  as ' sea  
wasps '  because  of the i r  severe  s t inging.  Some species 
be long  to t h e  m o s t  dange rous  sea c rea tures ,  as t h e y  can  
kill  young  an d  sens i t ive  people  b y  t h e  s t rong  v e n o m  of 
t he i r  n ema t o cy s t s .  

New inves t iga t ions  ~ s h a v e  revea led  t h a t  t h e  sys tem-  
a t ic  pos i t ion  of t h e  C u b o m e d u s a e  needs  to  be  revised.  Fo r  
t h e  f i rs t  t ime,  i t  h a s  been  possible  to  r ea r  the  fo rmer ly  
u n k n o w n  po lyp  gene ra t ion  to  full size, to  observe  i ts  
a sexua l  r ep ro d u c t i o n  b y  l a te ra l ly  b u d d i n g  off smal l  
s e c o n d a r y  polyps,  a n d  to follow t h e  f o r m a t i o n  of t he  
medusa ,  wh ich  is un ique  b y  t h e  comple te  m e t a m o r -  
phosis  of t h e  so l i t a ry  po lyp  in to  one medusa .  T h r o u g h  
l ong - t e rm  cu l tu re  expe r imen t s ,  i t  has  been  possible to  
e luc ida te  t h e  comple t e  life cycle of t h e  Ca r ibbean  species 

Fig. 1. Carybdea spec., transverse section near the base of the polyp. 
Note how the middle layer is occupied by myocytes. Ec, ectoderm; 
En, endoderm; M, nfiddle layer; N, nucleus of myoeyte; arrow points 
to a neurite. Fixed in Dorey's chrome-osmic fixative, embedded in 
Araldite and stained in alcoholic uranium. 

1 Department of Anatomy, Dalhousie University, Halifax, Nova 
Scotia, Canada. 
Department of Marine Sciences, University of Puerto Rico, 
Mayagiiez, Puerto Rico, USA. 
B. WERNER, CH.E. CUTRESS and J. p. STUDEBAKER, Nature, 
Lond. 232, 582 (1971). 

4 B. WERNER, Pubis Seto mar. biol. Lab. 20, 35 (1973). 
5 B. WERNER, Helgot~inder wiss. Meeresunters. 27, 461 (1975). 



1048 Specialia EXPERIENTIA 32/8 

Fig. 2. Tripedalia cystophora, 
transverse section of the polyp's 
body just proximal to the insertion 
of the tentacles. The ectoderm is 
above with a myofibril indicated 
by the arrow. In the mesoglea (M) 
a bundle of myofibres occurs. At 
the bottom is the endoderm. 
Dorey's chrome-osmium fixation, 
Spurr embedded, uralfium and 
lead stained. 

Tripedalia cystophora and subsequen t ly  also of a re la ted  
species of the  genus Cafybdea. The mos t  i m p o r t a n t  
obse rva t ion  made  is t h a t  the  cubopolyp  possesses a clear 
radial  s y m m e t r y  in respec t  to the  morpho logy  of its 
body,  and  the  n u m b e r  and  a r r a n g e m e n t  of its tentacles .  
Corresponding to these  ex te rna l ly  visible character is t ics ,  
the  in ternal  a n a t o m y  is also w i thou t  any  sign of a t e t r a m -  
erous s t ructure ,  as the  4 gastr ic  sep ta  and  4 gastr ic  
pockets  are lacking. A t  a f i rs t  glance, the  cubopolyp  
does no t  resemble a scyphopo lyp  b u t  resembles  much  
more  a hyd ropo lyp  the  morphological  and ana tomica l  
radial  s y m m e t r y  of which  is well known.  

F u r t h e r  observa t ions  have  shown the  cubopolyp  to 
possess o the r  features  in c o m m o n  wi th  the  hydropo lyp .  
This is par t icu lar ly  t rue  when  consider ing the  types  of 
nematocys t s .  On the  o ther  hand ,  the  cubopolyp  has  
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Fig. 3. Longitudinal view of the cubopolyp at the oral elld to show 
the location of the minute nerve rings. The tentacle-bearing side is 
detailed and the other side plain. The plain side accentuates the 
ectodermal (*) and endodermal nerve rings in stereo view. The sheath 
around the nerve rings' neurites does not really exist. The nerve 
rings on the detailed side face each other across the black mesoglea 
near the oral side of the tentacle. The arrow points to a mesogleal 
nmscle fibre which is derived from the ectoderm. C, oral cone; Cx, 
calyx; Ee, ectoderm; En, endoderm; K, coelenteron; L, lip cells; M, 
mouth; T, tentacle. 

character is t ics  which are typ ica l  of scyphopolyps .  To 
give a s t r ik ing example :  i t  can be no ted  t h a t  the  epi- 
dermis  of the  polyp of Carybdea is equipped  wi th  numer -  
ous bea t ing  flagella which are comple te ly  lacking in the  
h y d r o p o l y p ' s  epidermis.  All resul ts  lead to the  con- 
clusion t h a t  the  cubopolyp  represen ts  an evolu t ionary  
link be tween  the  scyphozoan  and  hydrozoan  polyp. 

F r o m  this  po in t  of view, i t  was considered necessary  
to learn more  abou t  the  muscular  and nervous  sys tems  
of the  cubopolyp,  especially as there  are s tr iking differ- 
ences in the  muscular  sys tems  be tween  the  scyphozoan  
and hydrozoan  polyp.  The scyphopo lyp  has 4 in ter radia l  
muscles which are of ec todermal  origin and which are 
e m b e d d e d  in the  mesoglea, the  middle  layer  be tween  
ec toderm and endoderm.  The muscles consis t  of numer -  
ous my o cy t e s  the  fibres of which  form 4 longi tudinal  
tubu la r  s t r ands  localized in the  4 gastr ic  septa.  The 
hydropolyp ,  on the  o the r  hand ,  has  a muscular  sys t em 
which consists  of numerous  epi the l iomuscular  cells t h a t  
form an ec todermal  longi tudinal  layer  and  an endodermal  
circular layer  a round  the  body.  

Bo th  the  po lyp  of Carybdea (up to 2.0 3.0 m m  b o d y  
length} and the  smaller po lyp  of Tripedalia (up to 1.0 ram) 
which can shor ten  to a qua r t e r  of their  ex t ended  length,  
were s tudied  by  l ight and  t ransmiss ion  electron micros-  
copy. The brief descr ip t ion  given here focusses on the  
muscular  sys t em of the  b o d y  b e n e a t h  the  t en tacu la r  
crown. 

These new observa t ions  showed the  cubopolyp  to 
possess a unique type  of muscular  system,  though  there  
are some differences be tween  Carybdea and  Tripedalia. 
The muscu la r  sys tem of Carybdea (Figure 1) is localized 
in the  middle  layer  be tween  ec toderm and  endoderm,  
and i t  is ill this  po in t  t h a t  it  is similar to  the  muscular  
sys tem found in scyphopolyps .  On the  o the r  hand,  the re  
is a difference in t h a t  the  muscu la r  sys t em of Carybdea 
does no t  consis t  of t ubu la r  muscle  s t r ands  of a f ixed 
n u m b e r  b u t  consists  ins tead of numerous  myocy tes  which 
are a r ranged  all a round the  comple te  body.  The cross- 
sect ions of the  myocy te s  in Figure  1 demons t r a t e  t h a t  
t h e y  are s t ra t i f ied  in several  layers. The muscle ceils 
r epresen t  'pure '  myocy te s  which  have  a slender spindle 
shape  and  conta in  an e longated  nucleus wi th  a large 
nucleolus. Several  myocy te s  are connec ted  a t  the  t ape red  
ends to form longer muscle  f ibres which run along the  
main  b o d y  axis. 

The muscular  sys tem of the  po lyp  of Tripedalia seems 
to be of an evolu t ionary  more  advanced  type  as the re  
are ec todermal  epi the l iomuscular  cells as in the  hydro -  
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po lyp ' s  ec tode rm.  B u t  the re  are also e c t o d e r m a l  musc le  
cells t h e  f ibres  of wh ich  bulge  into t he  mesoglea ,  a n d  
o the rs  wh ich  are localized comple t e ly  w i th in  t he  mesog lea  
t h u s  r e p r e s e n t i n g  pure  m y o c y t e s  wh ich  lack an  epi- 
the l ia l  p a r t  as in Carybdea (Figure  2). F r o m  th i s  s t u d y  
it  b eco m es  clear t h a t  t he  c u b o p o l y p ' s  m u s c u l a r  s y s t e m  
has  f ea tu re s  cha rac t e r i s t i c  of b o t h  the  s c y p h o p o l y p  a n d  
h y d r o p o l y p ,  y e t  it  is neve r the l e s s  un ique .  

T he  his to logical  i n v e s t i g a t i o n  of the  po lyps  of Carybdea 
and  Tripedalia yie lded t he  o t h e r  su rp r i z ing  resu l t  t h a t  
the  c u b o p o l y p  possesses  a ne rve  r ing.  Scypho-  a n d  h y d r o -  
po lyps  h a v e  n o t  beeI1 r epor t ed  to possess  ne rve  r ings  
wh ich  are cha rac te r i s t i c  of the  m e d u s o i d  p h a s e  of t he  

Cubozoa  a n d  Hydrozoa .  As is d e m o n s t r a t e d  in F igure  3, 
the  ne rve  r ing  of the  c u b o p o l y p  is localized nea r  t he  
j u n c t i o n  of t he  oral cone a n d  t he  t e n t a c u l a r  region, a n d  
cons is t s  of an  e c tode rma l  a nd  e n d o d e r m a l  ne rve  r ing  pair .  
T h a t  a ne rve  r ing  could be s h o w n  to ex i s t  in the  po lyp  
gene ra t i on  is i m p o r t a n t  f r om t h e  po in t  of evolu t ion ,  as 
in t he  p h y l u m  Cnidar ia  t he  po lyp  r ep re sen t s  the  p r i m a r y  
gene ra t i on  in wh ich  t r ansspec i f i c  a nd  m a c r o - e v o l u t i o n  
ha s  been  effective.  

All r e su l t s  con f i rm  t h a t  a new class Cubozoa  m u s t  be 
e s t ab l i shed  a nd  g iven  t he  s y s t e m a t i c  a nd  e v o l u t i o n a r y  
pos i t ion  be tw e e n  the  basic  class  of Scyphozoa  a nd  t he  
more  a d v a n c e d  class of H ydroz oa .  

R e a p p e a r a n c e  in  v i v o  of  N e u r a m i n i d a s e - S e n s i t i v e  S i a l i c  A c i d  in  L 5222 Rat  L e u k e m i a  Ce l l s  ~ 
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Summary. Cell e lec t rophore t ic  d a t a  a n d  q u a n t i t a t i v e  sialic acid d e t e r m i n a t i o n  show t h a t ,  16 to 20 h a f te r  i.p. i m p l a n t a -  
t ion  of n e u r a m i n i d a s e - t r e a t e d  L 5222 r a t  l e u k e m i a  cells, t h e  or iginal  sialic acid c o n t e n t  a t  t he  cell pe r i phe ry  is recon-  
s t i t u t ed .  

T he  s igni f icance  of sialic acid moie t ies  as c o n s t i t u e n t s  
of the  cell su r face  is still  la rgely  u n k n o w n  2. One poss ible  
role to wh ich  p a r t i cu l a r  a t t e n t i o n  ha s  been  focused  d u r i n g  
t he  p a s t  yea r s  is t h a t  of m a s k i n g  an t igen ic  s i t e sa -L  In  all 
e x p e r i m e n t s  w i th  n e u r a m i n i d a s e - t r e a t e d  cells, t h e  t i m e  
requ i red  for r eg en e ra t i on  of sur face  sialic acid h a s  to  be 
t a k e n  in to  cons ide ra t ion .  OnIy  a l imi ted  a m o u n t  of 
r e l e v a n t  d a t a  is avai lable ,  all conce rn ing  in v i t ro -con-  
d i t ions  a ~2. For  our  s tud ie s  on the  inf luence  of n e u r a m i n i -  
dase  t r e a t m e n t  on sp read  of l e u k e m i a  cells, i n f o r m a t i o n  
a b o u t  in v iv o - r eg en e ra t i on  of sialic acid is ind i spensab le .  
As t h e  b iochemica l  m e c h a n i s m  of th i s  r e s t i t u t i o n  - re- 
s y n t h e s i s  or u t i l i za t ion  of c o n s t i t u e n t s  f r om the  env i ron-  
m e n t  - is of no i m m e d i a t e  i m p o r t a n c e  for our  e x p e r i m e n -  
ta l  model ,  we d e t e r m i n e d  t he  t i m e  nece s sa ry  for res to ra -  
t i on  of t h e  n o r m a l  sialic acid c o m p l e m e n t  b y  i m p l a n t i n g  
n e u r a m i n i d a s e - t r e a t e d  l eukemia  cells in to  the  pe r i tonea l  
c a v i t y  of syngene ic  hos t s .  
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Materials and methods. The  u n d i f f e r e n t i a t e d  l e uke mia  
L 5222, i nduced  a nd  p r o p a g a t e d  b y  IVANKOVlC a nd  
ZELLER ~a in the  inbred  B D I X  r a t  ~4, was  ut i l ized in th i s  
s t udy .  4 to 5 d a y s  a f te r  the  i.p. i m p l a n t a t i o n  of 50 • 10~ 
L 5222 l e u k e m i a  cells, t h e  cells were h a r v e s t e d  by  r ins ing  
the  pe r i tonea l  c a v i t y  w i th  ba l a nc e d  sa l t  so lu t ion  (BSS) 
c o n t a i n i n g  isotonic  s o d i u m  c i t r a t e  (9:1 v/v) .  The  cells, 
t e r m e d  s t a n d a r d  washed ,  were cen t r i fuged  3 t ime s  w i th  
0.145 M NaC1 for 5 m in  a t  150 g (ratio of w a s h i n g  f luid to 
pa c ke d  cells 40 : 1). Pur i f ied  n e u r a m i n i d a s e  (E.C. 3.2.1.18) 
f rom Vibrio cholerae (Behr ingwerke  M a r b u r g / L a h n ,  W e s t  
G e r m a n y )  was  used  in a f inal  c o n c e n t r a t i o n  of 0.5 u n i t s /  
10~ cells. The  cells were e n z y m e - t r e a t e d  for 50 m i n  a t  
37 ~ on a rocker  p l a t fo rm.  Cont ro l  cells were i n c u b a t e d  
in Tris-buffered saline (TBS),  p H  7.3, u n d e r  ident ica l  
condi t ions .  Sialic acid was  e s t i m a t e d  accord ing  to t he  
m e t h o d  of WARREN zs. S y n t h e t i c  N-ace ty l  n e u r a m i n i c  
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