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CaCt 2 a n d  0 . 0 1 2 M  NaC1 a t  p H  6.5. T h e  e r y t h r o c y t e  
s u s p e n s i o n  in 0.5 m l  of t h e  b a r b i t u r a t e  bu f f e r  a t  p H  7 
was  m i x e d  w i t h  0 . 5 m l  cho le ra  t o x i n  (10 mg/ml )  for  
45 m i n  a t  37 °C. T h e  i n c u b a t i o n  m i x t u r e  was  cen t r i fuged  
a n d  t h e  s u p e r n a t a n t  l iqu id  was  r ead  a t  410 n m  for pos-  
s ible  re lease  9f hemog lob in .  

Fo r  t h e  cap i l l a ry  p e r m e a b i l i t y  e x p e r i m e n t ,  0.25 ml  
E v a n s  B lue  was  i n j e c t e d  i n to  t h e  t a i l  v e i n  of a mouse .  
0.05 m l  t o x i n  (30 mg]ml)  in  sa l ine  so lu t ion  was  i n j e c t e d  
s.c., i m m e d i a t e l y  a f t e r  t h e  i n j ec t i on  of E v a n s  Blue.  T he  
sk in  was r e m o v e d  6 h l a t e r  a n d  t h e  s t a i n e d  a rea  u n d e r  
t he  sk in  was  e x a m i n e d .  T h e  con t ro l  a n i m a l  w i t h o u t  t h e  
in j ec t ion  of t o x i n  was  also m a d e  for compar i son .  

T h e  resu l t s  of t he  i n v e s t i g a t i o n  are  s u m m a r i z e d  in 
t h e  TaMe.  The  t o x i n  c o n t a i n s  hya l u r on i da s e ,  DNase ,  
ace ty locho l ines te rase ,  phosphod ie s t e r a se ,  p r o t e o l y t i c  en-  
zyme,  a n d  coagu l a t i on  p r o m o t i n g  enzyme .  No  a m i n o  
acid  e s t e rase  a c t i v i t y  wag d e t e c t e d  us ing  3 d i f f e r en t  sub-  
s t ra fes .  Since t h e  a b o v e  c o m p o u n d s  a re  c o m m o n  sub-  
s t r a t e s  for  t h e  a s say  of t r y p s i n  a n d  c h y m o t r y p s i n ,  t h e  
p r o t e o l y t i c  e n z y m e s  p r e s e n t  in  t he  cho le ra  t o x i n  are  
d i f f e ren t  f rom t r y p s i n  a n d  c h y m o t r y p s i n .  T he  f ib r inogen  
coagu la t ed  in 10 m i n  as c o m p a r e d  to  1 m i n  for  0.5 ml  
t h r o m b i n  (1 mg/ml ) .  T h e  t o x i n  c o n v e r t e d  f ib r inogen  i n to  

a f i b r i n  l ike  clot .  However ,  t h e  e n z y m e  re spons ib l e  for  
coagu l a t i on  is n o t  i den t i ca l  to  t h r o m b i n  as  t h e  p - to luene -  
su l fony l - c - a rg in ine  m e t h y l  e s t e r  was  n o t  h y d r o l y z e d  b y  
t h e  tox in .  

The  t o x i n  does no t  c o n t a i n  leucine a m i n o p e p t i d a s e ,  
ac id  p h o s p h a t a s e ,  a lka l ine  p h o s p h a t a s e ,  RNase ,  or phos-  
pho l ipase  A. The  t o x i n  lacks  t he  a b i l i t y  to  h e m o l y z e  
e r y t h r o c y t e s .  However ,  t h e  t o x i n  c o n t a i n s  p o t e n t  capi l -  
l a r y  p e r m e a b i l i t y  p r o m o t i n g  fac to rs  x6. 

Z u s a m m e n / a s s u n g .  U n t e r s u c h u n g  de r  E n t e r o t o x i n e  y o n  
Vibrio cholerae auf  e ine Re ihe  v o n  E n z y m a k t i v i t i i t e n  u n d  
im H i n b l i c k  au f  die A u f k l g r u n g  des p a t h o g e n e t i s c h e n  
Mechan i smus .  
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E f f e c t  o l  I n s e c t  H o r m o n e s  o n  N e m a t o d e s  i n  A x e n i c  C u l t u r e  

I n s e c t  j uven i l e  h o r m o n e s  ( JH)  or  J H  m i m e t i c s  h a v e  
b e e n  s h o w n  to  a f fec t  d e v e l o p m e n t  of n e m a t o d e s :  Trichi-  
nella spiral is  l a r v a e  1 a n d  f o u r t h  s tage  Phocanema  deci- 
p iens  ~ were  inh ib i t ed ,  a n d  a b n o r m a l  m o r p h o l o g y  was 
seen in Heterodera schactii 8. T h e  effects  of insec t  h o r m o n e s  
a n d  ana logues  on  d e v e l o p m e n t  of severa l  f ree- l iv ing  a n d  
pa ra s i t i c  n e m a t o d e s  c u l t u r e d  axen ica l ly  a re  descr ibed  in 
t h e  p r e s e n t  paper .  

M e t h o d s  were  des igned  to  expose  n e m a t o d e s  to  hor -  
m o n e s  in  a g r o w t h - s u p p o r t i n g  m e d i u m .  To  grow t h e  
p a r a s i t i c  n e m a t o d e s  Aphe lenchus  avenae a n d  Strongy-  
loides/~tleborni ,  c h e m i c a l l y  def ined basa l  m e d i u m  CbMM 4 
s u p p l e m e n t e d  w i t h  25% fresh  ch ick  e m b r y o  e x t r a c t  p lus  
10% h u m a n  s e r u m  was used ;  CbMM c o n t a i n i n g  h e m i n  
a n d  s u p p l e m e n t e d  w i t h  y -g lobul in  5 was  used to  cu l tu re  
o t h e r  species. J u v e n i l e  h o r m o n e s  a n d  t h e i r  ana logues ,  
3 , 4 - m e t h y l e n e d i o x y p h e n y l  6 , 7 - e p o x y g e r a n y l  e t h e r  a n d  
e t h y l  6,7,  t0 ,  1 1 - t e t r a h y d r o f a r n e s o a t e ,  were  a d d e d  f r o m  
e t h e r e a l  so lu t ion  to  a sep t i ca l ly  lyoph i l i zed  y-g lobul in  or  
ch i ck  e m b r y o  ex t r ac t .  Af te r  e v a p o r a t i n g  t h e  e t h e r  a t  
r o o m  t e m p e r a t u r e ,  t h e  lyoph i l i zed  f r ac t ion  was sus- 
p e n d e d  in  w a t e r  a n d  t he  o t h e r  c o m p o n e n t s  of t he  m e d i u m  
added .  P r o n a s t e r o n e  A was a d d e d  in e t h a n o l  a n d  evap -  
o r a t e d  asep t i ca l ly  w i t h  n i t r o g e n ;  ecdysone  was  a d d e d  
in wa te r .  E t h e r ,  or  a l coho l - t r ea t ed  ),-globulin,  or  e t h e r  
t r e a t e d  ch ick  e m b r y o  ex t r ac t ,  a d d e d  to  o t h e r  c o m p o n e n t s  
of t h e  m e d i u m  w i t h o u t  a d d e d  h o r m o n e s  se rved  as con-  
t rols .  N e m a t o d e s  were inocu la t ed  a n d  o b s e r v e d  t h r o u g h o u t  
t h e i r  life cycles for poss ib le  h o r m o n e  i nduced  effects.  
Species e x a m i n e d  inc luded  t h e  f ree- l iv ing  Caenorhabditis 
briggsae a n d  Fanagrel lus  redivivus,  t h e  insec t  pa r a s i t e s  
Neoaplectana glaseri a n d  N .  carpocapsae DD136,  t h e  p l a n t  
p a r a s i t e  Aphelenchus  avenae a n d  t h e  a n i m a l  p a r a s i t e  
Strongyloides/ i i l leborni ,  s t e rco ra l  phase .  

T h e  cha rac t e r i s t i c s  obse rved  to  d e t e r m i n e  t he  effects  
of insec t  h o r m o n e s  on  n e m a t o d e  d e v e l o p m e n t  are  l i s ted  
in  T a b l e  I. W h i l e  P r o n a s t e r o n e  A a n d  ecdysone  h a d  no  
effect,  c o m p o u n d s  w i t h  J H  a c t i v i t y  h a d  m a r k e d  effect.  
T h e y  caused  a de lay  in  C. briggsae m a t u r a t i o n  w h i c h  was 

p r o p o r t i o n a l  to  t h e  h o r m o n e  c o n c e n t r a t i o n  in t h e  g r o w t h  
m e d i u m ;  a t  200 ~xg/ml, m a t u r a t i o n  was  p r e v e n t e d  a n d  
i n h i b i t o r y  effects  were seen to  a d i l u t i o n  of 50 vg /ml .  
W i t h  N.  carpocapsae DD136,  t h e r e  was  m a r k e d  t o x i c i t y  
to  y o u n g  l a r v a e  d u r i n g  a ho ld ing  pe r iod  of 24 h in 
7-globul in  s u p p l e m e n t e d  m e d i u m  w i t h  or  w i t h o u t  hemin .  

The  r e l a t i ve  ac t iv i t i e s  of some of t h e  J H  t y p e  com- 
p o u n d s  t es ted ,  us ing  p e r c e n t  s u r v i v o r s  of f i rs t  s t age  
N.  carpocapsae l a rvae  as  t h e  assay,  are  s h o w n  in T a b l e  I I .  
F o r  e a c h  h o r m o n e  level ,  d u p l i c a t e  t u b e s  c o n t a i n i n g  
0.20 m l  of CbMM w i t h  h e m i n  a n d  s u p p l e m e n t e d  w i t h  
y -g lobul in  p lus  h o r m o n e  were  i n o c u l a t e d  w i t h  5 l a r v a e  

Table I. The effects of insect hormone type compounds on nematode 
development 

Characteristic Species 
Affected Not affected 

Egg laying - C. briggsae 
A. avenae 
N. carpocapsae DD136 

Egg hatch - C. briggsae 
A .  ave~cae 

Viability N. carpocapsae C. briggsae 
DD136 P. redivivus 

S. ]uUeborni 
Exsheathment - N. carpocapsae DD136 

N. glaseri 
Sex development changes - A. avenae 
Maturation time and C. briggsae A. avenae 
population 

Nematodes were inoculated into 0.20 ml of medium in duplicate 
tubes and incubated at their optimum growth temperature. For 
Aphelenckus avenae and Strongytoides [ulleborni, the growth medium 
was CbMM supplemented with 25% fresh chick embryo extract and 
10% human serum; for the other nematodes, CbMM was supple- 
mented with y-globulin and heroin. Hormones were added to 
aseptically lyophilized 7-globulin or chick embryo extract. Periodic 
observations of the speeifie characteristics were made. 



860 Specialia EXPERIENTIA 27[7 

each  and  i ncuba t ed  a t  20°C overn ight .  The  m o r t a l i t y  
of t he  n e m a t o d e s  was  obse rved  using an  i nve r t ed  Lei tz  
microscope  a t  60 × magni f ica t ion .  The  MEYER/SCHNEI- 
DERMAN J H "  was  more  ac t ive  t h a n  the  I{.GLLER J H L  
A s y n t h e t i c  ana logue  was  ac t ive  while  a s y n t h e t i c  com-  
p o u n d  lacking  the  i m p o r t a n t  epoxide  group was re la t ive ly  
inact ive.  These J H  t y p e  c o m p o u n d s  had  the  s a m e  re la t ive  
ac t iv i t ies  when  t e s t e d  using inh ib i t ion  of C. briggsae as 
the  assay  sys tem.  

~Ve conclude  t h a t  t he  J H  t y p e  c o m p o u n d s  affect  t h e  
g rowth  and  d e v e l o p m e n t  of n e m a t o d e s  in axenic  culture,  
and  can be c o m p a r e d  by  tox ic i ty  to  N. carpocapsae or 

Table II. Toxicity of juvenile hormone (JH) type compounds to 
first stage larvae of Neoaplectana carpocapsae DD136 

JH-t~Te compound Survivors at 24 h (%) 
(~g]ml) 

400 200 100 50 20 0 

R6I.LER 67 72 75 72 88 100 
MEYER/SCHREIDERMAN 0 0 0 11 64 100 
Synthetic ~ 0 0 0 6 93 100 
Compound lacking epoxide b 89 - 84 100 100 100 

3,4-methylenedioxyphenyl 6,7-epoxygcranyl ether s. b Ethyl 6,7, 
10,11-tetrahydrofarnesoate. For each hormone level, 5 larvae were 
inoculated into duplicate tubes containing 0.20 ml of CbMM with 
heroin and supplemented with hormone treated )t-globulin. Control 
medium (0 txg/ml JH) was supplemented with ether treated ~,-giobu- 
lin. After 24 h incubation at 20°C nematodes were examined for 
viability. 

by  inh ib i t ion  of d e v e l o p m e n t  of C. briggsae. No effect  
on specific d e v e l o p me n t a l  stages,  moul t ing,  or sex devel-  
o p m e n t  was  d e t e c t e d  9, ~0. 

Zusammen/assung. I n s e k t e n j u v e n i t h o r m o n e  u n d  -ana-  
loge w u r d e n  an  ve r sch iedenen  f re i l ebenden  u n d  paras i t i -  
schen  N ~ m a t o d e n  ge tes te t .  Bei Neoaplectana carpocapsae 
w u r d e n  tox i sche  E f f e k t e  und  bei  Caenorhabditis briggsiae 
R e i f u n g s h e m m u n g  fes tgeste l l t .  
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AD S T I M U L A N D U M  

P h e n y l a c e t i c  Ac id  as  a P o t e n t i a l  T h e r a p e u t i c  A g e n t  for  the  T r e a t m e n t  of  H u m a n  Cancer  

I n  t h e  summalaf  of a p rev ious  work,  I{OBER'rS and  
SIMONSEN 1 r e m a r k e d  t h a t  a p p a r e n t l y  ' t u m o r  cells are  
ope ra t ing  a t  a marg ina l  level of g lu t amine  ava i lab i l i ty  
b y  compar i son  w i t h  o the r  t i ssue  ~. T h e y  bel ieved t h a t  
g ln t amine  an t agon i s t s  ough t  to  have  a n t i - t u m o u r  ac t iv i ty  
b u t  found  t h a t  compe t i t i ve  inh ib i to rs  such  as y-L- 
g l u t a m y l h y d r a z i d e  were  no t  pa r t i cu la r ly  successful  as 
t u rnou t  inhibi tors .  T h e y  concluded t h a t  ' in order  to  be 
able to  e m p l o y  g lu t amine  an tagon i s t s  in a m a x i m a l l y  
effect ive m a n n e r  it will be  necessary  to d i rec t  a t t e n t i o n  
to  m e t h o d s  o1 decreas ing  fo rma t ion  and  l ibera t ion  of 
g lu tamine  in to  t he  c i rcula t ion b y  no rma t  t issues as well  
as to  d i s tu rb ing  i ts  u p t ake  a n d  u t i l iza t ion  in t h e  t u m o r  
cells themse lves ' .  

I t  is now sugges ted  t h a t  a s imple  m e t h o d  for  dep le t ing  
t h e  g lu t amine  reserves  of cancer  p a t i e n t s  m i g h t  be  based  
on  t h e  ab i l i ty  of h u m a n s  to  de tox i fy  pheny lace t i c  ac id  
by  con juga t ion  wi th  g lu tamine .  This  de tox ica t ion  reac-  
t ion  which  resul ts  in t he  excre t ion  of pheny lace ty lg lu t -  
amine  in t he  ur ine was  f irs t  de t ec t ed  b y  THIERFELDER 
and  SHERWlN* and  la ter  s tud ied  in more"  de ta i l  by  
SHERWm et  al. s. POWER 4 found  t h a t  t he  same conjuga-  
t ion  reac t ion  occurred  in t h e  ch impanzee  b u t  o the r  m a m -  
ma l i an  species  exc re t ed  the  acid as a glycine con juga te  
and  b i rds  de tox i f i ed  pheny lace t i c  acid b y  con juga t ion  
w i t h  o rn i th ine  5. 

Since pheny lace t i c  acid is no t  m a r k e d l y  tox ic  for 
h u m a n s  i t  is cons idered  t h a t  th i s  ma te r i a l  mer i t s  inves t iga-  
t ion  as an  a n t i - t u m o u r  agen t  by  i tself  or  in con junc t ion  
w i t h  g lu t amine  a n t i m e t abo l i t e s  or cance r -chemothe ra -  
peu t i c  drugs  of o the r  types .  Because  of t he  unique  mode  

of de tox i ca t i on  of pheny lace t i c  acid in  t he  h u m a n  i t  
is e x p e c t e d  t h a t  t he re  will be no para l le l  b e t w e e n  the  
resul ts  of c h e m o t h e r a p e u t i c  e x p e r i m e n t s  w i th  t h i s  acid 
in t u m o u r - b e a r i n g  r o d e n t s  and  the  o u t c o me  of clinical 
t r ia ls  in t i le h u m a n  cancer  pa t i en t .  

A l t h o u g h  the  mode  of de tox ica t ion  of pheny lace t i c  
acid in the  r a t  has  a p p a r e n t l y  no t  been  inves t iga ted  in 
vivo,  MOLDAVE and  MEISTER ~ found  t h a t  whereas  h u m a n  
l iver  slices can  syn thes i se  rad ioac t ive  pheny lace ty lg lu t -  
amine  f rom [14C]-L-glutamine r a t  l iver  slices fail to  do so. 
These  e x p e r i m e n t s  suggest  t h a t  t he  r a t  will  be  unable  
to  con juga te  pheny lace t i c  acid w i t h  g lu t amine  in vivo.  
Thus  if g lu t amine  dep r iva t i on  i s  ' i m p o r t a n t  for  t u m o u r  
inhibi t ion ,  pheny lace t i c  ac id  t h e r a p y  is l ikely to  h a v e  
l i t t le  o r  no effect  on  t h e  g rowth  of t r a n s p l a n t a b l e  r a t  
tumours .  
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