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insects,  however ,  were t he  e longa ted  galeae of t he  maxi l lae .  
Since in t he  n o r m a l  a d u l t  t he  galae fo rm t h e  proboscis ,  
t he  s t rong  e longa t ion  of the  galeae in 6 th  i n s t a r  l a rvae  
m u s t  be  r ega rded  as a d e v e l o p m e n t  in  t he  d i rec t ion  of 
proboscis  d i f fe ren t ia t ion .  I t  is i n t e r e s t i ng  to  no te  t h a t  th i s  
d e v e l o p m e n t a l  t r e n d  of t he  galeae could in no  case be  
ful ly  suppressed  d u r i n g  Ls /L  6 m o u l t s  of Pieris, no t  even  
w h e n  h i g h  doses of j uveno ids  were app l ied  a t  a v e r y  
ear ly  s tage  (dur ing  or sho r t l y  before  t he  p reced ing  L4/L 5 
moul t )  no r  w h e n  t he  h e a d  capsule  was shed  no rma l ly .  
Thus  per fec t  L6 of Pieris h a v e  n e v e r  been  ob ta ined .  T h e y  
all d ied  of s t a rva t ion ,  because  t h e i r  a b n o r m a l l y  shaped  
max i l l ae  p r e v e n t e d  p r o p e r  feeding.  

A n u m b e r  of t he  L 6 who could no t  get  r id  of t h e  old 
head  capsules  showed,  a t  t he  ex t r emi t i e s  of t he  galeae, 
heav i ly  sclerot ized mand ib l e - l i ke  s t r u c t u r e s  (Figure  2). 
T h u s  the  appendages  of t he  m a x i l l a r y  s egmen t  h a d  pro-  
duced  s t ruc tu re s  wh ich  n o r m a l l y  are r e s t r i c t ed  to t h e  
m a n d i b u l a r  segment .  Th i s  p h e n o m e n o n  m u s t  be  r ega rded  

as a case of homoe6s i s  a n d  involves  t r a n s d e t e r m i n a t i o n  
of t h e  cells s i t u a t e d  in t h e  ap ica l  region of t h e  galeae. I t  
ind ica tes  t h a t  t h e  j u v e n o i d  Ro 20-3600, if app l ied  a t  t he  
r i g h t  t i m e  a n d  in p rope r  concen t r a t i on ,  can  a c t i v a t e  t he  
genes respons ib le  for m a n d i b u l a r  d i f f e r en t i a t i on  in cells in 
wh ich  these  genes n o r m a l l y  would n e v e r  be  ac t i va t ed .  

I t  is p r o b a b l e  t h a t  t h e  effect  is n o t  specific for Ro 
20-3600, b u t  t h a t  t h e  ap p l i c a t i o n  of t h e  j u v e n o i d  leads 
to  an  a b n o r m a l  s t a t e  of r e l a t ive ly  h igh  c o n c e n t r a t i o n  of 
juven i l e  hormone .  Il l  n o r m a l  ontogenesis ,  t h e  t i t e r  
of juven i l e  h o r m o n e  becomes  low in t h e  5 th  l a rva l  ins tar .  
U n d e r  th i s  cond i t ion  t h e  m a n d i b l e s  d i s in t eg ra t e  an d  t he  
maxi l lae ,  especial ly  t h e  galeae, e longa te  d u r i n g  t h e  n e x t  
m o u l t i n g  process. T h e  l a rvae  w i t h  abo r t i ve  L J L  6 eedysis  
d e m o n s t r a t e  t h a t  i t  is easy  to  p r e v e n t  t h e  loss of t he  
mand ib les ,  an d  t h a t  i t  is d i f f icul t  to  p r e v e n t  t h e  p u p a l  
o u t g r o w t h  of t h e  galeae b y  t h e  top ica l ly  app l ied  juveno id .  
Th i s  m a y  ind ica te  t h a t  a r e l a t ive ly  low t i t e r  ot juven i l e  
h o r m o n e  is suff ic ient  to  m a i n t a i n  t h e  f o r m a t i o n  of 
m a n d i b u l a r  s t ruc tures ,  b u t  t h a t  a h i g h  t i t e r  of t he  
h o r m o n e  is needed  in las t  i n s t a r  l a rvae  in order  to  l n a i n t a i n  
t h e  l a rva l  c h a r a c t e r  of t h e  max i l l ae  d u r i n g  a f u r t h e r  
moul t .  I n  t h e  few ind iv idua l s  in wh ich  t h e  d i f f e ren t i a t ion  
of m a n d i b u l a r  s t ruc tu re s  on  the  max i l l ae  h a d  been  induced,  
the  j u v e n o i d  was obv ious ly  p r e s en t  in  an  i n t e r m e d i a t e  
concen t r a t i on ,  i.e. a c o n c e n t r a t i o n  h igh  e n o u g h  to 
m a i n t a i n  m a n d i b u l a r  s t ruc tures ,  b u t  n o t  h i g h  enough  
ful ly to  p r e v e n t  d i f f e r en t i a t i on  of t h e  galeae in p u p a l  
di rect ion,  ye t  suf f ic ien t ly  h i g h  to  induce  t h e  genes in  t he  
cells of t h e  ap ica l  region of t h e  galeae to fu rn i sh  t h e  
i n fo rma t i o n  needed  to  p roduce  s t rong ly  sclerot ized 
organs  of mand ib l e - l i ke  shape.  Th i s  p r o b a b l y  ind ica tes  
t h a t  juven i le  hormone ,  if a c t ing  d u r i n g  a per iod  in wh ich  i t  
would n o r m a l l y  be  a b s e n t  or p r e s en t  a t  a lower t i te r ,  c a n  
a c t i v a t e  ce r t a in  genes wh ich  would  n o t  become  ac t ive  
in n o r m a l  d e v e l o p m e n t  an d  t h a t  a specific t i t e r  of 
juven i le  h o r m o n e  is crucial  for t h e  rea l i za t ion  of each  s tep  
an d  each s tage of d i f fe ren t ia t ion .  

Zusammen/assung. Topica le  B e h a n d l u n g  des l e t z t en  
L a r v e n s t a d i u m s  v o n  Pieris brassicae n i t  e inem J u v e n o i d  1 
e rg ib t  Raupen ,  die eine a b o r t i v e  zusXtzliche La rvenh / iu -  
t u n g  zu m L 6 d u r c h m a c h e n ,  wobei  sie die a l te  Kopfkapse l  
n i c h t  abs t r e i f en  k6nnen ,  well  die A n t e n n e n  u n d  besonders  
die Galeae der  Maxi l len  s t a r k  ve r l~nge r t  werden.  I n  
e in igen I n d i v i d u e n  w u r d e n  an  den  E n d e n  der  Galeae  
m a n d i b e l a r t i g e  S t r u k t u r e n  ausdi f ferenzier t .  Es  wird  
a n g e n o m m e n ,  dass  diese h o m6 o t i s ch e  T r a n s d e t e r m i n a t i o n  
der  ap ica len  Galeazel len  d u r c h  den  a b n o r m e n ,  in te r -  
medi / i ren  J u v e n i l h o r m o n s p i e g e l  b e w i r k t  wurde.  

G. BE~Z 

Fig. 2. Two examples of L 6 similar to the one shown in Figure lb, but 
with less strongly developed galeae bearing mandible-like structures 
at their extremities. Same symbols as in Figure 1. 
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The Mode of Act ion of Four Anthe lmint i c s  

F r o m  pha rmaco log ica l  e x p e r i m e n t s  w i t h  i so la ted  tissue, 
VAN NEUTE~ 1 conc luded  t h a t  t he  b r o a d  s p e c t r u m  
a n t h e l m i n t i c  l evamiso le  (1-2, 3, 5, 6 - t e t r ahyd ro -6 -p h en y l -  
imidazo[2,  l -b]  th i azo le  hydroch lor ide)  causes  c o n t r a c t i o n  
of m a m m a l i a n  muscle  b y  n e r v e  gangl ion  s t imu la t ion .  He 
sugges ted  t h a t  t h e  c o n t r a c t i o n  of dscaris lumbricoides 
caused  b y  levamiso le  could also be due to gangl ion  
s t i m u l a t i o n  as t he  c o n t r a c t i o n  was less p ronounced ,  b u t  

n o t  inh ib i t ed ,  in  t h e  presence  of h e x a m e t h o n i u m ,  a n d  
because  i t  h a s  been  r epo r t ed  t h a t  l evamiso le  causes  a 
r educed  m e m b r a n e  p o t e n t i a l  of A. lumbricoides muscle  
cell bell ies ~. 

1 j .  VAN NEUTEN, ill Comparative Biochemistry o/ Parasites (Ed. 
H. VAN I~N BOSSCHE; Academic Press, New York 1972), p. 101. 

2 j .  AcEvEs, D. ERLIJ and R. ~V[ARTINEZ-MARANON, Br. ol. Pharmac. 
38, 602 (1970). 
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To s t u d y  the  p h a r m a c o l o g y  of levamisole  on n e m a t o d e s  
fur ther ,  f reshly  col lected whole  A. lumbricoides were held  
ho r i zon ta l ly  in  an  open  Pe r spex  b a t h  c o n t a i n i n g  Tyrode  
a t  37~ and  connec ted  b y  r u b b e r  collars  to  a n  isotonic  
recorder.  Solu t ions  in  Tyrode  were in jec ted  in to  t he  worms  
(0.1 ml  so lu t ion  in to  a 3 g worm).  A l t h o u g h  tubocu ra r ine ,  
and  a t rop ine  (all t e s t ed  up  to 20 ~g/g) fai led to  p r e v e n t  
con t r ac t i ons  caused b y  levamiso le  (0.3 ag/g), b o t h  the  
gangl ion  blockers  m e c a m y l a m i n e  a n d  p e m p i d i n e  (5 ~xg/g) 
b locked  levamisole  induced  con t rac t ions .  W e  cons ider  
t h a t  these  resu l t s  conf i rm t he  sugges t ion  of VA~ N~UTEN 1 
t h a t  levamisole  is ac t ing  as a gang l ion  s t i m u l a n t  in  
nematodes .  

I n  c o n t r a s t  to  t he  r epo r t  t h a t  pa ra lys i s  of A. lumbricoi- 
des b y  levamisole  is i r revers ib le  1, our  e x p e r i m e n t s  h a v e  
shown  revers ib le  pa ra lys i s  w i t h  3 species of nematodes ,  
A. lumbrieoides, Nippostrongylus brasiliensis, and  Nema- 
tospiroides dubius w h e n  t h e y  were c o n t i n u o u s l y  m a i n t a i n e d  
in levamisole.  A d u l t  N. brasiliensis m a i n t a i n e d  in l evami -  
sole so lu t ions  in Morgan,  M o r t o n  a n d  P a r k e r  sal ine w i t h  
an t ib io t i c s  (NaC1, 6.8 g/ l ;  KC1, 0.4 g/1; CaCI~, 0.2 g/l;  
N a H C O  a, 2.2 g/1; MgSO~.7H~O, 0.2 g/1; Fe(NOa) 3 9H20  , 
0.1 g/1; NaH2PO. .H20 ,  0.14 g/l;  glucose, 1 g/1; penici l l in,  
400,000 U/I ;  d i h y d r o s t r e p t o m y c i n ,  0.4 g/I; m ycos t a t i n ,  
100,000 U/l) r ega ined  mot i l i ty .  B o t h  the  r a t e  of pa ra -  
lysis a n d  de-para lys i s  was d e p e n d e n t  u p o n  t he  concen t ra -  
t ion  of levamisole.  Us ing  a p p r o x i m a t e l y  20 worms  pe r  
10 mI in 100 p p m  of levamisole ,  all worms  p a r a l y s e d  
w i t h i n  10 m i n  and  all  r e sumed  ac t ive  m o v e m e n t s  w i t h i n  
8 h ;  mos t  worms  k e p t  in  l evamiso le  m a i n t a i n e d  these  
m o v e m e n t s  for 72 h. The  r eve r s ib i l i t y  of pa ra lys i s  was  
no t  howeve r  obse rved  w i t h  free l iv ing  in fec t ive  l a rvae  of 
N. brasiliensis. Simi la r  e x p e r i m e n t s  w i t h  A. lumbrieoides 
m a i n t a i n e d  in Tyrode  (1 worm/50  ml) c o n t a i n i n g  100 p p m  
of l evamiso le  d e m o n s t r a t e d  t h a t  some worms  r e sumed  
m o v e m e n t  a f te r  para lys is ,  t h o u g h  t he  m o v e m e n t s  were 
less v igorous  t h a n  in n o r m a l  worms.  B o t h  t he  t i m e  t a k e n  
for  r ecove ry  and  t he  pe rcen t age  of A. lumbricoides 
r e s u m i n g  ac t ive  m o v e m e n t s  va r i ed  wide ly  f rom b a t c h  to 
b a t c h  of worms.  The  sugges t ion  t h a t  levamisole  m a y  act  
b y  i nh ib i t i on  of f u m a r a t e  r educ ta se  3 in a d d i t i o n  to  i ts 
func t ion  as a gang l ion  s t i m u l a n t  is dif f icul t  to  reconcile  
w i t h  t he  revers ib le  n a t u r e  of levamisole  paralysis .  

3 H. VAN DEN BOSSCaE, in Comparative Biochemistry o] Parasites 
(Ed. H. VAN DEN BOSSCHE; Academic Press, New York 1972), 
p. 117. 

4 A. W. J. BROO~, in Drugs, Parasites and Hosts (Eds. L. G. 
GOODWlN and R. H. Ni~Mo-SMlrH;-Churchill, London 1962), p. 43. 

5 IV[. g. AUBRY, P. COWELL, 1V[. J. DAVEY and S. SHEVDE, Br. J. 
Pharmae. 38, 332 (1970). 

6 Present address: Department of Pure and Applied Zoology, 
University of Leeds (England). 

The  connec t ion  be tween  t he  mode  of ac t ion  of Ievami-  
sole and  2 o the r  an the lmin t i c s ,  m e t h y r i d i n e  (2-[2-metho-  
xye thy l ]py r id ine )  a n d  p y r a n t e l  (trans-l-methyl-2-[2-(2- 
t h i eny l )v iny l ] - l ,  4, 5, 6 - t e t r a h y d r o p y r i m i d i n e )  was f i rs t  
suggested  b y  e x p e r i m e n t s  w i t h  N. brasiliensis. Adul t  
worms  t h a t  h a d  r e sumed  ac t ive  m o v e m e n t s  a f te r  incuba-  
t ion  in 100 p p m  of Ievamisole  were washed  a n d  t r ans -  
ferred to Morgan,  Mor ton  a n d  P a r k e r  sal ine or sal ine plus  
100 or 1000 p p m  of m e t h y r i d i n e .  E v e n  a f te r  16 h in 1000 
p p m  of me thy r id ine ,  some of t he  worms  wh ich  h a d  
recovered  f rom levamisole  r e m a i n e d  ac t ive  a l t h o u g h  
n o r m a l  worms  in m e t h y r i d i n e  were inact ive .  W o r m s  were 
also i n c u b a t e d  in e i the r  100 p p m  p y r a n t e l  (as t a r t r a t e ) ,  
or 100 p p m  levamisole  or 100 p p m  of p y r a n t e l  p lus  leva-  
misole. S ign i f ican t ly  more  worms  were showing ac t i v i t y  in 
levamisole  or levamisole  plus  p y r a n t e l  t h a n  in p y r a n t e l  on 
i ts  own. 

B o t h  me thy r id ine ,  b e p h e n i u m  ~ (benzyl  d ime thy l -2 -  
p h e n o x y e t h y l  a m m o n i u m )  a n d  p y r a n t e l  5 cause cont rac-  
t i on  in n o r m a l  A. lumbricoides muscle.  However ,  w h e n  
in jec ted  in to  A. lumbricoides t h a t  h a d  recovered  m o t i l i t y  
a f te r  i n c u b a t i o n  in levamisole ,  m e t h y r i d i n e  (30 lag/g), 
p y r a n t e l  (30 lxg/g) and  40 ag/g  b e p h e n i u m  (as h y d r o x y -  
n a p h t h o a t e )  fai led to cause  c o n t r a c t i o n s ;  ace ty l  chol ine  
(1 ag/g) and  chol ine  p h e n y l  e the r  (0.6 ~g/g) h o w e v e r  
caused con t rac t ions .  I t  would  a p p e a r  t h a t  levamisole  can  
cause a t a c h y p h y l a c t i c  t y p e  of response  a t  t he  ne rve  
gangl ion  recep tor  si te  of n e m a t o d e s  p e r m i t t i n g  muscu l a r  
a c t i v i t y  to  resume.  The  presence  of l evamiso le  a t  t he  
r ecep to r  si te  b locks  t he  a c t i v i t y  of ce r t a in  o the r  an the l -  
min t ics ,  wh ich  the re fore  p r e s u m a b l y  ac t  a t  t he  same or 
closely a d j a c e n t  s i te  in t he  gangl ion.  The  v a r i a t i o n  in 
ab i l i ty  of the  4 a n t h e l m i n t i c s  to  pa ra lyse  n e m a t o d e s  will 
depend  on  b o t h  t he  v a r i a t i o n  in t h e i r  a f f in i ty  for t he  
r ecep to r  s i tes  as well  as differences  in  r a t e  of e n t r y  in to  t he  
nematodes .  

Rdsumd. Les Ascaris qui  se son t  ~d6paralysgs~> aprgs  une  
i n c u b a t i o n  prolong6e dans  100 p p m  de levamisole ,  ne  se 
c o n t r a c t e n t  pas  apr~s in jec t ion  des an th61min i t iques  
b @ h e n i u m ,  m 6 t h y r i d i n e  et  py ran t e l .  E t a n t  donn6  que 
la m6camyl ine  et  la p e m p i d i n e  b l o q u e n t  les con t r ac t i ons  
des A scarfs provoqu@es p a r  le levamisole ,  il p a r a i t  p roba -  
ble que chez les N 6 m a t o d e s  ces 4 a n t h C m i n t i q u e s  son t  des 
s t i m u l a t e u r s  des ganglions.  
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Reproductive Incompatibility between Similar Genotype Flies (Drosophila melanogaster) 
Raised at Two Different Temperatures 

I n  Drosophila melanogaster, t h e  usual  g rowth  t e m p e r a -  
tu re  is 25 ~ a l t h o u g h  i t  is possible  to  get  comple te  devel-  
o p m e n t  f rom egg to adu l t  a t  t e m p e r a t u r e s  r a n g i n g  f rom 
12~ to 32 ~ 1. A b iomet r i ca l  ana lys is  ~ showed i m p o r t a n t  
morpholog ica l  modi f i ca t ions  in adu l t s  grown a t  low t em-  
pe ra tu re .  Thus ,  we decided to look for possible  correla-  
t ive  physio logica l  differences in  such  flies. As 130 rea red  
males  p r o v e d  to be  ster i le  ~, 13 ~ females  were crossed w i t h  
n o r m a l  (25 ~ ) males  in  order  to  measure  egg p r o d u c t i o n  and  
fer t i l i ty .  I t  was  t h e n  d iscovered  t h a t  in th i s  cross copula-  

t i on  often resu l ted  in p r e m a t u r e  d e a t h  of females. More- 
over,  t h e  su rv ivors  p roduced  poor ly  h a t c h i n g  eggs, sug- 
ges t ing  a l t e r a t i on  of t he  fe r t i l i za t ion  process. F r o m  these  
obse rva t i ons  we conc luded  t h a t  a k i n d  of r ep roduc t i ve  
i n c o m p a t i b i l i t y  arose b e t w e e n  adu l t s  of the  same geno- 
t y p e  raised u n d e r  d i f fe ren t  e n v i r o n m e n t a l  condi t ions .  
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