
1266 Specialia EXPERIENTIA 30/11 

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 .  
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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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Fig. 1. Mortality of 13 ~ reared females in intermittent presence of 
25 ~ reared males (1 day every week). Arrows indicate days males 
were present. (The experiment started with 100 females; probability 
of death is the ratio of death to survivals.) 
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Fig. 2. Reduction of mean longevity (compared to virgins) of 13~ 
reared females in the presence of 25 ~ reared males. 
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E x p e r i m e n t s  were made  on F 1 he te rozygous  flies, 
ob ta ined  f rom a cross be tween  two l abora to ry  inbred  lines. 
Such flies are h igh ly  vigorous and give more  reproducible  
resul ts  t h a n  do inbred  flies. Lay ing  always took place a t  
25 ~ Eggs, aged 0 to  6 h, were placed in vials conta in ing  
axenic-kil led yeas t  med i u m 4 and were then  e i ther  kep t  a t  
25 o or t ransfer red  to  13 ~ All emerging adul ts  were s tudied  
at  25 ~ In  a f i rs t  exper iment ,  4 types  of crosses were 
considered:  females 25  ~ •  25~ females 25 ~ X males 
13~ females  1 3 ~ 2 1 5  25~ females 1 3 ~ 2 1 5  13 ~ . 
Groups of 10 males and  10 females were placed in plast ic  
cages 5 and the i r  longevit ies  a t  25 ~ measured.  The mean  
values for females are given in Table  I. 

In  b o t h  kinds of females,  longevi ty  d ropped  when  
crossed wi th  25 ~ reared males.  The shor ten ing  was sl ight  
for 25 ~ females bu t  grea t  for 13 ~ females. Such females  
appear,  therefore;  h ighly  sensi t ive to copulat ion.  

The p h e n o m e n o n  was fu r ther  inves t iga ted  by  va ry ing  
the  ra t io  of males to  females  while t he  popu la t ion  dens i ty  
in each cage was kep t  a p p r o x i m a t e l y  cons t an t  (20 or 21 
flies per  cage). The presence  of males  a lways reduced  the  
l i fespan of females, as shown in Table II .  In  the  case of 
13 ~ females crossed wi th  25 ~ males,  the  s t rong  reduc t ion  
increased wi th  p ropor t ion  of males.  

The le thal  effect  of males  on 13 ~ reared females was 
also clearly d e m o n s t r a t e d  in expe r imen t s  of i n t e r m i t t e n t  
copulat ion.  Groups ot ten  13 ~ females were mixed  t empo-  
rari ly wi th  groups of f i f teen 25 ~ reared young males, lResults 
ob ta ined  wi th  females al lowed to copulate  wi th  males 1 
day  each week are shown in Figure  1. D e a t h  of females  
main ly  occured dur ing the  4 or 5 days  following copulat ion.  
Surviving females were, however ,  no t  p ro t ec t ed  nor  
insensi t ive  to the  killing effect, since mos t  of t h e m  died 
la ter  as a consequence  of fu r the r  copulat ions.  

Dif ferent  periodici t ies  for male and  female confronta-  
t ions  were used and  the  general  curve is p resen ted  in 
Figure 2. Reduc t ion  of longevi ty  was p ropor t ionna l  to  
dura t ion  of presence of males. M a x i m u m  reduc t ion  was 
app rox ima te ly  a t t a ined  when  males were p resen t  1/4 of the  
t ime.  

In t e res t ing  resul ts  concerning  the  female phys io logy  
were also ob ta ined  f rom the  s t u d y  of egg ha tchabi l i ty .  
Da ta  f rom various crosses are indica ted  in Figure 3. As 
the  13 ~ reared males were sterile on emergence,  t h e y  were 
kept  a t  25 ~ for a week before crossing to  gain normal  
spe rm produc t ion  a. ( Interest ingly,  13 ~ virgin females 
s taged a week at  25 ~ did no t  acquire normal  res is tance  to  
copulat ion.)  The rear ing t e m p e r a t u r e  of b o t h  males and 
females was i m p o r t a n t  to egg ha tchab i l i ty :  25 ~ reared 
females were always more  fert i le t h a n  13 ~ females:  25 ~ 
females gave be t t e r  ha t ch ing  when  crossed wi th  25 ~ males 
t h a n  wi th  13 ~ males. W h e n  crossed w i t h  13 ~ males,  13 ~ 
females p roduced  numerous  viable larvae even when  a 
m o n t h  old (see Figure 3). Bu t  t h e  same females  crossed 
wi th  25 ~ males lost fer t i l i ty  quickly. E x a m i n a t i o n  of the  
unha t ched  eggs showed t h a t  mos t  of t h e m  were unfer t i l  
ized and did no t  conta in  dead  embryos .  Therefore,  the  
rapid  fer t i l i ty  decrease in the  13 ~ female • 25 ~ males  cross 
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Fig. 3. Effect of age on fertility (percentage of eggs hatching) of 
females reared at 13 ~ or 25 ~ and crossed with 13 ~ or 25 ~ reared males. 
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Table I. Mean longevities (days at 25 ~ of females crossed with males reared at 13 ~ or 25 ~ 

EXPERIENTIA 3 0 / 1 1  

Growth temperature of female 

13~ 25~ 

m ~ in  n 

Growth temperature of males 13 ~ 42.04 4- 1.99 70 58.88 4- 1.66 67 
25~ 20.49 4- 0.98 71 52.23 4- 0.87 69 

Differences (days) 21.55 4- 2.21 21.55 4- 2.21 6.65 4- 1.86 

Reduction (%) 51.3 11.3 

m, mean in days; n, number of females. 

Table II. Percentage of reduction of female longevity (compared to virgins) when the proportion of males was increased 

Growth temperature Reduction of longevity ( % ) 

? ~ (o) (0.5) (1) (1.5) (2) (3) 

25 ~ 25 ~ 0 
13~ 0 

13~ 13~ 0 
25~ 0 

18.48 18.00 18.27 21.99 22.33 
12.18 14.36 19.70 21.63 

18.56 14.78 19.98 20.93 21.12 
40.05 46.78 46.70 52.34 65.92 

Values in parentheses are numbers of males per female. 

appea red  as ano the r  ha rmfu l  effect  of copulat ion.  This 
decrease p robab ly  ref lected a complex  physiological  
a l tera t ion in the  surviving females.  

W h y  are only 25 ~ reared males c l e a r l y  ha rmfu l  to 
females  ? Direct  observa t ions  reveal  t h a t  t h e y  are m u c h  
more  act ive and m u c h  more  able to  copula te  t h a n  are 
13 ~ individuals ,  even those  s taged a week at  25~ 7. The 
noxious influence of the  males thus  seems main ly  correlat-  
ed wi th  their  general  vi tal i ty ,  sexual  ac t iv i ty  and  aggres- 
slyness. 

Life dura t ion  is longer in virgin t h a n  in m a t e d  fe- 
maIesS-1% Egg  p roduc t ion  is less in virgin females, hence 
a lower metabo l i sm could allow t h e m  a grea ter  l ifespan. 
This exp lana t ion  was f irs t  con tes ted  b y  KUMMER tO, who 
suggested a direct ,  noxious  effect  of copulat ion.  I t  was 
also d e m o n s t r a t e d  t h a t  decreasing the  egg p roduc t ion  
b y  lowering the  a m o u n t  of ingested food did no t  resul t  in 
increase of lifespan~< I t  is thus  p robab le  tha t ,  for a 
Drosophila female, copula t ion  is a lways somewha t  
deleterious.  The d r ama t i c  effect  observed in the  13 ~ 
reared females could be mere ly  an exaggera t ion  of t he  
usual process, such females hav ing  increased sens i t iv i ty  
to  copulat ion.  D e a t h  of the  females could be p roduced  by  
mechanica l  t r auma t i sm ,  nervous  stress or toxic  influence 
of the  male seminal  fluid. These di f ferent  hypo theses  were 
tes ted  bu t  resul ts  remain  inconclusive.  

The reproduc t ive  incompat ib i l i ty  be tween  flies of the  
same geno type  descr ibed here appears  as a new pheno-  
m e n o n  cons t i tu t ing  a new kind of sexual isolat ion or 
selection in ma t ing  (syngamic isolation). S t u d y  of th is  
p h e n o m e n o n  in o ther  species is desirable.  Analogous 
results  have  a l ready been ob ta ined  wi th  o ther  Drosophila 
strains.  I t  is possible th is  is a par t icu lar  case of the  general  
effect  of env i ronmenta l  factors  on reproduc t ive  compat i -  
bi l i ty 1~. 

Rdsumd. La t emp6ra tu re  subie au cours du d6veloppe- 
m e n t  modif ie  de fa$on profonde  et irr6versible la physio-  
logie des drosophiles  adultes.  Lorsque des femelles 
61ev6es ~ 13~ sont  crois6es avec des ingles 61errs ~ 25~ 
on observe une v6ri table incompat ib i l i t6  reproductr ice ,  
qui se t r adu i t  pa r  une d iminu t ion  rapide  du pourcen tage  
d '6closion des oeufs et  pa r  la m o r t  pr6matur6e  des femelles. 
Seuls les ms 61ev6s ~ 25 ~ et  sexuel lement  tr6s actifs  
exercent  cet  effet  nocif. R6c iproquement ,  seules les 
femelles 61ev6es ~ basse t emp6ra tu re  p r~sen ten t  ce t te  
hypersensibi l i t6  ~ la copulat ion.  Plusieurs  hypoth6ses  
p e u v e n t  ac tue l lement  6tre envisag6es pour  expl iquer  le 
ph6nom~ne.  
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