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ac t iva t ion  of h u m a n  fat  cell adeny la t e  cyclase 2. A l though  
adeny la t e  cyclase was no t  d i rec t ly  inves t iga ted ,  t he  
p resen t  resul ts  argue s t rong ly  in favour  of such a mecha-  
nism, which,  as shown previously ,  does no t  involve  the  
des t ruc t ion  of c~-adrenergic receptors2.  
The p resen t  s t u d y  also shows t h a t  such a 'permiss ive '  
effect  of t r yps in  does  no t  app ly  only  to  ca techolamine-  
induced  lipolysis. In  fact ,  we found t h a t  t he  t ryps in -  
t r e a t m e n t  of h u m a n  fa t  cells also i l lereased the  l ipolyt ic  
response  and  the  cAMP accumula t ion  induced  by  theo-  
phyl l ine  concen t ra t ion  p roduc ing  ha l f -max imal  s t imu-  
la t ion of lipolysis. Never theless ,  the  max ima l  l ipolyt ic  
response  of h u m a n  fa t  ceils to  theophyl l ine  was found  
una l te red  af ter  t r y p s i n - t r e a t m e n t .  
The above-descr ibed  modif ica t ions  induced by  t ryps in  in 
h u m a n  fa t  cells are comparab le  wi th  those  exer ted  by  
g rowth  ho rmone  (GH) + glucocort icoid in the  ra t  onesT. 
In  fact ,  it  was r epor ted  t h a t  these ho rmones  increase 
norep inephr ine-  and  theophyl l ine - induced  lipolysis, b u t  
fail to affect  b o t h  the  d ibu tyry l -cyc l ic  AMP- induced  one 
and  the  m ax ima l  I ipolytic response of r a t  ad ipocy tes  
to theophyl l ine  and ca techolamines  7,8. Fu r the rmore ,  
despi te  its non-effec t iveness  on the  basal  adeny la t e  
cyclase ac t iv i ty  of ra t  fa t  cell ghosts ,  GH was shown to 
increase the  sens i t iv i ty  of th is  enzyme to ca techolamines  9, 
an effect  which was p r e v e n t e d  by  inhib i tors  of R N A -  
syn thes i s  9. I t  was thus  concluded t h a t  GH affects  lipolysis 
t h rough  increased syn thes i s  of a p lasma m e m b r a n e  
protein(s) which may  enhance  the  abi l i ty  of ca techol-  
amines  to ac t iva te  adeny la t e  cyclase 9. 

In  the  case of h u m a n  fa t  cells, syn thes i s  of such a p ro te in  
could also expla in  the  modi f ica t ions  of lipolysis found 
af ter  t ryps ina t ion .  In  a previous  r epo r t  S, we suggested 
t h a t  t ryps in  inac t iva tes  a m e m b r a n o u s  protein(s)  which  
m a y  usual ly p r e v e n t  the  b inding of ca teeholamines  to  
h u m a n  fa t  cells or inh ib i t  the  t r ansmiss ion  of the  appro-  
pr ia te  signals f rom the  fl-receptors to adeny la t e  cyclase. 
Recen t  expe r imen t s  1~ h a v e  shown,  however ,  t h a t  cate-  
cho lamine-b ind ing  to  h u m a n  fa t  ceils was  un impa i red  
a f t e r  t r y p s i n - t r e a t m e n t .  
Anyhow,  such modif ica t ions  in p l a sma  m e m b r a n e  pro te ins  
would no t  explain  the  p re sen t  resul ts  concern ing  the  
'permiss ive '  effect  of t ryps in  on theophy l l ine - induced  
lipolysis. In  fact,  because of the  wel l -known inh ib i to ry  
act ion of theophyl l ine  upon  P D E  ~ and of the  cytosol ic  
local izat ion of these  enzymes  in h u m a n  fa t  cells n, i t  
appears  unl ikely t h a t  the  'permiss ive '  effect  of t ryps in  
on theophyl l ine - induced  lipolysis could resul t  f rom a 
d i rec t  ac t ion of t ryps in  on P D E .  E x p l a n a t i o n  of th is  
'permiss ive '  effect  requires  the  e s t ab l i s h men t  t h a t  the  
inhib i t ion  of P D E  m a y  be the  only  way  of act ion of 
theophyl l ine  on lipolysis in h u m a n  fat  cells. 
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Summary. E t h a n o l  given to otherwise  s t a rved  Drosophila adul t s  can increase their  survival  f rom 2.5 to 8 days.  Similar  
results  were ob ta ined  when  only  alcohol vapor  was accessible to the  flies, d e m o n s t r a t i n g  the  possibi l i ty  of s ignif icant  
feeding th rough  the i r  respira t ion.  This  physiological  capac i ty  could be useful in wild condi t ions .  

Among  all p resen t ly  known Drosophila species, D. melano- 
gaster is charac ter ized  by  a very  high tolerance to e thanol  2 
(and unpubl i shed  data)  which  allows its d e v e l o p m e n t  on 
the  surface of f e rmen t ing  wine jars, on subs t r a t e s  of ten 
conta in ing  10~ of alcohol. This to lerance is due to a very  
act ive alcohol dehydrogenase  (ADH) 3: af ter  its de toxi -  
f icat ion,  alcohol is used as an energy  source as shown by  
the  increase in l ifespan of s t a rved  adults~, 5. 
Since alcohol is volati le,  long exper imen ta l  t es t s  are diffi- 
cul t  to  run  and  it is no t  easy  to know tile exac t  concen-  
t r a t ion  which reaches  the  flies. In  our previous  studies,  
tox ic i ty  measu remen t s  were made  by  placing the  adul t s  
in air t i gh t  plast ic  tubes  conta in ing  an alcoholic solut ion 
adsorbed  on cellulose wool 2,3. For  the  s t u d y  of alcohol 
ut i l izat ion,  flies were kep t  in ven t i l a ted  cages ~ and the  
alcoholic solut ion was incorpora ted  to an agar  gel. In  
these exper iments ,  the  flies were able to ingest  alcohol 
bu t  it  was also supposed t h a t  some alcohol could also 
pene t r a t e  d i rec t ly  into the  b o d y  th rough  respirat ion.  
The presen t  work was unde r t aken  to tes t  th is  hypo thes i s :  
we show t h a t  t he  feeding value of e thanol  is a lmos t  the  
same when only  vapors  are p rov ided  as when  adul t s  have  
a d i rect  access to the  solution.  Two exper imen ta l  tech-  

n iques  were compared .  In  the  first, flies were kep t  in a 
double,  ven t i l a t ed  cage. In  the  second,  t h e y  were p u t  m 
the  upper  c o m p a r t m e n t  of an a i r - t ight  tube.  Schemes and  
fu r the r  exp lana t ions  are given in figure 1. W i t h  bo th  
techniques ,  cont ro l  expe r imen t s  were made  in which flies 
had  a di rect  access to the  alcoholic solution.  
The results,  ob ta ined  wi th  F~ he te rozygo tes  issued f rom 
a cross be tween 2 l abora to ry  strains,  are shown in figure 2. 
Wi th  the  ven t i l a t ed  cage t echn ique  (figure 2A), life dura-  
t ion of controls  increased wi th  alcohol concen t ra t ion  up 
to  an o p t i m u m  of abou t  10% and t h e n  decreased a lmos t  
l inearly.  W h e n  flies had  no access to  the  alcoholic solution,  
a fairly similar  curve was observed  b u t  the  toxic  effects 
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were less p ronounced  : even wi th  an e thano l  concen t r a t ion  
of 64% in the  unaccessible  c o m p a r t m e n t  of the  cage, a 
s ignif icant  increase of surviva l  dura t ion  was  observed.  
W i t h  a i r - t ight  tubes  (figure 2B) an increase in l i fespan 
was also observed  wi th  low concen t ra t ions  of alcohol. As 
previously,  an increase in life expec t ancy  due to  alcohol 
vapor  a lone was obse rved  and  the  slope of t he  decreas ing 
p a r t  of the  curve was also lower t h a n  for t he  controls .  
Differences wi th  the  resul ts  of figure 2A are to  be no ted :  
a) the  o p t i m u m  concen t ra t ion  was much  lower, abou t  4% 
ins tead  of 10%; b) the  m a x i m u m  survival  was lower, 
abou t  140 h ins tead  of 200; c) the  m a x i m u m  lifespan was 
s ignif icant ly  shor t e r  when  the  flies received only  alcohol 
vapor .  
Our resul ts  conf i rm t h a t  alcohol is easily used by  Droso- 
phila adults ,  a l though  the  m a x i m u m  increase in l i fespan 
is much  less t h a n  wi th  a sugar 8. This difference is p rob ab l y  
due to toxic  effects of h igh alcohol concent ra t ions .  Differ- 
ences associa ted  w i t h  t echn ique  seem easy to  in t e rp re t e :  
wi th  ven t i l a t ed  cages, some of the  alcohol evapora tes  and  
is lost, so t h a t  h igher  concen t ra t ions  are needed  to reach 
o p t i m u m  and  toxic  levels. W i t h  the  closed tube  technique ,  
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the  lower m a x i m u m  l ifespan could be due to t he  fact  tha t ,  
in th is  case, flies were s u b m i t t e d  n o t  only  to  alcohol b u t  
also to  a noxious  effect  of a par t i a l  anoxia.  
The mos t  in te res t ing  resul t  is the  good surviva l  observed 
when only  alcohol vapor  is available.  Only in one case 
(air- t ight  tubes)  was the  m a x i m u m  lifespan shor te r  t h a n  
wi th  contro l  flies. This  difference could be expla ined  b y  
the  fac t  tha t ,  in th is  case, adul t s  which  were s u b m i t t e d  to  
alcohol vapor ,  had  no wa te r  to dr ink.  
W h e n  alcohol is inges ted  i t  is p robab le  tha t ,  in Drosophila 
as in mammals ,  i t  crosses the  in tes t ina l  barr ier  and  enters  
the  blood. Furn i sh ing  the  vapor  avoids  th is  barr ier  and  
allows d i rec t  dissolut ion in to  t he  h e m o l y m p h .  Therefore,  
alcohol vapor  can be metabol ized  and  used for energy  
p roduc t ion ;  such a process could p ro b ab l y  occur w i th  
several  o the r  volat i le  compounds  and in m a n y  di f ferent  
species. D. melanogaster adul t s  are p robab ly  the  bes t  ex- 
pe r imen ta l  mate r ia l  for d e m o n s t r a t i n g  th is  p h e n o m e n o n  
because t h e y  to le ra te  high concen t ra t ions  of alcohol and  
because the i r  life expec t ancy  is grea t ly  increased by  an 
energy  source only. 
I t  has  recen t ly  been shown t h a t  e thanol  is a ve ry  s ignif icant  
p a r a m e t e r  in Drosophila ecologyL Adul t s  are a t t r ac t ed  
by  e thanol  and  o the r  p roduc t s  of the  alcoholic fe rmenta -  
t ion  which  ac t  as odoriferous signals for feeding and ovi- 
posi t ion sites. W h e n  a site is discovered,  Drosophila adul t s  
fill the i r  crop, inges t ing  m a n y  yeas t  cells. They  also of ten  
s t ay  for a long t ime  on the  food, en te r ing  the  small  cavi t ies  
of f e rment ing  fruits .  I t  is likely, a l though  no precise 
m e a s u r e m e n t s  are available,  tha t ,  in such cavities,  the  
concen t ra t ion  of alcohol vapor  can reach a fairly high 
level. The capac i ty  of Drosophila adul t s  to use nu t r i t ive  
vapors  could be s ignif icant ly  useful to  wild flies, as has  
recent ly  been sugges ted  s. 

Fig. 1. Techniques used for testing the nutritive value of alcohol 
vapor. A Ventilated cage; B air tight tube. (a Wire screen; b agar and 
water; c agar gel with alcohol solution; d alcohol solution; in all cases, 
flies were kept in the compartment 1.) 
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Fig. 2. Variation of lifespan of Drosophila adults as a function of 
ethanol concentration. A Experiment in ventilated cages; B ex- 
periments in air tight tubes. 0, Control flies having direct access to 
the alcohol solution; • experimental flies to which only alcohol 
vapor was available. Vertical bars indicate confidence intervals of 
means; each point corresponds to results on 200 flies (control curve) 
or 100 flies (experimental curves); males and females gave similar 
results and were averaged. 
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