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Table III. Effect of long-chain (Z)-9-alkenes on both sexes (1 : 1) of 
houseflies in ~ests with pseudofly-flypaper strips 

Test- No. of TotM number Of Ratio Times increase 
m/~te~alb traps flies captured (male/female) ofcaptures 

(%) 

Standards 100 4248 2.7 

Controls 16 1312 3.0 128 
I" 4 467 5.7 2.4 
I I  4 679 3.3 2,5 
HI 4 442 2.7 2.4 
IV 4 398 3.5 2.5 
V. 4 462 3.4 1.7 
VI 4 657 3.9 2.7 

~Tests on 55000:houseflies (total) at 22 to 24~ in 14 six-hour test 
series using 10 flypaper strips, each, wit-h 300 black spots (5 mm fg). 
b 2.5 ml hexane, for standards (10 test series) or 125 mg (Z)-9-alkenes 
dissolved in 2.5 ml hexane, for tests (4 test series) and 2;5 ml hexane, 
for control strips ruI1 Simultaneously, were applied to each trap and 
the solvent was allowed to evaporate. 

to 5.7 t imes higher  t h a n  t h a t  of femMes, though  in the  
tGSt room the  s~arting rat ios of t he  sexes was I : I. In  t he  
presence of 10ng-chain (Z)-9-alkenes, bo th  t raps  impreg-  
na ted  wi th  these :compounds  and those not  impregna ted  
caught  m o r e  flies compared  t o  s tandards  run in the  
absence of the  u n s a t u r a t e d  hydrocarbons,  The efficiency 
of the  pseudofly-f lypaper  strips loaded wi th  tes t  mater ia l  
V, which conta ined the  smallest  propor t ion  of biologi- 
cal ly ac t ive  (Z):~9-alkenes 3,4 was  increased by  a fac tor  
of 1.7, whereas t h a t  of the  controls, run s imultaneously,  
was  increased by  a factor  o f  1.8. The  percentages of 
c ap tu re s  of all o t h e r  t raps  impregna ted  wi th  (Z)-9- 
alkenes were  increased 2.4 to 2.7 t imes.  

Discusslo:n. The results obta ined  wi th  houseflies show 
t h a t  a wide  spec t rum of long-chain (Z)-9-alkenes, in 
v a r y i n g c o m b i n a t i o n s ,  exhibit ,  bo th  qua l i t a t ive ly  and 
quant i ta t ive ly ;  the  same behaviora l  responses, depending 
u p o n  the  different  visual  signals in the  tests using 
p:seUdofly-Petri dishes and pseudof ly-f lypaper  strips. 

R e c e n t l y ,  (Z) '9 ' tr i60sene has  been character ized as a 
short  r ange  sex pheromone  1~. In  the  present  s tudy  (Z)- 
9-tricosene did not  give clear evidence for short  range 

or ienta t ion of male  houseflies to the  source of odor in 
t he  modified pseudofly tests  using Pe t r i  dishes, a l though 
i t  is well  known t h a t  houseflies pay  a t t en t ion  to  near ly  
any  odor a t  a shor t  dis tance s. However ,  in the  presence 
of long-chain (Z)-9-alkenes the  opt ical  s t imuli  of sex 
a t t rac t ion  by  un t rea ted  pseudoflies (controls) exer ted  
an enhanced releasing effect, compared  to those in 
s tandard  tests  run  in the  absence of pheromones.  

The convent iona l  tests  wi th  pseudof ly-Pet r i  dishes 
also showed unequivocal ly ,  t h a t  in the  presence of long- 
chain (Z)-9-alkenes the  optical  s t imul i  of sex a t t rac t ion  
by  male pa r tne r  flies were enhanced,  compared  to those 
in the  s t a n d a r d  tests which were run  in the  absence of 
pheromones.  Similar  observat ions  have  been made  using 
benzene ext rac ts  of female houseflies 1~ 

Similarly,  in the  tests  using pseudof ly-f lypaper  strips, 
t i le visual  s t imuli  for aggregat ion provided  by  the  un- 
t rea ted  strips (controls) were po ten t ia ted  in the  presence 
of high dosages of long-chain (Z)-9-alkenes compared  to 
s tandards  run in the  absence of pheromones.  

On the  basis of all these findings, i t  is concluded t h a t  
the  threshold for optical  cues s t imula t ing  houseflies to 
sex a t t rac t ion  or aggregat ion is decreased in the  presence 
of long-chain (Z)-9-alkenes in the tes t  systems. Thus, 
long-chain (Z)-9-alkenes c a n  be considered 'psychedel ics '  
to houseflies wi• regard ~o visual ly  s t imnla ted  sex at-  
t rac t ion  and aggregation.  The  s ta te  of expanded  sensoric 
suscept ibi l i ty  is a character is t ic  effect of psychedel ic  
drugs. 

Sex a t t rac t ion  of male houseflies by  moving  pseudo- 
flies is no t  changed in the presence of long-chain  (Z)-9- 
alkenes 9, because the  releasing effect of such fast  mov ing  
dummies  is grea t ly  increased compared  to s ta t ic  female 
f ly modelsL In  tests  using plexiglas o l factometers  1,8,4 
or o ther  types  of t raps  5, ~ for the  assay of pheromones  on 
houseflies, visual  s t imuli  m a y  have  beert involved  to 
va ry ing  extents.  

The  results obta ined in tests using pseudofly-f lypapers  
show poor captures  compared  to the  to ta l  number  of 
flies present,  a l though bo th  o l fac tory  and visual  s t imuli  
were provided.  Therefore,  the  use of long-chain (Z)-9- 
alkenes or  o ther  ol factory s t imul i  s seems to be of minor  
Value for control  of the  housefly. 

13 p. A. LANGLEY, R. W. PIMLEY and D. A. CARLSON, Nature, 
Lond. 254, 51 (1975). 
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Summary. In  a short-circui ted prepara t ion  of ra t  j e junum,  there  are two sodium pumps,  one etectrogenic and the  o ther  
neutral ,  When  energy sources are l imited,  t h e  to t a l  sodium transfer  is l imited.  In  the  presence of a non-metabol ized  
ac t ive ly  t ransferred hexos e, the  electrogenic p u m p  is preferent ia l ly  used. The neut ra l  sodium p u m p  is only  able to 
funct ion when addi t ional  energy is availab!e.  

The absorpt ion of Na and cer ta in  hexoses by  the  small  
in tes t ine  are closely l inked 1-8. The s i tua t ion  in the  ra t  
j e junum in v i t ro  i s compl ica ted  by  there  being two dis- 
t inc t  Na  pumps,  one which is electrogenic and t h e  o ther  
which is non-electr0genie ~, 9. Na  t ransferred by  the  elec- 
trogenic mechanism g ives  rise ~o a t r ansmura l  po ten t ia l  
difference: and is l inked iI1 par t  to ac t ive  hexose transfer,  
while t h a t  t_ransferred by  the  non-electrogenic mechanism 

is l inked to hexose metabo l i sm and causes all increase in 
fluid absorpt ion.  The capac i ty  of t he  j e j unum to t ransfer  
Na  and the  re la t ionship be tween these two types  of Na 
p u m p  has been inves t iga ted  using a short-circui t ing 
technique.  

Materials and methods. Whi te  male rats  (220-250 g) 
were anaesthet ised wi th  i.p. pen tobarb i tone  sodium 
(Nembutal) .  The ~mal! in tes t ine  w~ts r emoved  and 
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Table I. Short-circuit current, fluid and Na transfers with different hexoses 

Hexose added �9 Fluid transfer Short-circuit current Net Na transfer 
(ml) (mA) ([zmole) ~ Qzmole) 

Mannitol (19) b (control) 0.13 ~ 0.01 1.13 ~ 0.06 21.1 ~2 1.1 48.9 • 1.9 
Glucose (12) 0.40 • 0.04 3.11 -4- 0.08 58.1 -4- 1.5 75.9 -4- 2.6 
Galactose (35) 0.19 -4- 0.01 2.67 • 0.04 49.9 :k 0.70 49.9 • 1.6 
m-Methyl glucoside (6) 0.21 ~ 0.03 2.60 ~ 0.08 48.7 -4- 1.4 52.1 -}- 4.8 
3-O-Methyl glucose (6) 0.16 • 0.02 2.56 • 0.15 47.8 • 2.8 53,2 • 4.1 
Fructose (6) 0.24 • 0.02 1.35 • 0.20 25.2 • 3.4 61.8 • 3.3 

28 mM hexose or mannitol initially present in both mucosal and serosal fluids, b The number of individual experiments, c Short-circuit cur- 
rent expressed as monovalent cation equivalent for 30 rain period. Values expressed as the mean -~ standard error of the mean of absolute 
values obtained from 8 cm sacs incubated for 30 min. 

eve r t ed  as descr ibed  b y  BARRY, MATTHEWS and  SMYTH 10. 
An 8 cm sac of m i d j e j u n u m  was a t t a ched  to  a cannula  
and  pos i t ioned  in the  appa ra tu s  i l lus t ra ted  in F igure  1. 
The in tes t ine  w a s  incuba ted  ill Krebs  Bica rbona te  saline 
to  which  d i f ferent  concen t ra t ions  of galactose and  man-  
ni tol  h a d  been added  to  make  a to ta l  osmot ic  con t r ibu t ion  
of 28 m M .  The t issue was shor t -c i rcu i ted  by  a m e t h o d  
similar  to  t h a t  used by  BARRY, SMYTH and  WRIGHT 7, 
correct ion being made  for solut ion res is tance  as descr ibed 
by  CLARKSON and  TOOLE 11. The in tes t ine  was shor t -  
c i rcui ted t h r o u g h o u t  t he  30 min  incuba t ion  period,  the  
cu r ren t  be ing ad jus ted  a t  1 rain in tervals .  A m e a n  shor t -  
circuit  cu r ren t  was ca lcula ted  for t he  30 min  per iod and  
expressed  as b o t h  mA and  ~zmole of tnonova len t  ca t ion  
t ransfer .  

Ne t  mucosa l  t rans fe rs  were e s t ima ted  d i rec t ly  as the  
to ta l  ne t  up t ake  in to  t he  combined  in tes t ina l  wall  and  
serosal  fluid. F lu id  t rans fe rs  were ca lcula ted  f rom the  
increase in the  we igh t  of t he  in tes t ine .  Na  concen t ra t ion  
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was e s t ima ted  by  f lame p h o t o m e t r y  and  galactose  by  
SOMOGYfS 12 modi f ica t ion  of t he  NELSON m e t h o d  la. 
In  calcula t ing t ransfers ,  a l lowance was made  for solutes 
p re sen t  in non - incuba t ed  sacs of in tes t ine .  

Results  and discussion. W h e n  sacs were shor t -c i rcui ted  
in the  presence  of 28 m M  galactose,  m-methyl glucoside 
or 3-O-methyl  glucose, the  ne t  Na t rans fe rs  were no t  
s ignif icant ly  d i f ferent  f rom those  ob ta ined  in t he  absence 
of added  sugar  (Table I), mann i to l  being added  to  main-  
t a in  t he  osmola r i ty  of the  incuba t ing  fluid cons tan t .  The 

' n e t  Na  t ransfers  also agreed well w i th  the  shor t -c i rcu i t  
cu r ren t  when  expressed as m o n o v a l e n t  ca t ion  equivalent .  
The shor t -c i rcui t  cu r ren t  is wide ly  regarded  as being a 
measure  of e lectrogenic ion m o v e m e n t  and  these  resul ts  
are in accord wi th  t he  w i d e l y  held view t h a t  Na  is t he  
ma jo r  ion impl icated.  However ,  when  incuba ted  wi th  
glucose or f ructose n o t  only  were there  ma rk ed  increases 
in b o t h  Na  t rans fe r  (p < 0.001 and  p < 0.01) and  fluid 
t rans fe rs  (p < 0.001 and  p < 0.001), b u t  t he  n e t  Na  
t r ans fe r  was also cons iderab ly  grea te r  t h a n  the  shor t -  
circuit  current .  Whi l s t  fluid and  Na t ransfers  were grea tes t  
w i t h  glucose, the  d i sc repancy  be tween  shor t -c i rcu i t  
current and net Na transfer was greatest with fructose. 
In the mannitol control, net Na transfer also exceeded 
short-circuit current. These results differ from those of 
BARRY et al. 7 who found an equivalence between short- 
circuit current and net Na transfer with glucose and man- 
nitol and a short-circuit current greater than net Na 
transfer with galactose and ~-methyl glucoside. However, 
their method depended on measuring transfers from the 
serosal surface of the isolated intestine and calculating 
steady state transfers for a 30 min period from those 
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Table II. Short-circuit current, Na and galaetose transfers at different initial galaetose concentrations 

EXPERIENTIA 32[2 

Galaetose concentration ~ Short-circuit current b Net Na transfer Galactose transfer 
(raM) (mA) (Ixmole) ([xmole) (ixmole) 

0 (19) 1.26 4- 0.06 23.5 4- 1.4 51.4 4. 2.9 -- 
1.0 (6) 1.47 • 0.07 26.2 4- 1.3 50.1 4. 3.4 7.7 4. 0.6 
1.5 (6) 1.49 4- 0.09 27.6 4- 1.9 49.0 =L 1.6 7.0 4- 0.7 
2.0 (6) 1.85 -- 0.09 34.5 4- 1.6 53.3 4- 3.4 11.5 4- 1.0 
5.0 (8) 2.14 4- 0.07 39.9 4- 1.3 50.2 4- 2.5 22.6 4. 2.2 

28.0 (35) 2.67 4- 0.04 49.9 4- 0.7 49.9 4- 1.6 36.0 4- 1.4 

a~annitol was added with gaIactose so that the totai added osmolarity was 28 mM at each galactose concentrations, bOther details and 
expression of results as in Table I. 

o b t a i n e d  in e x p e r i m e n t s  ove r  15 a n d  45 min.  I t  appea r s  
t h a t  Na  t rans fe r s  ca lcu la ted  f rom serosal  t r ans fe r s  are 
less t h a n  those  o b t a i n e d  f rom m e a s u r i n g  mucosa l  u p t a k e  
over  30 ra in  di rect ly .  

Di f fe ren t  hexoses  are h a n d l e d  in d i f fe ren t  ways  b y  the  
r a t  j e j u n u m  14. Galactose,  s - m e t h y l  glucoside, 3-O-methyl  
glucose and  glucose are ac t ive ly  t r an s f e r r ed  and  all these  
gave  rise to  an  a n t i c i p a t e d  increase  in t he  shor t - c i r cu i t  
cur ren t .  Of t he  sugars  used in these  expe r imen t s ,  on ly  
glucose and  f ructose  are me tabo l i zed  s ign i f i can t ly  b y  the  
r a t  j e j u n u m .  T h u s  on ly  w h e n  a me tabo l i zab l e  sugar  is 
p r e sen t  is the  ne t  Na  t r a n s f e r  increased  above  t he  con t ro l  
level  and  th i s  does n o t  cor re la te  w i t h  an  increased  shor t -  
c i rcui t  cur ren t .  I t  m a y  be in fe r red  t h a t  t he  t o t a l  c apac i t y  
of t h i s  p r e p a r a t i o n  to t r a n s f e r  N a  is re la ted  to t he  avai l -  
ab i l i ty  of ene rgy -p rov id ing  s u b s t r a t e s  and  in t he  absence  of 
such  e x t e r n a l l y  suppl ied  subs t ances  t h e  t r a n s f e r  of Na  is 
l imi ted  b y  t he  endogenous  ene rgy  resources  of t he  t issue. 

The  d i s c r epancy  b e t w e e n  Na  t r ans f e r  and  shor t -  
c i rcui t  c u r r e n t  u n d e r  ce r t a in  cond i t ions  m a y  resu l t  f rom 
the  ope ra t i on  of a n e u t r a l  Na  p u m p .  I t  would a p p e a r  t h a t  
th i s  p u m p  can  ut i l ize  endogenous  s u b s t r a t e s  if t h e y  are 
avai lable ,  i.e. such  as when  no ac t ive ly  t r an s f e r r ed  hexose  
is p resen t ,  b u t  is s t i m u l a t e d  b y  ti le add i t i on  of a metabo l iz -  
able  s u b s t r a t e  such  as glucose. 

The  r e l a t i onsh ip  be t w een  t he  e lectrogenic  a n d  t he  
n e u t r a l  N a  p u m p s  was i n v e s t i g a t e d  f u r t h e r  b y  i n c u b a t i n g  
t he  in te s t ine  w i t h  d i f fe ren t  c o n c e n t r a t i o n s  of galac tose  
(Table  I I ) .  The  t o t a l  ne t  N a  t r ans f e r  r e m a i n e d  c o n s t a n t  a t  
all galactose  c o n c e n t r a t i o n s  as in  t he  absence  of galactose.  

However ,  w i t h  inc reas ing  c o n c e n t r a t i o n  of galactose,  t he  
ne t  ga lac tose  t r a n s f e r  increased  and  the re  was a cor respon-  
d ing  increase  in shor t - c i r cu i t  cu r ren t .  The  re la t ive  con t r i -  
bu t i ons  of t he  two N a  p u m p s  in t he  absence  of galac tose  are 
s imi la r  (Figure 2). B u t  as t he  galac tose  c o n c e n t r a t i o n  in- 
creases, t he  increase  in e lec t rogenic  Na  t r a n s f e r  is ref lec ted  
b y  a decrease  in non-e lec t rogenic  t r a n s f e r  un t i l  a t  all  in i t ia l  
ga lac tose  c o n c e n t r a t i o n  of 28 m M  all t he  N a  is t r a n s -  
ferred b y  t he  e lect rogenic  p a t h w a y s .  As t h e  hexose  l inked  
N a  t r a n s f e r  increases,  Na  is d ive r t ed  f rom t h e  n e u t r a l  
p u m p  a n d  t he  e lec t rogenic  p u m p  becomes  p r e d o m i n a n t .  
I t  is possible  t h a t  t he  resu l t s  could be exp la ined  on  t he  
basis  of a single N a  p u m p ,  wh ich  b e h a v e s  as a n e u t r a l  
p u m p  in t he  absence  of a c t i v e l y  t r an s f e r r ed  sugar ,  b u t  in  
i ts  presence  shows a decreased  coupl ing  w i t h  inc reas ing  
c o n c e n t r a t i o n s  of sugar.  W h i l s t  no t  exc lud ing  t h i s  
possibi l i ty ,  t h e  s imples t  model  a t  p r e s e n t  would  seem to  
be  t h a t  of two sepa ra t e  p u m p s  whose  s u m m e d  a c t i v i t y  
would  depend  on  t he  a v a i l a b i l i t y  of ene rgy  f rom the  
cell 's  me tabo l i sm.  In  e i the r  case, th i s  does n o t  ind ica te  
the  n a t u r e  of t he  coupl ing  ion, w h e t h e r  an  a n i o n  m o v i n g  
in t h e  same d i rec t ion  as N a  or a ca t ion  in t he  oppos i te  
d i rect ion.  I t  is hoped  to p r e s e n t  ev idence  conce rn ing  t he  
n a t u r e  of t he  coupl ing  in a l a t e r  c o m m u n i c a t i o n .  

In  conclusion,  the  resul t s  o b t a i n e d  in t he  in v i t ro  
shor t -c i rcu i ted  r a t  j e j u n u m ,  u n d e r  cond i t ions  of l imi ted  
ene rgy  sources, sugges t  t h a t  w h e n  a n  ac t ive ly  t r a n s f e r r e d  
hexose  is p r e s e n t  t he  e lect rogenic  p u m p  is p re fe ren t i a l ly  
used a n d  t he  n e u t r a l  Na  p u m p  is on ly  able  to  func t i on  
w h e n  a d d i t i o n a l  ene rgy  is avai lable .  
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Fig. 2. Na transfers, non-electrogenie and electrogenic, at different 
initial galactose concentrations. 
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