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Fig. 3. The free glutamate/total free amino acid concentration ratio 
is shown on the Y-axis. Each tissue is shown at 2, 4, 10 and 25-day 
periods following crushing (between DR1 and DR2 as in Figure 1) 
on the X-axis. The arrow points to the control value glutamate/free 
amino acid concentration ratio obtained in each particular time peri- 
od. The bar for each tissue on the X-axis represents the glutamate/free 
amino acid concentration ratio, and the line above this is the standard 
deviation. The significance of the difference between control and 
crush tissue was tested by the Student's t-test. The number of X's 
at the base of each bar represents the level of significance of this 
difference; X = 5%, XX = 2.5% and XXX = 0.5% level of 
significance. 

crushing,  no t  on  abso lu te  g rounds  (per g t issue),  b u t  on  a 
re la t ive  basis  (expressed as t he  r a t io  of free g l u t a m a t e /  
t o t a l  free amino  acid concen t ra t ions ) .  Pe rhaps ,  however ,  
a s ign i f ican t  free g l u t a m a t e  c o n c e n t r a t i o n  decrease  could 
be  de tec ted  a t  t imes  ear l ier  t h a n  25 days  if a v e r y  large 
sample  size was used w i t h  d a t a  expressed  pe r  g t i ssue  
only.  A l t h o u g h  th i s  m a y  sugges t  t h a t  t he re  is a decrease  
in free g l u t a m a t e  in  t he  dorsa l  sensory  n e u r o n  fol lowing 
i i l jufy,  some add i t i ona l  diff icul t ies  m u s t  be cons idered  
before  th i s  conclus ion is rel iable.  Dis ta l  to  t h e  i n j u r y  t he re  

i s  comple te  degene ra t i on  of t he  s epa ra t ed  axons  1~ w i t h  
phagocy t i c  sa te l l i te  cells b r e a k i n g  down axona l  debr i s  is. 
The  p ro teo ly t i c  a c t i v i t y  of t he  sa te l l i te  cells m a y  cause  
free g l u t a m a t e  increases  wh ich  cancel  a n y  decreased  
a x o n a l  g l u t a m a t e  w h e n  m e a s u r e d  on  a t i ssue  basis.  
P r o x i m a l  to  t he  in jury ,  t he  i n t a c t  axons  regrow in a n  
a t t e m p t  to  r e i n n e r v a t e  t h e  end  o rgan  lL I t  is n o t  ye t  
k n o w n  w h e t h e r  t he  t o t a l  free a m i n o  acid increase  ob- 
served  p r o x i m a l l y  here  is n e u r o n a l  or e x t r a n e u r o n a l  in  
na tu re ,  a l t h o u g h  free g l u t a m a t e  is dec reas ing  re l a t ive  to  
t o t a l  free amino  acids a t  a g rea t  d i s t ance  p r o x i m a l  to  t he  
crush.  Therefore,  t he  resul t s  of t h i s  s tudy~,  and  t he  fac t  
t h a t  g l u t a m a t e  is such  an  ac t ive  s u b s t a n c e  of widespread  
i m p o r t a n c e  6, ind ica te  t h a t  one m u s t  ask  t he  fol lowing 
th r ee  ques t ions  concern ing  such  da ta .  1. H o w  i m p o r t a n t  
are such  o b s e r v a t i o n s  in Showing w h e t h e r  or  n o t  g l u t a m a t e  
is a synap t i c  t r a n s m i t t e r  ? 2. How specific are such  c rush  
effects on  free g l u t a m a t e  levels where  one is r e a s o n a b l y  
sure i t  is a synap t i c  t r a n s m i t t e r  as opposed  to  where  i t  is 
no t  a t r a n s m i t t e r  ? 3. W h a t  amino  acid changes  fol lowing 
a x o n a l  c rush  or sec t ion  are associa ted  w i t h  the  axons  a n d  
wh ich  are associa ted  w i t h  sa te l l i te  cells ? 

IT j .  Z. YouNG, Adv. Surg. 1, 165 (1949). 
18 M. SINGER and M. C. STEINBERG, Am. J. Anat. 133, 51 (1972). 

Long-Chain (Z)-9-Alkenes are 'Psychedelics' to Houseflies with Regard to Visually Stimulated 
Sex Attraction and Aggregation 

I. lP~ICHTER, H. KRAIN a n d  H. K. MANGOLD 

Bundesanstalt /fir FeH/orschung, Piusallee 68-76, D-44 Miimter (German Federal Republic, BRD),  28 July  1975. 

Summary. Three  d i f fe ren t  t e s t s  on housef l ies  (Musca domestics L.) revea led  t h a t  b o t h  phe romone- f r ee  pseudofl ies  a n d  
male  p a r t n e r  flies e x h i b i t  in  t h e  presence  of m i x t u r e s  of long-cha in  (Z)-9-alkenes or pure  (Z)-9-tr icosene e n h a n c e d  
re leas ing effects for  two  opt ica l  cues, wh ich  s t i m u l a t e  male  housef l i es  to  m a t i n g  s t r ikes  and  housefl ies  of b o t h  sexes 
to  aggrega t ion .  

B e h a v i o r a l  responses  of long-chMn (Z)-9-alkenes in  the  
male  housef ly ,  Musca domestics L. a re  be l ieved  to  be  
sex a t t r a c t i o n  l-a, sex s t i m u l a t i o n  8, exc i t emen t ,  m a t i n g  
and  o r i e n t a t i o n  ~. F u r t h e r m o r e ,  aggrega t ion  of b o t h  sexes 
of housefl ies  is a t t r i b u t e d  to  (Z)-9-tricoseneb,% Severa l  
homologous  c o m p o u n d s  show p h e r o m o n e  a c t i v i t y  3,*, 
especial ly  a 7 :3  m i x t u r e  of (Z)-9-tr icosene a n d  (Z)-9- 
hene icosene  4. A l t h o u g h  i t  is well  k n o w n  t h a t  v i sua l  
s t imul i  el ici t  s t rong  sex a t t r a c t i o n  ~ a n d  aggrega t ion  s, 
t h e  m u t u a l  i n t e r ac t i on  b e t w e e n  v isua l  and  o l fac tory  
s t imul i  in t he  housef ly  ha s  n o t  been  es tab l i shed  9. 

I n  t he  p r e sen t  s tudy ,  c o m b i n a t i o n s  of severa l  (Z)-9- 
a lkenes  were t e s t ed  to  e luc ida te  t h e i r  effect  on  the  be- 
h a v i o r  of housefl ies  in  c o n j u n c t i o n  w i t h  v i sua l  s t imuli .  
3 types  of t e s t s  were car r ied  out ,  each  ill t h e  absence  of 
p h e r o m o n e s  ( ' s t anda rds ' )  and  in t i le presence  of phero-  
mones :  1. The  well  e s tab l i shed  pseudof ly  t e s t  in  Pe t r i  

dishes2,a, 1~ in which  one pseudof ly  is exposed  to  2 ma le  
housef l ies ;  2. a modi f ied  pseudof ly  t e s t  in  P e t r i  dishes,  
in wh ich  two pseudofl ies  are  exposed to  1 male  housef ly ;  
a n d  3. a large-scale  t e s t  us ing  pseudof ly - f lypaper  s tr ips.  
I n  2. as well  as in 3. pseudofl ies  c o n t a i n i n g  no  phero-  
m o n e s  were employed  as ' con t ro l s '  in  t he  presence  of 
pseudofl ies  i m p r e g n a t e d  w i t h  phe romones .  

Material and methods. The  t e s t  ma te r i a l s  (I-VI), as 
shown  in Table  I, c o n t a i n e d  var ious  levels of b io logica l ly  
ac t ive  h y d r o c a r b o n s ,  such  as (Z)-9-heneicosene a,4, (Z)- 
9-docosene 3, ~, (Z)-9-tr icosene l-e, (Z) -9 - te t racosene  8, 4, a n d  
(Z)-9-pentacosene  ~. 

1. The  sho r t  r ange  ac t ion  of long-cha in  (Z)-9-alkenes 
on  t h e  sex a t t r a c t i o n  of male  housef l ies  was  s tud ied  
us ing  t h e  pseudof ly  t e s t  in  P e t r i  d ishes  2,3,1~ Covered 
P e t r i  dishes,  9 cm in d iamete r ,  each  w i t h  2 ma le  house-  
flies, 5 to  10 d old, f rom l a b o r a t o r y  cu l tu re  a n d  1 'pseudo-  
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fly '  (knot  m a d e  f rom b l a c k  shoelace),  p laced  in t h e  center ,  

were a r r a n g e d  on  a t ab l e  in 3 groups.  Tile t e s t s  were car-  

r ied ou t  a t  25~ be tw een  14.00 a n d  16.00 h u n d e r  b r i g h t  
d a y l i g h t  a n d  each  f ly was used  for  a single t e s t  only. A 
g roup  of 3 obse rvers  coun ted ,  each  a t  6 dishes  in  a n y  
single 30 min  session, t h e  n u m b e r  of m a t i n g  s t r ikes  f rom 
one f ly to  t he  a c c o m p a n y i n g  f ly as well  as to  t h e  pseudo-  
fly, w h i c h  was p r e t r e a t e d  w i t h  t he  t e s t  ma te r ia l .  

2. The  e x t e n t  of s h o r t  r a n g e  o r i e n t a t i o n  of ma le  house-  
flies to  o l fac to ry  s t imul i  b y  long-cha in  (Z)-9-alkenes 
was assayed  ill a modi f ied  pseudof ly  t e s t  in  P e t r i  dishes. 
Male housefl ies  were' t e s t e d  i nd i v i dua l l y  ill P e t r i  dishes,  
9 cm in d iamete r ,  c o n t a i n i n g  2 k n o t s  m a d e  f rom b l ack  
shoelace,  w h i c h  were s epa ra t ed  b y  5 cm f rom each  o ther .  
I n  ha l f  of t h e  dishes,  b o t h  pseudofl ies  were  t r e a t e d  w i t h  
10 ~1 of h e x a n e  a n d  t h e  so lven t  was  al lowed to  evapora t e .  
I l l  each  of t h e  r e m a i n i n g  dishes,  one k n o t  was  t r e a t e d  
w i t h  10 ~1 pu re  h e x a n e  a n d  t he  o the r  w i t h  100 vg of 
(Z)-9-tr icosene ~2 d i s so lved  in 10 ~1 hexane .  Af te r  eva-  
p o r a t i o n  of t h e  so lvent ,  t h e  t e s t s  were car r ied  o u t  a t  
28~ u n d e r  t h e  same cond i t ions  as above.  T he  n u m b e r  
of m a t i n g  s t r ikes  to  ' lef t '  a n d  ' r i gh t '  pseudofl ies  was  
c o u n t e d  s e p a r a t e l y  b y  a g roup  of 4 observers ,  each  a t  
6 dishes in  a n y  single 30 mil l  session. 

3. The  inf luence  of long-cha in  (Z)-9-alkenes on  t he  
aggrega t ion  b e h a v i o u r  of ma le  a n d  female  (1:1) house-  

Table I. Composition of mixtures of the (Z)-9-alkenes tested 

Test Percentagesof(Z)-9-alkenes 
material. 

C16 el? C18 Cl~ ego C21 C22 C2 a C24 C25 

I 2 1.5 2.5 88 6 
II 0.5 0.5 54 38 7 
III  1.5 97 1.5 
IV 4 22 11 59 4 
V 0.5 1 60 33 5.5 
VI Trace 3 96 1 

"Prepared from the seed oils of Brassicc~ napus (I and IV), Sim- 
mondsia chinensis (II and V) and Tropaeo[um mains (III and VI) 1I. 

Table II. Effect of long-chain (Z)-9-alkenes on male houseflies in 
tests in pseudofly-Petri dishes" 

Test materiaD Number of mating strikes o on 

flies was  i n v e s t i g a t e d  us ing  ' p seudof ly - f lypaper '  s t r ips  
as t r aps .  I n  th i s  t e s t  s y s t e m  the  pseudofl ies  w e r e  p r i n t e d  

on  Aeroxon| f lypaper  s t r ips  (4 • 80 era} in t h e  fo rm of 

300 b l ack  spots  of 5 m m  d iamete r ,  per  s tr ip.  Fo r  assays,  
b a t c h e s  of 5,000 to  12,500 housefl ies  f rom l a b o r a t o r y  
cu l tu res  were k e p t  on  a sugar  plus  w a t e r  d ie t  in  a 142 m a 
t e s t  r oom w i t h  4 windows.  W h e n  t h e  flies were 5 to  7 days  
old, 10 pseudof ly - f lypaper  s t r ips  were h u n g  f rom the  
ceiling (3 m high) ,  s epa ra t ed  b y  1 m f rom e a c h  other .  I n  
each  t e s t  series, 10 t r a p s  were exposed once to  t he  flies 
b e t w e e n  10.00 a n d  16.00 h a t  a b o u t  23~ E a c h  g roup  of 
flies was  t a k e n  for  2 consecu t ive  t e s t s  only,  I n  t he  ab-  
sence o f  (Z)-9-alkenes,  10 s t a n d a r d  series were r u n  in 
order  to  d e t e r m i n e  t he  bas ic  ave rage  pe rcen tages  of 
c ap tu re s  a t  each  of t he  t en  t r a p  pos i t ions .  The  sequence  
of pseudof ly - f lypaper  s tr ips,  i m p r e g n a t e d  w i t h  t h e  dif-  
f e r en t  m i x t u r e s  of (Z)-9-alkenes a n d  of c o n t r o l  s t r ips  
i nves t i ga t ed  s imul taneous ly ,  was  c h a n g e d  in all four  t e s t  
series. 

Results.  1. The  d a t a  o b t a i n e d  in t h e  t e s t s  w i t h  pseudo-  
f ly -Pe t r i  dishes,  as g iven  in Tab le  I I ,  show t h a t  in  s t an -  
da rds  t h e  ave rage  n u m b e r  of h o m o s e x u a I  m a t i n g  s t r ikes  
was 2 t imes  h ighe r  t h a n  copu la t ive  j u m p s  on  t he  pseudo-  
fly. I n  t h e  presence  of l o n g - c h a i n  {Z)-9-alkenes, however ,  
t he  n u m b e r  of m a t i n g  s t r ikes  o n t o  m a l e  flies was  in- 
c reased 2 to  3.6 t imes  a n d  on to  pseudofl ies  4.4 to  6.6 
t imes.  Thus ,  t h e  t o t a l  n u m b e r  of m a t i n g  s t r ikes  b e t w e e n  
fly-fly a n d  f ly-pseudof ly  r eached  t h e  same  abso lu te  level. 

2. I n  t he  modi f ied  vers ion  of t h e  t e s t s  ill pseudof ly-  
P e t r i  dishes,  192 males  were assayed  i nd iv idua l l y  for 
s t anda rds ,  b o t h  pseudofl ies  ill each  dish  be ing  free of 
(Z)-9-alkenes.  The  t o t a l  n u m b e r  of m a t i n g  s t r ikes  to  
' lef t '  a n d  ' r i gh t '  pseudofl ies  was  600 a n d  535, respect ively .  
The  double  d u m m y  tes t s  on  192 male  flies, each  ill P e t r i  
d ishes  c o n t a i n i n g  one pseudofly ,  i m p r e g n a t e d  w i t h  
100 ~g of (Z)-9-tr icosene 12, a n d  t h e  second pseudof ly  for 
control ,  were r u n  s imul taneous ly .  The  t o t a l  n u m b e r  of 
copu la t ive  s t r ikes  was 2,043 on  k n o t s  t r e a t e d  w i t h  (Z)- 
9-tr icosene,  a n d  1,236 on  k n o t s  for control .  Thus ,  t he  
n u m b e r  of m a t i n g  s t r ikes  c o m p a r e d  to  s t anda rds ,  r u n  in 
t he  absence  of (Z)-9-tricosene, was  increased  3.6 a n d  
2.2 t imes,  respect ively .  I n  one f o u r t h  of al l  t e s t s  (48 
males) car r ied  ou t  w i t h  (Z)-9-tr icosene,  t h e  n u m b e r  o f  
copu la t ive  s t r ikes  on  t h e  pseudof ly  i m p r e g n a t e d  w i t h  
(Z)-9-tr icosene (606 jumps)  was a l m o s t  equa l  to  t h a t  on  
t he  con t ro l  d u m m y  (575 jumps ) ,  

3. All  pseudof ly - f lypaper  s t r ips  agg rega t ed  b o t h  sexes 
of housefl ies,  males  p r e d o m i n a n t l y  a t  t h e  u p p e r  p a r t  a n d  
females  p r e d o m i n a n t l y  a t  t h e  lower  pa r t .  Tab le  I I I  shows 
t h a t  in  each  case t h e  n u m b e r  of males  t r a p p e d  was  2.7 

Male fly Pseudofly 

Standard 268 107 
I 542 (2.0) 526 (5.0) 
IV 657 (2.5) 701 {6.6) 

Standard 363 149 
i~ 816 (2.2) sos (5.4) 
V 774 (2.1) 652 (4.4) 

Standard 189 130 
I i i  684 (3.6) 693 (5.3) 
VI 597 (3.1) 501 (3.9) 

"Tests according to=,a, 1~ bl0 [xl hexane (for standards) or 100 p.g 
(Z)-9-alkenes dissolved ill 10 ~1 hexane were applied to each pseudo- 
fly and the solvent was allowed to evaporate, eCounted for 30 min 
using 168 male flies; in parentheses, times increased compared to 
standards tested simultaneously. 
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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 


