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Effect  of  V a p o r  Repe l l en t s  on  the Elec tr ica l  R e s p o n s e  of  Insec t  A n t e n n a  

The  p r o b l e m  of f i nd ing  su i t ab l e  chemica l  r epe l l en t s  
for p r o t e c t i o n  of man ,  a n i m a l s  a n d  c o m m o d i t i e s  f rom 
i n s e c t  b i t e s  a n d  d a m a g e s  is rece iv ing  eve r - inc reas ing  
a t t e n t i o n .  

B e h a v i o r a l  response  is t he  on ly  c r i t e r i on  c u r r e n t l y  used 
for e v a l u a t i n g  t he  eff ic iency of repel lents .  S tud ies  con- 
ce rn ing  t h e  phys io logica l  effect  of r epe l l en t s  h a v e  so far  
been  v e r y  l imi ted :  Recen t ly ,  record ings  h a v e  been  m a d e  
of t he  e lect r ica l  response  of s ingle o l fac tory  sense cells in  
mosqu i toes  s t i m u l a t e d  b y  repe l l en t s  1. I n  t he  p r e s en t  s tudy ,  
changes  in t he  e l e c t r o a n t e n n o g r a m  (EAG) response  to  
a m y l a c e t a t e  were recorded  whi le  expos ing  cockroach  (fe- 
male  Periplaneta americana) a n t e n n a  to  v a p o r s  of va r ious  
chemicals ,  i nc lud ing  repel lents .  An a t t e m p t  was m a d e  to  
re la te  t he  e lect r ica l  response  of t he  a n t e n n a  to  the  be-  
h a v i o r a l  r eac t ion  of t he  insec t  exposed to t he  same  che- 
micals .  

Materials and methods. A m y l a c e t a t e  was  used as a s t an -  
da rd  s t imu lus  for t he  cockroach  because  of i t s  r e p r o d u c i b l e  
effect  on  the  a n t e n n a l  e lectr ical  response  as wel l  as on t h e  
b e h a v i o r a l  response,  wh ich  is n o r m a l l y  m a n i f e s t e d  b y  a n  
i m m e d i a t e  r ap id  m o v e m e n t .  The  fol lowing chemica l s  were 
t e s t ed  in t he  v a p o r  phase  for  t h e i r  effect  on t h e  E A G  a n d  
on t he  b e h a v i o r a l  response  to a m y l a c e t a t e  : fo rmaldehyde ,  
p ropana l ,  b u t a n a l ,  p o t a s s i u m  cyanide ,  e t hy l ace t a t e ,  
D E E T  (N ,N-d ie thy l -m- to luamide ) ,  R-11 (2, 3, 4, 5-bis 
(2 -bu ty lene  t e t r ahyd ro fu r fu ra l ) ) ,  MGK-264  (N (2-ethyl-  
hexyl)  bicylo-2,2,  l - h e p t e n e - 2 , 3  d i c a r b o x a n a m i d e  ) a n d  
glycerol .  

S c h e m a t i c  d r awing  of t h e  s t i m u l a t i o n  and  t he  E A G  re- 
co rd ing  process  are g iven  in F igure  1. T he  insect  was  t i ed  
w i t h  m a s k i n g  t a p e  a n d  f a s t ened  to a glass p la te ,  v e n t r a l  
side down,  l eav ing  one free a n t e n n a .  The  l a t t e r  was  t h r ead -  
ed pe rpend icu la r ly ,  up  to i t s  mid- l eng th ;  t h r o u g h  2 smal l  
holes in  a glass t u b e  of 9 m m  ~ ,  which  was atso f a s t ened  
to t h e  glass p la te .  T he  ho les  a r o u n d  t he  a n t e n n a  were 
sealed off w i t h  p a r a f i n  wax  of a low m e l t i n g  po in t .  S t imu-  
l a t ion  was accompl i shed  b y  con t inous ly  b lowing  a i r  t h r o u g h  
2 glass t ubes  of 7 m m  2~ a t  a r a t e  of 3 l / ra in  pe r  tube .  The  
air  in  one t u b e  was e i the r  d i r ec ted  t h r o u g h  a f lask (100 ml) 
c o n t a i n i n g  t he  e x p e r i m e n t a l  chemical ,  or bypassed  i t  ; t h e  
a i r  in  t h e  second t u b e  was e i t h e r  d i rec ted  t h r o u g h  a s imi-  
lar  f lask  fi l led w i th  a m y l a c e t a t e  or, again,  bypas sed  it. 
The  chemica l s  t e s t ed  were in t h e  l iquid fo rm;  t he i r  ex-  
posed a rea  in the  f lask was 27 cm 2. Af te r  pass ing  t he  f lasks 
t he  s t r e a m  of a i r  could  be  i n t e r c h a n g e d  w i t h  t h e  a id  of a 
four -way  solenoid valve .  One ex i t  of t he  va lve  was  con- 
nec t ed  to  t he  t u b e  t h r o u g h  wh ich  t he  cockroach  a n t e n n a  
yeas t h r e a d e d ;  a t u b e  f rom t h e  o t h e r  ex i t  bypas sed  t h e  

insec t  and  jo ined  t he  f i rs t  t u b e  f o r m i n g  a single t u b e  
wh ich  led t he  a i r -borne  chemica l s  ou t  of t h e  room. 

F o r  E A G  recordings  essen t ia l ly  t he  s ame  p rocedure  as 
descr ibed  b y  SCHNEIDER 2 and  b y  BOECKH et  al.  s was  
followed. The  ind i f fe ren t  e lect rode was inse r t ed  in to  one 
of t h e  basic  i n t e r s e g m e n t a I  m e m b r a n e s  of t he  f lagel lum.  
The  record ing  e lect rode was s l ipped over  t he  t ip  of t he  
a n t e n n a  a f te r  c u t t i n g  t h e  3 or 4 t e r m i n a l  segments .  The  
e lectr ical  s ignals  of t he  a n t e n n a  were led t h r o u g h  a ca- 
t h o d e  fol lower (NF 1, Bioelec t r ic  I n s t r u m e n t s ) ,  d i sp layed  
on an  oscil loscope (502A, Tek t ron ix )  a n d  p h o t o g r a p h e d .  
Tile solenoid valve ,  c a m e r a  s h u t t e r  a n d  t he  oscil loscope 
b e a m  were t r iggered  a n d  cont ro l led  b y  a t imer .  E a c h  t e s t  
s t a r t e d  w i t h  a con t inous  flow of pu re  a i r  ove r  t h e  a n t e n n a ,  
a n d  was  i n t e r rup t ed ,  to  serve as con t ro l  for t he  sys tem,  b y  
br ief  a i r  puffs  l a s t i ng  2.2 sec. N o r m a l l y  no  response,  or a 
v e r y  s l igh t  response,  to  such  a change  was recorded  (Fi- 
gure  2e). The  f low of a i r  was t h e n  c o n t i n u e d  w i t h  br ie f  
s t i m u l a t i o n s  of a m y l a c e t a t e  vapor s ;  t he  h e i g h t  of t h e  an- 
t e n n o g r a m  a m p l i t u d e  o b t a i n e d  served  as con t ro l  to  sub-  
s e q u e n t  responses  of t he  a n t e n n a .  The  a n t e n n a  was t h e n  
exposed  for 45 rain to  vapor s  of one of t he  e x p e r i m e n t a l  
chemica ls  fol lowed b y  a t  leas t  45 m i n  of exposure  to  f resh 
air.  The  a n t e n n a l  response  to br ie f  s t i m u l a t i o n s  of amyl -  
ace t a t e  was  recorded  a t  va r ious  i n t e rva l s  d u r i n g  t he  ex- 
posure  and  recovery  periods.  The  effect  of each  chemica l  
was t e s t ed  on  3-4  cockroaches.  Usua l ly  a f resh cockroach  
was used for each  test .  

The  p re sen t  m e t h o d  of s t imu la t ion ,  in  which  o d o r a n t s  
are appl ied  in a closed sys tem,  differs  f rom t h e  com- 
m o n l y  used s t i m u l a t i o n  p rocedure  descr ibed  b y  BOECKI~ 
e t  al. 3 where  o d o r a n t s  were b lown on t h e  a n t e n n a  f rom a 
n e a r b y  open  ou t l e t  tube .  Thus,  a n y  v a r i a t i o n  due  to  a 
change  in pos i t ion  of t he  ou t l e t  t u b e  (Figure  2, a -d) ,  wh ich  
is s o m e t i m e s  necessa ry  d u r i n g  tes ts ,  was  avoided .  O n  t he  
o t h e r  hand ,  E A G  a m p l i t u d e  recorded  b y  t he  p r e sen t  
m e t h o d  was sma l l e r  because  on ly  a p a r t  of t he  a n t e n n a  
was s t i m u l a t e d  (Figure  2f, as c o m p a r e d  to  a, b). 

The  same s t i m u l a t i n g  p rocedure  was used in observa-  
t ions  of t he  m o t o r  response  of t he  insect ,  b u t  i n s t ead  of 
s t i m u l a t i n g  t he  a n t e n n a ,  t he  odor -ca r ry ing  a i r  was b lown 
over  an  i n t a c t  cockroach  k e p t  in a glass t u b e  of 36 m m  ~ ,  

1 V. LACHER, J. Insect Physiol. 17, 507 (1971). 
2 D. SCHNEIDER, Z. vergl. Physiol. 40, 8 (1957). 
s j .  K. BOECKH, E. KAISSLINC and D. SCHNEIDER, Cold Spring Harb. 

Symp. quant. Biol. 30, 263 (1965). 
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Fig. 1. Schematic drawing of stimulation and EAG recording 
procedure in the American cockroach. 



602 Specialia 

Typical motor response ~ to amylacetate b of P. americana exposed to various chemicals 

EXPERIENTIA 28/5 

Time from beginning of test (min) 

Exposure period Recovery period 

0 1 5 10 20 30 45 50 55 65 90 

Formaldehyde + +  + +  + + +  + + +  + + +  + + +  + + +  + + +  + + +  + +  + +  
PropanaI + + 0 0 0 0 0 0 0 0 0 0 
Butanal  ~ + + 0 0 0 0 + + + + + + 
R-11 + +  + +  + +  + 0 0 0 0 + + +  + +  
DEET + +  + +  + +  + +  + + 0 0 + + +  + +  
MGK-264 + +  + +  + +  + +  + +  + +  + +  + +  + +  + +  + +  
Glycerol + +  + +  + +  + +  + +  + +  + +  + +  + +  + +  + +  

�9 0 - No response; + ,  weak response, insect moves 1 or 2 steps; + + ,  normal response, incest moves up to 10 cm; + + + ,  strong response, 
insect moves for a longer distance; response often continues after st imulus had stopped, b Stimulation with amylacetate lasted 2.2 see. oBe- 
cause of its toxicity, exposure to butanal  lasted only 10 min. Beyond this time all values represent recovery period. 

I I I \ 
/ I I \ 

I I ~ \ 
a b c d 

e " 3  ~ f 2mv 

2 sec 

Fig. 2. EAG recordings from a single antenna of P. americana, a-d) 
outlet tube opens 10 m m  in front of the antenna and puffs of amyl- 
acetate odor are directed on the recording electrode (a) and gradually 
(b, c) toward the ground electrode (d). e-f) closed system; stimulated 
portion of the antenna is confined in a tube through which a puff of 
clean air is given (e) followed by a puff of amylacetate odor (f). 
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Fig. 3. Effect of continuous blowing of air-borne chemicals on the an- 
tennal response (EAG) to brief stimulation (2.2 sec) of amylacetate 
odor. Application of chemicals stops after 45 min. 

20 c m  long .  A p iece  of  p a p e r  p l a c e d  m i d - w a y  a l o n g  t h e  
t u b e  f u r n i s h e d  a s u i t a b l e  s h a d e d  a r e a  w h e r e  t h e  c o c k r o a c h  
p r e f e r r e d  to  r e s t  w h e n  u n s t i m u l a t e d .  

Results  and discussion. T h e  h e i g h t  o f  t h e  E A G  v a r i e d  
f r o m  o n e  i n s e c t  to  t h e  o t h e r  ( F i g u r e  4, t i m e  0), b u t  t h e  
r e l a t i v e  E A G  r e s p o n s e  to  t h e  v a r i o u s  c h e m i c a l s  w a s  s i m i -  
l a r  for  a l l  i n s e c t s  t e s t e d .  T h e  t h r e e  a l d e h y d e s  c a u s e d  c o m -  
p l e t e  i n h i b i t i o n  of t h e  e l e c t r i c a l  r e s p o n s e  to  a m y l a c e t a t e .  
T h e  e x p o s u r e  t i m e  n e c e s s a r y  to  c a u s e  t h i s  e f f ec t  w a s  
p o s i t i v e l y  c o r r e l a t e d  w i t h  t h e i r  m o l e c u l a r  w e i g h t s .  C o m -  
p l e t e  i n h i b i t i o n  of  t h e  a n t e n n a l  r e s p o n s e  w a s  r e a c h e d  
w i t h i n  30 sec, 5 m i n  a n d  20 m i n  for  b u t a n a l ,  p r o p a n a l  a n d  
f o r m a l d e h y d e ,  r e s p e c t i v e l y  ( F i g u r e s  3 a n d  4). F r e s h  a i r  
w a s  b l o w n  for  3 h o n  t h e  b u t a n a l - t r e a t e d  a n t e n n a  a n d  for  
24 h o n  t h e  p r o p a n a l  a n d  f o r m a l d e h y d e - t r e a t e d  a n t e n n a ,  
b u t  n o  r e c o v e r y  w a s  r e c o r d e d .  T h e  e f f ec t  of  p r o p a n a l  a n d  
b u t a n a l  o n  t h e  b e h a v i o r a l  r e s p o n s e  to  a m y l a c e t a t e  w a s  
s i m i l a r  t o  t h e i r  e l e c t r o p h y s i o l o g i c a l  e f f ec t ;  on  t h e  o t h e r  
h a n d ,  t h e  b e h a v i o r a l  e f f ec t  of  f o r m a l d e h y d e  w a s  e n t i r e l y  
d i f f e r e n t  a n d  u n e x p e c t e d  in  i t s  h y p e r s e n s i t i z i n g  i n f l u e n c e  
(Tab le ,  F i g u r e s  3 a n d  4). O n e  w o u l d  e x p e c t  f o r m a l d e h y d e ,  
w h i c h  e a s i l y  b i n d s  t o  p r o t e i n s  4, i n c l u d i n g  a p p a r e n t l y  a n -  
t e n n a l  p r o t e i n ~ ,  to  be  m o r e  e f f i c i e n t  t h a n  t h e  o t h e r  a l de -  
h y d e s  in  b l o c k i n g  b o t h  t h e  e l e c t r i c a l  a n d  b e h a v i o r a l  re-  
s p o n s e .  

C y a n i d e  a n d  e t h y l a c e t a t e  we re  a p p l i e d  in  a m a n n e r  d i f -  
f e r e n t  f r o m  t h a t  d e s c r i b e d  a b o v e .  T h e  c o c k r o a c h e s  w e r e  
p l a c e d  in  c lo sed  b o t t l e s  c o n t a i n i n g  c y a n i d e  a n d  e t h y l a c e t a -  
t e  for  10 a n d  20 m i n ,  r e s p e c t i v e l y ;  t h i s  t r e a t m e n t  d i d  n o t  
k i l l  t h e  i n s e c t s .  T h e y  we re  t h e n  m o u n t e d ,  e x p o s e d  to  p u r e  
a i r ,  a n d  E A G  r e s p o n s e  t o  a m y l a c e t a t e  w a s  c h e c k e d  a t  
v a r i o u s  t i m e  i n t e r v a l s  d u r i n g  24 h.  N o  r e s p o n s e  w a s  re-  
c o r d e d  d u r i n g  t h i s  p e r i o d .  

T h e  c o m p l e t e  a n d  p r o l o n g e d  i n h i b i t o r y  e f f ec t  of  t h e  
a l d e h y d e s ,  c y a n i d e  a n d  e t h y l a c e t a t e  o n  t h e  a n t e n n a l  re -  
s p o n s e  is  a p p a r e n t l y  t h e  r e s u l t  of  t o x i c i t y  to  t h e  c h e m o -  
r e c e p t i v e  o r g a n s .  P r e s u m a b l y ,  t h e  a d v e r s e  e f f ec t  of  t h e s e  
c h e m i c a l s  is  c o r r e l a t e d  w i t h  r e p e l l e n c y  ef fec t ,  w h i c h  is  a 
c o m m o n  f e a t u r e  of  c o c k r o a c h  t o x i c a n t s  6. Y e t ,  t h e y  a r e  
u n s u i t a b l e  for  v a r i o u s  r e a s o n s  t o  be  u s e d  as  c o m m e r c i a l  
r e p e l l e n t s .  O n  t h e  o t h e r  h a n d ,  D E E T ,  a g e n e r a l  p u r p o s e  
i n s e c t  r e p e l l e n t  7 a n d  R-11 ,  o n e  of  t h e  b e s t  c o m m e r c i a l  

D. FRENCH and J. T. EDSALL, Adv. Protein Chem. 2, 277 (1945). 
5 L. ~V[. RIDDIFORD, J. Insect Physiol. 76, 653 (1970). 
6 W .  EBEmNG, D. A. REIERSON and R. E. WAGNER, J. econ. Ent.  67, 

1213 (1968). 
7 R. PAINTER, in Pest Control: Biological, Physical and Selected Che- 

mical Methods (Academic Press, New York 1968), p. 267. 
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cockroach repel lents  s, had  a gradual  and par t ia l  inhibi-  
t o ry  effect  on the  an t enna l  ac t iv i ty ,  wi th  an appa ren t  re- 
covery  af ter  the  repe l len t  vapors  were cut  off; the i r  be- 
haviora l  effect  was in accord wi th  the i r  e lectrophysiologi-  

Time from 
initiation Butanal Formal- R-11 DEET NGK-g6k 
of tests dehyde 

(rain) . . . . . . . . . . .  
o -Lj 

1 q ",m 

lol. 

45 , 

50 �9 
go 

65 

r 

gO 

-V---'- 

2sec 2mV 

"X,----" 

Fig. 4. EAG recordings fronl P. americana stimulated by amylacetate 
before (time 0), during (1-45 rain) and after (50-90 min) exposure to 
various odorants. For each odor a different cockroach was used. 

cal effect  (Figures 3 and 4, Table).  MGK-264, t he  smell  of 
which  is s t ronger  to the  h u m a n  nose  t h a n  D E E T  and R-11, 
is non- repe l len t  to  cockroaches s. This  mater ia l  did no t  
affect  the  E A G  or the  behaviora l  response  of the  insect  
(Figures 3 and  4, Table). S imi lar  resul ts  were ob ta ined  
wi th  glycerol. 

I t  is suggested t h a t  the  par t i a l  Mocking effect  on E A G  
response,  followed by  a re la t ive ly  fast  recovery,  is a typ i -  
cal fea ture  of insect  repel lents .  The prac t ica l  impl ica t ions  
of th is  suggest ion require  fu r the r  inves t iga t ions  9. 

Zusammen/assung. Die elektr ische Reak t ion  der  An- 
t ennen rezep to ren  yon Periplanela americana auf Reizung 
mi t  A m y l a c e t a t  wird  d u t c h  Forma ldehyd ,  Propanal ,  Bu- 
tanal ,  Cyanid und  Ae thy l ace t a t  vollst~indig gehemmt .  Die 
Repe l len t ien  D E E T  und R-11 ergeben teilweise, Glyzerin 
und  MGK-264 keine H e m m u n g .  A n t e n n o g r a m m h e m m u n g  
und  Verha l t ens reak t ion  ganzer  Tiere s ind korreliert ,  aus- 
g e n o m m e n  bei Fo rma ldehyd ,  das sich im Verha l t ens t e s t  
als hypersensibi l i s ierend erweist .  

S. GOTHILF and  M. BAR-ZEEv 

Israel Institute/or Biological Research, 
Tel-Aviv University Medical School, P.O. Box 79, 
Ness-Ziona (Israel), 
76 December 1971. 

8 L. D. GOODHUE, J. econ. Ent. 53, 805 (1960). 
9 This research has been financed in part by a grant made by the 

United States Department of Agriculture, Agriculture Research 
Service under P.L. 480. 

Estrogens in 2-Chloroethylphosphonic Acid Induced 

Flower  sex express ion  is sub jec ted  to  genetic, environ-  
men t a l  and  chemical  controls  and  m a y  be regula ted  by  
endogenous  levels of g rowth  subs tances .  T r e a t m e n t  w i th  
gibberel l ins  usual ly  increases t he  male  t e n d e n c y  of 
cucumber  and  o ther  plants1,  2 while t r e a t m e n t  wi th  
auxins  3, g rowth  r e t a r d a n t s  4 or 2 -ch loroe thylphosphonic  
acid (CEPHA) 5 induces  femaleness .  The influence of 
s teroidal  hormones  on flower sex express ion in p lan ts  was 
also s ta ted .  L6vE and  L6VE 6 have  found t h a t  these  
subs tances  could p roduce  male  or female flower on 
Melandrium dioecum, if e i ther  androgens  or es t rogens are 
appl ied  to  the  s t ems  before flowering.  Es t rogens  also 
increased the  n u m b e r  of female  flowers in Ecballium 
elaterium (L.) A. R ichL 

The .  p re sen t  inves t iga t ion  was unde r t aken  to t e s t  
whe the r  t he  induc t ion  of femaleness  by  CEPHA,  a sub- 
s t i tu t e  for e thylene,  is connec ted  wi th  s imul taneous ly  
occurr ing effect  of th is  c o m p o u n d  on endogenous  estro-  
gens con t en t  in p u m p k i n  p lants .  

Material and methods. Monoecious p lan t s  of Cucurbila 
pepo L., cv. Weiser  Bush  were grown in clay pots  dur ing  
spr ing  and  s u m m e r  (March 10 till  Ju ly  13, 1971) in t he  
greenhouse  a t  m a x i m u m  and  m i n i m u m  t e m p e r a t u r e s  of 
26 and  17 ~ respect ively .  C E P H A  (AmChem formula t ion  
68-250) was appl ied  as aqueous  foliar sp ray  in 2 t rea t -  
ments ,  each at  concen t r a t ion  of 200 ppm.  Sprays  were 
carr ied out  to run-off  a t  b o t h  4 th  and  7th leaf s tages when  
the  p lan t s  were 42 and  49 days  old, respect ively,  and  the  

Femaleness of Cucurb i ta  p e p o  L. 

crit ical  t rue  leaves were 1 cm in d iameter .  Control  p lan ts  
were sp rayed  wi th  dist i l led water .  N u m b e r  of male and  
female  flowers p roduced  by  each p l an t  was recorded,  the  
observa t ions  being made  every  second day. F i r s t  opened 
male  flower appeared  on May 14 and  female one on May 
26 on control  plants ,  while on the  C E P H A L - t r e a t e d  p lan ts  
the  f i rs t  opened  female flowers - on May 22; no male 
flowers appeared  on t r e a t ed  p lan t s  unt i l  June  18. 

Material  for es t rogens de t e rmina t i on  was t aken  at  t ime  
ind ica ted  in the  Table.  Whole  p lan ts  depr ived  of the  roots,  
f lowers and infructescences  were used. Frozen  mater ia l  
was homogenized  wi th  ho t  m e t h a n o l  and  the  homogena te  
was fi l tered. The fi l ter  cake was being ex t rac ted  in a 
Soxhle t  appa ra tus  wi th  b en zen e -me t h an o l  mix tu re  (3:1) 
for 6 h. The me thods  of ext rac t ion ,  f rac t iona t ion  and  
r e c h r o m a t o g r a p h y  procedure  were the  same as described 
previous ly  s. For  the  q u a n t i t a t i v e  de t e rmina t i on  of the  
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