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Introduction

Although the chemical structure of the sex

pheromone of the female American cockroach,

Periplaneta americana (L.) still remains in

questionl,2,3l, the male adult of this species can

detect the sex pheromone with its olfactory sense

organ in the antennae", However, the recording

of the summated receptor potentials (electro­

antennograms) from the American cockroch

showed that the sex attractant elicited electrical

responses not only in the antennae of the male

but also in those of the female and nymphal. The

present experiments have been undertaken in

order to study preliminary whether there are

neurons specific to the sex pheromone in the

olfactory center of the cockroach.

Materials and Methods

The adults of the American cockroach bred in

the laboratory were used. An unanaesthetized

cockroach was fixed with adhesive tapes and

wire hooks on a cork plate so that the head could

not be moved. The brain was approached dorsally

through the frons, and the minimum amount of

the overlyingtracheation was removed. Recording

of the electrical responses was made extra­

cellularly by means of a glass capillary electrode

filled with 3M KCl solution. The electrical

resistance of the electrode ranged between 30M.o.

and 50M.o..

* Present address: Medical Center Duke Uni­
versity, Durham, North Carolina, U. S. A.

The electrical activity of the. neurons in the

deutocerebrum was fed into a cathode follower

and then into a conventional d-e and a-c amplifier.

Under these conditions it was possible to record

the nerve activity for many hours or even one

day. Stimulation was accomplished by puffing

odorous substances contained in polyethylene

squeeze·bottles.

The prepurified sex pheromone used in the

present experiment w.asextracted by the following

procedure modified from Wharton et al": Some

one hundred virgin females were fed on dog

biscuits and water in a glass pot in which filter

papers were placed. After two weeks the filter

papers were soaked into 500ml of water. The

water extract was steam-distillated until the

distillate reached to 1000ml. After salting out

the sex pheromone was extracted with 500tal of

ether. The ether layer separated was kept at

-20'C until use. This. ether solution of the

prepurified sex pheromone showed strong activity

to elicit sexual response of the male cockroach

when a filter paper impregnated with this solution

was brought close to the cockroach, whereas no

response occurred to the female and nymph.

The concentrated crude sex pheromone dissolved

in ether was dropped onto a filter paper and

used as a stimulant after evaporation of the

solvent. Odor stimuli were applied at regular

intervals during the course of electrode penetration

into the brain in order to ensure that the electrode

did not miss the units that were not spontaneously

active.
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spo nta neo us ly active, but responded vigorously

to th e sex ph erom one wit h a s low nega t ivity

accompa nied by a tra in of impulses during t he

foll owed by a s ilent pe riod and a grad ua l inc rease

to the no rm a l back ground act ivity . These cha nges

in ac t ivity may be expla ined in terms of hyp er ­

polarization o r de po la ri zat ion of th e mem bran e.

T hese units that a re se ns it ive to both the se x

ph erom on e a nd ot he r odors were frequen t ly found

in both mal e a nd fem a le of th is insect.

Figure 2 s ho ws t he responses of th e highly

s pec ific neur on s to odo r stimul i. T he record ings

were made from the same ma le cock roa ch as

R es ults and Dtscu ss ion «

Figure 1 s ho ws the examples o f the s ing le

unit ac t ivity of the ma le coc k roach. Propi on ic

acid induced a pos it ive s low pot entia l (upwa rd

de flect ion ) w h ich was s us ta ined du ring the

s timulation, w hile the d ischa rge of impu lses was

depressed . After the cessat ion of s t im ula t ion

the unit s ex h ibi ted a n increased act ivit y (F ig . 1

A ) . It is in te resting to note, on t he ot he r ha nd ,

t hat t he prepu r if ied sex ph erom on e (F ig . 1 B)

and met hy let hyl ketone (F ig . 1 C) produced a

nega ti ve s low pot en ti a l (downwa rd defl ection )

acco mpa nied by a bu rst of act ivity whic h wa s

t h at used in Figure I. The unit wa s not

c

L
F ig. I. Res ponses of a neuron in th e deutocere b r um of th e ma le cock roach to propionic

acid (A) , prepurified se x ph e ro mo ne (B) . a nd met hylet h y l ke to ne (C) . pper
trac ings ar A recordings (ca lib ra t ion 2mV ) . a nd lower tracin gs DC re .ord ings .
Time ca lib ration 200msec. T he downward deflect ion repr esen ts nega t ive pot en tial
at the recor d ing e lect rode. Th e black ba rs be low ea ch tracing indi cate the dura ti on
of t he st im ulat ion .
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F ig . 2. Responses of a neuron in th e deutoce r ibr urn of th· male co k roach to th e
prepurified sex ph erom one (A) a nd meth ylethyl keton e (B) , and those of th e
fe mal e cockroach to the pr purified sex ph erom on e ( ) a nd meth ylet hyl ke to ne
(D) . Ca libration: ImV, 200 ms c. in A and 1\ ; 0. 5 m V, 200msec. in C a nd O.
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stimulation (Fig. 2 A). However, it failed to

respond to other types of odor stimuli tested, for

examples, propionic' acid, acetic acid, benzyl

acetate, p-dichlorobenzene, 2-methyl-2-butanol,

acotophenone, geraniol, 1,2-dichloroethane,

trichloroethylene, cycloheptanone, diethylsulphate,

cyclopentanone, ethyl ether, methyl alcohol,

methylethyl ketone. A neuron of the female also

showed such a high specificity to the prepurified

sex pheromone as in the male (Fig. 2 C and D).

However, this unit showed spontaneous discharges.

Because of the stimulations with the prepurified

sex pheromone and the small number of odorous

chemicals tested, it is difficult to draw the

conclusion about the. "Sex pheromone neuron".

Although the present experiments were failed to

elucidate that the sex pheromone elicites sexual

response only to the male and not to the female

and nymph by electrophysiological method in the

neuron of deutocerebrum of both sexes, it is of

interest that the present finding together with

the responses at the recepter level", suggests a

possibility that these extremely specific units in

both sexes may play an important role in response

to the sex pheromone.

If so, it may be considered that there it no

discrimination in response to the sex pheromone

in the neuron of deutocerebrum between male

and female of the american cockroach.

Acknowledgement

We thank Drs. T. Tamura, K. Iyatorni, T. Saito,

Nagoya University, and T. Narahashi, Duke

University, for their encouragement and valuable

advices.

References

1) Jacobson, M., Bereza, M. and Yamamoto,

R. T.: Science 139, 48 (1963).

2) Day, A. C. and Whiting M. C. : Proc. Chem.

Soc. 1964, 368 (1964).

3) Jacobson, M. and Bereza M.: Science 147,

748 (1965).

4) Roth, L. M. and Willis, E. R.: Am. Mid/and

Naturalist 47. 66 (1952).

5) Boeck, J., Priesner, E., Schneider, D. and

Jacobson, M.: Science 141, 716 (1963).

6) Whaton, D. R. A., Black, E. D., Merrit, C. r-,
Wharton, M. L., Bazinet, B. and. Walsh, J. T.:

Science 137, 1062 (1962).

Studies on the Increment of the Efficacy of Insecticides (VII). On the Effect of Synergized

Pyrethroid on Various Strains of House Flies. Akifumi IIAYASJII and Masayoshi HATsuKADE

(Laboratory of Applied Entomology, Taisho Phamaceutical Co., Ltd. Toshima-ku, Tokyo)

Received February 8, 1968. Boiyu-Kagaku, 33, 39, 1968 (with English Summary. 5)

6. ~!ll~J(1)llJJ1Jitlill=OO9Q ?£mlaiiJI~ (VII). ~fillO)*~-1 x.r-: ;r.1r.;t3tt:o :ttj]tiIJ~tm;tt:
e v A 0 -1 r O)XIJ!+Hr."':n''''C. tt :%!t!, it B WlEr,Q (*iE~~tj;~~tl:re!B.fl-"FlVf1E~) 43. 2. 8 ~IlI!

77fi.~(J)-1.:r.rq Musca domestica 1r.~1v, 7 VA');"'-, t"v I- '.J ;"'-:IoJ:~7 71VA '.J ;"'-~ll!

m<b 7.> Pli S-421 :IoJ:~t"~o :="lv71--t-...,.1 r~1Jnmv"'CJi'Umt'f!imv, ~!ll;fJ~1tif!2vt:. -~

Ie. M. d. domestica Ii M. d. vicina 1e.1t~"'C!::' VA 0 -1 1'1r.~1T 7.>:!£EtL;fJ:f;;!Ml:f;,? ti, ~ t:{l~~ t"

V A" 1 r IqttJm~1JnmT 7.> I:. tie. J: 9 7 7fi.ttc(J) -1 x. r: .:r.1e.~1T 7.> :IQrn~JtJ:f;;JM!Ml ~ fl. tz:

$I6Ir., tt, itBili(1967)3l 1;t*~O)I:. U~:o -1 ;r./~

.:r.1r.:t3tt:o \:'V A 0 -1 rlr.xti":o~~ttO)milJ!Ir."'?~'

"'CYlH!f \..,1:. *~~-CI;t ~ ~ Ir. 3 *~~;n1JnL \:'V A

o -1 rlr.i1t1Ji:tJ:~~i"*~lr.xtT:o:tt:1J1'itlO)m'BIr."'?

~''''Cv~~, 3-0 ';I/~*I;t*n*Ir.<~~"'Ct"VA

o -1 rlr.:t~v"'C~~'1:. c~1i'fi~i":o U: b Ir., :tt:1JtilJ

~1Jl1mi":o I:. CIr.J:? "'Cf!ttfLt'EHJla!iUI1:o I:. c~~
? t:O)-CYlH.'ji" 7.>.

*)(Ir..:A..7.> 1r.1~ i.. mJmi!]:~,t:t:~'t:i;tifli#:pm
"F$5~t\~E::f{r;WJ: U};'imWI:K!1lJ:tXt!l, '£ tz, L1£

v1£1f.luV~:O 1JjJ!1lJ3~ Jl.9?t:Jl!;;(r&nttrn*~1JntfiA

Q1lf.d~;t3 J: ~rn.rr.:Y~Jjm~liJf1'Cm't<t:rfnYJIW±Ir.~:tL

It1vibtf:O. t~;t3, 3fj;2;(~mJ~m~'t:t:~'t:J::@IIB=

{;iljtf:£t, m~J&l%15!:tt}lI~-iW±, ;t3J: LflVf1'ltflHltEE
rj:1-~5~±Ir.W~~~i":O .

I. ~~:M~ctoJ::V:nffi

(1) {#<it:\~1'iIJ L.0)*~Ir.JH~,t:1J3?JJ~7.1I;t \:'V t­
'):.-- (25f6 ;r.~A), 7VA~:.--;t3J:(77)\lA~:'-­

0)3fill-C~'-rtLb :cmm-Cib:O. '£t:, j~;fJJ'i1H;t

39


