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necessary to prevent the action of 
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The different sensitivities of the 
ileum of the guinea pig and the rectus 
abdominis muscle of the frog to 
acetylcholine and its congeners have 
been exploited to show the presence 
of choline esters other than acetyl- 
choline in tissue extracts (1). In meas- 
uring acetylcholine-like activity in 
acetone extracts of sciatic nerve pre- 
pared (2) from rabbits treated with 
physostigmine, we observed that a 
higher value was obtained in measure- 
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ments on the frog muscle than that 
obtained on the guinea pig ileum (3). 
When assayed on the frog muscle, the 
sciatic nerve contained activity equiva- 
lent to 2.55 ? 0.43 /tg of acetylcholine 
per gram of fresh weight; on the guinea 
pig ileum, 1.57 ? 0.41 jug acetylcholine 
per gram of fresh weight. 

Examination of subcellular fractions 
(4) obtained by differential centrifuga- 
tion of the sciatic nerve revealed 
another discrepancy. When assayed on 
the frog muscle, the acetylcholine-like 
activity was almost equally divided be- 
tween the soluble fraction of the nerve, 
which contained 47.3 ? 4.6 percent of 
the activity, and the total particulate 
material. When assayed on the ileum, 
79.3 ? 0.60 percent of the activity was 
in the soluble fraction. 

These observations suggested that a 
choline ester other than acetylcholine 
may be present in the sciatic nerve 
extracts, since the frog muscle is sensi- 
tive to low concentrations of many 
choline esters, whereas the guinea pig 
ileum is especially sensitive to acetyl- 
choline and relatively insensitive to 
other choline esters (1). 

An alternative explanation-that the 
extracts contained material that either 
sensitized the frog muscle to acetyl- 
choline or prevented the response of 
the ileum to acetylcholine-was ruled 
out by showing that on both muscles the 
effects of the extract (boiled or un- 
boiled) and of known acetylcholine 
are additive. 

The following evidence is consistent 
with the idea that the guinea pig ileum 
responded to acetylcholine (or a closely 
related compound) in the nerve extract. 
The slopes of the dose-response curve 
for the extract and for acetylcholine 
were identical. 

The effects of equally active doses 
of the extract and of acetylcholine were 
prevented by atropine at the same dose, 
6 pg/liter; neither pyrilamine maleate, 
5 pAg/liter, nor lysergic acid diethyla- 
mide, 50 1tg/liter, which are, respec- 
tively, antagonists of histamine and 
5-hydroxytryptamine, affected the ac- 
tivity of the extract or of acetylcholine. 
The atropine-treated ileum recovered 
its sensitivity concurrently with both 
the extract and acetylcholine. The ac- 
tion of the extract on the ileum, like 
that of aceytlcholine, was destroyed 
both by boiling for 10 minutes at pH 
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Fig. 1. The effect of d-tubocurarine on the 
action of 200 ng of acetylcholine (Ach) 
and an extract (E) equivalent to 90 mg 
of sciatic nerve on the frog rectus ab- 
dominis muscle. Numbers refer to uig of 
d-tubocurarine chloride pentahydrate, 
which was permitted to act for 10 
minutes. The upper arrows indicate a 
change of bathing solution. 

terial with activity was eluted in the 
area, Rp 0.00 to 0.20, that included 
known acetylcholine (RF 0.12). 

That the rectus abdominis muscle 
of the frog responds to substances other 
than acetylcholine in the sciatic nerve 
extract is evident from the following 
observations. The action of the extract 
was not prevented by a concentration 
of d-tubocurarine that prevented the 
action of acetylcholine (Fig. 1). 
Doubling the concentration of 
d-tubocurarine, however, did prevent 
the action of the extract (Fig. 1). The 
differential action of these two con- 
centrations of d-tubocurarine was noted 
in six of seven experiments. Further- 
more, only 66.5 + 15.6 percent of 
the material acting on the frog muscle 
was recovered in the eluate of material 
with Rp 0.00 to 0.20; the lower dose 
of d-tubocurarine completely prevented 
the action of this eluate. 

The extract of sciatic nerve was in- 
active on both preparations if the 
rabbits were not treated with physostig- 
mine. It is likely that the extract con- 
tains, besides acetylcholine, another 
choline ester to which the frog rectus 
abdominis muscle is especially sensi- 
tive. Other than acetylcholine, the only 
known, naturally occurring choline 
ester with potent activity on this prep- 
aration is propionylcholine, but since 
this compound has an Rr value of 0.15 
in the solvent system used in this 
work, it would be included in the 
examined eluate and hence cannot be 
the active material (6). 
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Sex Attractant of Cabbage Looper, 

Trichoplusia ni (Hiibner) 

Abstract. When virgin male cabbage 
loopers were exposed to filter-paper 
strips containing an extract from female 
abdomens, they exhibited a response 
lasting from 2 to 5 minutes. Gases of 
a component (or components) of these 
extracts emanating from a chromatog- 
raphy column attracted the males and 
then evoked the same response. The 
attractant is fairly volatile and has a 
relatively low molecular .weight. 

A sex attractant has been extracted 
from female cabbage loopers, Tricho- 
plusia ni (Hiibner). The intensity and 
regularity of the response during the 
preliminary tests, corroborated by sub- 
sequent tests, demonstrated that a lure 
was present in cabbage looper females 
and that this lure could be extracted 
with methylene chloride. 
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attractants is one of the methods receiv- 
ing considerable attention. Readers are 
referred to reviews on sex attractants 
(2). 

Cabbage loopers in laboratory cages 
were observed to mate between mid- 
night and 4 A.M. (3). During this pe- 
riod male cabbage loopers appeared to 
be definitely attracted to females prior 
to mating. With this information and 
the methylene chloride extraction tech- 
nique of Ouye and Butt (4), we under- 
took to determine whether an attractant 
for males was present in female cabbage 
loopers. 

Pupae, obtained from larvae reared 
on a semisynthetic diet (5), were sepa- 
rated by sex and emerging male and 
female adults were kept apart for 4 
days. Approximately 25 males were 
spray-marked with a water suspension 
of rhodamine B and combined with 50 
virgin females in a 60- X 80- X 60-cm 
(24- X 32- X 24-in.) screened cage 
for observation. Females which ap- 
peared attractive to males were imme- 
diately collected and the terminal two 
or three segments or "tips" of the abdo- 
men were extracted with methylene 
chloride. An extract of one female 
abdomen dispensed on a strip of filter 
paper exposed to virgin males in a 
separate cage caused receptive males 
first to move their antennae 90 degrees 
from a position along the anterior mar- 
gin of the forewing to an elevated posi- 
tion in a wide V above the head. This 
response was followed at once by rapid 
vibrations of the wing, slight elevation 
of the abdomen, and eventual flight to 
the source of the stimulus. Stimulated 
males, while in hovering flight, "fin- 
gered" the treated paper with their 
antennae, and repeatedly tried to mate 
with the paper strip and nearby males. 
During attempts at mating, the tip of 
the male's abdomen was curved under, 
the brown tufts of hair near the tip of 
the abdomen were fanned out, and the 
genital claspers were clearly exposed. 
No response was obtained when filter 
paper with the solvent alone was ex- 
posed to virgin males. 

The filter-paper strip that provoked 
the initial response was then placed in 
a cylindrical (8 cm in diameter X 23 
cm long) ice-cream carton fashioned 
into a trap by inserting screen funnels 
into each end. Another trap contain- 
ing a filter-paper strip impregnated 
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Fig. 1. Gas chromatograph of crude meth- 
ylene chloride extract of one 7-day-old 
female cabbage looper and the methyl 
esters of lauric and myristic acids used as 
reference. 

6-cm fan provided air circulation with- 
in the cage. Receptive males showed 
the characteristic pattern of behavior 
described. Within 15 minutes the car- 
ton containing the female extract 
trapped five males. None were caught 
in the check trap. 

Extracts from 4-day-old females col- 
lected at random during the initial tests 
also attracted males. Extracts of virgin 
females 7 to 8 days old were used for 
subsequent studies of the response of 
individual males and for gas chroma- 
tography analysis of the crude extract. 

In further tests male adults, which 
had been separated by sex as pupae, 
were individually tested for a response 
to the female extract in wide-mouth 
jars (14 X 5 cm). The mouth of a jar 
was fitted with an inverted copper- 
screen cone that supported the extract- 
treated strips of filter paper during test- 
ing and held cotton soaked with 5-per- 
cent sugar solution when tests were not 
being conducted. All jars were covered 
with a metal cap to keep the cotton 
damp during periods when tests were 
not being conducted. Adult males were 
held under continuous light and tested 
daily between 8 and 11 A.M. until death. 
All tests were conducted at room tem- 
perature (24? to 25?C). Thirty min- 
utes before testing, the lid and the cot- 
ton were removed from each jar. A 
strip (1/2 X 1 cm) of filter paper con- 
taining extract equivalent to 1/20 of a 
female was then placed on the cone in 
each jar and the males were observed. 
Excitation of the antennae accompanied 
by continuous wing vibration was se- 
lected as the criterion of a positive re- 
sponse. A total of 134 virgin males 
were used in three separate tests. 

Of the 134 males tested, 133 (99.2 

SCIENCE, VOL. 141 

2 4 
MINUTES 

Fig. 1. Gas chromatograph of crude meth- 
ylene chloride extract of one 7-day-old 
female cabbage looper and the methyl 
esters of lauric and myristic acids used as 
reference. 

6-cm fan provided air circulation with- 
in the cage. Receptive males showed 
the characteristic pattern of behavior 
described. Within 15 minutes the car- 
ton containing the female extract 
trapped five males. None were caught 
in the check trap. 

Extracts from 4-day-old females col- 
lected at random during the initial tests 
also attracted males. Extracts of virgin 
females 7 to 8 days old were used for 
subsequent studies of the response of 
individual males and for gas chroma- 
tography analysis of the crude extract. 

In further tests male adults, which 
had been separated by sex as pupae, 
were individually tested for a response 
to the female extract in wide-mouth 
jars (14 X 5 cm). The mouth of a jar 
was fitted with an inverted copper- 
screen cone that supported the extract- 
treated strips of filter paper during test- 
ing and held cotton soaked with 5-per- 
cent sugar solution when tests were not 
being conducted. All jars were covered 
with a metal cap to keep the cotton 
damp during periods when tests were 
not being conducted. Adult males were 
held under continuous light and tested 
daily between 8 and 11 A.M. until death. 
All tests were conducted at room tem- 
perature (24? to 25?C). Thirty min- 
utes before testing, the lid and the cot- 
ton were removed from each jar. A 
strip (1/2 X 1 cm) of filter paper con- 
taining extract equivalent to 1/20 of a 
female was then placed on the cone in 
each jar and the males were observed. 
Excitation of the antennae accompanied 
by continuous wing vibration was se- 
lected as the criterion of a positive re- 
sponse. A total of 134 virgin males 
were used in three separate tests. 

Of the 134 males tested, 133 (99.2 
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