regulatory swelling of Necturus gallblad-
der epithelial cells is the consequence of
the transient stimulation of parallel Na*-
H* and C17-HCO;~ exchangers in the
apical membrane. On the other hand,
NaCl entry into the cells during fluid
absorption is by a different process in
which there is coupled, carrier-mediated
movement of NaCl across the apical
membrane (9, /1). This coupled NaCl
entry is unaffected by amiloride (9) or by
the absence of HCO;™ (11). It occurs at
about 25 percent of the rate of volume-
regulatory flow. Thus, NaCl may enter
the Necturus gallbladder epithelial cell
across the apical membrane by two
modes: (i) the coupled NaCl entry asso-
ciated with fluid absorption and (ii) the
rapid, but transient, exchanges triggered
by alteration of the osmolality of the
bathing solutions.
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Close-Range Attraction of Female Oriental Fruit
Moths to Herbal Scent of Male Hairpencils

Abstract. A blend of ethyl trans-cinnamate, methyl 2-epijasmonate, methyl
Jjasmonate, and (R)-(—)-mellein, identified from the hairpencils of male Oriental fruit
moths, attracts sex pheromone-releasing females several centimeters away. The
chemicals thereby duplicate the behavioral effect elicited by hairpencil-displaying
males during courtship; the chemicals also produce the herbal scent emanatmg from

the hairpencils.

Males of the order Lepidoptera often
have accessory scent-producing organs,
which usually consist of groups of elon-
gated hairlike scales (hairpencils) that
are bundled into special pouches and
then everted and splayed in the vicinity
of a female during courtship (/). Volatile
chemicals identified from such struc-
tures (2—4) or from other specialized
scales (5) have been described, without
reference to the behavior elicited. Stud-
ies aimed at defining the behavioral roles
played by scent scales, including abla-
tion techniques (6), electroantennogram
(EAG) assays (7), trapping experiments
(8), or observational inferences (9), have
revealed that, in most species, courtship
pheromones exert a minimal observable
effect on female behavior. The lack of an
overt female response has hindered the
identification of chemicals producing be-
havioral responses. In rare instances,
behavior and chemistry have both been
elucidated, but in those instances the
compounds described evoked female
‘‘acceptance’ through inferred quies-
cence (10) or abdominal extension (/1),
rather than attraction.

Courtship in the Oriental fruit moth,

Fig. 1. Male Oriental fruit moth everting his
hairpencil organs at the end of his abdomen
and attracting a female that is walking toward
him.
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Grapholitha molesta (Busck), is unusual
among the Lepidoptera in that males
attract females after they themselves
have been attracted to the vicinity of a
female by a sex pheromone (12). A few
centimeters from the female, the male
turns away and repeatedly extrudes and
retracts its abdominal hairpencils, pro-
pelling volatile chemicals over the fe-
male with wind generated from wing
vibration (Fig. 1). The female immediate-
ly walks toward the source of the odor
and with her head touches the tip of the
male’s abdomen,. evoking from him a
copulatory attempt (/2). The overt
movement of females toward displaying
males in this species provided the oppor-
tunity to define a lepidopterous court-
ship pheromone that attracts females.
With the use of behavioral and EAG
assays, we were able to identify a blend
of compounds that duplicates the activi-
ty of the natural pheromone. The com-
pounds are ethyl trans-cinnamate (1),
(R)-(—)-mellein (2), methyl jasmonate
(3), and methyl 2-epijasmonate (4) (Fig.
2).

Approximately 5000 male equivalents
(ME) of the hairpencil extract (/3) were
used for the isolation and identification
(I14). The crude extract on filter paper
had a pleasant herbal odor, similar to
that of the forcibly extruded hairpencils
of living G. molesta males. Each 1000
ME was concentrated under nitrogen
and fractionated on a gas-liquid chroma-
tography (GLC) column [3 percent OV-
101 (15)] into 12 fractions (Fig. 2). The
only fraction to produce an EAG re-
sponse from female antennae [mean %=
standard deviation (S.D.) = 0.60 = 0.20
mV; N =9] above background (0.07 =
0.05 mV; N =9) was fraction 3 (the
crude extract produced 1.25 = 0.31 mV;
N =9) (4, 16). The compound from this
fraction was collected (approximate
yield 0.5 ng per ME) and identified as
ethyl trans-cinnamate (1) by GLC reten-
tion times,; microhydrogenation, and di-
agnostic ultraviolet and mass spectra
(14, 17).

The fractions were tested for their
attractiveness to calling females in an
arena in moving air (/8). The test sam-
ples on filter paper were placed 4 cm
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Table 1. Behavioral responses of G. molesta females to compounds isolated from male

hairpencils (Fig. 2); N = 20 for each treatment.

Authentic Percent walking Percent walking to Percent touching
com- upwind 0.5 ¢m from source source
pound*
(1 ng Au- v Au- Au-
of each then- Crudet Blank then- Crude Blank then- Crude Blank
substance) tic tic tic
1 55% 55% 20 35 50% 15 135 40 15
2 15 55% 20 5 45 15 S 40 10
3 20 55% 10 5 50% 0 5 50% 0
4 20 70% 15 20 50% 15 M) 45 15
1+2 30 651 15 20 607 5 10 60% 5
1+3 25 40 10 15 30% 0 S 25 0
1+4 80% 657 10 60% 55% 10 5018 554 10
1+2+3 60z 55% 0 354 30% 0 30% 15 0

*Compound 1 was obtained from .the Aldrich Chemical Co.; 2. from Imperial Chemistry Industries.
Compound 3 is a synthetic racemic mixture obtained from Interhational Flavors and Fragrances and

compound 4 was isolated from lemon peels (/4).

ME. tResponse under same behavior significantly

different from the blank according to a chi-square 2 X 2 test of independence with Yates’ correction (P <

.05).

upwind of individual 4- to 5-day-old fe-
males, and the females were scored for
their rapid walking toward, and touching
of, the paper. Fraction 3 produced a
significant amount of upwind walking by
females compared to that produced by
the solvent blank (/9), and synthetic 1
was the only compound to elicit signifi-
cant female attraction (Table 1). A blend
of 1 plus fractions 6 and 7 tesulted in
greater attraction than was elicited by 1
alone (20).

Pure compound 2 was obtained direct-
ly from fraction 4 (~ 20 ng per ME) and
was identified as (R)-(—)-mellein by ul-
traviolet, nuclear magnetic resonance,
and mass spectra, as well as by determi-
nation of the optical rotation (i4, 21).
Despite its predominance in the extracts,
mellein (2) was inactive by itself in bioas-
says (/9) (Table 1), and fraction 4 did not
elicit an EAG response above back-

§Response under same behavior significantly greater than that to 1 alone (P < .05).

ground (0.16 = 0.08 mV; N = 9). How-
ever, a blend of 2 plus 1 and 3 was as
attractive to calling females as crude
extract (Table 1).

Fractions 6 and 7 produced most of the
extract’s herbal odor and when mixed
with -1 increased the attraction of G.
molesta females. Compound 3 was iden-
tified as methyl jasmonate from fraction
6 (~ 0.3 ng per ME). It was purified by
preparative GLC on 3 percent XF-1150
(15) and characterized (/4, 22) by mi-
croozonolysis, microhydrogenation, and
mass spectral comparisons with an au-
thentic sample (International Flavors
and Fragrances). Compound 3 was be-
haviorally inactive by itself and in com-
bination with 1, but a blend of 3 plus 1
and 2 attracted a significant number of
females toward the source (Table 1).

Compound 4 was obtained from frac-
tion 7 (~ 0.01 ng per ME), purified on

| 2
o”H"?
(o]
-~ OCH2CHa -
X1/10 1 ° 2
COOCHg ... COOCH;
1
3 4
+ —_—
L 1 L, 2 3y 4 | 5 (6, 7,8, 9 10, 11 12 |
Fraction number -
. T T
o] 5 10 16 20 30

Minutes

Fig. 2. A GLC tracing (OV-101) of Skellysolve B-extracted, excised hairpencils showing
fractions collected for bioassays and further isolation and identification.
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XF-1150, and identified as methyl 2-
epijasmonate (/4, 23) by microhydrogen-
ation, GLC retention times, mass spec-
trometry, and epimerization to 3 in the
presence of p-toluenesulfonic acid: It
was behaviorally inert by itself, but sig-
nificantly increased attraction of female
G. molesta when combined with 1 (Table
1).

In this report, we have characterized
the male moth hairpencil compounds
that aré active in attracting female
moths. These compounds have not pre-
viously been found in the Lepidoptera.
Ethyl trans-cinnamate is similar to 2-
phenylethanol, which has been fouind in
the hairpencils of a number of lepidop-
teran species (3). Mellein is a fungal
metabolite (24) and has been found in a
number of ant species (25). Methyl jas-
monate, a constituent of jasmine oil, is
known in the perfume industry as the
queen of aroma. It closely resembles cis-
jasmone, which was identified by Petty
et al. (4) from hairpencils of the butterfly
Amauris ochlea.

It is not known whether G. molesta
are dependent on their various fruit and
nut host species for immediate precur-
sors to the hairpencil herbal-scented
compounds. Initial studies indicate that
G. molesta hairpencils from males
reared on an artificial diet do not possess
the characteristic herbal odor or the
GLC peaks 1, 3, and 4 of hairpencils
from males reared on their usual diet of
small green apples.

TrHoMAS C. BAKER*
RiTsuo NisHIDAY
WENDELL L. ROELOFS
Department of Entomology,
New York State Agricultural
Experiment Station, Geneva 14456
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Sensory and Motor Functions of Spinal Cord Substance P

Abstract. Low doses of p-Pro’-p-Phe’-p-Trp°~substance P, a specific substance P
antagonist, depressed the scratching and biting behaviors elicited by intrathecal
injections of substance P, and cutaneous application of algesic substances. Higher
antagonist doses caused hindlimb paralysis. This suggests that substance P is a
neurotransmitter for primary nociceptor afferents and may also have an important

function in motor control.

The principal neurotransmitters for ef-
ferent neurons passing through the ven-
tral roots have been known for more
than 30 years.. However, no sensory neu-
rotransmitter entering the spinal cord via
the dorsal roots has been convincingly
identified. In 1953, Lembeck (/) first
suggested that substance P (SP) might be
a sensory neurotransmitter. Since the
elucidation of the SP structure as Arg-
Pro-Lys-Pro-GIn-GIn-Phe-Phe-Gly-Leu-
Met-NH, (2, 3) dorsal root SP has been
shown to be present in small diameter
primary afferent neurons making synap-
tic contact onto dendrites of neurons in
the spinal cord dorsal horn (4). Electrical
stimulation of these small diameter affer-
ents leads to a release of SP into spinal
cord perfusates (5). Furthermore, SP has
been shown to excite dorsal horn neu-
rons that can also be excited by intense
cutaneous heat (6) or by more carefully
defined noxious stimuli (7).

More recently it has been shown that
SP, when injected into intrathecal spaces
surrounding the spinal cords of mice,
evokes an intense biting and scratching

behavior (8). This type of behavior, simi-
lar to behaviors associated with chronic
pain in rodents (9), is undoubtedly senso-
ry in nature; the animals precisely direct
their mouths and paws to their cutaneous
surfaces in an apparently purposeful
fashion. In order to further delineate the
association of this behavior with pain
sensation, we have now mimicked this
behavior by coating the skin of the mice
with algesic substances. In addition, we
have antagonized the responses of these
mice to algesic agents by the use of a
specific SP receptor antagonist. Com-
bined with the previously obtained data
(I, 4, 8), this information provides evi-
dence that SP is a neurotransmitter for
primary nociceptor afferents. However,
data are also presented suggesting that:
(i) SP may not be the sole neurotrans-
mitter for nociceptor afferents, and (ii)
that spinal cord SP may also play an
important role in motor control.
Capsaicin, the active ingredient of
Hungarian red peppers, is known to pro-
duce intense burning inflammatory pain
when applied to human skin (/0), possi-

Table 1. Capsaicin-induced scratching and biting. The irritant was swabbed on with a Q-Tip.
The observation time was the 5 minutes that immediately followed the irritant application.
Results are expressed as the mean = S.E.M. (N = 8§).

Biting and scratching episodes

Site Chemical -
Number Time spent
(seconds)
Ear Capsaicin 14.1 £ 2.7 (scratching)*
Ethanol 1.3 £ 0.5
Foot Capsaicin 42.5 = 9.0 (biting)* 51.9 £ 10.2%
Ethano! 0 0
Back Capsaicin 23.4 £ 6.7 (scratching)* 126 =+ 4.1*%
Ethanol 45+ 1.3 2.1 0.8
*Significantly different from control (P < .05, r-test).
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