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L-Leucine: A Neuroactive Substance in Insects

Abstract. A compound was isolated from the blood of silkworm larvae,
Bombyx mori, which had been prostrated with DDT; this compound increased
the spontaneous discharge in the isolated abdominal nerve cord of the American
cockroach, Periplaneta americana. The compound was identified as L-leucine.

Sternburg and Kearns have reported
that an unknown neuroactive sub-
stance is released into the blood of
American cockroaches and crayfish
during DDT poisoning (I, 2). We now
report that a neuroactive substance

Control

Time (minutes)

Washing out

— 1 sec

was isolated from the blood of silk-
worms, Bombyx mori, that had been
prostrated with DDT; the compound
was identified as L-leucine.

Four thousand fifth-instar larvae of
silkworms were treated with a solution

— lsec

Fig. 1. Activation of spontaneous discharge in the isolated abdominal nerve cord of
the American cockroach by R-1 isolated from the blood of silkworms (a) and

authentic L-leucine at 10°M (b).
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of DDT in acetone (approximately 1
mg of DDT per larva) and bled after
being kept at 26°C for 12 hours. The
blood was dropped from the cut ends
of prolegs into a chilled mixture of
ethanol and Dry Ice. The collected
blood (about 450 g) was deprotein-
ized with chilled ethanol, which was
then evaporated at reduced pressure
in an atmosphere of carbon dioxide.
The residue was fractionated by col-
umn chromatography (i) through cel-
lulose powder eluted with a mixture of
n-butanol, acetic acid, and water (4 :
1:5) and (ii) through Sephadex LH-
20 eluted with aqueous ethanol. Each
fraction was examined by paper chro-
matography developed with a solvent
mixture [n-butanol, acetic acid, and
water (4 : 1 : 5)] (3).

The assay of neuroactivity was car-
ried out at 22° to 26°C by recording
the spontaneous discharge in the iso-
lated abdominal nerve cord of the Amer-
ican cockroach, Periplaneta americana,
immersed in a physiological saline
solution in a small chamber (2.5 ml),
A small portion of the cord between
the fifth and sixth ganglia was kept
out of the solution to place on a re-
cording Ag-AgCl electrode (100 pm
in diameter) in the air. An indifferent
electrode was placed in the solution.
The test sample dissolved in a saline
solution was applied into the chamber.

A neuroactive fraction contained
three substances (R-1, R-2, and R-3),
which were positive to ninhydrin and
diazotized p-nitroaniline and had Rjy’s
of 0.62, 0.58, and 0.48, respectively.
Substances R-1 (6 mg) and R-3 (6
mg) were isolated in colorless crytal-
line state by fractional crystallization.
The purified R-3 did not show any
neuroactivity, but R-1 was highly active
(Fig. 1a). Substance R-1 resembled
the substance reported by Sternburg
and Kearns (2, 4) with respect to its
action on the insect nervous system
and to its chromatographic behavior,
except for the positive ninhydrin test;
but by paper chromatography it was
different from some known neuroac-
tive substances such as acetylcholine,
dopa, dopamine, adrenaline, noradren-
aline, 5-hydroxytryptamine, glutamic
acid, and y-aminobutyric acid.

Substance R-1 decomposed at 250° to
251°C. It did not show any character-
istic ultraviolet absorption spectrum.
The mass spectrum of R-1 had a small
peak at m/e (mass/charge) 131,
strong ones at 86, 74, 44, and 43 and
a moderate one at 57. They could be
assigned as the molecular ion (M),
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M+ —-COOH, M+ —C;H,, CO,*,
C;H;+, and C Hy+, respectively. This
pattern suggested that R-1 was leucine.
Comparison of R-1 with an authentic
sample of L-leucine showed they were
identical in respect to mass and infra-
red spectra and paper chromatography.
The commercially available pure sam-
ple of L-leucine showed similar neuro-
activity at 10—%M as shown in Fig.
1b. With both R-1 and L-leucine, the
highest activity appeared about 10
minutes after treatment. Thus, the
neuroactive substance isolated from
the blood of silkworms prostrated with
DDT was identified as rL-leucine, This
is the first evidence for the neuroac-
tivity of L-leucine in insects.
Substance R-3 was identified as
tyrosine by paper chromatography and
spectrometry. Substance R-2 could not
be isolated but was presumed to be

isoleucine from its Ry, value. Neither
the authentic sample of L-tyrosine nor
that of L-isoleucine showed the neuro-
activity.
SHIGEKI TASHIRO
E1y1 TANIGUCHI
Morirusa ETo
Department of Agricultural Chemistry,
Kyushu University, Fukuoka, Japan
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Ethnic Differences in Alcohol Sensitivity

Abstract. Japanese, Taiwanese, and Koreans, after drinking amounts of alcohol
that have no detectable effect on Caucasoids, respond with a marked facial flushing
and mild to moderate symptoms of intoxication. Group differences are present
at birth, and are probably related to variations in autonomic reactivity.

The lower incidence of alcoholism
among certain Mongoloid as compared
to that in Caucasoid (/) groups is gen-

" erally attributed to social-environmental
factors. Although biological variations
in alcohol sensitivity have been impli-
cated in principle, no satisfactory evi-
dence supports the claim that they
contribute to the etiology of alcoholism
(2). More generally, many anthropolo-
gists assume that population differences
in behavior are determined almost en-
tirely by cultural variables, and that the
genetic contribution to differences in
brain function and behavior among mat-
ing groups is at best trivial (3). An
empirical demonstration of variations in
physiological responses across ethnic
groups would therefore be of theoretical
interest, particularly if such variations
had direct implications for psychological
adaptation.

Having observed that many Mongo-
loids respond with a rapid intense flush-
ing of the face annd with symptoms of
mild to moderate intoxication after
drinking alcohol in amounts that have
no apparent effect on Caucasoids (4), I
systematically compared the alcohol
flushing responses of Caucasoid and va-
rious Mongoloid groups. The subjects
were randomly selected, healthy Cauca-
soid and Mongoloid men and women
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between 25 and 35 years old, residing in
the United States, Japan, Taiwan, and
Korea, respectively. To control for cul-
tural differences in alcohol consumption,
diet, and other postnatal environmental
influences, I also compared the flushing
responses of healthy full-term Cauca-
soid infants with those of Japanese and
Taiwanese infants.

Flushing was determined by optical

densitometry of the earlobe and inspec-

tion of the face (5). Since the densi-
tometer response was linear in the range
of values tested, differences in baseline
optical density due to variations in skin
pigmentation probably did not affect the
results.

Subjects were tested at least 2 hours
after a meal. Room temperature was

always maintained at a comfortable

level. All adults drank beer (5 percent
alcohol by volume) ; and Caucasoids re-
ceived consistently more alcohol per
unit of body weight (0.36 to 0.45 ml/
kg) than Mongoloids (0.14 to 0.30
ml/kg) (6). During the test subjects
were asked to report any subjective
symptoms that might be related to
drinking; afterward they filled out a
short questionnaire about their weekly
consumptions of alcohol, their predis-
position to intoxication, and the inci-
dence of flushing in their families. In-
fants were tested by giving them small
amounts of port wine in 5 percent glu-
cose solution; no side reactions were
produced. Caucasoid infants again re-.
ceived consistently more alcohol per
body weight (0.34 to 045 ml/kg)
than Mongoloid infants (0.16 to 0.23
ml/kg).

The results indicate that 83 percent of
Mongoloid adults responded with a
marked visible flush and an increase of
optical density greater than 5 mm (mean
increase 34.3 mm; range 14 to 78 mm),
whereas only 2 of the 34 Caucasoid
adults (6 percent) showed any increase
of optical density greater than 5 mm,
and only 1 of these flushed visibly.
Population differences in flushing re-
sponse were statistically significant
(P < .001; see also Table 1). Ten non-
reacting Caucasoids who subsequently

Table 1. Flushing responses, and increases of optical density and pulse pressure in the ear-
lobe, after ingestion of alcohol. In each case, the Caucasoid population is compared to a
corresponding Mongoloid group. Since only records free of artifacts were tabulated, whereas
mean changes of optical density were calculated for the entire subgroup, the magnitude of
flushing responses among Korean subjects appears to be less than that among other Mongo-
loid subgroups. This conclusion is not warranted by the results.

Optical density

Pulse pressure

Sample Visible

N T Mean Mea- Mean
Group Size flushing I>n<;rease increase surable increase
(No.) (No.) N n;m for total increase for total
o (mm) (No.) (%)
Caucasoid
Adults 34 1 2 1.1 1(D) 5@
Infants 20 1 1 1.7 0
Japanese .
Adults 38 32% 34% 36.8% 33% 2577
Infants .25 17* 17%* 16.8F 9
Taiwanese
Adults 24 19% 20%* 37.7% 19* 246%
Infants 10 9 9* 14.6+ 4
Korean
Adults 20 14% 10*% 17.4+1% 9%% 161%

* Ethnic group differencés are significant at P < .001, chi-square test.

TP <.001, ttest. {The

records of six Korean subjects could not be analyzed reliably because of line-voltage disturbances.
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