Table 1. Mean concentrations of unbound
corticosterone (micrograms per 100 milliliters
of plasma) in mice which were exposed to
physical defeat by a fighter for 6 to 9 days
(group 1), similarly treated for 5 days and
then placed only in the fighter’s presence on
days 6 to 9 (group 2), or continually exposed
to only the fighter’s presence (group 3). The
results are shown for four samples of plasma
(each pooled from five mice) per daily aver-
age per group (12 samples when days pooled
for each treatment).

Group
Day
1 2 3
6 9.0 - 111 3.8
7 9.5 11.2 1.2
9 3.5 10.9 45

Mean =+ standard error

7.3+1.6 11.1%1.1 3.2+09

trained mouse, and, within a few days,
all of the behavioral symptoms of se-
vere subordination on the part of the
untrained, attacked mouse (8).

Mice were killed by decapitation 1
hour after the end of daily sessions
with the trained fighter and within 15
seconds after their home cages were
removed from the rack. Mice treated
in each different way were divided into
groups of five, the blood from each
group being pooled. The plasma was
then analyzed fluorimetrically for un-
bound (not precipitated by zinc) corti-
costerone (9).

Two-way analysis of variance re-
vealed large differences which could be
attributed to the experimental proce-
dures (p < .001), but no significant dif-
ferences which could be attributed to
the days when blood was collected or to
a possible interaction. Mice which had
never been physically defeated by a
fighter (group 3) had generally low
concentrations of unbound hormone
(Table 1). Those which had been ex-
posed to the fighter’s presence on the
days of blood collection and which had
experienced physical defeat (group 2)
had continually high concentrations.
Group 1, which was physically exposed
to a fighter every day throughout the
experiment, had relatively high concen-
trations, at least initially. Since variance
analysis revealed no difference between
results obtained on the 3 days on
which blood was collected, the data
within each type of treatment were
pooled and the resulting means tested
against each other by t-tests. The mean
for group 3 was significantly lower
than that for group 2 (p < .001) and,
despite the overlap on day 9, was signif-
icantly lower than the mean for group
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1 (p<.05. Group 1 was not signifi-
cantly different from group 2.

The amount of unbound corti-
costerone is well suited as the measure
of adrenal response in this type of ex-
perimentation because: (i) unbound
corticosterone is present only in trace
amounts in isolated controls; (ii) short
daily exposures to fighters have little,
if any, effect on bound corticosterone;
(ili) the peak concentration of un-
bound corticosterone in the plasma is
reached about 1 hour after exposure
to the fighter; and (iv) after the 4th
day of exposure to fighters, the con-
centrations return to trace amounts by
3 hours after each exposure (/0). This
last point is particularly important in
the present experiment since differences
in concentrations of unbound hormone
which were found among the mice
killed on days 6, 7, or 9 cannot be
considered as having been carried over
from the treatment on previous days.

The significant increase in the con-
centration of unbound corticosterone in
mice placed in the presence of a
trained fighter, given a background of
physical defeat, when compared with
those which had never experienced de-
feat, adequately demonstrates the real-
ity of a psychological component in
the adrenocortical response to defeat in
a fighting situation. It is important that
mice which had experienced defeat ac-
tually had somewhat higher concentra-
tions of unbound hormone when ex-
posed to a fighter’s presence than did
mice actively attacked by the fighter on
the days of blood collection. This dif-

ference was not significant but does at-
test to the relative importance of psy-
chological, as opposed to physical,
stimuli. These data may, in addition,
indicate that much the same type of
stimuli could be responsible for hyper-
activity of the adrenal cortex among
crowded mice; that is, neurotropic stim-
uli elicited by the presence of the domi-
nant animal in the group. Socially sub-
ordinate mice are known to have
heavier adrenals than those which are
dominants (11).
F. H. BroNSON

B. E. ELEFTHERIOU
The Jackson Laboratory, Bar Harbor,
Maine, and Department of Zoology,
Kansas State University
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Feeding Stimulants for the Female House Fly,

Musca domestica Linneaus

Abstract. Both casein and yeast hydrolysate contain feeding stimulants for the
adult female house fly. Guanosine monophosphate is the major active coni-
ponent in yeast hydrolysate. Several amino acids, including leucine, methionine,
lysine, and isoleucine, are also effective feeding stimulants and are presumed to
be the active components in the casein hydrolysate. Solution in phosphate buffer
is necessary in all instances to obtain maximum activity with the stimulants.

During experiments on nutrition and
reproduction in the house fly, the addi-
tion of yeast hydrolysate (/) to a dry
semidefined adult diet appeared to make
the diet more attractive to the flies,
since both the incidence of feeding and
the amount of food taken up increased.
To determine whether this effect was
due to an attractant or a feeding stimu-

lant, or both, filter-paper discs were
impregnated with solutions of the yeast
hydrolysate and placed in cages of 4- to
7-day-old house flies which had fed on
dry granular sucrose and water since
emergence. Attraction from a distance
could not be demonstrated by a variety
of techniques (2); however, flies which
came in contact with the disc extended
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their probosces and fed vigorously, and
within a few minutes a large cluster of
flies accumulated on the disc. Of 280
individuals entrapped in such clusters,
98 percent were females; further trap-
pings confirmed the high incidence of
females in these clusters.

To isolate and identify the feeding
stimulant(s) the following bioassay was
devised. Three equidistant circles (3.2
cm in diameter) were drawn on a filter-
paper disc (3) and the materials to be
assayed were made up in 0.133M phos-
phate buffer (pH 7.2). A 0.1-ml sam-
ple of the solution was delivered to the
center of a circle. The other circles
served as blanks or as controls or for
the comparison of compounds. The
disc was air dried, placed in a 9-cm
petri dish, and inserted into a screened
cage (30 by 30 by 40 cm) containing
1400 to 2200 flies—4- to 7-day-old
adults from a 1948 NAIDM strain
(4). These flies were reared on CSMA
larval medium (4) and after emergence
were provided with dry granulated su-
crose and water, which remained in the
cage during the assay. When active
materials were tested in this manner,
the flies rapidly congregated and fed,
forming an aggregate several flies in
depth (Fig. 1).

Since the response of the female flies
to some of the materials with stimu-
latory activity increased with the age
of the fly and depended on the state
of ovarian development, absolute val-
ues for the activity of these materials
could not be obtained. However, rela-
tive values were obtained, or compari-
sons were made, by determining (i)
the relative quantity of each different
compound that caused congregation of
flies, (ii) the priority of choice among
the same quantities of different com-
pounds tested on the same disc, and
(iii) the time the flies would remain
aggregated on a known quantity of a
material. In addition, the compounds
were tested by determining the per-
centage of flies extending their pro-
bosces when their tarsi were stimulated.
For this test, groups of 30 to 50 flies
were attached with soft beeswax to ap-
plicator sticks in a manner described
for the blowfly (5), and their response
recorded after immersion of their tarsi
ip the appropriate solutions.

The active compounds of the yeast
hydrolysate were isolated by ion-ex-
change chromatography. Yeast hydro-
lysate, 10 g dissolved in 50 ml of water,
was chromatographed on a 62.5- by
2.5-cm column of Dowex 50W — X8
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Fig. 1. Bioassay of a feeding stimulant on
filter paper showing clustering of female
flies. Circles I and 2 are the blank and
the phosphate buffer control, respectively;
circle 3 covered with flies contains 1 mg
of L-leucine in phosphate buffer.

(H*) resin (20 to 50 mesh). The col-
umn was eluted with water (3 ml/min)
and 100-ml fractions were collected.
The first fraction with definite activity
(fraction 4) yielded 285 mg of mate-
rial that exhibited activity at S mg (3).
Fractions 5 through 7 (combined weight
153 mg), tested at 1 mg, showed even
greater activity. The ultraviolet ab-
sorption spectrum .of the active frac-
tions showed a peak of 257 mpu with
a shoulder at 276 mp (typical ultra-
violet spectrum of the guanosine nu-
cleotide or nucleoside).

Calculations based on a molecular
extinction coefficient of 14,000 for
guanosine monophosphate (GMP) in-
dicated that fractions 5 through 7 con-
tained 110 mg of GMP. Further frac-
tionation of fractions 5 through 7 on
Dowex 50W — X8 resin yielded 91 mg
of material that exhibited a molecular

Table 1. Feeding and clustering response (+) of
4-day-old female house flies presented with
selected compounds (—, no response). (GMP,
guanosine monophosphate; GDP, guanosine
diphosphate; GTP, guanosine triphosphate;
d-GMP, deoxyguanosine  monophosphate;
AMP, adenosine monophosphate.)

Quantity (mg)*

Compound
1.0 0.1 0.01
Nucleotides
GMP-5’ + + +
GMP-3’ + + +
GDP-5' + =+ =+
GTP-5' =+ + +
d-GMP-5’ + + +
AMP-5’ —_ - -
Amino acids
L-Leucine + + +
L-Methionine + + +
L-Isoleucine + + -
L-Lysine =+ + -
L-Phenylalanine - + —_ -

* Milligrams per circle, see (3).

extinction coefficient of 14,150 at 257
mpu. The observed value from a quan-
titative phosphate analysis (6) after the
sample was wet-ashed agreed with the
calculated phosphate value for GMP.
The material was analyzed by thin-
layer chromatography on cellulose pow-
der (7), by means of the solvent sys-
tem—a mixture of saturated ammoni-
um sulfate, 1M sodium acetate, and
isopropanol (80:18:2) being used.
Two spots that corresponded to the Rr
values of the 2’- and 3'-isomers of gau-
nosine monophosphate were detected.
Quantitative separation of the isomers
was accomplished by ion-exchange
chromatography (8) on a Dowex 2 —
X8 resin column (200 to 400 mesh,
12.5 by 1.7 cm; 20-ml fractions col-
lected, flow rate 1.5 ml/min, chloride
form; eluent, 0.005N hydrochloric
acid). The 5'-, 2'-, and 3’-phosphate
isomers were eluted from the column
in fractions 75 through 100, 112
through 146, and 162 through 212,
respectively, and were present in quan-
tities of about 3, 33, and 64 percent,
respectively. The ultraviolet absorption
spectrum and the respective thin-layer
chromatography Rr values for the au-
thentic GMP isomers and the isolated
GMP isomers from yeast hydrolysate
were identical. The infrared spectra,
taken in Nujol mull, of the major GMP
isomer from the yeast hydrolysate,
namely  guanosine-3’-monophosphate,
and of authentic guanosine-3'-phosphate
were also identical.

At quantities of less than 1 mg (3),
all the isolated GMP isomers were very
effective feeding stimulants for female
flies, as were authentic samples (9) of
the nucleotides. In equivalent quanti-
ties, guanosine-5’-monophosphate was
a stronger stimulant than either GMP-3’
or GMP-2'. Guanosine-5'-diphosphate
(GDP-5’), guanosine-5'-triphosphate
(GTP-5’), and deoxyguanosine-5'-mon-
ophosphate (d-GMP-5’) were also ac-
tive at less than 1 mg (Table 1).
Certain other nucleotides, including
those in yeast RNA (adenosine mono-
phosphate, cytosine monophosphate,
uridine monophosphate) and thymidine
monophosphate, did not elicit a re-
sponse at 2 mg. The di- and triphos-
phates of adenosine were likewise in-
active on filter paper.

Despite intense feeding on quantities
less than 1 mg of the active nucleotides
on filter paper, these same nucleotides
at high concentrations showed rather
low activity in the tarsal stimulation
test. The percentage of female flies
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responding by proboscis extension to
1-percent solutions of these materials
were as follows: 35.6 to yeast hydroly-
sate, 24.6 to GMP-5', 12.4 to GMP-3’,
and 30.0 to AMP-5". All other mono-
phosphate nucleotides tested for tarsal
stimulation were inactive.

An enzymatic hydrolysate of casein
(10) also stimulated feeding and clus-
tering of female flies on filter papers,
but the presence of GMP could not be
detected by the same chromatographic
and analytical procedures as used for
yeast hydrolysate. Instead, the active
fractions. were eluted from the ion-
exchange columns with 1N ammonium
hydroxide solution and tested by the
ninhydrin reaction which indicated the
presence of peptides or amino acids, or
both (/7). When the constituent amino
acids of casein were bioassayed on filter
paper in phosphate buffer, five of these
—leucine, isoleucine, methionine, ly-
sine, and phenylalanine—were very ac-
tive at 2 mg. Without the phosphate
buffer these amino acids exhibited only
slight activity, even at 2 mg. Several
other anions, including sulfate, carbon-
ate, and chloride, were tested as possible
replacements for the phosphate; none
were effective. Bioassay on filter paper
showed that L-leucine and L-methionine
in phosphate buffer were the most ac-
tive of the amino acids (Table 1). The
p-isomers of all the active amino acids
showed slight activity when tested at
1 mg. However, when the p- and the
L-isomers were compared on the same
disc, the flies always selected the L-iso-
mer even in the presence of more of
the p-isomer. The peptide L-leucyl-L-
leucine was inactive even at 2 mg. The
active amino acids were also specific
for female flies.

The stimulatory activities of the
amino acids on the tarsi agreed well
with the feeding and clustering tests on
filter papers. Leucine, isoleucine, nor-
leucine, lysine, and methionine at 1-
percent concentrations stimulated more
than 50 percent of the tethered flies.
Phenylalanine, glutamic acid, and as-
partic acid were stimulatory, but to a
lesser number of flies, and the last
two amino acids did not cause cluster-
ing on filter paper.

When tested for tarsal stimulation at
a comparable molarity of 0.05M, the
active amino acids stimulated more
flies than the guanosine nucleotides.
Amino acids at about 0.005M concen-
trations elicited responses from 50 per-
cent of the flies. In contrast, even at
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concentrations higher than 0.05M, the
guanosine nucleotides did not elicit re-
sponses from more than 40 percent of
the flies. In tarsal stimulation tests
adenosine monophosphate was as ac-
tive as GMP-5’ and more active than
GMP-3’, yet on filter paper it was inac-
tive.

Differences in the relative activities
of the nucleotides tested on free flies
(filter-paper assay) or on tethered flies
(tarsal stimulation) are not strictly
comparable, since behavior of a group
as opposed to that of an individual must
be considered. Also, a large group of
physiologically responsive flies is pres-
ent during the filter-paper assay. Yet
for reasons now obscure, some nucleo-
tides that elicit proboscis extension
when presented to the tarsi did not
evoke feeding and clustering on filter
paper. The active amino acids showed
a better correspondence between tarsal
stimulation and clustering of female
flies. These amino acids also stimulated
tarsi of males, but the clustering phe-
nomenon occurred only with females.
Phosphate buffering of all materials was
necessary to obtain maximum feeding
and clustering as well as maximum tar-
sal stimulation. Phosphate buffer alone
was inactive by either assay.

Several adenosine nucleotides, in-
cluding the mono-, di-, and triphos-
phates, are potent feeding stimulants
for female mosquitoes of two species,
Culex pipiens var. pallens Coquillett
(I12) and Aedes aegypti (Linnaeus)
(13). However, the guanosine nucleo-
tides were ineffective with these two
species. In C. pipiens var. pallens the 3’-
and 2'-isomers of adenosine monophos-
phate did not elicit responses and only
the 5’-isomer caused feeding and en-
gorgement. A comparable structure-
activity relationship exists between the
GMP isomers as flavor enhancers for
human food in that the 5’-isomer alone
is active (I4). With the female house
fly, although the 5’-isomer was the most
active, the 3’- and 2’-isomers were also
active.

Yeast and certain protein hydroly-
sates are extremely attractive foods as
baits to several species of Diptera (/5),
including certain economically impor-
tant species of fruit flies (/6). Re-
cently, a combination hydrolysate-pesti-
cide poison bait was used extensively
in eradication of the introduced Medi-
terranean fruit fly [Ceratitis capitata
(Wiedemann)] (7). It will be inter-
esting to determine whether the same

components that stimulate feeding in
the house fly are responsible for the
effectiveness of the protein hydrolysates
used as baits for other insects.
W. E. RoBBINS, M. J. THOMPSON
R. T. YAmMaMoTO, T. J. SHORTINO
Entomology Research Division,
U.S. Department of Agriculture,
Beltsville, Maryland 20705
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Preference for Shapes of Intermediate
Variability in the Newborn Human

Abstract. Newborn humans presented
with pairs of shapes, each shape differ-
ing in number of turns (angles), prefer
shapes with 10 turns to shapes with 5
turns or 20 turns, as inferred from
photographic recordings of eye fixations.

The possibility that newborn humans
can perceive pattern has been suggested
by recent evidence of Fantz (I) and
Hershenson (2), although the results
are by no means conclusive and the
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