days 1 to 9 after conception (44 = 0.87
days, mean =+ standard error) compared
to the controls (38 = 0.68 days). The
delay was not observed after galactose
exposure later in gestation.

We conclude that prenatal exposure to
galactose or its metabolites substantially
decreases oocyte number in the rat. The
most striking effects were observed
when exposure occurred during the pre-
meiotic stages of oogenesis. This reduc-
tion in oocyte number might result from
interference with germ cell migration,
proliferation, or differentiation. The data
suggest that the effects of galactose on
the rat ovary are less pronounced after
the initiation of meiosis. The reduction in
the number of oocytes in prenatally
treated rats is clearly not related simply
to growth reduction secondary to galac-
tose administration.

Prenatal galactose or its metabolites
primarily reduce the number of small
oocytes and follicles. The absence of
effects on the medium and large follicles
is unexplained but not without precedent
for other ovotoxic agents. Mandl (9) re-
ported that radiation reduced the number
of small follicles 90 percent in the rat,
and Krarup (/0) noted oocyte destruc-
tion by postnatal exposure to polycylic
aromatic compounds—without reduc-
tion in the number of medium or large
follicles.

Prenatal toxic effects on oocytes or
their precursors by galactose or its
metabolites could be a cause of prema-
ture ovarian failure in human galacto-
semia. Restriction of galactose intake in
pregnancies at risk for this disease might
reduce or prevent fetal ovarian damage
and subsequent premature ovarian fail-
ure, although galactose synthesized by
the fetus or mother could still have toxic
effects (3).
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Pheromone Orientation: Role of Internal Control Mechanisms

Abstract. Male American cockroaches walk a zigzag path upwind toward a source
of female sex pheromone. Although the maximum width of the pathway is regulated
by the width of an odor plume, many turns are made before the edge of a wide plume
is encountered. In addition to the pheromone regulation of the insect’s orientation
movements, an internal mechanism appears to influence the zigzag turning pattern.

It is generally agreed that orientation
of insects toward distant sex pheromone
sources is not controlled by chemotaxis,
that is, by the concentration gradient of
the odor, but rather by an indirect ane-
motactic (wind-directed) mechanism (1).
Orientation of both walking and flying
insects is never observed to be straight
or direct, but occurs in irregular zigzag
or sinusoidal pathways that can be char-
acterized by two components, namely,
turns (2) and straighter connecting por-
tions. The mechanism controlling orien-
tation during the straight portions is be-
lieved to entail the use of the wind direc-
tion to establish the insect’s course and
to correct deviations. The mechanisms
that control or interact to regulate turn-
ing, however, are poorly understood.

I used a time-lapse camera system (3)
to photograph individual male cock-
roaches orienting to synthetic female sex
pheromone in a wind tunnel. By analysis
of the insects’ pathways, I compared the
position of turning with the boundaries
of the plume and determined the effect
on the pathway of changing the width of
the plume. This analysis could provide
direct evidence for the pheromone regu-
lation theory, which proposes that a turn
is made only when the insect detects the
decrease in odor concentration at the
edge of the plume (4). An alternative
theory is that the turning pattern is influ-
enced or generated internally within the
insect’s nervous system (5).

An individual male was placed in a
wire cage centered 0.3 m from the down-
wind end of a 2.5-m wind tunnel (wind
speed, 22 cm/sec). After a period of 12 to
15 minutes to allow the male to adjust to
its new surroundings, the side door of
the cage was opened, and the male was
observed for a 2-minute control period
during which no pheromone was pre-
sented. Males generally ceased moving
in the cage several minutes after being
placed in the tunnel and usually re-
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mained motionless during the control
period. A dispenser containing synthetic
female sex pheromone, (*)-periplanone
B (6), was then placed in the tunnel 2 cm
above the floor and centered at the up-
wind end. Arousal, elicited after 0.5 to
2.0 minutes, was characterized by rapid
antennal movements and locomotion.
The male would then leave the cage and
turn upwind, indicating a positive ane-
motactic polarization of the odor plume
(7). While proceeding upwind in the nar-
row plume, each cockroach tended to
remain within the boundaries of the
plume and close to the center line of the
wind tunnel (Fig. 1, B to D). Pathways in
the wide plume varied considerably and
included wide zigzags traversing the en-
tire width of the plume (Fig. 1F), turns at
random points within the plume (Fig.
1G), and relatively direct upwind paths
characterized by a long-period sine pat-
tern (Fig. 1G).

The coordinate positions of the insect
were entered into a computer by project-
ing the photographic negative onto a
bit-pad digitizer. Coordinates were then
aligned and scaled according to refer-
ence points marked on the wind tunnel
floor. Computer programs with x and y
coordinates designating the distance
from the source and the distance from
the center axis of the plume, respective-
ly, were used to determine the anemo-
tactic angle (upwind angle, defined by
successive data points), the turning rate
(the angle made by three successive data
points), the position of sign-reversal
turns, and the locomotion rate (Table 1),
Orientation pathways were graphically
displayed superimposed on the bound-
aries of the plume, which were calculat-
ed from digitized photographs of white
titanium tetrachloride smoke released
from the same dispensers as the phero-
mone (8). The narrow plumes were simi-
lar in dimension and structure to those
described previously (9).
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Table 1. Movement characteristics of male American cockroaches in a narrow or wide sex
pheromone plume. Values are means * standard error for ten trials.

Movement parameter

Plume width

Narrow Wide
1. Walking speed (cm/sec) 55+0.6 5.0+ 0.5
2. Turning rate (degrees/turn) 23.1 £ 1.3 199 = 2.1
3. Anemotactic angle (degrees) 212 2.8 255 3.4
4, Number of sign-reversal 205+23 142 £ 1.2%
turns per pathway
5. Distance between sign- 11,8 £ 1.0 17.3 £ 1.6%
reversal turns (cm)
6. Angle of sign-reversal turns (degrees) 333x39 34,1+ 4.7
7. Maximum pathway width (cm) 147 £ 2.7 26,4 £ 572%
8. Variance of each data point from 203 5.8 109.9 = 35.3*
center plume axis
9. Distance of sign-reversal turns from 2905 8.4 1.9*

center plume axis (cm)

* Significantly different from the narrow plume value (s-test; P = .05).

Several parameters, such as the walk-
ing and turning rates and the mean abso-
lute anemotactic angle, were similar for
the narrow and the wide plume (Table 1,
items 1 to 6), whereas the maximum
width of the pathway, the variance of
points from the center axis of the plume,
and the location of sign-reversal turning
points were significantly larger in the
wide plume (Table 1, items 7 to 9).
Although the movement characteristics
from point to point in the two types of
plumes were similar, the cockroaches in
the wide plume tended to move further
from the center line before initiating a
sign-reversal turn. Not all zigzags entire-
ly crossed the wide plume, and the aver-
age sign-reversal turning point was con-

siderably within the plume boundaries
10).

From these results, two conclusions
can be drawn. (i) The width of the phero-
mone plume has a direct effect on the
width of the orientation pathway, and (ii)
many sign-reversal turns are made be-
fore the insect encounters the edge of the
plume. Although the first conclusion
supports the pheromone regulation mod-
el, the second indicates that this model
does not completely explain the ob-
served orientation pathways.

The concept that an internal mecha-
nism controls turning also explains other
phenomena observed in flying moths.
When pheromone release is stopped
abruptly, moths continue to zigzag for 1

Centimeters

Meters

Fig. 1. Orientation pathways of male American cockroaches and smoke plume boundaries
representing two different stimulus conditions. (A) Superimposed boundaries of three narrow
smoke plumes. (B to D) Pathways of three different cockroaches orienting to synthetic sex
pheromone in a narrow plume. (E) Superimposed boundaries of three wide plumes. (F to H)
Pathways of three different cockroaches orienting in a wide plume. Computer-reconstructed
drawings are rescaled from overhead photographs (35 mm). Arrow (W) represents the wind
direction (22 cm/sec). Dashed lines indicate the average boundaries of the plumes. Outer
borders are the dimensions of the wind tunnel and are scaled with reference to the pheromone

source (S).
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or 2 seconds in a pattern indistinguish-
able from that elicited when the phero-
mone was present (/7). Moths also cast
back and forth after losing contact with a
pheromone plume, zigzagging with a
larger anemotactic angle and progres-
sively longer paths than those observed
under pheromone-stimulated conditions
(11). As these behaviors occur after the
complete removal of pheromone from an
airstream, the turning pattern must be
generated by an internal mechanism or
program rather than by the perception of
a change in pheromone concentration.

The orientation system for the control
of turning during anemotaxis must be
more complex than those that have been
previously suggested and should include
(i) odor-regulated sign-reversal turns, (ii)
stochastic, internally initiated turns, (iii)
internally controlled turns patterned by a
previous stimulus, and (iv) internally
generated patterns of turns. A challeng-
ing aspect of the study of this orientation
system is understanding how these be-
haviors are adapted to more variable,
real environmental conditions. The evi-
dence for internally generated patterns
suggests mechanisms that may maintain
the orientation course after temporary
disruptions in the plume caused by tur-
bulence or shifting winds and that may
allow a more efficient path to be taken
than one determined by always crossing
from one side to the other of a wide
pheromone plume.

THoMAS R. ToBIN

Department of Entomology,
Snow Hall, University of Kansas,
Lawrence 66045
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Endogenous Opiates and Stress-Induced Eating

In discussing their results on an animal
model developed in our laboratory (1),
Morley and Levine state that the opiate
antagonist naloxone attenuates stress-
induced eating in rats (2). This model has
a number of similarities to emotionally
related overeating in humans (3), and the
reported involvement of endogenous
opiates suggests new treatments for this
disorder.

We have been unable to repeat Morley
and Levine’s observations in a series of
eight experiments with both Sprague-
Dawley and Wistar rats given two doses
of naloxone (4 and 10 mg/kg) and test-fed
with Laboratory Chow and palatable
chocolate chip cookies (¢). In no in-
stance did we observe an attenuation
after naloxone in the amount eaten or the
duration of food-directed oral behavior
during tail-pinch stress (TP).

A possible reason for these contradic-
tory results may be found by considering
gnawing and eating as distinct behaviors.
The more time that is spent in gnawing
(without ingestion), the less that can be
spent in biting and chewing (with swal-
lowing). Motley and Levine found that,
while only 20 percent of their animals
gnawed prior to naloxone administra-
tion, this increased to 100 percent after
the drug was given (2). Thus, their con-
clusion that ‘‘naloxone suppresses inges-
tive behavior without affecting gnawing”
is misleading since they actually appear
to have observed an increase in gnawing
behavior at the expense of eating.

We think there is a logical reason that
increased gnawing might have been ob-
served. Animals that normally eat quiet-
ly during mild TP may be induced to
shred or demolish food pellets by in-
creasing the pressure to painful levels
(1). We thus interpret Morley and Le-
vine’s statements that ‘‘a number of
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these rats demolished one or both of the
pellets without ingesting”> and ‘‘rats
squeaked at tail-pinch pressures below
those necessaty to induce eating, gnaw-
ing, or licking during the control trial’’ as
evidence for pain. Naloxone may, for
example, have lowered a nociceptive
threshold such that pressures that ordi-
narily are compatible with eating during
TP may now become painful and pro-
duce gnawing or shredding of the food.
Alternatively, naloxone may have poten-
tiated the release of striatal dopamine
(DA) during TP (5), in analogy to its
enhancement of DA release by ampheta-
mine and increased stereotypy (6). We
have discussed the similarities between
the neural effects of amphetamine and
TP (I, 7), and in either case an excessive
release of DA may be conducive to
gnawing instead of eating.

In addition to facilitating the effect of
the indirect DA agonist amphetamine,
naloxone also potentiates the actions of
the DA antagonist chlorpromazine (8).
We found that low doses of the DA
antagonist haloperidol attenuate TP-in-
duced oral behaviors (/) and we exam-
ined whether naloxorie would potentiate
that effect. Our results support the con-
cept that, while naloxone alone again
had rio effect upon TP behavior, a combi-
nation of naloxone plus haloperidol com-
pared to haloperidol alone significantly
suppressed oral behaviors (9). Our data
suggest that any effects of naloxone on
TP behaviors may be mediated indirectly
through DA. There is also abundant bio-
chemical and anatomical evidence for
interactions of enkephalin and DA (10).
In addition, the pharmacological speci-
ficity of naloxone has been questioned
(1), and we thus believe that Morley
and Levine’s unequivocal conclusion
that “‘stress-induced eating is mediated
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through endogenous opiates”’
speculative.

Morley and Levine say that their hy-
pothesis was supported by the observa-
tions that chronic TP produced ‘‘self-
addiction,”” which was manifested by
naloxone-precipitated withdrawal symp-
toms (2). We have been unable to
reproduce this effect in experiments with
rats given chronic TP in the presence and
absence of food. This detail was not
specified in Morley and Levine’s report
and is important because rats pinched in
the absence of food show considerable
agitation and escape attempts (/). Such
attempts result in tail damage, and con-
tinued TP is clearly very painful to the
animals. Rats pinched in the presence of
food do not exhibit such marked pain
responses after long-term TP. Our proto-
col was similar to that of Morley and
Levine (2, 12). Neither TP group in our
experiment exhibited marked withdraw-
al behaviors when tested after day 10 of
TP (mean 0.53 per 15 minutes after saline
and 0.68 per 15 minutes after naloxone).
In contrast, the morphine-dependent rats
exhibited 15.0 vigorous withdrawal be-
haviors ih the 15-minute period after
naloxone. We thus find no evidence of
opiate dependence in rats given long-
term TP, even when this involved pain.

In addition to these troublesome fail-
ures to confirm Morley and Levine’s
conclusions in our laboratory, we feel
that it is necessary to comment on some
other inadequacies in their presentation.
The most important of these are inaccu-
rate or misleading attributions to others
(13), and the failure to distinguish their
own data from those of others (/4). Their
acknowledgement to one of us {reference
19 in (2)] was without our knowledge or
endorsément of the results or interpreta-
tions.
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