15. It is presumed that volatile components of the
extracts of the 1972 laboratory-reared females
were lost because of evaporation during storage.
These are the same samples that we analyzed
previously and reported in (/).

16. The ozonide was decomposed with a small ex-
cess of triphenylphosphine in methylene chlo-
ride solution, in order to avoid chromatographic
interference from trace contaminants in this re-
agent. The reaction mixture was maintained at
0°C until analysis, then methylene chloride was
carefully evaporated (not to dryness) under N,,
reconstituted in hexane, and concentrated to
approximately 10 ul.

17. M. Beroza and B. A. Bierl, Anal. Chem. 39,
1131 (1967); Mikrochim. Acta 4, 720 (1969).

18. Ozonolysis blanks were clean except for trace
impurities eluting from OV-1 well before the
region of interest.

19. Microozonolyses at levels below 50 ng per com-
ponent yield product mixtures in which back-
ground and artifact chromatographic peaks be-
come significant, Analysis of a natural extract
for minor components would be uninformative
at this level.

20. The carrier gas for GC analysis of ozonolysis
products was He (30 ml/min) for OV-1 pro-
grammed from 100° to 170°C at a rate of 6°C per
minute, or at a constant temperature of 140°C.
GC-MS analyses of ozonolysis products were
conducted with methane (30 ml/min) as the car-
rier-reagent, as above. The temperature pro-
gramming technique allowed practical detection
of aldehydes of chain length eight or greater and
acetoxyaldehydes of chain length six or greater.
Thus, one ozonolysis fragment would be de-
tected from any monounsaturated 14-carbon ace-
tate isomer.

21. Reconstructed mass chromatograms for any m/e
can be recalled by the data system from stored
total mass spectra. These can be plotted in the
same format as mass fragmentograms. How-
ever, mass fragmentography analyzes and stores
only a few ions, disregarding the remainder of
the mass range. For a more complete descrip-
tion of mass fragmentography, see (1) and (6).

22. The retention times (spectrum numbers) for the
mle 241 and 269 leaf extract components, as well
as standard tetradecenyl acetates, are different
for CI and EI mass spectra in Fig. 3 because of
differences in chromatographic conditions on
these instruments.

23. The only GC-MS ionization mode available in
this laboratory during the original identification
of pheromones in plants (/) was EI.

24. In CI spectra the m/e 241 and 269 leaf com-
ponents give certain fragment ions similar to
diagnostic tetradecenyl acetate ions. For ex-
ample, the 269 component has a minor m/e 61, a
strong m/e 195 fragment, and a strong signal at
m/e 253 which produces a trace isotope pattern
extending to m/e 255.

25. Saturated tetradecyl acetate does appear to be a
true leaf extract component when analyzed be-
fore the DEGS collection which is timed to
remove most of it.

26. The carrier gas used for collection from QF-1
was He (30 ml/min at 160°C, isothermal).

27. The mass spectrum of this leaf extract com-
ponent shows a prominent (M + 1 — 32)* char-
acteristic of fatty acid methyl esters, and would
be consistent with a methyl pentadecenoate
(C,;H2;,COOCHj). Other plant extract com-
ponents may be due to a homologous series of
fatty esters.

28. No leaf tetradecenyl acetates were detected by
GC-MS analysis of 50 g of plant material. One
nanogram was an approximate lower sensitivity
limit for adequate full CI mass spectra including
M + DY, (M + 29)*, and (M + 41)*. However,
trace amounts below 100 pg of tetradecenyl ace-
tates would be indicated by reconstructed mass
chromatograms of prominent fragments such as
mie 195 and 61.

29. T. Eisner, J. S. Johnessee, J. Carrel, L. B.
Hendry, J. Meinwald, Science 184, 996 (1974);
L. P. Brower, Sci. Am. 220 (12), 22 (1969); T.
Reichstein, J. Von Euw, J. A. Parsons, M.
Rothschild, Science 161, 861 (1968); L. P. Brow-
er, P. B. McEvoy, K. L. Williamson, M. A,
Flannery, ibid. 177, 426 (1972); G. M. Happ and
J. Meinwald,J. Am. Chem. Soc. 87, 2507 (1965).
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The Stomach as a Site for Rapid Nutrient Reinforcement Sensors

Abstract. Rats with inflated cuffs placed around the pyloric sphincter were given a
choice between two nonnutritive solutions. Ingestion of one solution was paired with
nutritive intragastric injections, and ingestion of the other was paired with saline in-
Jections. The preference of rats for the nutrient-paired flavors indicates that the stom-
ach alone can rapidly detect the arrival of nutritive substances.

When predigested milk is injected into
the stomachs of rats that are choosing be-
tween two samples of flavored water, the
rats will choose the flavor paired with the
nutrient (/). It is unlikely that this result
is due to stomach distention, because the
effect occurs when an intragastric saline
load of equal volume is injected into the
stomach when the other sample is cho-
sen. Nor is the rewarding effect due to
absorption. Each daily choice session
lasts only 10 minutes, and most rats
sample both flavors in each session
(Table 1). Since the effect does not occur
when glucose is substituted for the milk,
the rats probably do not regurgitate and
thus taste the flavor. Although the pre-
digested milk is injected directly into the
stomach, the site of action could actually
be in the duodenum, as a considerable
volume immediately enters the duode-
num at this time (2). We have attempted
to determine whether nutrient can be de-
tected by the stomach or whether nutri-
ent is detected by the duodenum alone;
we now show, for what we believe to be
the first time, that such detection does
occur in the stomach. In order to distin-
guish between these alternatives, an in-
flatable cuff was implanted and placed
around the pyloric sphincter of rats. The
cuff was inflated so as to close off com-
pletely the entrance to the duodenum
while rats were allowed for 10 minutes to
choose between two flavored non-
nutritive solutions. When the rat chose
and drank one solution, an equal volume
of predigested milk was injected into the
stomach. When the rat drank the other
flavored solution, an equal volume of sa-
line was also injected into the stomach.

Table 1. Mean intake [together with standard
error of the mean (S.E.M.)] of flavor paired
with predigested milk injection and of flavor
paired with saline injection, and the number
of rats (out of eight) sampling both flavors.

Intake
Nutrient- Saline-
Day paired paired FNE‘(ES)
flavor (ml) flavor (ml) '
Mean S.E.M. Mean S.E.M.
1 429 0.95 2.31 0.98 7
2 4.15 1.01 2.22 0.81 8
3 5.40 0.65 1.62 0.57 8
4 597 0.52 0.95 0.37 8
5 6.32 0.35 0.67 0.27 6

The subjects were 15 naive male rats
(Sprague-Dawley) weighing between 350
and 450 g at the time of surgery. Ten rats
served as experimental animals and five
as donors. In the experimental rats, two
stomach tubes were implanted [accord-
ing to the method of Deutsch and Hardy
(3)] and an inflatable cuff. In the donors,
one stomach tube was implanted. Ani-
mals were allowed to recover for 1 week
after surgery. During this period, milk
(Carnation evaporated) and water were
freely available.

After recovery, donor rats were put on
a 22-hour food and water deprivation
schedule. They were allowed access to
milk for 2 hours every day.

At the same time, experimental rats
were also put on a food and water depri-
vation schedule. Every morning two bu-
rettes were filled with water and their
drinking spouts were inserted into each
cage for 10 minutes. One hour later, sub-
jects were given 8 g solid food. After dai-
ly watering and feeding, each rat’s intra-
gastric fistulae were cleared with 1 ml wa-
ter. At this time the cuff was temporarily
inflated in order to accustom animals to
the experimental procedure. No appar-
ent physical discomfort was exhibited by
the animals. After rats had shown a
stable water intake for at least 3 days and
had sampled from both spouts, prelimi-
nary training ended.

Once the experimental conditions be-
gan, the daily routine was as follows:
First, donors were allowed to drink milk.
When they had stopped drinking for §
minutes, milk was pumiped out through
the intragastric fistulae and cooled to
room temperature. Second, the cuffs of
the experimental animals were inflated.
These rats were then given a choice be-
tween two flavored solutions: banana
(0.5 percent banana flavoring, Schilling)
and almond (0.5 percent almond flavor-
ing, Schilling). When half the rats drank
the banana flavor, predigested milk was
injected into their stomachs at the rate at
which they drank. When these rats drank
the almond flavor, physiological saline
(Tis-u-sol) was injected. For the remain-
ing rats, the pairings were reversed.
There were five 10-minute sessions, one
each day for 5 days.

After this phase, each of the ten experi-
mental rats was anesthetized as before, a
laparotomy was performed, and the infla-
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tion of the cuff was verified. Two rats
were found to have nonfunctioning cuffs;
their scores were therefore excluded
from the analysis. The analysis of vari-
ance and specific comparisons were
based on the other eight rats. The rats
clearly preferred the nutrient paired fla-
vor [F(1,7) = 17.35, P < .01] (Table 1).

It seems that the stomach can recog-
nize some components of food and signal
their arrival rapidly to the central ner-
vous system, where such messages pro-
duce reinforcement. So far, the presence
of nutrient sensors in the duodenum, sig-
naling to the brain via the release of
cholecystokinin, has been postulated
(4). The presence of nutrient sensors

above the level of the duodenum must

also be considered. The mechanism

by which the sensors in the stomach

transmit their signals to the central ner-

vous system remains to be elucidated.
J. A. DEUTSCH, M.-L. WANG

Department of Psychology,

University of California, San Diego

La Jolla 92037
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Sea Straits and Glacial Periods in the Red Sea

Deuser et al. (1) compared oxygen iso-
topes in tests of foraminifera from sedi-
ments of the Gulf of Aden with those
from the Red Sea. In glaciated periods
they found an *O enrichment of 2 per mil
in the Red Sea tests, which corresponds
to an excess salinity of 6 to 7 per mil in
the Red Sea over the Gulf of Aden.
Today this excess salinity is only 3 per
mil. Deuser ef al. concluded that *‘during
the periods of maximum glaciation the
climate in the area of the Red Sea was,
on the average, considerably drier than
today.”’

This conclusion seems to be in conflict
with what is known about flow through
sea straits. Deuser et al. stated that low-
ering sea level would reduce the ex-
change between the Gulf of Aden and the
Red Sea. However, the implication of
such a reduction would invalidate their
conclusion about the paleoclimate of the
Red Sea.

The Red Sea is in a state of frictional
overmixing such that the exchange
through the Strait of Bab al Mandab is
limited by critical Froude conditions (2).
The salinity difference As = s, — s, be-
tween the discharge from the Red Sea,
sy, and the inflow to the Red Sea from the
Gulf of Aden, s, is related to the bathym-
etry of the strait and the excess evapora-
tion over the Red Sea according to

As a 2LV Y233
or
q* [ As* \%2/ D* 2/ y* L \l2
q *( As) ( D)(—Y)(L*)
Here g is the excess evaporation over
the Red Sea, and L, D, and Y are the
length, depth, and width of the strait.

Quantities with asterisks refer to glacial
periods, and those without asterisks re-
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fer to the present. The salinity (or '*O)
differences are thus more sensitive to
changes in depth than to changes in the
evaporation rate.

For present-day conditions one may
characterize the Strait of Bab al Mandab
by the parameters (2) L = 160 km,
Y =18 km, D =180 m, g = 28000
m3/sec, and As = 0.003. The sea level
lowering at the maximum of the glacial
period was 130 m (3), and on the average
I will conservatively assume a lowering
of 80 m. The glacial parameters in the
above equation can then be approxi-
mated by L* = 160 km, Y* = 12 km,
and D* = 100 m. Adopting the estimate
As* = 0.007 of Deuser et al., I obtain

G*/q = 0.73

Thus, it seems more likely that during
glacial periods the climate of the Red Sea
area was similar to or somewhat more hu-
mid than that of today.

GAD ASSAF
Isotope Department, Weizmann
Institute of Science, Rehovot, Israel
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I am grateful to Assaf for applying his
model for the water exchange through
straits (/) to our data in order to check
the implications for the Red Sea climate
during glacial times (2). I am not con-
vinced that the model with its implicit
and explicit assumptions and sim-
plifications can do justice to the com-
plexities of nature, but I will not argue
about its applicability in this space nor
take issue with Assaf’s choice of dimen-
sions for the Strait of Bab al Mandab (3).
However, even if the value of 0.73 for
the ratio of glacial to present excess
evaporation over the Red Sea were cor-
rect, Assaf’s conclusion is not valid. An
80-m drop of sea level during glacial
times reduced the surface area of the
Red Sea by 37 percent (4). Therefore, the
evaporation had to take place over an
area a* which was only 63 percent of the
present surface area «. The climatically
significant quantity in the context of our
report (2) is excess evaporation per unit
area of sea surface, ¢, and not the net
influx, g, of water through the Strait of
Bab al Mandab. Using Assaf’s asterisk
notation and his influx ratio of 0.73, I
obtain

Thus, whatever the merit of the model
calculations, it still seems likely that dur-
ing glacial periods the climate in the Red
Sea was drier than today.

W. G. DEUSER
Woods Hole Oceanographic Institution,
Woods Hole, Massachusetts 02543
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Galilean Satellites: Anomalous Temperatures Disputed

In a recent report, Gross (/) argues
that the observed infrared brightness
temperatures of the Galilean satellites
are significantly higher than temper-
atures calculated on the assumption that
these largest satellites of Jupiter are in

equilibrium with the incident sunlight.
He therefore suggests that their surfaces
are being heated above equilibrium val-
ues by energetic atomic particles in the
Jovian magnetosphere but notes that the
observed particle fluxes are about an or-
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