
these viruses are related to one another. 
Similar data have also been obtained 
by comparing the gs proteins of woolly 
monkey, gibbon, and RD-114 type C 
viruses (16). Although RD- 114 satisfies 
the morphological and immunological 
criteria for classification as a type C 
virus (13), it is not yet possible to 
assign its species of origin. Additional 
isolates from other primates, including 
man, will be necessary to establish the 
generality of a primate type C virus 
group based on the antigenic properties 
of the reverse transcriptase. 
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several economically important species 
nesene. 

Aphids are repelled by the odor of 

droplets released from their cornicles 

(1). When an aphid is attacked by an 
insect predator, these droplets are pro- 
duced causing nearby aphids to escape 
or drop from their feeding sites on 

plants (2). Such a repellant substance 
is therefore defined as an alarm 

pheromone (3). 
Aphids were homogenized in a Ten 

Broeck tissue homogenizer in a mixture 
of diethyl ether and methanol (3: 1, 
by volume), the homogenate was fil- 
tered, and the filtrate was dried over 

anhydrous sodium sulfate. After evap- 
oration of the solvent in vacuo, the 
residue was dissolved in hexane and 
chromatographed on a Florisil column. 

Only the hexane eluate (hydrocarbon 

22 SEPTEMBER 1972 

several economically important species 
nesene. 

Aphids are repelled by the odor of 

droplets released from their cornicles 

(1). When an aphid is attacked by an 
insect predator, these droplets are pro- 
duced causing nearby aphids to escape 
or drop from their feeding sites on 

plants (2). Such a repellant substance 
is therefore defined as an alarm 

pheromone (3). 
Aphids were homogenized in a Ten 

Broeck tissue homogenizer in a mixture 
of diethyl ether and methanol (3: 1, 
by volume), the homogenate was fil- 
tered, and the filtrate was dried over 

anhydrous sodium sulfate. After evap- 
oration of the solvent in vacuo, the 
residue was dissolved in hexane and 
chromatographed on a Florisil column. 

Only the hexane eluate (hydrocarbon 

22 SEPTEMBER 1972 

5. L. G. Wolfe, F. Deinhardt, G. H. Theilen, 
H. Rabin, T. Kawakami, L. K. Bustad, J. 
Nat. Cancer Inst. 47, 1115 (1971). 

6. G. H. Theilen, D. Gould, M. Fowler, D. L. 
Dungworth, ibid., p. 881. 

7. T. G. Kawakami, S. D. Huff, P. M. Buckley, 
D. L. Dungworth, S. P. Snyder, R. V. Gilden, 
Nature 235, 170 (1972). 

8. H. C. Chopra and M. M. Mason, Cancer Res. 
30, 2091 (1970); E. M. Jensen, I. Zelljadt, 
H. C. Chopra, M. M. Mason, ibid., p. 2388. 

9. W. P. Parks, G. J. Todaro, E. M. Scolnick, 
S. A. Aaronson, Nature 229, 258 (1971); P. 
Johnston, Infect. Immun. 3, 793 (1971). 

10. R. M. McAllister, W. A. Nelson-Rees, E. Y. 
Johnson, R. W. Rongey, M. B. Gardner, J. 
Nat. Cancer Inst. 47, 603 (1971). 

11. We thank Drs. M. Ahmed, Pfizer, Maywood, 
N.J., Jack Gruber, National Cancer Institute, 
Bethesda, Md., for the MP-MV necessary for 
antiserum preparation. 

12. H. C. Chopra, J. Hooks, M. Walling, C. J. 
Gibbs, J. Nat. Cancer Inst. 48, 451 (1972); 
R. C. Nowinski, E. Edynak, N. H. Sarkar, 
Proc. Nat. Acad. Sci. U.S.A. 68, 1608 (1971); 
W. P. Parks and G. J. Todaro, Virology 47, 
673 (1972). 

13. R. M. McAllister et al., Nature 235, 3 (1972); 
S. Oroszlan, D. Bova, M. H. Martin-White, 
R. Toni, C. Foreman, R. V. Gilden, Proc. 
Nat. Acad. Sci. U.S.A. 69, 1211 (1972). 

14. Supplied by Dr. Joseph Beard, Duke Univer- 
sity, Durham, N.C. 

15. A. C. Wilson, N. 0. Kaplan, L. Levine, A. 
Pesce, M. Reichlin, W. S. Allison, Fed. Proc. 
23, 1258 (1964); V. M. Sarich and A. C. Wil- 
son, Proc. Nat. Acad. Sci. U.S.A. 58, 142 
(1967); A. C. Wilson and V. M. Sarich, ibid. 
63, 1088 (1969); E. M. Prager and A. C. Wil- 
son, J. Biol. Chem. 246, 7010 '(1971). 

16. W. P. Parks, unpublished results. 
17. S. A. Aaronson and C. Weaver, J. Gen. Virol. 

13, 245 (1971). 
18. J. Ross, E. M. Scolnick, G. J. Todaro, S. A. 

Aaronson, Nature New Biol. 231, 163 (1971). 
19. 0. H. Lowry, N. J. Rosebrough, A. L. Farr, 

R. J. Randall, J. Biol. Chein. 193, 265 (1951). 
20. Supported in part by a contract to Meloy 

Labs, Springfield, Va., from the Special Virus 
Cancer Program, National Cancer Institute, 
National Institutes of Health. We thank 
Carmen Santos for technical assistance in 
these studies. 

5 June 1972: revised 24 July 1972 

5. L. G. Wolfe, F. Deinhardt, G. H. Theilen, 
H. Rabin, T. Kawakami, L. K. Bustad, J. 
Nat. Cancer Inst. 47, 1115 (1971). 

6. G. H. Theilen, D. Gould, M. Fowler, D. L. 
Dungworth, ibid., p. 881. 

7. T. G. Kawakami, S. D. Huff, P. M. Buckley, 
D. L. Dungworth, S. P. Snyder, R. V. Gilden, 
Nature 235, 170 (1972). 

8. H. C. Chopra and M. M. Mason, Cancer Res. 
30, 2091 (1970); E. M. Jensen, I. Zelljadt, 
H. C. Chopra, M. M. Mason, ibid., p. 2388. 

9. W. P. Parks, G. J. Todaro, E. M. Scolnick, 
S. A. Aaronson, Nature 229, 258 (1971); P. 
Johnston, Infect. Immun. 3, 793 (1971). 

10. R. M. McAllister, W. A. Nelson-Rees, E. Y. 
Johnson, R. W. Rongey, M. B. Gardner, J. 
Nat. Cancer Inst. 47, 603 (1971). 

11. We thank Drs. M. Ahmed, Pfizer, Maywood, 
N.J., Jack Gruber, National Cancer Institute, 
Bethesda, Md., for the MP-MV necessary for 
antiserum preparation. 

12. H. C. Chopra, J. Hooks, M. Walling, C. J. 
Gibbs, J. Nat. Cancer Inst. 48, 451 (1972); 
R. C. Nowinski, E. Edynak, N. H. Sarkar, 
Proc. Nat. Acad. Sci. U.S.A. 68, 1608 (1971); 
W. P. Parks and G. J. Todaro, Virology 47, 
673 (1972). 

13. R. M. McAllister et al., Nature 235, 3 (1972); 
S. Oroszlan, D. Bova, M. H. Martin-White, 
R. Toni, C. Foreman, R. V. Gilden, Proc. 
Nat. Acad. Sci. U.S.A. 69, 1211 (1972). 

14. Supplied by Dr. Joseph Beard, Duke Univer- 
sity, Durham, N.C. 

15. A. C. Wilson, N. 0. Kaplan, L. Levine, A. 
Pesce, M. Reichlin, W. S. Allison, Fed. Proc. 
23, 1258 (1964); V. M. Sarich and A. C. Wil- 
son, Proc. Nat. Acad. Sci. U.S.A. 58, 142 
(1967); A. C. Wilson and V. M. Sarich, ibid. 
63, 1088 (1969); E. M. Prager and A. C. Wil- 
son, J. Biol. Chem. 246, 7010 '(1971). 

16. W. P. Parks, unpublished results. 
17. S. A. Aaronson and C. Weaver, J. Gen. Virol. 

13, 245 (1971). 
18. J. Ross, E. M. Scolnick, G. J. Todaro, S. A. 

Aaronson, Nature New Biol. 231, 163 (1971). 
19. 0. H. Lowry, N. J. Rosebrough, A. L. Farr, 

R. J. Randall, J. Biol. Chein. 193, 265 (1951). 
20. Supported in part by a contract to Meloy 

Labs, Springfield, Va., from the Special Virus 
Cancer Program, National Cancer Institute, 
National Institutes of Health. We thank 
Carmen Santos for technical assistance in 
these studies. 

5 June 1972: revised 24 July 1972 

of aphids and identified as trans-fl-far- 

fraction) showed biological activity. 
The hydrocarbons were further sepa- 
rated by column chromatography over 
Florisil impregnated with silver nitrate, 
and eluted with increasing concentra- 
tions of diethyl ether in hexane. Bio- 
logical activity was recovered in the 
fraction eluted with 6 percent ether in 
hexane. Comparison of the chromat- 
ographic mobility of the active mate- 
rial with that of multiply unsaturated 
hydrocarbon standards indicated the 
presence of a compound containing 
three to four olefinic double bonds. 
The active fraction displayed two 
prominent peaks by gas-liquid chromat- 
ographic analysis on Carbowax 20-M. 
Biological activity was recovered from 
the gas chromatograph by trapping the 
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effluent in capillaries chilled in Dry 
Ice. One peak contained the alarm 
pheromone, which was then examined 
by combined gas chromatography- 
mass spectrometry (4). The pheromone 
had a molecular ion of 204, which, 
on the basis of an entirely hydrocarbon 
composition, was equivalent to the 
molecular formula C15H24 with four 
degrees of unsaturation, and which, in 
turn, suggested a farnesene-type hydro- 
carbon. trans,trans-a-Farnesene has 
been identified from Dufour's gland in 
ants (5). To investigate the possibility 
of a similar compound in aphids, the 
more readily prepared trans-fl-farne- 
sene was synthesized by heating 10 g 
of nerolidol in 100 ml of dimethyl 
sulfoxide in a glass-lined reaction bomb 
at 150?C for 20 hours (6). The reac- 
tion yielded 74 percent of hydrocarbon 
products, from which trans-fl-farnesene 
was isolated by preparative gas chro- 
matography. The structure was authen- 
ticated by comparison of its infrared, 
ultraviolet, and nuclear magnetic reso- 
nance spectra with reported values (7). 

tratts-p-Farnesene 
The retention times on apolar (SE-30, 
XE-60) and polar phases (Carbowax 
20-M) in gas-chromatographic analy- 
sis were identical to those for the aphid 
alarm pheromone. 

The mass spectra of synthetic trans- 

f/-farnesene and the aphid alarm 
pheromone were identical not only in 
the intensities of all the ions, but also 
with respect to the shapes and intensi- 
ties of the metastable ions, especially 
those at m/e (mass to charge) 24.3, 
37.1, 63.8, 89.0, and 127.0. 

Further proof of identity was ob- 
tained by treating portions of aphid 
pheromone and the synthetic trans-fl- 
farnesene with one molar equivalent of 
m-chloroperoxybenzoic acid in dichlo- 
romethane solution. Both reacted to 
give an epoxide with identical retention 
times on polar and apolar phases in gas 
chromatography. The mass spectra re- 
veal a monoepoxide (parent ion m/e 
220) in which the intensity of all 
the ions, and especially the metastable 
ions at m/e 63.1, 63.9, 77.2, and 88.8, 
are identical in shape and intensity. 

Finally, biological assay of the syn- 
thetic trans-/l-famesene against ten 
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chemical and spectroscopic techniques 
in the rose, pea, greenbug, and cotton 
aphids (9). The effectiveness of trans- 
/3-farnesene against six other aphid 
species (10) indicates that this com- 
pound is perhaps the most interspeci- 
fically active pheromone to be dis- 
covered. 

Since exposure to the alarm phero- 
mone causes aphids to escape rapidly 
from their feeding sites, especially by 
dropping from the host plant, an in- 
teresting and novel method of insect 
control may be realized. 
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brain stimulation and REM sleep. 

Although traditionally sleep has been 
thought of as a state of relative quies- 
cence, at least one type of sleep, rapid 
eye movement (REM) sleep, is a state 
of extreme activation of the central ner- 
vous system (1). Dement and others 
(2, 3) have shown that there is a low- 
ering of threshold of many neural and 
behavioral activities following REM 
deprivation (3). Their data suggest a 
generalized neural hyperexcitability af- 
ter REM deprivation, which in turn is 
hypothesized to be reflected in height- 
ened behavioral activity. 

In the first experiment, we chose to 
look at the effect of REM deprivation 
on positively reinforcing electrical brain 
stimulation, also called intracranial self- 
stimulation (ICSS) (4). This is of partic- 
ular interest in that ICSS measures 
activity of the central nervous sys- 
tem (CNS) through behavioral meth- 
ods. In addition, some of the "drive" 
behaviors that Dement and his associ- 
ates (3) have elicited as a result of 
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REM deprivation have also been elicited 
from hypothalamic regions that are 
ICSS areas (5). Our specific prediction 
in the first experiment was that thresh- 
olds for ICSS would be lowered fol- 
lowing REM deprivation. In other 
terms, we predicted that subjects would 
be more sensitive to ICSS following 
REM deprivation. 

To test this hypothesis, 12 male 
albino Holtzman rats weighing ap- 
proximately 250 grams at the start of 
the study were used as subjects. Two 
pairs of insulated stainless steel elec- 
trodes were implanted in each rat with 
the use of a stereotaxic device while the 
animal was under sodium pentobarbital 
and chloral hydrate anesthesia. One 
pair of electrodes was aimed at the 
medial forebrain bundle, a structure 
yielding strong self-stimulation effects. 
A second pair recorded activity from 
the dorsal hippocampus. Two cortical 
screws were implanted to record from 
the frontal and occipital cortex. After 
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terms, we predicted that subjects would 
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completion of the experiment, animals 
were killed by perfusion. Histological 
sections stained according to the Luxol 
fast blue and cresyl violet method were 
made and confirmed the electrode place- 
ments. 

Electrical brain stimulation consisted 
of biphasic rectangular waves. Each 
pulse pair consisted of two 0.2-msec 
waves, opposite in polarity and sepa- 
rated by an interval of 0.2 msec. Pulse 
pairs were delivered at a frequency of 
100 per second, and train duration was 
held constant at 0.25 sec. Current was 
varied according to the demands of 
the experiment and was continuously 
monitored on an oscilliscope. 

Subjects were taught to self-stimulate; 
ICSS was delivered when the subject 
pressed a lever in an experimental 
chamber. The range of current intensi- 
ties that would support responding on a 
continuous reinforcement schedule was 
explored, and rate-intensity functions 
(6) were collected for 10 days. Then, 
ascending rate-intensity functions were 
collected during 1-hour sessions con- 
ducted at the same time during each 
of 4 consecutive days (baseline data). 
Immediately after the 1-hour session of 
the 4th day, six subjects (REM depriva- 
tion group) were deprived of REM by 
the platform method (7), and six sub- 
jects were placed on a larger platform 
(13 cm) and used as a yoked control 
group (8). The REM deprivation and 
yoked control subjects were on their 
respective platforms approximately 23 
hours. After this period, all subjects 
were placed in a self-stimulation test 
chamber, and ascending rate-intensity 
functions were again obtained. The 
cycle of 23 hours on the platform fol- 
lowed by 1 hour of ICSS testing was 
continued for 4 days. After the 4 days 
of REM deprivation, subjects were re- 
turned to their home cages, and rate- 
intensity functions were again ascer- 
tained each day for an additional 4 
days (recovery period). Following a 2- 
week rest period, four subjects that 
originally were in the REM depriva- 
tion group were placed on the large 
platform and used as a nonyoked con- 
trol group (8). 

In general, both control groups 
showed a lowering of response rates and 
a rise in ICSS threshold, while the 
REM deprivation group showed the 
opposite, increased response rates and 
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In general, both control groups 
showed a lowering of response rates and 
a rise in ICSS threshold, while the 
REM deprivation group showed the 
opposite, increased response rates and 
lowered ICSS threshold. In all respects, 
these control animals were treated iden- 
tically to animals that were on the 
REM deprivation platform, and both 
yoked and nonyoked controls fell off 
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Relation between REM Sleep and Intracranial Self-Stimulation 

Abstract. Depriving rats of rapid eye movement (REM) sleep was shown to 
lower their thresholds and raise their response rates for rewarding brain stimula- 
tion. Conversely, allowing rats to self-stimulate while they were being deprived 
of this sleep form reduced the amount of REM rebound during recovery from 
deprivation. These results demonstrate a reciprocal relation between rewarding 
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