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to allow its use outdoors. When this waterproof bioassay model was utilized

for rat sex attractant research, we found that many of the odorants pre-

/,/ ferred by tame laboratory rats were also attractive to wild rodents under
field conditions.

We reported that the voided urine of intact male rats has an avoidance effect
on the normal adult male. This quality was not present in bladder urine of
adult males, nor in voided urine of castrated or immature males, The avoided
substance can be extracted with ethyl ether from normal voided urine. Our
research indicates that the marking pheromone is produced by the androgen con-
trolled coagulating glands and released into the urine during urination.
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FOREWORD

The research report mainly utilizes chronologically the published results.

Therefore, a short report is given on the various papers which are included in
the appendix section.

i
|
3
1
4
|

i A MR o SRR




—
- W,

TR M v et Gl b

Recently, our research paper entitled "Bioassay Apparatus for Rodent Olfactory
Preferences Under Laboratory and Field Conditions" by A. M. Gawienowski et al.

was accepted for publication by the Journal of Chemical Ecology. It describes
our modified bioassay apparatus which automatically registers frequency and the
total time that rodents investigate sample odors. The apparatus provides free
access for wild rodents, and its rugged weatherproof construction allows outdoor
use for extended time periods. The photocell light source is covered by an
infrared filter, and it can be operated continuously or for preset time intervals.

When the outdoor apparatus was utilized for rat sex attractant research, many of
the odorants preferred by tamed laboratory rats were also attractive to wild
rodents under field conditions. Among the compounds that appeared to be most
effective under field conditions, hexanal and arachidonyl acetate were also
attractive to the laboratory rats of both sexes. Decanoic acid and dimethyl
sulfite were preferred by the male laboratory rats, while pentyl acetate and
2-acetyl-pyridine evoked a significant response in female laboratory rats, A
good, although less dramatic attraction was found under preliminary field con-
ditions for acetal, 4-methyl-3-pentene-2-one, decanol, dimethyl disulfide,
anisole and hexyl mercaptan.

The outdoor bioassay apparatus can provide useful information on olfactory
preferences both in laboratory and field experiments, Under field conditions
the evaluation of area repellants or attractants for toxic baits in wildlife
management could be performed by use of this apparatus with relative ease.

One phase of our research resulted in the publication "Impairment of Olfactory
Perception in Male Rats by Treatment with p-Chlorophenylalanine and Hydrocorti-
sone", by A. M. Gawienowski, P. J. Orsulak and M. Stacewicz-Sapuntzakis. This
article will soon be published in Endocrine Research Communications. We found
p-chlorophenylalanine (PCPA) treatment eliminated the normal male rat preference
for the female preputial odor. Oral administration of hydrocortisone had a
similar effect on dimethyl sulfite preference, which slowly reappeared after
discontinuance of the treatment.

Our experiments were designed to observe and compare male rat responses to
attractive odors after the administration of PCPA or hydrocortisone in order
to explain their behavioral effects and gain a better understanding of the
olfactory processes.

After the PCPA treatment. the rats became lethargic and less interested in the
sample odors. Their responses to the female preputial extract (sex attractant
odor) and control odor did not differ significantly, although before the PCPA
treatment these animals demonstrated a significant preference for the female
preputial odor. The abolition of the male rat response to the female preputial
odor indicates that the discrimination of olfactory cues in the PCPA treated
animals apparently was impaired. This may partially explain their enhanced
homosexual behavior. PCPA is believed to stimulate their mounting behavior by
the depletfion of brain serotonin.

Hydrocortisone treatment did not lower the general mob}lity of the animals, as
they continued to investigate both samples. However, their preference for
dimethyl sulfite disappeared during the treatment. The recovery of pre-treatment
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behavior was gradual, and the return to a significant preference was noted one
week after the termination of hydrocortisone administration.

There is some evidence from the study of Addison's disease patients suggesting
a close connection between cortical hormone levels and olfactory acuity. The
decrease in endogenous adrenal cortical hormone levels apparently results in a
large increase in olfactory sensitivity which decreases to normal after adrenal
cortical hormone treatment. Our experiment indicates that the administration

of hydrocortisone to healthy animals has a similar effect. The decrease of
olfactory acuity after hydrocortisone treatment may be related to serotonin
depletion, produced by the enhanced tryptophan pyrrolase activity, which diverts
tryptophan metabolism from the serotonin pathway toward kynurenin production,

PCPA is known to block the synthesis of 5-hydroxytryptophan from tryptophan in
the serotonin pathway.

The results of our experiments with PCPA and hydrocortisone suggest that brain
serotonin level may regulate olfactory sensitivity and hence many aspects of
animal behavior dependent on the sense of smell. The effect on the olfactory
processes should be observed when testing new pharmaceuticals, solvents or
related compounds.

This observation of the adrenal cortical hormone influence on olfaction might
be utilized by the U. S. Army for the screening of dogs to be used for mine
detection. The dogs with lower adrenal cortical hormone secretion levels
probably would be best for odor detection purposes.

One aspect of our sulfur compound research entitled "Attraction of Rats to
Sulfur Compounds" was published in Behavioral Biology 23:267-270. 1978. Ve
assayed adult male and female rats for their olfactory preference of various
sulfur~containing compounds. Both sexes preferred dimethyl disulfide. Male
rats were also interested in the dimethyl sulfite and hexyl mercaptan odor
while females preferres methyl isothiocyante. The three latter compounds were

found to be present in rat preputial gland volatiles and may aid in sex
recognition.

As mentioned in our 7/1/77--12/31/77 semi-annual report of ARO proposal number
127292, we investigated the reaction of male and female rats to thiols of
increasing molecular weight. Thiols were found to attract only male rats
(pentyl, hexyl, heptyl, octyl, decyl and toluyl). The females were indifferent
to most of the thiol compounds; however., repulsion was noticed only in the
case of the 2-octane thiol compound.

A review of our previous work and reiated mouse preputial work was entitled
"Chemical Attractants of the Rat Preputial Gland" by A. M. Gawienowski. It
appeared in'Chemical Signals in Vertebrates', edited by D. Mueller-Schwarze
and M. M. Mozell, 1977, Plenum Publ. The article reviewed the evidence that
the lipid fraction of the preputial gland contained attractants for the
opposite sex. One possible source for the sex attractants was the alkyl ace-
tates in the preputial gland. Spener et al. (1969), reference in the paper,
reported that size, lipid content and relative amounts of alkyl acetates in
female mice preputial glands were increased by testosterone injections.
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Our research on the volatile compounds of the male rat preputial gland extracts
by gas chromatography and mass spectroscopy revealed n-aliphatic acetates.
Female rats preferred the odor of various saturated and unsaturated acetates,
while the male rats were repelled by or indifferent to most of these compounds,
Our bioassay apparatus recorded the number of approaches and the investigation
time for each animal offered the test compounds.

It is possible that n-aliphatic acetates contribute to the sex-specific odor of
rat preputial gland secretions, The differences in their relative content com-
bined with the sex dependent receptivity of the animals suggests that the acetates
may act as sex pheromones for the female rat, This work was published in J. Chem.
Ecology 3:411-417, 1977 and entitled, "Rat Olfactory Response to Aliphatic
Acetates", by M. Stacewicz-Sapuntzakis and A. M. Gawienowski.

In the paper, "Attractant Effect of Female Preputial Gland Extracts on the Male
Rat", in Psychoneuroendocrinology 1:411-418, 1976, by A. M. Gawienowski et al.
some earlier extraction details are given. Extraction of attractive compounents
with different solvents revealed biological activity which was connected with
relatively nonpolar, volatile lipid substances. Fatty acids were excluded as
active components. The volatile lipids were partially analyzed by gas chroma-
tography, and the active compounds were found in a specific fraction.

Our laboratory group also investigated the marking pheromone of the rat urine.

We found the voided urine of intact rats had an avoidance effect on the normal
male. The compound(s) was not present in bladder urine of adult males, nor in
voided urine of castrated or immature males. The avoided substances were extracted
with ethyl ether from normal male voided urine. This suggested that the marking
pheromone was produced by an androgen controlled gland(s) and released into the
urine during urination. This work was published in 'Hormones and Behavior' 7:401-
405, 1976, by A. M. Gawienowski et al. and entitled, '"Androgen Dependence of a

Marking Pheromone in Rat Urine'".

We repeated the above type of experiment and used castrated rats and castrated
rats treated with testosterone. The castrated rats treated with testosterone

did synthesize the marking pheromone because we found it in the voided urine,

This work was submitted for publication.

While at the Oak Ridge Associated Universities on sabbatical leave, I started to
analyze the lipids of the rat coagulating gland. This work is in a very pre-
liminary stage and should be ready for manuscript form in about six months. As
far as we know, no one has ever analyzed the coagulating gland lipids.

Our research paper entitled, "Presence of Sex Pheromone in Preputial Glands of
Male Rats", by A. M, Gawienowski, et al. was published in J. of Endocrinology
67:283-288, 1975. We found the female rats consistently preferred the odor of
‘the male rat preputial gland compared with that of foot pads, submaxillary-sub-
lingual glands, coagulating glands, liver, fat or muscle. Both saline homogenates
and ether extracts were effective. Female rats did not respond to the odor of
female preputial extract, and they preferred the odor of normal male preputial

extract to that from castrated rats.

The sex attractant was not associated with the fatty acids of the preputial
extract. The fractionation of the volatile components of preputial extracts
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by gas chromatography revealed that most of the biological activity resided
in a specific fraction.

We have continued research on the volatile sex attractants of the male pre-
putial glands utilizing a glass capillary column in our modified gas chroma-
tograph. This work is only in the preliminary stages.
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