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POWERS, J. B., R. B. FIELDS AND S. S. WINANS. O~wtory and vomeronasal system participation in male hamsters' 
attraction to ./bmc:/e vaginal secrethms. PHYSIOL. BEHAV. 22(I) 77--84, 1979.~The effects of olfactory (OLF) 
vomeronasal (VN), or combined deafferentations of male hamsters on their attraction to female hamster vaginal secretions 
(FHVS) were determined using 2 different attraction tests. In the first, FHVS was placed on one wall of a plastic test 
chamber, while in the second test, FHVS was rubbed onto 1 of 2 anesthetized castrate hamsters. OLF deafferentation 
abolished the males" attraction to FHVS in the first test but had no effect in the second. The persistence of FHVS attraction 
in the anesthetized castrate test depended on the VN system in that its subsequent deafferentation greatly attenuated the 
attraction. When the VN system was deafferented alone, FHVS attraction was significantly reduced only in males exhibit- 
ing severe mating behavior deficits. These results are interpreted to support the hypothesis that the OLF and VN systems 
may be preferentially responsive to volatile and non-volatile odorants, respectively. Our findings emphasize that both the 
OLF and VN systems participate in subserving males' attraction to FHVS and their mating with receptive females. Thus 
each chemosensory system may influence both sexual arousal and copulatory mechanisms. 

Hamster Copulation Olfactory/vomeronasal system Sexual attraction Vaginal secretions 

CHEMOSENSORY stimuli are important regulators of sex- 
ual behavior among a number of vertebrate classes [13,29]. 
The effects of these stimuli combine with those derived from 
other sensory and behavioral cues to initiate and coordinate 
reproductive interactions between male and female con- 
specifics. There are very few species in which one sensory 
modality can be singled out as crucial to reproductive activi- 
ties; however, in some rodents the chemosensory modality 
would appear dominant. In male mice and hamsters, bilateral 
removal of the olfactory bulbs eliminates copulation [321. It 
has been suggested that these mating behavior deficits and 
effects on other behaviors observed in a variety of species 
are due to disruption of non-sensory limbic system circuits 
rather than to removal of the sense of smell [7,14]. 

Bulbectomy, as it is usually accomplished, destroys the 
interconnections between the olfactory bulbs and areas of 
the basal forebrain and brain stem [9, I 1, 38]. This procedure 
also destroys afferents from the olfactory mucosa to the 
main olfactory bulb (MOB), connections of the vomeronasal 
organ (VNO) with the accessory olfactory bulb (AOB), the 
nerves of the septal olfactory organ and the nervus terminalis 
[2,5]. Although the contribution which each of these systems 
might make to the behavioral effects of bulbectomy in any 
species has not been ascertained, recent work in this labora- 
tory has indicated that the olfactory and vomeronasal sys- 

terns together comprise an essential substrate in the regula- 
tion of male hamster copulation [36,42]. Although deafferen- 
tation of the olfactory system alone by intranasal infusion of 
zinc sulfate has no effect on mating behavior in male 
hamsters, combined olfactory and vomeronasal deafferenta- 
tion eliminates copulation in all animals and thus mimicks 
the effect of bulbectomy. In addition, VNO deafferentation 
by itself produces a severe behavioral deficit in 20-40% of 
the animals but causes little or no impairment in the remain- 
ing hamsters. These behavioral observations suggest that the 
OLF and VN systems play complementary and interacting 
roles in stimulating male hamster sexual behavior. 

The environmental stimuli to which the OLF and VN 
systems respond in promoting sexual interactions are not 
known, but available information suggests that components 
of female hamsters' vaginal secretion (FI-IVS) may be impor- 
tant for stimulating male hamsters' sexual interest. Females 
deposit this material by a stereotyped marking behavior [22]. 
Adult males sniff and lick the genital region of estrous 
females while engaged in copulation [6] and will spend con- 
siderable time sniffing and licking FHVS in laboratory test- 
ing situations [8, 12, 17, 19, 25, 26, 27, 30]. 

It has also been demonstrated that the presence of FHVS 
can readily alter the behavior of normal males under various 
social conditions. For example, the fighting which occurs 
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between some pairs of adult male hamsters is greatly sup- 
pressed if one member of the pair is swabbed with FHVS 
[30], or if FHVS is simply placed on a wall of their testing 
chamber [31]. Additionally, FHVS applied to awake or anes- 
thetized hamsters will stimulate other males to mount them 
more frequently than would occur in the absence of FHVS 
[8, 20, 25, 27, 30]. 

To what extent these various responses to FHVS are 
mediated by either the OLF system, the VN system, or both, 
has not yet been established. Equally uncertain is whether 
FHVS might contain a variety of chemical compounds which 
could differentially affect these behavioral responses or 
chemosensory receptors. Recently, dimethyl disulfide, 
extracted from FHVS, has been found to stimulate active 
investigation by male hamsters [39]. The attractant property 
of dimethyl disulfide was confirmed by Macrides et al. [271, 
but this substance failed to elicit mounting by their males. 
Whether dimethyi disulfide can suppress aggressive behav- 
ior has not yet been reported. 

The general strategy of the experiments reported below 
was to determine whether the effects of OLF and VN deaf- 
ferentation on male hamster mating behavior would be paral- 
leled by comparable changes in responsiveness to FHVS. 
Because there are a number of other chemical signals pro- 
duced by females which could be important in stimulating 
the OLF/VN complex, it is by no means certain that the 
FHVS plays an essential role in promoting male copulation. 

GENERAL PROCEDURES 

Hamsters were obtained from Engle Laboratory Animals 
(Farmersburg, IN) weighing approximately 100 g upon arri- 
val. They were housed individually in Wahmann cages, with 
food and water available ad lib, and exposed to a 14L: 10D il- 
lumination cycle. 

Attraction to FHVS 

FHVS test. The males' interest in FHVS was determined 
by obtaining FHVS attraction scores in 2-rain tests. In the 
first type of test, a male was placed in a clear Plexislas test 
box (30 cm W x 23 cm D x 23 cm H) for a 5-rain adaptation 
period before the FHVS was introduced. Female hamsters 
used as sources of FHVS were ovariectomized (OVX) and 
implanted SC with silastic tubing (i.d.= 1.57 ram; o.d.=3.18 
ram) containing estradiol (E). Approximately 4-6 hr prior to 
use they were administered 200/~g progesterone (P) in 0.1 ml 
sesame oil, SC. This treatment reliably induces sexual re- 
ceptivity, and it has been previously demonstrated that vagi- 
nal secretion obtained from OVX females treated with 
exogenous estrogen and progesterone is as attractive as se- 
cretion obtained from intact females in behavioral estrus [81. 
FHVS collected by gently swabbing the vaginal reoon with a 
small cotton applicator was rubbed onto one wall of the test 
box over an area approximately 10 cm long and 1.5 cm high, 
located 6 cm from the cage floor. During this application the 
test male was momentarily removed from the box. Wh©n the 
quantity of FHVS available from 1 donor was less than nor- 
mal, secretions from 1 or more additional females were 
utilized so that approximately equivalent quantities were 
applied on each test, although we did not determine the exact 
amount. 

An FHVS attraction score was based on the behavior of 
the test male over a 2-rain period beginning immediately after 
the animal was replaced in the box. The amount of time 
spent sniffing (nose Jess than 0.75 cm from the stimulus) or 

licking the FHVS was recorded, as was the time engaged in 
these behaviors at the opposite unswabbed wall. The number 
of seconds investigating (sniffing or licking) vaginal secretion 
was considered the FHVS attraction score. After each test 
the box was washed thoroughly with laboratory detergent: if 
used repeatedly on the same day, the side to be swabbed was 
alternated. 

FHVS-,~ test. In 2 of the experiments to be described 
(Experiments 2 and 3), attraction testing was modified by al- 
tering the subs(rate for FHVS. In this case, vaginal se- 
cretions were applied to the genital region of one of a pair of 
anesthetized adult male hamsters which had been castrated 
at least 3 weeks previously. They were placed 25 cm apart, 
ventral side down, on the floor of a Plexiglas cage measuring 
46 cm W × 30 cm D x 30 cm H. The time spent investigating 
each of the two castrates (licking and sniffing within 0.75 cm) 
was recorded during a 2-min test. An attraction score was 
taken as the number of seconds investigating the castrate 
swabbed with FHVS. In some cases, this score was ex- 
pressed as a percentage of the total time investigating the 
swabbed plus the unswabbed animal. This was termed a rel- 
ative attraction score. We did not measure separately the 
time spent sniffing and licking the genital regions of the 
stimulus castrate as opposed to other portions of the body. 
However, it was our general impression that for most of the 
time experimental males were investigating the FHVS- 
swabbed castrate they were sniffing and licking the genital 
region where FHVS had been applied. 

Male mating behavior tests. Copulatory performance was 
assessed in Plexiglas mating chambers (30 cm W × 23 cm D 
× 23 cm H) by adapting test males to these boxes for 5 min 
and then introducing an E-P primed OVX female hormonally 
treated in a fashion identical to that used for obtaining 
FHVS. Each stimulus female was checked with a stud male 
to assure that lordosis could be easily elicited before being 
introduced to an experimental male. Mating behavior tests 
were terminated when the male had achieved 2 ejaculations 
or after 10 rain had elapsed, whichever occurred first. All 
mounts, in(remissions and ejaculations were recorded. Test- 
ing occurred approximately 3 hr after lights off but was done 
under normal room illumination. 

Peripheral deafferentation.~. Olfactory and vomeronasal 
deafferentations were accomplished by intranasal zinc sul- 
fate (ZS) infusions and surgical interruptions of the vom- 
eronasai nerves, respectively. Both techniques as performed 
in this laboratory have been fully described previously 
[35,42]. For OLF Deaff, ZS was administered to etherized 
hamsters using a rigid 18 ga tubing outer hook which ac- 
commodated a 30 ga insert. With animals on their backs and 
heads lowered in an inclined position, the outer hook was 
passed over the hard palate until its bent end entered the 
nasopharyngeal meatus. The insert was then extended and 
attached to a ! ml syringe from which 0.5 ml of a l-day-old 
ZS solution (5 gm ZnSO~.7H:O in 95 ml 0.5~ NaCI) was in- 
jected into the nasal cavities. Drainage of the infused solu- 
tion from the nares was facilitated by gentle suction from an 
aspirator during infusion and thereafter for about 10 sec. As 
a control procedure, 0.5r~ NaCI was administered in an 
identical fashion. Hamsters were fully ambulatory approx- 
imately 2-3 min after completing the infusion procedure. 

VN Deaff was accomplished by cutting the VN nerves 
where they pass along the medial aspect of the main olfac- 
tory bulb in their course to the accessory olfactory bulbs. 
Hamsters anesthetized with 75 mg/kg sodium pentobarbital 
were secured in a stereo(axle holder. After removing a sec- 
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TABLE 1 
EFFECTS OF OLFACTORY DEAFFERENTATION ON ATFRACTION TO FEMALE VAGINAL SECRETIONS IN FHVS 

TESTS** 

Experimental Mean Day 2 Day 9 
Treatment N Pretreatment Post-Treatment Post-Treatment 

, ,  ,, p<0.05 

OLF DEAFF 9 27.5 ± 4.7 p<0.01 ----.--- 0.0 18.1 ± 3.1 

<0.002 
I 

29.4 - 4.0 24.9 ± 6.1 17.5 - 3.2 

| p<0.01 I 

SHAM O L F  D E A F F  8 

*Values are Mean sees ± SEM. 
tAll p values are 2-tail. 

tion of frontal bone over both OLF bulbs, the dura was 
punctured and open McClure Ultra Micro ophthalmic scis- 
sors were lowered over the midline sinus until the cribriform 
plate was encountered; after raising the scissors slightly, the 
blades were closed to cut the VN nerves. Sham operations 
were performed by duplicating this procedure except for 
lowering the scissors. Thus no damage was done to the 
MOB's or the VN nerves. 

Histology. In order to determine whether our VN deaf- 
ferentations were complete, all hamsters receiving this 
treatment were peffused under sodium pentobarbital anes- 
thesia with 0.8% saline followed by 10% Formalin in saline. 
The mandible, the rostral portion of the nasal cavities, and 
all soft tissues were removed. The cranium was decalcified 
in 5% formic acid with the main and accessory olfactory 
bulbs in situ. When 3 ml of a 5% sodium oxalate solution 
mixed with 1 ml of the formic acid failed to produce a cal- 
cium oxalate precipitate (usually after about 4 days in acid), 
the decalcified cranium was transferred to 5% sodium sulfate 
for 14 hr, then washed in running tap water for 24 hr before 
embedding. Tissues were embedded in egg yolk mixed with 
12% gelatin in a ratio of 2:1. Forty micron frozen sections 
were cut in a horizontal plane through the olfactory bulbs 
and every 6th section was stained with cresyl violet. 

When the VN nerves are completely severed bilaterally 
and no care is taken to avoid scarfing, the central ends of the 
nerves degenerate, the AOB glomerular layer shrinks and 
the glomeruli are obliterated by gliosis [42]. VN deafferenta- 
tion was considered complete only if there were no remain- 
ing giomeruli in either AOB. If giomeruli were found, the VN 
cut was considered incomplete; behavioral results from 
these animals were either disregarded, or were considered 
under a "sham" category as indicated below. 

Statistical evaluations. In Experiment 1, differences be- 
tween experimental and control groups, and between pre- 
and post-treatment tests, were evaluated by Mann-Whitney 
U and Wilcoxon t-tests, respectively. In Experiments 2 and 3 
t-tests for correlated means were used to compare pre- and 
post-treatment scores. 

EXPERIMENT 1 

We have previously shown that ZS treatment abolishes 
detectability of either amyl acetate or FHVS as tested by a 

Y-maze discrimination task 2 days after treatment [35]. At 
this time, over 90% of the olfactory epithelium is destroyed, 
whereas the VNO epithelium is unaffected [42]. Further, we 
have found that ZS treatment by itself has no effect on male 
sexual behavior but renders all animals vulnerable to the 
effects of VN deafferentation. That is, all hamsters with 
combined deafferentation of the OLF and VN systems cease 
copulating I36,42]. 

In this experiment we determined whether the effects of 
OLF Deaff on male hamsters' attraction to FHVS would be 
similar to its effects on mating behavior. 

Method 

Seventeen males were given 2 weekly FHVS pretests and 
an average attraction score was calculated for each animal. 
Experimental and control groups had approximately equiv- 
alent mean pretest attraction scores. On the day of the final 
pretest, all hamsters were treated intranasally with either ZS 
(n=9) or Saline (n--8). FHVS tests were conducted again 2 
and 9 days following treatment. We had previously demon- 
strated that 2 days after ZS treatment, learned olfactory dis- 
criminations tested in a Y-maze were severely disrupted, but 
that by 9 days post-infusion, recovery of the discrimination 
had occurred in some animals [351. 

Results 

All hamsters were attracted to FHVS on their 2 pretests. 
An average of 28 see was spent actively investigating this 
substance; OLF Deaff completely eliminated FHVS attrac- 
tion 2 days later. Attraction scores o fOLF Deaff males were 
significantly lower than those of sham OLF Deaff animals 
(p<0.002), but some interest in vaginal secretion was re- 
stored by Day 9 (Table 1). OLF Dealt males spent signifi- 
cantly less time investigating FHVS on both Day 2 (p<0.01) 
and Day 9 (.o<0.05) than they did during pretests. Hamsters 
receiving the saline control treatment showed a non- 
significant decline in FHVS attraction scores on Day 2 but 
their Day 9 scores were significantly lower than were their 
pretest scores (p<0.01). Thus 2 days following treatment, 
olfactory deafferentation abolishes interest in FHVS; the 
decline in Day 9 scores exhibited by both groups most likely 
represents a habituation phenomenon due to repeated test- 
ing. 
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Discussion 

ZS treatment eliminates attraction to vaginal odors in 
FHVS tests. This is consistent with its effects on olfactory 
discrimination capacities as measured by completely differ- 
ent techniques in our laboratory [35]. In the present experi- 
ment we tested the copulatory performance of approx- 
imately half the males in both the ZS and SAL groups 3 days 
after intranasal treatment; all animals achieved 2 ejaculations 
within 5 rain. This agrees with our earlier findings that all 
OLF Deaff male hamsters mate normally. Thus, at a time 
when attraction to vaginal secretions has been eliminated in 
FHVS tests, males are still attracted to receptive females 
and engage in normal patterns of copulatory behavior with 
them. This suggasts the paradoxical conclusion that males' 
attraction to FHVS, as we have measured it, plays no essen- 
tial role in facilitating copulatory behavior. 

The mating behavior exhibited by OLF Dealt male 
hamsters depends on a functional vomeronasal organ sys- 
tem; if the latter is additionally deafferented, mating behav- 
ior ceases and males so treated behave as if buibectomized 
[421. Thus when an OLF Deaff male interacts with a recep- 
tive female, the normal sexual behavior it exhibits depends 
upon sensory information received via the vomeronasal or- 
gan. Because the OLF Deaff males in this experiment had 
intact VN organs, one interpretation at'our results is that the 
vomeronasal system is important for copulatory behavior 
but contributes little to the attraction normal males show to 
FHVS. 

However, it could be the case that the VN system does 
participate in maintaining the males' interest in vaginal odors 
but only when the testing conditions bring the male close 
enough to the odor source to stimulate the VNO. Perhaps in 
the chain of events leading to successful copulation, the 
males' olfactory system functions initially by detecting vol- 
atile components of FHVS and other relevant odors at some 
distance. This would attract the male's interest and result in 
close proximity between the sexes, allowing relatively non- 
volatile substances in FHVS to reach the VNO. This se- 
quential functioning of the olfactory and vomeronasal sys- 
tems might be important for maintaining sexual interest and 
promoting copulation. 

Receptive female hamsters provide many potentially im- 
portant stimuli to males in addition to vaginal odors [16]. In 
mating tests these cues might attract and direct the males' 
investigatory behavior and thereby help to achieve close 
contact between animals. In this situation the VNO could be 
stimulated even if the olfactory system was non-functional, 
as is the case after our ZS treatment. However, in FHVS 
tests with no cues other than vaginal odor available, OLF 
Deaff males might not be able to locate the vaginal secretion 
because their intact vomeronasal system could respond only 
after close contact with FHVS had been made. 

To study this idea we utilized a different FHVS attraction 
test in which the task of locating the FHVS, normally sub- 
served by the olfactory system, could be accomplished by 
non-olfactory cues. We reasoned that if the VNO was 
mediating any part of the attraction to FHVS, and if these 
other cues were sufficient to get test hamsters close to the 
FHVS, then olfactory deafferentation alone should have lit- 
tle effect on attraction scores. 

EXPERIMENT 2 

The purpose of this experiment was to examine the roles 

of the olfactory and vomeronasal systems in mediating at- 
traction to FHVS using tests in which vaginal secretions 
were swabbed onto 1 of 2 anesthetized castrate hamsters. 
rather than onto one wall of a Plexiglas box. We assumed 
that the visual, tactile and perhaps other characteristics of 
the anesthetized hamsters would be sufficient to promote 
active investigation on the part of the test males, and in the 
process allow their vomeronasal systems to be stimulated. It 
has already been demonstrated that the application of FHVS 
to awake or anesthetized hamsters is sufficient to stimulate 
preferential investigation and mounting by test males [8.20. 
25, 27, 30]. 

Method 

Thirty male hamsters were given 2 FHVS attraction pre- 
tests on consecutive weeks. One of these was an FHVS test 
(same as Experiment 1) while the other was an FHVS-,~ test 
(see General Method). The order in which they were pre- 
sented was counterbalanced across all animals. After the 
second pretest an arbitrary criterion was used to select 
hamsters for continued use; only if the relative attraction 
score in the FHVS-~ test was 60 or greater was the test 
hamster included in the experiment. Thus for the 18 animals 
that met this criterion the time investigating the FHVS- 
swabbed castrate was at least 60% of the total investigation 
time. This assured that these males investigated the FHVS- 
swabbed castrate for a significantly longer duration 
(p<0.001) than they investigated the other anesthetized cas- 
trate. 

Five days after the 2rid pretest, hamsters were adminis- 
tered either intranasal ZS In=9) to produce olfactory deaf- 
ferentation or intranasal saline as a control procedure In=9). 
Animals for the experimental and control groups were cho- 
sen such that the average pretreatment attraction scores 
were approximately equal for both groups on the FHVS-~ 
test as well as on the FHVS test. Two days after ZS or SAL 
treatment all animals were tested for attraction using both 
tests. The testing sequence was counterbalanced within both 
groups and approximately 1-1.5 hr elapsed between each 
animal's two tests on that day. 

Results 

Pre- and post-treatment attraction scores are shown in 
Fig. 1. Experimental and control animals were well matched 
prior to the deafferentation procedure. The higher attraction 
scores on the FHVS-,d test indicate that various cues in 
addition to vaginal odors contribute to the investigation 
times. 

The effects of OLF Deaff on FHVS attraction were criti- 
cally dependent upon the particular testing situation used. 
Although ZS treatment virtually abolishod attraction on the 
FHVS test (p <0.01), it had essentially no effect on attraction 
scores when they were o6tained using the FHVS-~ test. 
Animals in the sham OLF Deaffgroups displayed no signifi- 
cant decrements in attraction scores on either test. Although 
not shown in Fig. 1, this profile of effects was identical to 
that obtained when investigation times were expressed as 
relative attraction scores Isee General Procedures). 

The fact that male hamsters can be attracted to FHVS 
following OLF Deaff is consistent with the hypothesis that 
the vomeronasal system is capable of mediating this behav- 
ior if the testing conditions are appropriate. To ev',duate this 
more directly, we determined whether attraction to vaginal 
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FIG. 1. Attraction to female vaginal secretions measured by 2 differ- 
ent tests in the same animals before and after olfactory deafferenta- 
tion or sham treatments. OLF Dealt significantly reduced attraction 

scores (p<0.01) in the FHVS test, but not in the FHVS-}~ test. 
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FIG. 2. Combined vomeronasal and olfactory deafferentation sig- 
nificantly reduced attraction scores in the FHVS-~/ test (p<0.02). 

the only animal in the VN plus OLF Deaff group whose 
post-treatment relative attraction score (81%) was greater 
than 50%. 

secretions in the FHVS-,~ test would persist following com- 
bined VN and OLF Deaff. 

We chose the 12 hamsters which had displayed the high- 
est attraction scores following their previous experimental 
treatments. Animals having received ZS or SAL were evenly 
distributed between VN Dealt (n=6) and Sham VN Dealt 
(n=6) groups. Five days after vomeronasai surgery all ani- 
mals were given intranasai ZS, and 2 days later an FHVS-~ 
attraction test. Thus one group was retested after combined 
vomeronasal and olfactory deafferentation, while the other 
was tested after olfactory deafferentation alone. 

The effects of these manipulations were evaluated with 
respect to pretreatment attraction scores taken from tests 
which occurred 9 days prior to surgery (Fig. 2). Although 
FHVS investigation times were reduced following both 
treatments, this effect was significant only in hamsters with 
both the vomeronasal and olfactory systems deafferented 
(p<0.02). A significant reduction in FHVS attraction in this 
group was also observed when relative attraction scores (see 
General Procedures) were used 09<0.01). Interestingly, the 
one animal whose results were excluded from analysis be- 
cause its vomeronasal deafferentation was incomplete, was 

Discussion 

These results confirm that interest in FHVS, as indicated 
by persistent sniffing and licking, is subserved by the vom- 
eronasal system when the olfactory system has been deaf- 
ferented (Fig. 1). Under these conditions, the vomeronasal 
organ must transduce critical information because when it 
also is deafferented, interest in FHVS is significantly at- 
tenuated (Fig. 2). The time these males with combined deaf- 
ferentations do spend investigating the anesthetized cas- 
trates is presumably due to stimuli affecting other sensory 
systems. 

EXPERIMENT 3 

Our findings do not establish to what extent the olfactory 
and vomeronasal systems individually respond to FHVS 
when both sensory systems are intact. To gain additional 
insight into this problem we observed the effects of VN deaf- 
ferentation alone using the FHVS-~ test. If the VN system 
normally participates in mediating male hamster's attraction 
to FHVS, and if FHVS plays any role in promoting copula- 
tion, a decline in attraction might be expected to occur most 
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TABLE ~ 
EFFECTS OF VOMERONASAL DEAFFERENTATION ON A'I~FRACTION TO FEMALE VAGINAL SECRETIONS 

IN FHVS-~ TESTS* 

Experimental Pretreatment* Post-Treatment 
Treatment N I 2 3 4 

VN DEAFF ! p<0.05 i 
Severe Mating 
Behavior Deficit 5 64,4 ~ 19.1 43.0 --* 12.9 36.2 -- 13.0 19.2 z 3.1 

VN DEAFF I ns i 
No Mating 
Behavior Deficit 15 65.7 _+ 7.4 69.3 --- 8.8 65.2 -+ 5.9 52.4 : 7.5 

SHAM/INCOMPLETE I' ns I 
VN DEAFF 

10 73.1 _ 8.1 74.1 -+ 6.8 65.9 _+ 8.2 57.1 +- 7.5 

*Values are Mean secs -+ SEM on 4 successive weekly tests. 

noticeably in the males exhibiting mating deficits after VN 
deafferentation. 

Method 

FHVS attraction was initially assessed in 30 hamsters 
over 2 successive weeks using the FHVS-~ test. Standard 
mating tests were also given once each week 2 days follow- 
ing the attraction tests. All males except 3 ejaculated twice 
on both mating pretests. These 3 showed 2 ejaculations on 
only I of  the 2 pretests. No criterion was imposed with re- 
spect to FHVS attraction scores so that variability in re- 
sponsiveness would not be truncated. The day after the sec- 
ond mating pretest all hamsters received surgical treatments 
which resulted in either (a) complete vomeronasal deafferen- 
tation (n=20), (b) incomplete VN deafferentatiou (n=5), or 
(c) a sham operation (n=5). Animals in the last 2 categories 
were combined to form a single control group. The effects of 
VN surgery were evaluated over the following 4 weeks. 
FHVS-~ tests and mating tests continued for the first 2 
postoperative weeks on the same schedule as was followed 
during the pretest. On the 3rd and 4th post-operative weeks 
only mating behavior tests were given. 

Copulatory impairments were considered present if 
hamsters failed to ejaculate on two or more of their four 
postoperative tests. This criterion is somewhat less restric- 
tive than the one we have used in earlier publications to 
categorize animals as displaying severe mating behavior 
deficits. 

Results 

Five of the 20 animals with complete VN deafferentations 
showed noticeable mating impairments. The actual severity 
ranged from no mating at all on any of the post tests (2 
animals) to ejaculatory behavior on only half of the tests (2 
animals). The 5 males which showed these deficits 
postoperatively did not include the 3 that had failed to mate 
on one of the pretests. Fifteen VN deafferented males mated 
normally; I I of these hamsters ejaculated twice on all 4 
postoperative tests. This was true on 3 of the 4 tests for the 
remaining animals in this group. This dichotomous effect of 
VN deafferentation on mating behavior is comparable to 
what we have observed during earlier studies. No mating 

behavior deficits were noted in 9 of the 10 sham/incompletely 
deafferented hamsters; 1 failed to ejaculate on 2 of its 
postoperative tests. 

Male hamsters' attraction to vaginal odors varied consid- 
erably over the pre- and postoperative tests. VN Dealt af- 
fected investigation of FHVS only in males which showed 
copulatory deficits following surgery (Table 2). This was re- 
flected in a significant difference between their mean pre- 
and post-treatment attraction scores (p<0.05), as w©ll as be- 
tween their scores on Week 1 and on Week 4 (p <0;05). Con- 
trol hamsters, and the VN Deaff hamsters which continued 
to mate normally after surgery did not exhibit significant 
decrements in time investigating FHVS. 

Discussion 

Our findings suggest that FHVS plays an important role in 
stimulating male hamster copulatory behavior; they further 
indicate that both the olfactory and the vomeronasal systems 
can respond to odorants within the female's vaginal se- 
cretions. 

The results of Experiments 1 and 2 clearly demonstrate 
that the effects of e L F  Deaff on FHVS attraction depend 
critically on the testing situation employed. When FHVS 
alone is placed on the wall of a Plexiglas test cage (FHVS 
test) e L F  Dealt abolishes attraction to this substance 48 hr 
after zinc sulfate is applied to the nasal cavities (Experiment 
l). This implies that the vomeronasai system, which remains 
intact after our zinc sulfate procedure, either does not detect 
FHVS in the quantities we used, or does not mediate an 
investigatory response to this substance, even over the rela- 
tively short distances involved in our testing boxes. This 
finding is consistent with the fact that e L F  Deaffatso elimi- 
nates the detection of FHVS when its odor is blown from an 
enclosed flask through a Y-maze [35]. 

In Experiment 2 we showed, using an altered testing 
paradigm, that the vomeronasal system could subserve an 
investigatory response to FHVS. The time spent sniffing and 
licking the region of an anesthetized castrate where FHVS 
had been applied was not significantly reduced by e L F  
Deaft (Fig. 1). Thus the persistent investigation of vaginal 
secretory material can be displayed equally well when only 
the VN system is capable of responding. We hypothesize 
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that under these, conditions the vomeronasal system re- 
sponds because non-olfactory stimuli associated with the 
anesthetized castrate suffice to bring the test males into di- 
rect contact with FHVS and that this may be an important 
requirement for VNO activation. The involvement of the 
vomerona~l  system in maintaining interest in vaginal secre- 
tion was further substantiated by the fact that when both the 
VN and OLF systems were deafferented, the time spent 
sniffing and licking the FHVS was significantly reduced (Fig. 
2). In Experiment 3 VN Deaff alone produced attraction 
deficits only in those animals which also showed a concomit- 
ant impairment in their overt copulation with receptive 
females. Interestingly, these animals showed some decline in 
FHVS investigation times on Test 2, before VN deafferenta- 
tion was performed. We have suggested elsewhere [42] that 
males whose copulatory behavior is affected by VN deaf- 
ferentation may be less vigorous maters, and in some way 
less easily aroused by relevant sexual stimuli than are 
hamsters whose mating remains normal after this procedure. 
Perhaps in the former animals this is reflected in the decline 
of their pretest attraction scores. However, it is true that all 5 
of the animals showing impaired sexual behavior after VN 
deafferentation exhibited 2 ejaculations on each of their 2 
mating pretests. In contrast, 3 of the 15 males unaffected by 
the deafferentation failed to mate on one of their 2 pretests. 
Another point to be noted concerning the decline in attrac- 
tion scores of the VN deafferented males with copulatory 
deficits is that this decline was significant only on the second 
post-treatment test. This may relate to the fact that for many 
VN deafferented males, copulatory behavior can be quite 
normal on the first postoperative test, yet be entirely absent 
on all subsequent tests. 

Based on the findings presented here and the results from 
our earlier studies [35, 36, 42] we conclude that in all male 
hamsters the vomeronasal system, functioning in the ab- 
sence of olfactory input, can subserve both persistent inves- 
tigation of female vaginal secretions and overt copulatory 
behavior. In contrast, olfactory stimulation in the absence of 
vomeronasal input can mediate these 2 behavioral functions 
in only a subpopulation of animals. In those males in which 
the olfactory system is incapable of subserving these func- 
tions, we do not know whether the attenuated investigation 
of FHVS and the copulatory behavior deficits are causally 
related. Whether a proportion of VN deafferented males fail 
to mate because their attraction to and investigation of 
FHVS (and possibly other odors) is impaired, or whether 
their attraction and copulatory deficits are simply correlated, 
cannot be determined at present. Although some evidence 
suggests that male hamsters' attraction to female chemosen- 
sory stimuli can be experimentally dissociated from the abil- 
ity of these stimuli to initiate mounting behavior [8, 10, 27], 
hypotheses to explain the neural bases of these 2 functions 
must take into account the evidence that with appropriate 
testing procedures both the olfactory and the vomeronasal 
systems can participate in each. 

It has long been recognized that the morphology of the 
VNO in mammalian species precludes easy access of odor- 
ant molecules to its receptor cells [33]. Early investigators 
speculated that modulation of the size of the vascular plexus 
surrounding the lumen of the VNO by autonomic nervous 
system activity could pump liquids into and out of the organ 
through the microscopic duct that is the organ's only access 
[18]. Estes [15] acknowledged that this might be true for 
some species, but emphasized the role of the flehmen re- 
sponse in providing a mechanism for odorant molecules in 

air to be introduced into the VNO. He proposed a model 
appropriate for species in which the VNO duct opens into 
the nasopalatine canal. This is not the case in hamsters, 
however, in which the VNO communicates directly only 
with the nasal cavities and in which the nasopalatine canal 
enters the nasal cavity posterior to the closed caudal end of 
the organ [ l]. Recently, Meredith [28] has provided compel- 
ling evidence that the pumping mechanism noted above can 
be activated by autonomic stimulation in hamsters and can 
facilitate entry of odorants dissolved in liquid secretion into 
the VNO. Whether the same odorant molecules stimulate the 
olfactory and the VNO receptor cells in hamsters is not 
known. But it is a reasonable possibility that molecules of 
low volatility may not reach the olfactory receptors in suffi- 
ciently high concentration for effective stimulation. These 
molecules might, however, reach the VNO receptors if dis- 
solved in liquid and directly applied to the external nares, as 
would occur during the male hamster's sniffing and licking of 
the female's ano-genital area. 

Our work was the first to demonstrate conclusively the 
relevance of VNO activity in subserving reproductive ac- 
tivities in a mammalian species [36,42]. We have indicated 
elsewhere that indirect evidence suggests a comparable role 
for the VNO in male rats [42]. If it is true that the vom- 
eronasal organ constitutes a chemosensory system capable 
of responding to non-volatile or low volatility odorants, then 
a number of observations on different mammalian species 
might relate to involvement of this organ in a variety of be- 
havioral responses. The literature suggesting a relation be- 
tween the flehmen response and stimulation of the VNO has 
been reviewed [15,41]. In more recent experimental work, 
comparable behaviors have been described which are exhib- 
ited in response to conspecific odors and which may function 
to optimize stimulus transport to the VNO: examples are the 
"gaping" response in cats [24], flehmen in rabbits [4] and 
"head-bobbing" in guinea pigs [3]. Nyby et al. [34] have 
studied the elicitation of ultrasonic vocalizations in male 
mice by female odors. Although effective odors could be 
obtained from a number of  different body locations, a char- 
acteristic of each was that males responded to them only 
after a period of intense investigation at close range. It is 
possible, then, that stimulation of the VNO by relatively 
non-volatile odors is required for eliciting the male's ul- 
trasonic calls. Although none of these observations provides 
direct proof of VNO involvement, they suggest that future 
investigations may reveal an important role of the vom- 
eronasai system in regulating the social behavior of several 
vertebrate species. 

In conclusion, we propose that at least 2 requirements 
must be met in order that the VN system in male hamsters be 
activated by conspecific odors. One is that the animal be in 
close proximity to the odorant; the ability to lick the sub- 
stance may be a component of this requirement. Secondly, 
sufficient neural activity in the autonomic nervous system 
must be achieved to optimize stimulus access to vom- 
eronasal organ receptors; this may in some cases be accom- 
plished via OLF system responsiveness to volatile odorants. 
We hypothesize that when these requirements are met, the 
vomeronasal system in male hamsters can subserve a persis- 
tent investigation of female odors and can participate in 
mechanisms which initiate copulatory behavior with recep- 
tive females. The way in which the vomeronasal and olfac- 
tory systems interact and the central nervous system path- 
ways by which their combined effect modulates reproductive 
activities remains to be elucidated. 
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