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ABSTRACT

The vomeronasal organ (VNO) has been implicated in 
recovery from reproductive inhibition of mice (Peromvscus 
maniculatus bairdii) from laboratory populations. This study 
examined the effects of removal of the VNO on recovery from 
reproductive inhibition. In males, VNO removal (VNX) 
significantly slowed recovery, based on testes and seminal 
vesicle weights, seminiferous tubule (S.T) cross-sectional 
areas, and numbers of elongated spermatids per S.T. This 
indicates that the VNO is important in recovery from 
reproductive inhibition. Partial removal of the VNO, led to 
recovery intermediate to that of fully VNX and Sham-surgery 
animals. This suggests that greater impairment of the VNO 
leads to greater reduction in recovery from reproductive 
inhibition.

In females, no significant differences in recovery were 
found between VNX and sham animals, suggesting some sex based 
differences in the role of the of the VNO in recovery from 
inhibition.

Population animals were found to have a significantly 
lower survival rates than non-population animals.
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INTRODUCTION
Natural populations of prairie deermice fPeromvscus 

maniculatus bairdii  ̂ rarely experience outbreaks of 
overpopulation and their numerical levels appear to be 
controlled over a relatively narrow range (Terman 1966, 1968). 
The growth of laboratory populations of these mice is 
controlled under conditions of excess food, water, and 
harborage (Terman 1966, 1969). The numerical levels of
population growth control varies widely under identical 
conditions, indicating that control is density related, but 
not density dependent (Terman 1974, 1987).

Cessation of growth in these asymptotic populations is 
produced by one of two means: cessation of reproduction or 
failure of young to survive (Terman 1965, 1969). Mice born 
into the population are inhibited in reproductive function; 
less than 10 % of the females born into the populations and 
reaching 100 days of age reproduce (Terman 1965, 1969, 1973a, 
1973b). Further, inhibited animals have significantly lower 
(P<0.05) reproductive rates and weights of reproductive organs 
than reproductively proven control animals (Terman 1969).

Reproductive inhibition of population animals can be 
released by removal of inhibited male or female mice from the 
populations? subsequent pairing with a reproductively proven
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mate serves to accelerate the recovery. Recovery from 
reproductive inhibition is rapid; more than 50% of both males 
and females reproduced within 4 0 days of pairing (Terman 
1973a). A study utilizing population animals 560 to 900 days 
of age demonstrated that age had no negative effect on 
recovery since 65% of the mice reproduced within 3 0 days of 
removal from the population (Terman 1987) . Increased gonadal 
weights and changes in gonadal histology (increase of 
spermatid production and area of seminiferous tubules or 
changes in ovarian histology indicating ovulation) are also 
indications of reproductive recovery (Deyerle 1986, Babb & 
Terman 1982, Terman 1973a). The rapid and extensive recovery 
of reproductive function indicates that there is no permanent 
pituitary or gonadal change and points to a chronic, dynamic 
mechanism which is intrinsic to the population (Terman 1987).

Although factors involved in population control are not 
fully understood, previous studies have shown that tactile 
cues may be primarily responsible for the initial inhibition 
and the continued suppression of reproductive maturity (Terman 
1979, 1980). Olfactory, auditory and visual cues may also act 
to delay or prevent recovery from reproductive inhibition 
(Lombardo & Terman 1980). Previous studies have investigated 
the role of contact in recovery from reproductive inhibition. 
Deyerle (1986) demonstrated that physical contact is important 
to recovery of females. The results indicated that females in
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contact with males produce more ovarian follicles than females 
removed from tactile communication with males. The results of 
this study suggest some type of feedback system for inhibition 
exists. A second study (Creigh & Terman 1988), indicated that 
contact was a more potent stimulus than olfactory cues. 
Thirty day contact with proven females accelerated the 
recovery of inhibited males. Urine had a similar, but less 
pronounced effect. This suggests some "factor" passed by 
direct contact, perhaps a chemical cue enforcing inhibition or 
recovery. The fact that pheromone producing glands are 
present in the skin, eye and buccal cavities of Peromvscus 
lend credence to the idea that some chemical signal received 
only through contact potentially exists (Bronson 1974). The 
vomeronasal organ (VNO) is known to be involved in the 
processing of nonvolatile chemicals (Beauchamp et al. 1980, 
Wysoki et al. 1980) and its presence has been established in 
Peromvscus (Adams 1970, 1972).

Many studies report disruption of reproductive function 
in rodents with vomeronasal system impairment (Powers & Winans 
1975, Kankeko et al. 1980, Wysoki et al. 1982, Wysoki et al. 
1983). Therefore, the purpose of the present study is to 
determine the effect of removal of the VNO on recovery from 
population induced reproductive inhibition in males and 
females. Prior to outlining the procedures used in this 
study, some background information on the vomeronasal organ
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(VNO) and the accessory olfactory system will be reviewed. 
History and Origin of the VNO

The VNO was first described in mammals in 1811 by Danish 
physician, L. Jacobson. An area of vomeronasal epithelium, a 
vomeronasal nerve and accessory olfactory bulb are found in 
all living tetrapods. The few exceptions have demonstrated 
that this structure has been lost secondarily and vestiges of 
an accessory olfactory system appear in the embryos (Estes 
1972, Powers & Winans 1975). The VNO is thought to have 
evolved from outpouching of the nasal cavity in fish (Bertmar 
1981, Wysoki & Meredith 1987). Fish epithelium contains both 
ciliated olfactory-like and microvilli vomeronasal-like 
receptor cells (Albone 1972). Nasal anatomy and embryology
suggest that two separate areas, vomeronasal and olfactory, 
were already differentiated in early amphibians (Estes 1972). 
Phvloqenic Distribution of the VNO

The VNO is best developed in reptiles, particularly in 
snakes, where it is the main chemoreceptor (Burghardt 1980). 
The accessory olfactory system is extremely well developed in 
monotremes, the lowest mammalian orders, and also fairly well 
developed in marsupials. In eutherians, it is best developed 
in rodents and lagomorphs (Estes 1972, Wysoki 1979). 
Considerable variation among species exists with regard to 
development of the vomeronasal system, but remarkably little 
variation exists in the anatomy of the organ itself (Wysoki
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1979).
Anatomy of the VNO

The vomeronasal organ, or Jacobson's organ, is physically 
separate from the olfactory epithelium. It is located in the 
rostral portion of the nose. Olfactory epithelium, on the 
other hand, usually occupies a more dorso-caudal position in 
the nasal cavity. The vomeronasal organ is sheathed in a 
protective cartilage capsule and consists of a bilaterally 
paired tubular structure located medially on either side of 
the anteroventral portion of the nasal septum. Depending on 
the species, the structure opens into the nasopalatine canal 
which connects the nasal cavity with the oral cavity, or 
directly into the nasal cavity, as in rodents. The organ body 
is generally described as kidney shaped in cross-section, with 
a relatively narrow fluid-filled lumen, a submucosa consisting 
of secretory cells and erectile tissue (Wysoki 1979, Estes 
1972) .

Receptor cells within the vomeronasal organ possess 
microvilli, unlike ciliated olfactory receptor cells 
(Griazadei 1977, Burghardt 1980). Other ultrastructural 
differences also exist, thus differentiating olfactory and 
vomeronasal epithelia (Graziadei 1977). Several studies have 
shown that the vomeronasal receptor cells, which are primary 
neurons (Graziadei 1977, Barber & Raisman 1978, Wysoki 1979), 
have the ability to regenerate after injury, and undergo
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continuous turnover (Graziadei 1973, Barber & Raisman 1978). 
These properties are shared by olfactory epithelium, but the 
neurogenic processes differ between olfactory and vomeronasal 
tissue (Griazadei 1977).

Axons from the vomeronasal receptors coalesce to form a 
distinct nerve which traverses the nasal septum and passes 
through the cribiform plate to the accessory olfactory bulb 
(AOB). Several studies have shown that the vomeronasal 
projections remain entirely separate from olfactory 
projections until the third synaptic component. (Barber & 
Raisman 1974, Scalia & Winans 1975, Wysoki 1979, Wysoki & 
Meredith 1987, Macrides et al. 1988).
Innervation of the Nose

There are five neural components in the mammalian nose; 
though not all have demonstrated chemosensory properties. 
They are: (1) olfactory epithelium, which appears to be most 
sensitive to volatile chemicals, possesses Bowman's glands, 
ciliated receptor cells, and has a yellowish-brown 
pigmentation, (2) vomeronasal epithelium, indicated in the 
chemoreception of nonvolatile compounds, lacks Bowman's glands 
and ciliated cells, (3) the septal organ of Masera, suggested 
to be an early warning system which functions during periods 
of rest (Wysoki 1979), and is similar though not 
ultrastructurally identical to olfactory epithelium, (4) 
trigeminal nerve endings, which are involved in olfactory
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detection, and (5) nervous terminalis endings, which consists 
of a fine plexus of nerve endings in the same area as the 
vomeronasal organ. The nervous terminalis and the vomeronasal 
nerve run together through the cribiform plate. However, too 
little is known about the nervous terminalis to speculate on 
its function (Graziadei 1977, Wysoki 1979, Johns 1980).

Graziadei (1977) states "the five putative sensory 
systems of the nose show either an apparent redundancy, in 
distance chemoreception or a finely tuned apparatus whose 
components can detect a variety of different chemical 
signals." The proximity of these neural connections, however, 
allows for interaction and modulations between these 
components.
Central Nervous System Projections of the Accessory Olfactory 
System and the Main Olfactory System

The vomeronasal organ extends neural fibers to the 
accessory olfactory lobe, which in turn send projections to 
the medial and cortical amygdaloid nuclei and then to the 
medial preoptic area and medial hypothalamus (Winans & Scalia 
1970, Estes 1972, Johnson & Rasmussenk 1984, Bean 1982). 
These are areas of the central nervous system which have been 
implicated in the regulation and modulation of reproduction, 
sexual behavior, aggression, and the stimulation of 
gonadotrophic hormone production (Estes 1972). The main 
olfactory system, on the other hand, leads from the olfactory
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epithelium to the main olfactory bulb, then to specific parts 
of the pyriform lobe cortex, and subsequently to the 
lateral preoptic area and lateral hypothalamus (Winans 
& Scalia 1970).
VNO Implication in Reproduction. Access & Volatility

Historically there was much speculation regarding the 
role and function of the vomeronasal organ, particularly its 
role in reproduction (Estes 1972, Wysoki 1979). The sensory 
epithelium of the vomeronasal organ has the appearance and 
responsiveness of a chemosensory system. Studies have 
reported that there were changes in the electrical activity of 
the vomeronasal epithelium as well as in the nerve exiting the 
organ upon stimulation by odorous compounds (Tucker 1971, 
Griazadei 1977, Wysoki 1979). Stimulus access and delivery to 
the vomeronasal organ are available via openings in the nasal 
cavity and the nasal palatine ducts. Dissolved material may 
reach the vomeronasal organ by passive diffusion of material 
following direct contact, by directed tongue actions, by a 
vomeronasal vascular pump, and/or by specialized behaviors 
such as the characteristic Flehman's grimace (Estes 1972, 
Meredith 1977, Wysoki et al. 1980). As stated by Albone 
(1984) "Where physical contact occurs between a mammal and a 
signal source, there is no reason why a signal should be 
volatile." The vomeronasal organ is neuroanatomically 
independent of the main olfactory system and has direct access
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to CNS structures implicated in reproductive physiology, 
endocrinology and behavior.



MATERIALS AND METHODS
Animal Maintenance

The animals used in this study were prairie deermice 
(Peromvscus maniculatus bairdii) from freely growing 
laboratory populations founded from the production colony. 
The production colony consists of bisexual pairs in which 
matings between relatives closer than first cousins were 
prevented. Animals were housed in single compartments of two 
compartment standard opaque-plastic cages (28 by 12.7 by 14.5 
cm) with a wire top. Wood shavings were used as bedding and 
changed every 14 days. Food (Rat, Mouse, and Hamster 3 000, 
Agway) and tap water were available in excess. All animals 
used in this experiment were maintained in a 14 hour bright 
light (15 foot-candles at the floor; 07 00-2100 EST) and 10 
hour dark or dim (1.4 foot-candles) light cycle. Air was 
exchanged 5 to 10 times per hour and the yearly laboratory 
temperature was maintained between 20 and 30°C. Young from 
the colony were kept with their parents until weaning at 21 
days of age and then housed with same sex siblings (Bradley & 
Terman 1981b).
Founding of Populations

Four separate populations were founded by four unrelated 
reproductively proven bisexual pairs from eight different
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litters. Litters conceived prior to founding the populations 
were discarded when discovered. This was done so that only 
young with both pre- and post-natal population experience were 
present in the populations (Bradley & Terman 1981b). All 
animals were numbered by clipping toes. Populations were 
inspected at approximately two week intervals and each 
animals's reproductive condition was noted (females: pregnant, 
lactating, open vagina? males: scrotal or non-scrotal testes). 
The birth date and sex of young and the identity of the mother 
was also noted.

Populations were maintained in 1.9 m diameter 
corrugated aluminum pens, with wood shavings as bedding. 
Surplus food and water were provided in the center of the 
enclosure. Four to eight (0.90 liter) plastic nest boxes were 
placed in a circular arrangement approximately halfway between 
the center and edge of the pen. All populations were housed 
in the same room of the Laboratory of Endocrinology and 
Population Ecology.
Selection of Experimental Animals

Reproductively inhibited population mice between 100 - 
500 days of age were drawn from freely growing populations 
ranging from 430 to 679 days since founding. Inhibited males 
were defined as those in which the testes were non-scrotal for 
at least the past 100 days. Selection priority was given to 
mice which had never exhibited scrotal testes. Inhibited
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females were nulliparous with imperforate vaginae for at least 
the past 100 days. Selection priority was given to females 
which had never had open vaginae. No siblings were placed in 
the same treatment. Mice of similar ages were randomly 
assigned to different experimental treatments in so far as 
possible.

Animals selected for treatment according to the above 
criteria were removed from each population and housed briefly 
together in a standard plastic cage on soiled bedding taken 
from that population enclosure. From 3 to 11 animals were 
selected for surgery on any given day. These animals were 
then transported 1 mile to Millington Hall, where surgery was 
performed within 24 hours from the time of their removal from 
the population.
Experimental Treatment Groups

For each sex, four treatment groups consisting of five 
mice were established as follows:

(1) Vomeronasal Organ Removal Followed bv Pairing 
fVNX-P). These were reproductively inhibited population

animals who were removed from the populations, their 
vomeronasal organs were surgically removed, and each was 
paired for 28 days with a proven mate of the opposite sex.

(2 ) Vomeronasal Organ Removal Followed bv Isolation 
fVNX-I) . These mice were treated the same as in (1)

except that they were kept alone following surgery.
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(3) Vomeronasal Organ_Sham Surgery Followed bv Pairing 
(Sham-P). These animals were similar to those in

Treatment (1) except that they experienced sham vomeronasal 
removal prior to pairing.

(4 ) Vomeronasal Organ Sham Surgery Followed bv Isolation 
(Sham-1). These mice were the same as in Treatment (3)

except that they were kept alone following the sham surgery. 
Assignation of Animals to Treatments

It was intended that experimental animals of like ages 
would be randomly assigned to the experimental cells. 
However, because of the low survival during and following 
surgery, all inhibited population animals underwent the VNX 
procedure. Surviving animals were placed in the highest 
priority treatment, until a sample size of 5 was obtained in 
that treatment. Experimental treatments were assigned 
priority in the following order: (1) VNX-Paired, (2) Sham-
Paired, (3) VNX-Isolated and (4) Sham-Isolated.
Comparison Groups

The following two types of mice were used for comparison 
with the experimental treatments:

(1) Population Inhibited (Po p ). These mice were 
reproductively inhibited population animals used for 
comparisons which were selected from population animals which 
died within 48 hours after the VNX or Sham procedure.
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(2) Reproductively Proven fPrl. These mice consisted of 
reproductively proven colony animals. Unrelated mice 81 to 
118 days of age were removed from same-sex sibling groups and 
paired with an animals of the opposite sex for 118 to 190 days 
under the previously described colony conditions. Proven 
pairs produced an average of six litters and at least one 
litter within the 60 days prior to use in the experiment. The 
pairs were separated when the female was obviously pregnant, 
the litter discarded upon discovery, and animals were 
sacrificed 60 days after the birth of the previous litter. 
SURGICAL TREATMENTS 
Vomeronasal Organ Removal fVNX^

Prior to surgery each animal was weighed and injected 
subcutaneously with a mixture of 10 ml of ketamine HCl (100 
mg/ml, Aveco) plus 1 ml of acepromazine maleate (10 mg/ml, 
Aveco) . This stock solution was diluted for use to 2 0 mg 
ketamine/ml. The dose of the diluted anaesthetic ranged from 
0.010 to 0.018 ml per gram body weight. The animal was 
secured in a stereotaxic head-holder in a supine position on 
an incline with the head lower than the body to prevent fluid 
drainage into the lungs. The jaw was retracted and a 1:1 
mixture of lidocaine (2%, Astra) and epinephrine (1 mg/ml, 
Parke-Davis) was applied topically to the upper palate. 
Oxygen was administered as needed throughout the surgery and 
heat lamps were used to maintain local temperature of
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approximately 3 0°C. A midline incision was made in the palate 
from the incisors to the second palatal ridge. The soft 
tissue was retracted, the anterior incisive bone was drilled 
with a dental bit (0.5 mm diameter), and pressure was applied 
to the posterior end of the vomeronasal bone. With use of 
forceps, a suction device with a blunted 2 0 gauge hypodermic 
needle, and the aid of a dissecting scope the entire 
vomeronasal organ complex was then removed. The palatal 
incision was closed with cyano-acrylate glue (Quick Gel, Duro? 
Wysoki, et al. 1985). A more complete description of the 
method is found in Wysoki, et al. 1982.
Sham Suraerv

Each animal was anesthetized and placed in a supine 
position in the same manner described above. A small incision 
was made in the palate behind the incisors. The cut was then 
directly sealed with cyano-acrylate glue.
Post-Surgical Treatment

After surgery, animals were housed separately on pads in 
standard laboratory cages which were set at a slight angle to 
facilitate oral and nasal drainage. Animals were wrapped in 
paper tissue and a temperature range, with approximately 3 0°C 
as the highest temperature, was provided in the interiors of 
the cages using heat lamps. Food and water were provided when 
the animals were sufficiently recovered from anaesthesia. At 
the end of a 48 hour recovery period, body weights were
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obtained and mice were kept in individual cages in their natal
population room where they were maintained until sacrifice.

\Animals in the paired treatments were placed in different 
cages with clean bedding and paired with a reproductively 
proven mate. Isolated animals were placed in different cages 
with fresh bedding. Body weight and reproductive condition of 
experimental animals and their mates was recorded at 15 days 
post-surgery.
Tissue Collection

Sham and VNX animals were sacrificed 30 days after 
removal from the populations (28 days after pairing). Animals 
were weighed, then given a lethal subcutaneous dose of the 
ketamine-acepromazine anaesthetic. The thoracic cavity was 
opened and the animal was perfused with 6 ml phosphate- 
buffered saline followed by 3 0 to 60 ml of a mixture of 
glutaraldehyde (50 ml 50%)-formaldehyde (37 ml 37%) in 63 ml 
phosphate buffered saline injected directly into the right 
ventricle before the heart stopped beating. An 18 gauge 
needle and a motor driven infusion pump were used. The head 
was removed, the skull cleaned of skin and placed in the 
glutaraldehyde-formaldehyde perfusion solution for a minimum 
of 2 weeks. The body cavities were opened and the carcasses 
were placed in 10% buffered formalin for a minimum of 2 weeks. 
Histological Analysis of Vomeronasal Removal

The brains of the sham, VNX, and proven animals were
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removed from the skull, then placed in 3 0% sucrose overnight. 
Specimens were placed on a frozen chuck, covered with freezing 
medium (M-l Embedding Matrix, Lipshaw), and allowed to freeze 
inside a freezing microtome (Cryo-Cut Microtome, American 
Optical Corp.) for a minimum of 10 minutes. Serial sections 
at the level of the accessory olfactory bulb of the brain were 
then cut at a thickness of 40 micrometers at -20°C. Sections 
were placed on gelatin coated slides (2.5 g gelatin, 0.25 g 
chrom-alum, 500 ml deionized water), allowed to dry, then 
stained with a peroxidase conjugated soybean-agglutin binding 
protocol previously which was used to verify complete 
vomeronasal organ removal (Wysoki 1989).

The SBA staining procedure is as follows: tissue
sections were washed three times with a salty buffer solution 
(1 mM CaCl2/ 1 mM MgCl2.6 H20, 1 Mm MnCl2.4 H20, 1 liter of 0.1 
M Phosphate Buffer) . Soybean Agglutin (Peroxidase labeled, 13 
jig/ml, Sigma) was pippetted onto tissue for a period of at 
least 60 but no more than 7 5 minutes. Slides were rinsed 
three times with the salty buffer solution. A 1:1 solution of 
DAB (3 , 3 1 -diaminobenzidine tetrahydrochloride, 95-99 mg/lOOml, 
Sigma) and H202 (10 tl 30% in 15 ml deionized water) was mixed 
thoroughly and allowed one minute to oxidize while not in 
contact with the tissue. Slides were placed in this solution 
for 4 to 7 minutes, then rinsed 3 times with distilled H20. 
The tissue was allowed to dry overnight, and placed in xylene
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for 5 minutes. Slides were evaluated under 40 and 100 
magnifications for evidence of the vomeronasal organ removal 
as demonstrated by the lack of staining in the vomeronasal 
tract and absence of glomeruli in the accessory olfactory 
bulb. Slides were also sent to Dr. Wysoki (Monell Chemical 
Sense Center, Philadelphia, PA.) for independent evaluation of 
completeness of vomeronasal organ removal.
Analysis of Gonads

The reproductive units (testes and seminal vesicles or 
ovaries and uteri of proven and nulliparous females) of all 
animals were removed, cleaned of fat, blotted dry, and weighed 
to the nearest 0.1 milligram on a Fischer Scientific XA 
electronic balance.

One testis from each male was randomly selected, placed 
in 3 0% sucrose overnight, sectioned at 15 [im on the freezing 
microtome, and placed on gelatin coated slides. A thin layer 
of the same gelatin coating solution was used to cover the 
section. Sections were allowed to dry and then stained with 
hematoxylin and eosin, mounted with Permount and evaluated in 
a manner derived from the procedure described by Bradley and 
Terman (1981b). Slides were evaluated at 200 and 400 
magnifications and two testes sections from each animal were 
selected. A transect line was made across the region of 
greatest testicular cross-sectional area. The area of the 
seminiferous tubules and number of elongated spermatids per
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tubule was calculated for each seminiferous tubule touching 
the transect line. The BioQuant Image Analysis System IV 
(Biometrics, Inc.) was used to make all measurements. The 
percent seminiferous tubules with 5 or less elongated 
spermatids was calculated. The criteria, five or less 
spermatids, was selected arbitrarily as an estimator of low 
spermatid production.

Both ovaries of each female were placed overnight in 3 0% 
sucrose and then serially sectioned in a freezing microtome at 
22 micrometers. All sections were coated with the gelatin 
slide coating solution, stained with hematoxylin and eosin and 
mounted with Permount. All sections were evaluated at 40 and 
100 magnifications and scored for the number of corpora lutea. 
As a measure of ovulatory readiness and follicular maturity, 
the numbers of follicles that were of size Type 6, Type 7, and 
Type 8 were measured (Pederson & Peters 1968).
Statistical Analysis

Measurements were analyzed by one-way analysis of 
variance. If variances were significantly heterogeneous
between treatment groups for any measurement, then the non- 
parametric Kruskal-Wallis test was used for comparison. A 
posteriori analyses were conducted when appropriate.
Statistical comparisons were performed using the SPSSX 
statistical program package. Probability of less than 0.05 
was considered significant in all cases.



RESULTS
Numbers of Animals

The occurence of extremely high mortality of males and 
females during and following surgery resulted in no animals in 
some groups and very few in others. Therefore, the original 
design was altered; no Sham-Isolated group exists for either 
males or females. Further, there is no VNX-Isolated group for 
females.
Body Weights and Ages

Animals ranged from 140 to 500 days of age. Analysis of 
variance of ages across all groups indicated no significant 
differences. Likewise, analysis of variance showed no 
significant differences in the body weight of females. No 
significant differences were demonstrated in male body 
weights, except for the proven group, which were significantly 

* larger (P < 0.05) than all other groups.
MALES
Reproduction Rates

None of the animals which had undergone VNX had pregnant 
mates. Three of the five mates of sham males were pregnant at 
the time of sacrifice, 28 days after pairing. One other Sham- 
P mate possessed a greatly enlarged uterus, but was not 
pregnant upon autopsy.
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Testes Position
Testes position has been used as an indicator of 

reproductive development and condition in Peromvscus (Terman 
1979, 1980, Bradley & Terman 1981b, Terman & Bradley 1981,
Pitman and Bradley 1984, Creigh 1986, Deyerle 1986) and is the 
method used to establish the reproductively inhibited
condition. All proven animals had scrotal testes at the time 
of sacrifice All of the Sham-P males had scrotal testes by 
16 days after removal from the population and surgery, while 
none of the VNX-I or VNX-P animals had scrotal testes by day 
30.
ORIGINAL DESIGN - Table 1

The means of the body weights, paired testes and seminal 
vesicle weights, cross-sectional areas of seminiferous
tubules, number of elongated spermatids, and percent
seminiferous tubules with more than five elongated spermatids 
are presented in Table 1. No Sham-Isolated group exists due 
to high mortality of available animals. This experimental 
treatment group was therefore excluded from further analysis.

Testes and Seminal Vesicles Weights
All groups had significantly smaller paired testes

weights than the proven animals. The testes of reproductively 
inhibited population animals were also significantly smaller 
than Sham-P males ( P < 0.05). The VNX-P, VNX-I animals did 
not differ significantly in testes weight, from population or
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Sham-P animals. VNX-P testes did not differ significantly 
from Sham-P, but they were less than 1/2 weight of the Sham-P 
testes.

The population inhibited, VNX-P, and VNX-I animals did 
not differ significantly from one another, but had 
significantly smaller seminal vesicles than the Sham-P or 
proven animals. Differences between groups were often large, 
for example Sham-P animals mean testes weights were >28 times 
larger than VNX-P animals, but less than 1/2 the size of 
proven animals.

Seminiferous Tubule Cross-Sectional Areas and Spermatid
Counts
The VNX groups (VNX-I and VNX-P) did not differ in 

seminiferous tubule area from each other, from population or 
from sham animals.

Although heterogeneous variance existed, a non-parametric 
test showed significant differences between the groups in the 
number of elongated spermatids at the P < 0.0018 level. The 
Sham-Paired group had almost 4 times the number of elongated 
spermatids of the VNX-I, and more than 3 times the VNX-P 
group.

The percent seminiferous tubules with five or less 
elongated sperm (Percent-ST) exhibited heterogeneous variance. 
A Kruskal-Wallis test showed differences existed between 
groups at the P < 0.003 3 level. The Sham-P group had 1/5
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fewer Percent-ST with low sperm counts than did the VNX-P, and 
1/7 of the VNX-I.
A POSTERIORI DATA COMBINATION I - Table 2

Histological verification of the VNX procedure revealed 
several animals had only partial VNO removal. This group, 
Partial VNX-P (PVNX-P), was included in another analyses.

Since none of the measurements showed significantly 
different means between the isolated and paired VNX groups 
(VNX-I and VNX-P), these groups were combined (VNX-I+P) for 
further comparison. This allowed comparisons of the effect of 
complete vomeronasal organ removal (regardless whether paired 
or isolated) versus incomplete vomeronasal organ removal. The 
results are presented on Table 2.

All measures of reproductive status showed the same trend 
of increase as the original comparison. The magnitude of the 
differences between all the groups, however, was reduced in 
this combination of data. VNX-I+P animals had neither scrotal 
testes nor pregnant mates by the end of the experiment. Only 
one of the PVNX-P animals had fully scrotal testes and none of 
the PVNX-P mates were pregnant by the end of the experiment. 
The combined group (VNX-I+P) had significantly smaller testes 
than the Sham-P animals, but not smaller than population or 
PVNX-P animals. PVNX-P animals testes were significantly 
smaller than only the proven group. In seminal vesicle 
weights, the VNX-I+P group was significantly smaller than the
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Sham-P and proven groups. PVNX-P animals' seminal vesicles 
were significantly smaller than the Sham-P and proven groups. 
Differences between groups in this measurement were great; the 
mean seminal vesicles weights of Sham-P animals was 9.5 times 
VNX-I+P and 5.6 times PVNX-P.

Mean seminiferous tubule cross-sectional area of the VNX- 
I+P group was significantly larger than the population group, 
significantly smaller than the Sham-P and proven groups, but 
not significantly different from the PVNX-P group. The PVNX-P 
group was not significantly different from the Sham-P group.
The VNX-I+P group had significantly fewer elongated 

spermatids than the sham and proven animals, but was not 
significantly different from the PVNX-P or population groups. 
PVNX-P were not significantly different from the Sham-P group 
in this measure. Population animals had significantly lower 
proportions of Percent-ST than Sham-P and proven groups, but 
there were no other significant differences between groups. 
Though no significant differences were demonstrated, the 
Percent-ST differed greatly between groups; the mean Sham-P 
value was 5.6 times the VNX-I+P value, 4 times the PVNX-P 
value.
A POSTERIORI DATA COMBINATION II - Table 3

Table 3 shows the result of combining the data from 
all groups which underwent the vomeronasal removal surgery 
including those identified as partial removal (VNX-I, VNX-P,
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and PVNX-P) to form a vomeronasal organ impaired group (VNO- 
Impaired). The vomeronasal complex was at least damaged in 
this group, whether the surgical removal was complete or not. 
This, therefore, represented a comparison between population, 
sham, proven animals and all the animals with vomeronasal 
impairment. A posteriori evaluation of the data showed no 
major changes of the relationships between groups in any of 
the measures of reproductive status.

All measures of reproductive status showed the same trend 
of increase, from population to proven, as the original 
comparison. The testes weights, seminiferous tubules cross- 
sectional areas, and numbers of elongated spermatid of the 
VNO-Impaired were significantly larger than population, and 
significantly smaller than Sham-P or proven. Seminal vesicle 
weights of the VNO-Impaired were not significantly different 
from the population animals, but were significantly smaller 
that Sham-P animals. The VNO-Impaired group had significantly 
more Percent-ST than the proven group, and were not 
significantly different from any other group.
FEMALES

There were no VNX-Isolated nor Sham-Isolated treatments due 
to mortality of available animals.
Reproduction Rates and Condition

Two of the five Sham-P females were pregnant by the end 
of the experiment, while none of the VNX-P animals were



27

pregnant by that time. All of the proven animals were 
vaginally perforate at the time of sacrifice, 4 of the 5 Sham- 
P animals were perforate at Day 16 and Day 30. At Day 16 one 
of the VNX-P females was perforate, and at Day 3 0 none of 
these females was perforate.
ORIGINAL DESIGN - Table 4

The means of body, paired ovary and uterine weights, 
numbers of corpora lutea in paired ovaries, number of type 6, 
7, and 8 follicles, and total number of follicles type 6-8 are 
presented in Table 4.

Ovarian and Uterine Weights
Ovarian and uterine weights followed a trend of increase 

from population control animals, VNX-P, Sham-P to proven 
animals. The mean paired ovarian weight of proven females was 
significantly larger than all other treatment groups. VNX-P 
animals did not differ significantly from either population or 
Sham-P animals in ovarian weights.

Due to heterogeneity of variance, uterine weights were 
analyzed by the non-parametric Kruskal-Wallis test which 
showed significant differences between groups at the P < 0.070 
level. Only nulliparous uteri were included in the 
experimental groups. The VNX-P uteri were less than 1/2 the 
size of Sham-P group.

Ovarian Histology
Proven animals had a significantly larger number of



28

corpora lutea than any other group. No significant 
differences were demonstrated between any other groups. VNX-P 
and Sham-P females had comparable numbers of corpora lutea at 
a level intermediate to population animals (with none 
reported) and proven animals (with a mean of 3 0.6 per animal) .

In all cases VNX-P and Sham-P animals had higher numbers 
of follicles than population animals, but relationships 
between these two groups and proven animals varied. 
Population females had significantly lower numbers of Type 6 
and total numbers of follicles than proven or sham animals, 
while the VNX-P showed no significant difference from any 
other group. No significant difference in any of the 
treatment groups was demonstrated in the number of follicle 
Types 7 and-8.
A POSTERIORI COMBINATION I - Table 5

The one Partial VNX female was most similar to the VNX-P 
animals in all measures of reproductive status. The PVNX-P 
female was neither pregnant nor vaginally perforate at any 
time during the study. Table 5 presents the data in which the 
PVNX-P female is included with the VNX-P females, to form the 
VNO-Impaired group. The addition of this animal made no 
changes in the statistical relationships between the VNO- 
Impaired group and any of the other treatment groups.

There were no significant differences in any measure of 
reproductive status between population, VNO-Impaired, of Sham-



29

P groups. However, VNO-Impaired uteri were 1/3 the size of 
Sham-P. VNO-Impaired animals had higher numbers of all types 
of follicle types than population animals. The VNO-Impaired 
groups showed no significant difference from any other group 
in numbers of type 6 and total numbers of follicles.



8.

y co in

Q  CO-3
<  oc

co —  
z  coLLI LU UJ

UJ =3

Q  •—S O «< UU ?a. 3  w

a
LU3>-8 o)

CO
CM

po o CO
o CMPO *“44 44 44 44

CO o 00 PO
d d d dCM in

oCD Jj £ JO
NO CO

d in PO>o CM inCM »*■ o CO
CM PO P«- PO
44 44 44 44
«- P«- vl- 'O

d oocn cn in CO
o' co* V n.*CM PO

CD CD CD X)
o -O PO vf

d O dr—
44 44 44 44
CM cn -o PO
po 'P d CMN*

CD .QCD XICO
«- in Nj> O'

d CM PO■ «“ CM *“44 44 44 44
n- CM o PO

CM PO>»■ CO CM O'

CD CD CD CD CD CD CDCM CM CM *" CM
CM >» o >oCO ■o in in .d d d d d o o

41 44 44 H 44 44 44
CM po PO PO CM o aCO 'O in nT PO co
CM CM •j- in in PO d

£
odCM
v *

(M

'4-

S -

PO
PO

PO3

a, x  m  o z II a. «  c
x  —  <v z  <  II >  0l C

x o >*•Z  CO II>  -* c

aLU5 oc— m* < !L co a. C

1C
d

O  u i at iia  c 1 
We
ig
ht
 

at 
be
gi
nn
in
g 

of 
ex
pe
ri
me
nt
 

- 
Day

 
0



<u .Z Zi

*8-5S'S »-
« ® sO O -
« » s
§» to «

— « 0) 
<0 c

c/s 
to ■"Ji «

to «  ■“  

■J=J= °a.^o
* s -to a» 55
to 3  32-§2 
to 4-»V4-> to .

■s iSt_ 4)

2 .C  C  •- (0
$»O  toCO £  <D

41 TJ• O $ 
PM t .  to

9  to 4/ a. 4>
■ s ?
t- a

s *r* r *
to  a

2  UJ o s  
5 = tu «» “ § 2 £

LL. Q.o
«  Ui
UJ oc

3 < O* CD LU 3  
O. H-

m  <TM 
Z  UJ g
u j oe a
CO <  ^

CO
•J25
53
c/s UJ 
Q  -J  UJ t_)Q£ —— t/> ep < UJ Ea. > w

o  H- 
u j x  oc ca< m ? a. 3 v/

toco
pu

+4
>ord

CO<>

00nI

JO
so
o '

s

a  sc m  
o  z  II 
a . ~  C

s4100c>

00ro
in
co

J0
(>

.QOm

t- o
<  UJ -J Q£x o — >oac 5» < ii

>  -  Q. C

CO
r *

(0
CVJ

ar~ (0
PM

fO
O

o
«■» fS 3

© o

■W 41 •H 44

a o
'O f t 25CO

PM rd KS 'd

ae x  ■—  in 
<  a t <  ii o. > a. c

5 “<  —  in 
sc <  II to a  c

J3(\l

tc

1 U
eig
ht 

at 
beg
inn
ing
 of
 e
xpe
rim
ent
 * 

Day 
0



Tab
le 

3. 
Bo
dy
, 

pai
red

 
te
ste

s 
and

 
pai

red
 

se
mi
na
l 

ve
si
cl
e 

we
ig
ht
s,
 

se
mi
ni
fe
ro
us
 

tub
ule

 
cr
os
s-
se
ct
io
na
l 

ar
ea
s,
 
nu
mb
er
s 

of 
el
on
ga
te
d 

sp
er

ma
ti

ds
,

&

<0

§ m
5 ° '

K

u "
«-> c
• -  4).a l.—  <u 
x: *♦-
C  >4-

-o 
c >■
45 —  
>  *■> 
O  C  t_ IQ
O L  O

c  —

(ft o> 

."H 'w
e  o  
£  c2L<u
•
2 «

§ a>
a>

3  ZO  LU

c  C<0i £
c
4) -O  u 5 
( -  <A 
4) CO 
O . 4)

* |03 0)

S' VJ3 * to 2 
< * ► - ( / )  M

z <ft ac £-yog!*  ^ ^  ill w  UJ 
</j a j >  iu  3 — os »e •- u- p

c/5
a  (/>
£  3jos  LLIOS U_LU —  luO.SEo  —Z  V) QC LU UJ UJ LU OS C/5 — I 

m 3  3  
3C 5—  OS CO

UJ o  as —-  ui ®

O  £- LU Z  OS o  ^

8 05 
00 v

x>
ro’

3

CM
ro

co

co
CM

o

CM
s

ro
o!

CO
roin«
ro'

o!

o
o»

ro
roO

CM
< r

ro
roCM

3  (0 (0 «- CM

CO
o

LU Q5—  LU—  OS
CO —— < o4. z m  o a. r-O z II zz IIa. — c > — c

z  as
<  —  U1 
Z  <  II 
C/5 CL C

LU
O  in  
as h 
a . c

& Mx >»
4» <u

a

o
05 4)
C  U

05

6

4> 4)3 3
«- CM



Tab
le 

4. 
Nu
ll
ip
ar
ou
s 

bod
y 

we
ig
ht
s,
 p

air
ed 

ov
ar
ia
n 

we
ig
ht
s,
 
nu
ll
ip
ar
ou
s 

ut
er
in
e 

we
ig
ht
s,
 
nu
mb
er
s 

of 
co
rp
or
a 

lut
ea,

 n
um
be
rs
 
of 

fo
ll
ic
le
s 

typ
es 

6, 
7, 

8 
an

d

&
$
*2
CO

a. . a-;
■S V  v  ys °-'Z *-* •5 <o

.  cS ui- > £ 2-
o >

O  u . t- O

O  U i 
-J

a t eo u
UJ —  
Efi 111 - i  
X  O . -J  
3  > - O

u . cn 
O  u i

— i
0£ N - (J  
Ui _■ 
CD U i —I

u. cn O UJ
DC MJ CJ 
U I ~  
CD U i —I

O < 
a . u i 
DC I— 
O  3

a  <  h-UJ »  Xof ac a — < — 
<  >  u i
a . o  5

C3

UI3
89,

<0
X I
<0 3 3

fx. in 1^ O
4“ d CM CM
44 44 41 44
>» in CO CM
in d M 1

co 10 co CO
CNJ in o O
O o o d
44 44 44 44
CM in o CO
o ' d CM *”

CO CO CO CO
CO in CM h -

o o ' CM o
44 44 44 44

vO in O CO
d d d

<0 <0 3 3
o in r^
d o d d

44 44 44 44
in CO CO

ro d CO d

CO CO CO 3
o o xT in
o d in in

44 44 44 44
o O CO o
d CO d d

ro

m o CM o

d CM CM d

44 44 44 44

>o O « - ro
in ro to

ro
d
in

a
3
CO 3 u

Mr ro N .

o ' d ro n i
44 44 44 44
IO T-* CO
ro d -~T CM

CM

CO
10 CO

CM
10 CO

CM CO

ro
to

O
T“ £ h i

xO
o

d d o o ro

44 ■H 44 44 44 44

ro 3 >o
o * % O

CM
in
IO

d ro CM4— d d

a
U I
1—

o
co U I

oc
X in X
z ii z <

c > a.

o
>»
COa

a >.(0Q

5 r
•—  i_O) u$ <0
3  co

5 “ 2<  •— m  o  m
x  <  ii ae ii
u> a. c  &  c



Tab
le 

5. 
Nu
ll
ip

ar
ou
s 

bod
y 

we
ig
ht
s,
 p

air
ed 

ov
ar
ia
n 

we
ig
ht
s,
 n

ul
Ii
pa
ro
us
 
ut
er
in
e 

we
ig
ht
s,
 
nu
mb
er
s 

of 
co
rp
or
a 

lu
tea

, 
nu
mb
er
s 

of 
fo
ll
ic
le
s 

typ
es 

6, 
7, 

8 
an

d

CO

*8
ax41

ao <o

0  UJ
— iK 00 U UJ —CO UJ i

1  a  - I  3 >- O

O  LU 
— I

at r«- u
LU —• 
co LU — I 
3E CL -J  
3  > - O

CO LU — Iz a. _i3 >- O

a. lu 
at i—  O 3 
O  — I

00 00 u —  <  —  
<  >  UJ CL O 3

8 o>
CO w

CO
j j
co 3 3

r^ f\l r- O
f' f\i CM CM
41 +* 41 44
>!■ ro CO CM
U”l CM d

<0 CD CO CO
CM ro o o
o o o
+1 44 44 44
CM ro o CO
o' d CM *“

CO CO CO CO
co in CM N.
o *— CM o
+1 44 41 41
o O o CO
*“ ro d >»•

3 3CO co 3 co
o >o N.

d
44 +i 44 44

o co CO
ro c> 00 iv!

CO CO CO 3
o N. sc in
o' CM m in
44 44 44 44
o ro CO O

o in <> d
ro

in 00 CM o
o CM CM vj-

-H ■H 44 44
■o ro «- ro
in o' ro

ro in

CO
3
CO £ u

-vt O ro r^
o ro CM
44 44 44 44
ro in N. CO
ro si M- CM

CM

CO 10 CO CO
co (M CM CO
roro *

ro
°1 £ £ 8

o o d o ro
44 •H 44 44 41 ■H

o O' m
ro o ro CM ro
-j- ro

.
CM d c>

a. zin O Z IIa. — c

<a.z a
O — JO Z < II> a. c

2L
<♦-0
OJc
1a>
£
*->a
w£

>.(0a

5 “< ~ m z < IIoi a. c
O  u iQC II
a. c



DISCUSSION
VNX Slows Recovery from Reproductive Inhibition

Vomeronasal organ removal slows recovery from 
reproductive inhibition. These effects can be seen 
particularly well in males. VNX-I+P males had significantly 
smaller testes, seminiferous tubule cross-sectional areas, and 
numbers of elongated spermatids than Sham-P males (Tables 2 & 
3) . Recovery of seminal vesicle weight was slowed drastically 
by the VNX procedure (Table 1). These results indicate that 
extensive reproductive recovery had occurred in only the Sham- 
P group.

It is of interest to note the large proportion (29% to 
42.3%) of seminiferous tubule with low spermatid counts in the 
animals which underwent the VNX procedure (VNO-Impaired) 
(Table 3) . In the population group, more than 50% of the 
seminiferous tubules had five or less elongated spermatids. 
These results support findings of low seminiferous tubule area 
and lowered spermatid counts in population males leading to 
infertility (Peebles et al. 1983). Bradley and Terman (1981b) 
report only 50% of the population males had any mature 
spermatids. While the results of the current study are not so 
dramatic, they indicate that VNX may produce an effect similar 
to continued population inhibition in spermatid maturation of

35
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mice.
A discussion of the results obtained for females in this 

study must be prefaced by a reminder that the occurrence of 
high mortality of females during and following surgery led to 
the inclusion of very few females in some group. Thus, 
conclusions must be made with care. In females the effect of 
VNX is less clear-cut. The anaesthesia and surgical 
manipulation appeared to have affected females less 
dramatically and less consistently than males. There were no 
significant difference between VNX-P or VNO-Impaired females 
and Sham-P females. However recovery of Sham-P females was 
greater than VNX females in all measures of reproductive 
status except numbers of type 6 follicles (Tables 4 & 5) .

Although vaginal perforation is not as reliable as 
obvious pregnancy or increased gonadal weights, it has been 
used as an indicator of reproductive condition in female mice. 
In this study all of the proven animals were perforate at the 
time of sacrifice, 80% of the sham females were perforate 
after 14 days of pairing and 40 % were pregnant at the end of 
the experiment, 28 days after pairing. Of the VNX animals, 
none were pregnant, and there was only one instance of vaginal 
perforation. These animals most closely resemble population 
animals and show consistent inhibition, even though paired, 
while Sham-P animals appeared to recover reproductively. 
Results from this study indicate vomeronasal function is
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apparently important in recovery from inhibition.
In both males and females, results of statistical 

analysis of data with all groups which had undergone VNX 
surgery combined into one VNO-Impaired group show differences 
between surgical sham animals and animals in which the 
vomeronasal organ had been impaired by the VNX procedure. 
This analysis tended to decrease the magnitude of the 
difference between VNO-Impaired and Sham groups. Any 
vomeronasal system impairment appears to reduce or slow 
recovery from reproductive inhibition. These results support 
the hypothesis (Creigh 1986, Creigh & Terman 1988) that the 
vomeronasal organ functions as a chemoreceptor for some 
chemical signal received primarily through contact and thereby 
mediates the recovery from inhibition.

Previous studies show that vomeronasal system impairment 
in rodents produces a variety, of effects in behavior and 
endocrinology. In males, sexual arousal and copulatory 
behavior was greatly impaired, particularly in naive animals 
(Powers & Winans 1975, Winans & Powers 1977, Wysoki et al. 
1982, Clancy et al. 1984, Wysoki et al. 1985, Saito & Moltz 
1986, Wysoki 1989). Impairment also blocks several normal 
hormone surges elicited by chemosignals of the opposite sex: 
testosterone surges in males (Clancy 1984) as well as 
luteinizing hormone (LH) in male mice (Wysoki et al. 1982, 
Clancy 1984) and LH in female rats (Beltramino & Takesnik



38

1983, Wysoki 1985). In females, VNO lesions overcome 
acceleration of puberty (Kankeko 1980, Lepri 1985, Wysoki 
1989), the suppressive effects on estrus of group housed mice 
(Reynolds & Kerverne 1979) and maternal behavior and 
aggression are impaired.
Greater VNO Damage leads to Greater Impairment of Recovery

Greater vomeronasal impairment appears to lead to greater 
retardation of recovery from reproductive inhibition. Some 
specific examples are discussed below.

In this study, an increase in seminal vesicle weights and 
seminiferous tubule areas occurs in the following order: 
population inhibited, VNX-P, VNX-I, PVNX-P, Sham-P and proven 
(Table 1) . In the population context, Bradley and Terman 
(1981b) reported lower serum testosterone levels in population 
males and a positive correlation between seminal vesicle 
weight and testosterone concentrations among controls. The 
lower levels of testosterone existing in male population 
animals may be responsible for lower seminal vesicle weights. 
VNX males did not experience the increase in seminal vesicle 
weight indicative of recovery and, correspondingly, a low 
level of testosterone, similar to that in population males, 
may occur in males without a functional VNO. Findings from 
this study correlate with a previous study (Creigh & Terman 
1988) which found that males paired with proven mates for 30 
days had significantly larger seminiferous tubule area and
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sperm counts. Raw means from previous studies (Creigh & 
Terman 1988) are not comparable due to different methods of 
calculating seminiferous tubule area. Creigh (1988) estimated 
areas using the equation of an ellipse, while actual areas 
were outlined in this study using the BioQuant image analysis 
system.

Comparisons subsequent to combining the VNX-Isolated and 
VNX-Paired groups into the VNX-I+P group show an orderly 
increase in apparent reproductive capability from population, 
VNX-I+P, PVNX-P to Sham-P and proven (Table 3). Testes and 
seminal vesicle weights, seminiferous tubule area, and number 
of elongated spermatids of the VNX-I+P were all significantly 
smaller than Sham-P animals. Body weight and percent 
seminiferous tubules with £ 5 spermatids, two of the least 
informative measurements of reproductive status, did not show 
any significant difference between groups. Combining the data 
in this manner shows complete vomeronasal removal has a 
drastic effect on slowing recovery from reproductive 
inhibition. The effects produced by incomplete removal of the 
vomeronasal organ in the PVNX-P group show intermediate 
recovery compared to VNX-I+P and sham groups? effects tended 
to be more similar in raw means to the VNX-I+P.

In this study males in contact with a proven female and 
animals housed singly did not differ significantly in testes 
weights and the mean testes weights of these two groups were
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not significantly different (Table 1) . This suggests that VNX 
interferes with the accelerating effect which contact with 
proven females has on recovery from reproductive inhibition 
(Creigh & Terman 1988).

It is interesting to note that in all measurements of 
reproductive function VNX-P animals show a smaller degree of 
recovery from reproductive inhibition than VNX-I animals, 
though no significant differences were shown between these 
groups. Creigh (198 6) demonstrated the presence of a female 
could continue inhibitory effects on males for some period of 
time. One hypothesis is that males cannot distinguish cues 
signalling release from inhibition without a functional 
vomeronasal organ, therefore, males housed alone begin to 
recover while paired males continue to be inhibited by the 
presence of the female. Futher study is needed to determine 
the effect of vomeronasal removal on continued inhibition of 
paired male mice.

Ovarian and uterine weights followed a pattern of 
increase from population, VNX-P, Sham-P to proven.
Uterine weights showed heterogeneous variance, probably 
induced by small sample sizes, and a large standard error in 
the Sham-Paired group. Several studies have shown that 
ovarian and uterine weights of inhibited population females 
are significantly smaller than proven animals and that these 
weights increase when the female is taken out of the



41

population and paired with a proven mate (Bradley & Terman 
1981b, Deyerle 1986, Terman 1969). Results of this study, 
however, indicate recovery from reproductive inhibition was 
slowed in animals with non-functional vomeronasal organs. Thsi 
suggests that the vomeronasal organ may play a facilitating 
role in reproductive recovery.

Ablation of the vomeronasal organ, as done in this study, 
has been frequently used as a method of eliminating stimuli 
from the vomeronasal organ (Johns 1980, Wysoki 1979, Clancy 
1984). This procedure may, however, disturb components of the 
nervous terminalis and the trigeminal nerve. Results from 
this technique may be complicated by the regenerative 
capabilities of olfactory and vomeronasal tissue. It is 
important to remember that the results of this experiment 
could be influenced by damage to other sensory components in 
the nose or unknown effects of VNX surgery unrelated to 
vomeronasal removal, such as the debilitating effect of 
surgery or changes in the airflow in the nasal cavity. 
Survival Rates

A differential survival rate appears to be affected by 
the animals history (population versus colony). In the course 
of this study, non-population animals of various ages were 
used to practice and develop the surgical technique, to test 
several difference doses and types of anesthetics. Non 
population animals have more than 1:2 chance of survival. Out
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of the first 3 0 non-population animals subjected to the VNX,
12 lived and 18 died.

The marked contrast in survival of population animals 
suggested a comparison to non-population animals. Population 
animals appear much more susceptible to the stresses of 
surgery. Population animals had much lower survival rate; of 
the 97 population animals which underwent the VNX procedure,
13 survived and 84 died. Many of the population animals died 
under anaesthesia, or at the beginning of the surgical 
procedure. Qualitative observations showed even very young 
non-population animals (21 days of age) to be much less likely 
to die under anesthesia or surgical stresses. These animals 
appeared to recover faster and were more vigorous after 
surgery. It is important to remember that the non-population 
animals were not part of this experiment and may have been 
exposed to many other variables. They are mentioned here only 
to draw attention to their better survival than population 
animals following VNX.

Though no statistical correlation between survivorship, 
and age or weight have been attempted, a general observation 
is that older population animals seemed to have higher 
survival rates. Animals used at the end of the study, 
approximately 100 to 150 days of age, rarely survived the VNX 
procedure. These animals may have had different internal 
physiology reflecting internal population stresses, due to the
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fact that animals were being removed from the populations 
gradually, perhaps changing social structure and social 
relationships within the populations. The apparent lack of 
resilience in population animals needs to be more carefully 
studied.

Hans Selye's (1973) concept of stress states that animals 
have a finite ability to adapt to stressors. High and 
continuous levels of a single stressor, or the addition of 
additional stressors can prove fatal. Factors other than the 
stressor itself can cause a tolerated stress to become 
pathogenic or fatal. Chronic social stress in populations 
could be due to continuous interactions with other animals in 
a limited amount of space (Hogg 1989) . Population animals may 
be able to adjust to and tolerate this type of social stress. 
However, the addition of another stressor such as surgical 
removal of the vomeronasal organ, could very well be the 
factor that causes the animal to succumb to stress. There 
appear to be many previously unknown differences in the
physiology of the reproductively inhibited population mouse.)
Future Study

The current study should be continued to gain a 
larger sample size, treatment cells Sham-I and Sham-P should 
be completed to further clarify the effect of pairing and the 
role that VNO removal plays in reproductive recovery. Changes 
in specific techniques used in this experiment need to be
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instituted: they include counterstaining of accessory 
olfactory bulbs with thionine to determine the presence of 
glomeruli, an investigation of different types of anaesthesia 
which would lessen the high mortality rate, and changes in the 
ovarian cryostat procedures. The method used may have caused 
granulosa cells, which are identifying markers of type 8 
follicles, to be removed from the tissue and subsequently 
cause a type 8 follicle not to be scored as type 7 follicles. 
Autopsies on VNX and sham animals should be conducted and any 
signs of incomplete incision closure and remains of 
vomeronasal tissue should be noted. Physical signs of 
aggression (wounding, etc) in pairs should be systematically 
noted. Development of ventral scent glands in males should 
be added as a measurement of reproductive status.

Further work in this area should include characterization 
of the difference in physiology and levels of stress in 
population and non-population animals and quantification of 
differences in survivorship in dominant/reproductive versus 
submissive/inhibited population animals. Another study in 
this area should be the effect of the removal of VNO in 
inhibited animals within the population on maintenance of 
reproductive inhibition. The effect of VNX on animals 
remaining in the population could help establish the role 
which the vomeronasal organ plays in establishment of 
reproductive control in populations.
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