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The role of he vomeronasal organ on the estral cycle reduction induced by
pheromones is studied in adult female wistar rats. The animals were divided in three
groups: I, intact rats; II, vomeronasalectomized rats (VNX); and III, sham operated
rats (sham). Each group was submitted to another three distinct conditions from the
day they were weaned (21 days old): Isolated female rats; with male odors from two
adult males of tested sexual potency, and isolated rats again. The isolated intact rats
show mainly 5 day length cycles. The groups I and III (intacts and sham) with male
odors, show 4 day length cycles. The VNX animals show 5 day cycles in any one
experimental conditions. These results support the idea that the vomeronasal organ is
the receptor of the male reducing cycle pheromone in the female rat
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It is a known fact that the estrous
cycle of female mice can be influenced
by stimuli originating in the male (10,
22, 39). In the rat, several effects have
been described that are produced by ex
teroceptive stimuli. These effects range
from a modification of the pattern of
behaviour in newborn rats (24, 25) to
modifications in the sexual patterns of
behaviour of adult rats (11, 23, 37). In
relation to modifications in the rat estrous
cycle, it has been established that odour
of the male urine is capable of reducing
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the ovarian cycle duration of the female
rat from 5 to 4 days (3, 12).

Apparently, stimuli that modify the
patterns of the estrous cycle in female
mice and rats do so through olfactory
structures and nervous endings situated
inside the nasal cavities (9). On the other
hand it has been proposed that hypo
thalamic hypophyseal structures are in
volved in the mechanisms determining
pseudopregnancy in female mice in the
presence of strange males (10). There is
evidence that the estrous cycle-reducing
pheromone acts in some way on nervous
mechanisms that regulate the secretion of
gonadotropins, and it has been suggested
that pheromones control the storage and
release of FSH by the hypophysis (14).
Furthermore, other authors (29) have 
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proposed that the estrous cycle-reducing
pheromone influences directly the luteal
function of the ovary by modifying the
ovarian secretion of progesterone.

The apparent evidence of the phero
monal effects on the cycle length in the
female mice and rat, does not apply to
the elucidation of which structure is the
exteroceptive receptor capable of detect
ing and transmitting the information to
the nervous centers. However, the ob
servation that the axons of the sensory
cells of the vomeronasal organ (VNO)
end in the accessory olfactory bulb
(6, 35) and the evidence that some of the
pheromonal stimuli can be transmitted
through the olfactory accessory bulb (30,
32, 33) suggest that the VNO could be
the receptor structure of the phemoronal
stimuli.

Nevertheless, the idea that the VNO
could be a pheromonal sexual chemo
receptor is not new, for this possibility
has been stated in various occasions, with
respect to female mice and rats, and also
in a range of domestic and non-domestic
mammals that live in complete freedom
in their own environment (7, 8, 15-20,
41). The participation of accessory ol
factory bulb in relation to estrous-re-
ducing stimuli, has also been evidenced
(31,32). Likewise, the vomeronasal organ
seems to participate in the estrous cycle
regulation as it has been reported pre
viously (26).

Materials and Methods

Ninety seven sexually inexperienced
female Wistar rats were used weighing
39.78 ± 6.7 g at the time of weaning on
postnatal day 21. They were vomerona-
salectomized or sham operated 39 days
later (postnatal day 60), Their body
weight was then 179 ± 12.43 g.

In order to observe the animals, they
were situated in cages of 40X25X14 cm
in the number of 4-5 animals in each, 

were kept at room temperature (24±2°C)
and exposed to the natural solar rhythm
from September to March. The food
supply consisted of a standard laboratory
diet and water ad libitum, with per
manent and direct access to it. The es
trous cycle was determined daily by mi
croscopic observations of vaginal smear,
reconstructing the phases of the estrous
cycle according to Nalvandov (27).

Bilateral vomeronasalectomy was per
formed under sodium pentobarbital
anaesthesia (3.5 mg/100 g). The animal
was fixed in decubito supine position with
its head directed towards the operator.
Keeping the animal’s mouth wide open,
the palate was exposed and the operative
field was delimitated with the aid of a
10 X stereoscopic microscope. An in
cision was made in the midline of the
palate mucosa. The edges of the wound
were separated and the os incisivi was
exposed. The os incisivi and the capsule
of the VNO were trepanned with a fine
electric drill. The VNO was extracted
with the aid of a microaspirator and the
cavity was checked with a needle. The
hole of trepanation was filled with sterile
gelatine sponge. The soft tissue was su
tured with silk or catgut n.° 000000.
Antibiotics ’were administered in the
drinking water for a week after the oper
ation. The survival rate was about 90 %.
The other 10 % died during the oper
ation or before recuperation from anaes
thesia. The sham operation includes
anaesthesia, mucosa incision, os incisive
trepanation and exposition of vomero
nasal capsule, as soon as the closure of
surgical wound. The histological control
of the VNO lesion showed a total disap
pearance of its normal structure in a ram-
domized sample of lesioned rats.

The rats were divided into three
groups. Their estrous cycle was con
trolled daily between 9 a.m. and 11 a.m.,
immediately after the vaginal opening.
They were kept away from the males
from the moment they were 21 days old.
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In a second stage, rats in group I were
left intact; those in group II were vomero-
nasalectomized and those in group III
were sham operated. In this stage, cages
containing adult males of proved sexual
potency were placed on top of the cages
that contained female rats. In this way
the female rats could smell the odour
from male excretions. The estrous cycle
was controlled as previously described.
Finally all the rats were again isolated
and the estrous cycle length determined
once more. «Chi» square test to two
independent samples were applied for
statistical analysis (36).

Results

The results obtained with respect to
the length of the estrous cycle in female
rats under different experimental con
ditions can be seen in Table I. The re
sults are expressed in percentages, con
sidering 100 % the number of cycles ob
served in each stage of the experiment.
In intact and isolated rats there is a
predominance of a 5 day length cycle.
In the discussion the appearance of a
high number of anomalous duration cy
cles (less than 4 days and more than 5)
during this stage of the experiment, will
be referred to. When rats are put in
contact with the male odours, there is an
evident increase in the cycle of 4 days
length and a decrease in the 5 day cycle.
At the same time, a low percentage of
anomalous cycles appears. When these
animals are isolated again, a similar situa
tion to that of the first phase has ap
peared; that is, there is a decrease in the
percentage of the 4 day cycle and an
increase in the percentage of the 5 day
cycle; the percentage of anomalous cycles
remaining relatively low.

Relative to group I, the percentage of
cycles of 5 day length is significantly
higher in female rats isolated from males, 

whereas in the rats in contact with the
male odours, the highest percentage cor
responds to a 4 day cycle. In the group,
the percentage of cycles of more than
5 days is significantly higher in isolated
rat whose cycles control was initiated
immediately after the vaginal opening.
There are no significant statistical dif
ferences between the anomalous cycles of
rats in contact with the male odours and
the same animals isolated again.

Isolated rats belonging to the second
group show a predominance of a 5 day
cycle immediately following the vaginal
opening. When they were 60 days old,
rats belonging to this group were sub
jected to a bilateral vomeronasalectomy.
Under these conditions no variation in
the percentage distribution of the length
of cycles was found. The distribution was
similar to that obtained at the previous
stage, except that the percentage of
anomalous cycles decreased to the levels
found in group I (rats in contact with
male odours). When the vomeronasalec-
tomized rats were isolated again, the dis
tribution of the cycles was similar to that
obtained in previous stages.

The statistical analysis shows that the
duration of the cycles under different
experimental conditions are not statisti
cally diferent, except in the case of cycles
of 6 days length.

The female rats, sham operated
(group HI), isolated from males, placed
in contact with male odours and isolated
again, behave statistically in a similar way
to the intact rats of group I.

Global results show that in intact iso
lated rats a 5 day length cycle predom
inates, whereas in intact rats placed in
contact with the male odours, a 4 day
length cycle predominates. This also oc
curs in rats that have been sham operat
ed. In contrast, bilaterally, vomcronasal-
ectomizcd rats behave as if they were
isolated in any one of the experimental
conditions.
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Discussion

The high percentage of irregular cycles
in rats isolated 21 days after their birth,
has an antecedent in experiments per
formed in female mice (38), showing
that vaginal and uterine cycles in female
mice isolated when they were 21 days old
are prolonged in time and are disorga
nized.

These results agree with those de
scribed above in the female rat, as the
highest percentage of anomalous cycles
are of prolonged duration (more than
5 days, Table I). These cycles were those
that follow immediately the vaginal open
ing, with diestrous phases generally pro
longed.

It is a known fact that intact female
rats in contact with adult male urine
odours reduce the length of the cycle
from 5 to 4 days (2, 3, 12, 13). However,
vomeronasalectomized rats present a pre
dominance of a 5 day cycle under any
experimental condition, that is, vomero
nasalectomized rats are not capable of
reducing the duration of the cycle from
5 to 4 days when they are put in contact
with odours from male rats. Keeping in
mind that sham operated rats present a
cyclic behavior that is statistically iden
tical to the one that intact rats present,
it can be supposed that the VNO of the
female rat acts as receptor of the phero
mones that, emitted by the adult male,
are capable of reducing the cycle length
from 5 to 4 days. These results are in
accordance to those of Sanchez-Cria-
do (31), who has achieved similar data
in rats with stereotaxic electrocoagula
tion of the accessory olfactory bulb,
the second step of vomeronasal system
pathway.

The fact that, in the past, die recep
tions of these external influences have
been attributed to the olfactory sense
(3-5, 28) probably is due to a false in
terpretation of the olfactory deficits. The
technique designed to ablate the vomero

nasal organ is very specific. To get to the
vomeronasal organ through the palate,
the nervous structures of nasal cavities
(olfactory receptors, organ of Masera,
trigeminal endings and terminal nerve
endings) remain intact. Such technique
practically eliminates the obstacles to in
terpret the discussed results. These ob
stacles have been pointed out extensive
ly (1, 40).

• The pheromonal stimulation ’of the
VNO acts, probably, on the hypothala-
mus-hypophyseal-gonadal axis through
the sensorial accessory olfactory bulb
cerebral amygdala (vomeronasal system)
pathway according to Scalia’s dual con
cept of the Olfactory System (34, 35).
This concept is valid not only from a
morphological point of view. Physiologi
cally it has been shown that the ablation
of some portion of the vomeronasal sys
tem may report clear changes in the re
productive neuroendocrinology in rats,
since such ablation does not seem to
influence the sexual behavior of the fe
male rat (21).

Resumen

Se estudia en ratas hembras adultas, deste-
tadas a los 21 dias de edad, el papel del drgano
vomeronasal sobre la reduction del ciclo es-
tral inducida por feromonas. Sc disponen ties
grupos experimentales: I, ratas intactas; n, ra
tas vomeronasalectomizadas (VNX); y in, fal-
samentc opetadas (sham). Cada grupo, a su
vcz, fue sometido a otras tres distintas situa-
ciones: Ratas aisladas de machos; con olores
de machos proccdcntes de dos machos adultos
con potencia sexual comprobada, y ratas ais
ladas ’de nuevo. Las ratas intactas aisladas de
olores de machos muestran en los tres grupos
ciclos de 5 dias de duracion predominante-
mentc. Las de los grupos II y III (intactas y
sham) con olores de machos, presentan ciclos
de 4 dias. Los animates VNX, en cualquier
condition experimental, tienen ciclos de 5 dias.
Estos resultados apoyan la idea de que el 6r-
gano vomeronasal en la rata hembra es el
receptor de la feromona del macho que reduce
la duracion del ciclo estral.
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