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Ovariectomized Wistar rats received bilateral electrolytic (n = 24) or sham (n =
11) lesion of the nucleus accumbens. Following priming with estradiol benzoate (25
pg/rat) and progesterone (0.5 mg/rat) they were tested for sexual behavior with a
stud male. Tests were carried out once prior to operation and twice postoperatively.
Both lordosis and rejection behaviors as responses to male mount attempts
were evaluated for each session. Preceptive patterns (hopping, darting and present
ing) were also recorded. Females with accumbens lesion did not differ from control
animals either with regard to lordosis or to soliciting behaviors. On the contrary,
the lesioned group showed a statistically significant increase in rejection behavior
in both postoperative sessions (p < 0.05 and p < 0.002). In conclusion, nucleus
accumbens lesion dissociated the normal correlation between lordosis and rejection
responses to male mount attempts without affecting soliciting behaviors. This find
ing is thought to be related to the hyperreactivity produced by nucleus accumbens
lesion.
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Female rat sexual behavior results from
the coordination of both reflexive and ap
petitive behaviors. The behavioral readi
ness of a female rat to accept and cooper
ate with males for copulating is manifest
ed by receptive (lordosis reflex) and pro- 
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ceptive (hopping, darting and presenting)
responses (7, 13). On the contrary, if a fe
male rat is not sexually receptive, she will
reject male mount attempts or will remain
in a crouched posture during mounting
(13, 15, 16).

The present experiments were per
formed to characterize the effects of nu
cleus accumbens lesion on female rat se
xual behavior. The rationales for this
study were: firstly, nucleus accumbens 
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has been proposed as a component of neu
ral mechanisms by which «motivation» is
translated into «action», at the interface of
the limbic system with motor mechanisms
(9, 18), and female rat sexual behavior in
volves a complex coordination of both
reflexive and appetitive behaviors (13); sec
ondly, a role of the mesolimbic system in
the regulation of both male copulatory be
havior (4) and lordosis response (10) has
been suggested, being nucleus accum-
bens a major target of mesolimbic axons
and, thirdly, accumbens lesions produce
marked hyperreactivity to a variety of stim
uli in rats (2, 3, 12) and hyperreactiv
ity has been involved in the apparent disso
ciation between two components of female
sexual behavior in septal lesioned rats, lor
dosis and mount rejection (8).

Materials and Methods

Forty virgin female Wistar rats weigh
ing 220-250 g at the beginning of the ex
periments were used. They were housed
m pairs in a room kept at a constant tem
perature (22 ± 1 °C), and maintained on
a 12 h light-dark cycle (lights on at 9.00
a.m.). Animals had free access to food and
water.

Animals were ovariectomized a week
after their arrival at the laboratory. They
were brought into behavioral estrus by the
sequential injection of 25 pg of estradiol
benzoate ana 0.5 mg of progesterone sub
cutaneously administered 48 h and 6 h re
spectively prior to testing.

Each single test started by placing in
dividual subjects with a stud male in a
methacrylate testing cage (37 X 29 X 25
cm). Females were removed when the
10th successful mount (mount with pal
pation and pelvic thrusts) was completed
by the male. The lordosis strength in each
of these mounts was rated on a scale from
0 to 3 (0, no lordosis; 1, marginal lordosis;
2, normal lordosis; and 3 for exaggerated
lordosis). Lordosis quotient (LQ) was 

computed as the percentage of successful
mounts in a test session for which a score
of 2 or 3 was obtained (LQ = no. lordosis
responses/10 X 100). To measure the fe
male’s mount avoidance, a rejection was
scored if a female showed active resistance
to a mount attempt resulting in the ap
parent abortion of the mount (8, 15).
These rejection patterns included running
away, rising on ner hind legs, kicking on
and any other aggressive patterns, from
boxing to biting attack. A rejection quo
tient (RQ) was calculated by dividing the
number of rejection responses by the total
number of male mount attempts (success
ful mounts + unsuccessful mounts) and
multiplying by 100 (15). The incidence of
«hopping», «darting» and «presenting»
which are considered to be proceptive,
were also recorded. A proceptive index
(PI) was computed for each session as the
frequency of proceptive events per min
ute.

Tests were carried out once prior to
operation and twice postoperatively dur
ing the last hour of the light phase. The
preoperative test was performed on the
12th day after ovariectomy. Following
this test, both LQ and RQ were computed
for each female and those that did not
show a LQ score > 70 and a RQ score <
20 were eliminated from the study. Post
operative observations were made ten
days after de operation at a ten-day inter
val. Animal behavior was videotaped and
analyzed by means of a software package
made up to this end which calculated pat
tern parameters, performed statistical
analysis and ended up by printing out data
and analysis results.

All surgery was performed under thio-
penthal anesthesia (45 mg/kg b.w.). Elec
trolytic lesions were made by passing a 2
mA anodal direct current for 12 s through
a 300 pm stainless steel electrode isolated
with teflon except for 0.3 mm at the tip,
and a silver-silver chloride cathode intro
duced through the caudal end of the sur
gical wound. Stereotaxic coordinates were
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1.8 mm anterior to bregma, 7.5 mm below
skull surface, and ±1.3 mm from midline
(19). Sham operations involved all surgical
procedures except that the electrode tip
was lowered to 1 mm above nucleus ac-'
cumbens and no current was passed.
When behavioral testing was completed,
all animals were sacrificed and perfused
intracardially with saline and formaline
solutions. Frozen coronal sections 50 |im
thick were mounted and stained with
cresyl violet. The location and extent of
the lesions were verified under microscope
examination and transferred to the most
appropriate diagrams of the stereotaxic at
las (19). Due to the heterogeneity of vari
ance and the asymmetric distribution of da
ta, they were subjected to the nonpara
metric Mann-Whitney U test. The Wil
coxon signed ranks test for correlated
samples was used for comparison of pre
operative PI with postoperative ones. For
comparison of incidences of preceptive or
aggressive rejection behaviors, the X2 test
with Yates’ correction was used.

Results

Microscopic examination in sham oper
ated animals showed gliosis along elec
trode tracts but did not show brain dam
age (control, n = 11). Lesions were
found to be located entirely in the nucleus
accumbens in twenty-four animals (le-
sioned, n = 24). Adjacent structures
were also affected in five rats which were
excluded from analysis. Figure 1 shows
schematic diagrams indicating the limits
within which all lesions were located and
the extent of the damage for a represen
tative case.

Both LQ and RQ results are shown in
figure 2. Estrogen-progesterone treatment
induced a high and similar level of recep
tivity (mean lordosis strength was always
higher than 2) in both control and lesion
groups. Intergroup differences were not
statistically significant. On the contrary,

Fig. 1. Schematic representation of the destroyed
tissue.

All lesions were included within the limits of the
outer trace. The extent of the damage in rat R24
is shown in black. Stereotaxic diagrams from Pa-

xinos and Watson (19).

although each one of the two experimental
groups showed an increase in the rejection
quotient in both postoperative sessions,
the enhancement in the lesion group was
higher than in the control group. These
differences were statistically significant:
postoperative 1, U = 197, p < 0.05; post
operative 2, U = 209, p < 0.002.

Lesioned females also exhibited quali
tative differences in rejection behavior.
Thus, aggressive rejection patterns were
unusual in the control group (only 1/11
animals presented some aggressive rejec
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tion patterns in the first postoperative ses
sion and 2/11 in the second one) whereas
they were very frequent in the lesioned fe
males (12/24 and 10/24 animals showed
such patterns for each postoperative ses
sion). However, intergroup differences
in the incidence of aggressive rejections
were statistically significant only for the

Fig. 2. Lordosis quotient (no. of lordosis responses/
no. of mounts with pelvic thrusting X 100) and
rejection quotient (no. of rejection responses/no. of
male mount attempts X 100), mean and s.e.m.

Ovariectomized rats were brought into estrus by
the sequential administration of estradiol benzo
ate (25 pg) and progesterone (0.5 mg). Postop
erative tests were separated by 10 days. Signif
icant differences between groups: *p < 0.05;

,!’:!’p < 0.002 (Mann-Whitney U test).

first postoperative session (X2 = 4.188,
p < 0.05).

Data about proceptivity are presented
in table I. Postoperatively, botn groups
showed a statistically significant decrease
in the PI regarding preoperative levels
(control: T = 10, p < 0.05 and T = 6,
p < 0.01; lesion: T = 55, p > 0.01 and
T = 15, p < 0.001, respectively for each
postoperative session). However, inter
group differences were not significant eith
er for the incidence of proceptive pat
terns or for the PI.

Discussion

The present results show that nucleus
accumbens lesion increased the number of
rejection responses to male mount at
tempts without modifying the receptivity
estimated by lordosis responses: lesioned
females tried to avoid male mounts al
though they showed a strong lordosis re
sponse whenever the male managed to ac
complish the mount.

Mating, under certain conditions, is
known to have negative effects over later
female rat copulatory behavior. These neg
ative consequences have been related to
the aversive effects of the female’s impos
sibility of pacing the sexual interaction
(11, 21) and to the penis intromission (6).
In the present work, the increase in rejec
tion showed by the controls throughout
the experiments corroborate this idea.

Mesencephalic dopamine neurons that

Table I. Proceptive behavior
PI (mean ± s.e.m.) was computed for each session as the frequency of proceptive events per minute.

Preoperative Postoperative 1 Postoperative 2

Incidence PI Incidence PI Incidence PI

Control
Lesion

11/11 6.80 ± 2.64 10/11 3.95 ± 1.74*  10/11 1.88 ± 0.66**
24/24 4.17 ± 1.47 21/24 4.08 ± 1.12**  16/24 1.08 ± 0.24***

Significantly lower than preoperativc values (Wilcoxon signed ranks test): * p < 0.05; *‘p< 0.01; *** p < 0.001.
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project to the nucleus accumbens are ac
tivated by arousing and complex environ
mental stimuli. This increased dopamine
activity has been related to the feeling of
anxiety or fear caused by the aversive na
ture of the stimulus (5). In this way, it has
been suggested that the nucleus accum
bens plays an adaptative role when the
animal is faced with novel or aversive stim
uli (14), and it is a key structure in the
organization of the overall behavioral re
sponses (9, 18).

In line with this notion, the nucleus ac
cumbens lesion seems to diminish the fe
male’s tolerance to male mount and/or pe
nis intromission. Thus, mount rejection in
lesioned rats would be more related to the
hyperreactivity to the stimulus (2, 3, 12),
mount or intromission, than to sexual re
ceptivity, although a direct consequence
of this rejection behavior is the higher
number of mount attempts to accomplish
mating. Female rats with septal lesions ex
hibit high lordosis levels (8, 16, 17) and a
simultaneous increase in mount rejection
behavior and reactivity (1, 8). The paral
lelism of results following lesion is in ac
cordance with the idea of rejection as a
simple reflection of hyperreactivity, prob
ably owing to the damage in their effer
ents to the hypothalamus (1).

It could be argued that reactiveness in
lesioned animals should be declining over
time with the handling they receive (3,
12). In fact, this decrease in reactiveness
may explain that both groups were com
parable in the incidence of aggressive re
jection patterns in the second postopera
tive session. However, as normal reactive
animals also increased the frequency of re
jections, the aversive value of mount and/
or intromission might be high enough to
maintain such behavior even though the
animals were comparatively less reactive
in the second postoperative session than in
the first one.

With regard to proceptive behavior, it
is noteworthy that both groups showed a
decrease in proceptive indexes after sur

gery. As proceptive patterns elicit sexual
activity in males, an increase in rejection
behavior should be followed by a decrease
in the female’s soliciting activity. There
fore, the aversive effects of previous cop-
ulatory activity would also explain these
findings.

Nevertheless, a change in sexual moti
vation could be another alternative to ex-

fdain the increase in rejection showed by
esioned animals. It is not inconceivable

that accumbens lesion might have fraction
ated feminine sexual behavior by affect
ing sexual motivation and sparing lor
dosis and soliciting activity; other brain
damage fractionate feminine sexual beha
vior by eliminating lordosis and soliciting
behaviors and sparing the hormone de
pendent sexual motivation system (20).

In conclusion, it has been shown that
nucleus accumbens lesion dissociates the
normal correlation between lordosis and
rejection responses to male mount at
tempts. Although this increase in rejection
behavior may be the consequence of the
hyperreactivity produced by nucleus ac
cumbens lesion, an alteration in appetitive
or motivational aspects of sexual behavior
cannot be totally discarded from the pres
ent data.

Resumen

Se evaluan los efectos de la lesion electroli-
tica del nucleo accumbens sobre el comporta-
miento sexual de la rata hembra. Todos los ani
mates se estudian una vez antes de la interven-
cion y dos tras ella. Las hembras son ovariec-
tomizadas y se utiliza la inyeccion secuencial
de hormonas para la induccion del estro. En
cada prueba se evalua la respuesta de lordosis
y los comportamientos de rechazo ante los in-
tentos de monta del macho asi como la fre-
cuencia de pautas proceptivas. Mientras que
ambos grupos son comparables en la respuesta
lordotica y en el comportamiento proceptivo,
los animates tesionados muestran una diferen-
cia estadisticamente significativa en la inciden- 
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cia de rechazos en ambas sesiones postopera-
torias (p < 0.05 y p < 0.002). Estos resultados
se consideran relacionados con la hiperreacti-
vidad general producida tras la lesion del nu-
cleo accumbens.

Palabras clave: Nucleo accumbens, Comportamien-
to sexual, Receptividad sexual, Comportamiento de

rechazo.
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