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Abstract

The effects of peripheral sympathetic denervation induced
by guanethidine administration to newborn and 10-day-
old female guinea pigs on puberty, ovulation and the
follicular population were analysed. Peripheral sympa-
thetic denervation beginning at birth resulted in the loss of
ovarian norepinephrine content (0·95.&0·1 ng/mg wet
tissue in untreated control animals vs non detectable in
treated animals). Guanethidine administration to newborn
or 10-day-old guinea pigs advanced puberty (age of
vaginal opening: 27&1·2 days (newborn), 26&1·7 (10-
day-old) vs 37&0·7 (control), P<0·001) and ovulation.
The number of corpora lutea in control and denervated
animals was similar (3·5&0·2 vs 3·3&0·3). The relative
weight (mg/100 g body weight) of the ovaries and
adrenals in the denervated animals autopsied during the
late follicular phase (24–48 h after vaginal opening) in-
creased (ovaries: 27·8&1·3, 28·9&3·0 vs 20·9&0·8,
P<0·05; adrenals 36·4&1·4, 37·0&0·8 vs 31·6&1·5,
P<0·05), while the uterine weight diminished (179&13,
149&28 vs 292&20). When the animals were killed
during the late luteal phase (9–11 days after vaginal
closure), the relative weight of the ovaries of newborn
guanethidine-treated animals was higher than that of the
control animals (21·4&1·7 vs 16·8&1·4, P<0·05). The

mean number of follicles counted in the ovaries of dener-
vated animals was significantly higher than in control
animals (1736&230 vs 969&147, P<0·05). The mean
diameter of the follicles in the untouched control ovary in
animals killed in the late follicular phase was significantly
larger than from animals killed in the late luteal phase
(263&3·9 µm vs 248&3·0 µm, P<0·01). The mean
diameter of the follicles measured in the ovaries of
denervated animals was significantly higher than in
controls (animals treated from birth 274&2·0 µm vs
255&2·4, P<0·05; animals treated from day 10,
286&2·3 µm vs 257&2·3, P<0·05). When the mean
diameter of the follicles in the left and right ovary of the
untouched control was analysed, the follicular diameter in
the left ovary was significantly larger than in the right
ovary (309&6·0 µm vs 214&3·9, P<0·01); the response
of the left and right ovaries to sympathetic denervation was
the opposite. The results obtained in the present study
suggest that ovarian innervation plays a role in the regu-
lation of follicular growth, maturation and atresia which is
not related to changes in steroid secretion by the ovary, but
to other regulatory mechanisms.
Journal of Endocrinology (1998) 156, 91–98

Introduction

The participation of peripheral ovarian innervation in the
regulation of ovarian functions in the adult and prepubertal
animal is a controversial issue. According to Lara et al.
(1990) and Flores et al. (1990), sympathetic chemical
denervation induced by guanethidine administration to
7-day-old or newborn rats, results in a delay of puberty.
Pharmacological administration of guanethidine in adults
has demonstrated that it is a specific noradrenergic blocker
which does not cross the haematoencephalic barrier (Oates
1995). Its administration to rats results in the destruction
only of postganglionic sympathetic neurones (Johnson &

Manning 1984). The effects of guanethidine in rats has
been explained by its actions as a false neurotransmitter
(Boullin et al. 1966) and/or by neuronal destruction which
involves a drug-induced, apparently cell-mediated, auto-
immune attack on the sympathetic neurone (Manning
et al. 1983). According to Johnson and Manning (1984), the
immune response elicited by guanethidine administration
resulting in the destruction of sympathetic neurones, is true
only in rats. Based on the number of sympathetic neurones
surviving after chronic guanethidine treatment, the
sensitivity of the rat varies with the strain used.
According to Donovan (1990) ‘the hormones physio-

logically active in controlling the onset of puberty in the
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guinea pig still await identification’. It has been postulated
that a major neuroendocrine change occurs in the female
guinea pig between 10–15 days of age (Nass et al. 1984a).
Then, ovarian steroids can stimulate luteinizing hormone
(LH) release in the immature female guinea pig, but not
until an age is reached near the normal time of the first
ovulation (Nass et al. 1984b). The presence of antral
follicles has been described in the ovaries of newborn
guinea pigs (Peddie 1976). On days 7 to 28 of life, the
number of antral follicles increases, in spite of follicle-
stimulating hormone (FSH) and LH serum concentrations
declining since birth and increasing only just before
puberty at about 45 days of age (Donovan et al. 1975a,b).
We have shown previously that gonadotrophin or

oestradiol administration to newborn female guinea pigs
resulted in precocious puberty (D’Albora et al. 1974,
Medero & Domı́nguez 1977).
By analysing the effects of sympathetic denervation

induced by guanethidine administration to rats
(Domı́nguez & Zipitrı́a 1980, Flores et al. 1990) and mice
(Rosas et al. 1989), we have proposed that ovarian nor-
adrenergic innervation plays a stimulatory role on the
control of ovulation in adult rats, while during the
prepubertal period its role is inhibitory (Flores et al. 1990).
Because guinea pig ovaries have a dense noradrenergic

innervation, and because it has been suggested that nerves
may exert a trophic influence on follicular development
(Burden 1972), the goal of this study was to analyse the
participation of sympathetic ovarian innervation in the
prepubertal female guinea pig on the regulation of
puberty. This was achieved by studying the effects of
guanethidine treatment in newborn and prepubertal
female guinea pigs on spontaneous ovulation and hormonal
secretion. According to Johnson and Manning (1984),
‘destruction of the sympathetic nervous system produced
by chronic treatment with high doses of guanethidine has
been observed only in the rat’. Treatment of adult guinea
pigs (30 mg/kg/day guanethidine, intraperitoneally) for
six weeks does not result in the destruction of sympathetic
neurones (O’Donnell & Saar 1974).

Materials and Methods

Fifty-seven female guinea-pigs were used. They were
from the Hartley strain and were maintained in an
artificially controlled lighted room (lights on from 0600 to
1900 h), with laboratory chow, alfalfa and water available
ad libitum.
The animals were weaned at 10 days of age, and were

observed for vaginal opening daily thereafter. Puberty is
defined as the age of first vaginal opening (Carlevaro et al.
1969). In the adult female guinea pig, the oestrous cycle
lasts 16–20 days, for 13–15 days of which the vagina is
closed with a membrane (vaginal closure period). This
membrane is lost for a period of 3–6 days (vaginal opening

period). The vaginal closure period corresponds to di-
oestrus and is characterised by high plasma levels of
progesterone and FSH, and low plasma levels of oestradiol
and LH, compared with the pro-oestrous–oestrous period
(Croix & Franchimont 1975). The pro-oestrous–oestrous
(pre- and postovulatory) period starts with the rupture of
the vaginal membrane (vaginal opening) which lasts 3 to 6
days. During this period, an abrupt increase in FSH and
oestradiol, followed by a peak in LH plasma levels has been
described (Croix & Franchimont 1975). In our strain, the
ability of the female to mate (behavioural oestrus), begins
during the second day after vaginal opening. Based on
these events, the time of autopsy was defined as the late
follicular phase (24–48 h after vaginal opening) or as the
late luteal phase (9–11 days after vaginal closure) (Buño
et al. 1975).
Animals were allocated randomly to one of the follow-

ing groups: (1) twenty-two females were used as an
untouched control group. Sixteen were killed in the late
follicular phase and six in the late luteal phase. (2)
Twenty-six animals were injected subcutaneously (s.c.)
with guanethidine sulphate (Sigma Chemical Company,
St Louis, MO, USA) in saline (20 mg/kg, twice a week)
beginning on the day of birth. Such a dose is similar to
those used in humans for blood hypertension treatment
(Oates 1995). Twelve animals were killed in the late
follicular phase and fourteen in the late luteal phase. To
analyse whether such a dose of guanethidine depletes
noradrenaline completely from the ovaries, as has been
shown for rats, three newborn guinea pigs were injected
with guanethidine (20 mg/kg) twice a week, three doses
distributed over 9 days, and four animals of the same age
without treatment were used as controls. The animals
were killed 24 h after the last injection of guanethidine.
The ovaries were dissected, weighed and norepinephrine
content was measured by high performance liquid
chromatography (HPLC), following the procedure pre-
viously described (Chávez et al. 1994). The destruction
produced by guanethidine in neonates is more rapid and
more complete than in adult animals (Johnson & Manning
1984). (3) Twenty-three animals were injected (s.c.) with
guanethidine (20 mg/kg, twice a week) beginning on day
10 of life. Seventeen were killed in the late follicular phase
and six in the late luteal phase.

Autopsy procedure

The animals were killed by bleeding under ether anaes-
thesia. The blood was allowed to clot and centrifuged at
3000 r.p.m.. The serum was stored at "20 )C until
oestradiol and progesterone were measured in duplicate by
specific radioimmunoassays following the methodology of
Orczyk et al. (1974), using reagents and protocols provided
by the Matched Reagent Programme of the Special
Programme of Research, Development and Training in
Human Reproduction of the World Health Organization
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(Geneva, Switzerland). The endocrine organs (ovaries,
uterus and adrenals) were dissected and weighed on a
precision balance. The ovaries were fixed in Bouin’s fluid,
embedded in paraffin wax, serially sectioned at 10 µm and
stained with haematoxylin and eosin. The presence of
fresh corpora lutea was accepted as evidence of previous
ovulation.

Morphometric analysis of the follicular distribution

All the follicles present in each 100 µm section were
measured with the aid of an ocular micrometer, following
Weibel’s (1979) methodology. In brief, all follicles
contained in the test area were measured, taking care that
the follicles with a diameter larger than 450 µm were
measured only once. The follicles were classified as healthy
or atretic based on the following characteristics: a follicle
was considered atretic when either the oocytes showed
obvious signs of degeneration or granulosa cells were
present in the follicular antrum (Cruz & Domı́nguez
1992).
Data on the weight of endocrine organs, expressed as

mg/100 g body weight, norepinephrine, oestradiol and
progesterone concentrations, and the mean follicular di-
ameter were analysed using variance analysis (ANOVA)
followed by Tukey’s test or by Student’s t-test. Ovulation
rate, expressed as the number of animals with corpora lutea
in the ovaries/number of treated animals, was analysed by
Fisher’s exact probability test. The results of the follicular
distribution were analysed using a Chi square test. A
probability less than 5% was considered as significant.

Results

The body weights of control animals killed in the late
luteal phase were significantly higher than those killed in

the late follicular phase. The relative weight (mg/100 g
body weight) of the ovaries was higher in control animals
killed in the late follicular phase than those killed in the
late luteal phase (Table 1).
The ovarian norepinephrine concentration of intact

control animals was 0·95&0·1 ng/mg wet tissue, while in
guanethidine-treated animals it was below the detection
limit of the method (50 pg).
The age of vaginal opening in animals denervated at

birth or on day 10 of life was significantly advanced
(treated at birth, 27&1·2 days; treated on day 10, 26&1·7
vs control, 37&0·7; P<0·001, ANOVA followed by
Tukey’s test). In guanethidine (GTD)-treated animals
killed in the late follicular phase, the weight of the ovaries
and adrenals was higher than in the controls, while the
weight of the uterus was significantly lower. When the
animals were killed in the late luteal phase, the weight
of the ovaries was significantly higher in the newborn
denervated female than in the female controls. No differ-
ences in the weights of the uterus and adrenals were
observed (Table 1).
The histological analysis of the ovaries of all animals,

control and guanethidine-treated, killed in the late luteal
phase showed the presence of corpora lutea, but none were
present in the ovaries of the animals killed in the late
follicular phase. The number of corpora lutea present in
the ovaries in control and denervated animals was similar
(control, 3·3&0·3 vs guanethidine-treated, 3·5&0·2,
Mann-Whitney U test).
The serum oestrogen concentrations in newborn or

10-day-old guanethidine-denervated animals killed in the
late follicular phase were similar to the levels measured in
control animals (78·4&6·7 (newborn); 82·33&7·8 (10-
day-old) vs 94·39&5·0 (control) pg/ml), while the serum
progesterone concentrations were significantly higher
(1·97&0·4; 1·47&0·2 vs 0·33&0·2 ng/ml; P<0·01,
Student’s t-test). When the animals were killed in the late

Table 1 Body weight and relative weight (mg/100 g body weight) of the ovaries, uterus
and adrenals in female guinea pig, controls and animals treated with guanethidine (GTD)
(20 mg/kg) at birth or on day 10 of life and killed in the late follicular or the late luteal
phase. Values are means&S.E.M.

Body weight
(g)

Ovaries
(mg/100 g)

Uterus
(mg/100 g)

Adrenals
(mg/100 g)

Group
Late follicular phase
Control 327&6·0 20·9&0·8 292&20 31·6&1·5
GTD birth 261&8·5* 27·8&1·3* 179&13* 36·4&1·4*
GTD 10 248&16* 28·9&3·0* 149&28* 37·0&0·8*

Late luteal phase
Control 448&12·5 16·8&1·4 242&33 35·4&2·2
GTD birth 405&13·8 21·4&1·7* 199&24 40·3&2·0
GTD 10 421&6·1 20·6&1·7 195&14 39·5&1·8

*P<0·05 compared with control.
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luteal phase, the serum oestrogen concentrations in animals
denervated from birth were higher than in controls
(147·52&10·5 vs 86·79&9·8 pg/ml; P<0·05, Student’s
t-test), while when the administration of guanethidine
began on day 10, significant differences compared with
the controls were not observed (75·80&12·3 vs 86·93&
9·8 pg/ml). All denervated animals killed during the late
luteal phase had lower serum progesterone levels than in
the controls (0·59&0·1; 0·76&0·4 vs 1·63&0·4 ng/ml;
P<0·02, ANOVA followed by Tukey’s test).
The mean number of follicles counted in the ovaries of

denervated guinea pigs was significantly higher than
in control animals (1736&230 vs 969&147; P<0·05,
Mann-Whitney U test). The mean diameter of the follicles
in the untouched control ovary of animals killed in the late
follicular phase was significantly larger than those killed in
the late luteal phase (263&3·9 vs 248&3·0 µm; P<0·01,
Student’s t-test).
The total and relative (percentage) number of follicles

with diameters larger than 600 µm measured in the ovaries
of guanethidine-treated animals was significantly higher
than in controls (late follicular phase, 3·17% vs 1·86%; late
luteal phase, 3·78% vs 1·65%; P<0·05, Chi square test). In
these follicles, the incidence of atresia was also higher in
denervated animals (late follicular phase, 3·12% vs 1·15%;
late luteal phase, 3·02% vs 1·91%; P<0·05, Chi square
test).
The mean diameter of the follicles measured in the

ovaries of denervated animals was significantly larger than
in controls (Fig. 1). When the results were analysed
according to the phase of the oestrous cycle when the
animals were killed, such differences were significant only
in those animals killed in the late luteal phase (Fig. 2).
The follicular diameter in healthy and atretic follicles in

those animals killed in the late follicular or the late luteal
phase, was affected by sympathetic denervation in a
different way. The mean diameter of the healthy follicles
of guanethidine-treated guinea pigs, killed in the late

Figure 1 Follicular diameter (µm) measured in the ovaries of
control and newborn (GTD NB) or 10-day-old (GTD 10 days)
denervated guinea pigs. Values are means&S.E.M. *P<0·05
compared with control group (ANOVA followed by Tukey’s test).

Figure 2 Follicular diameter (µm) measured in the ovaries of
control and newborn (GTD NB) or 10-day-old (GTD 10 days)
denervated guinea pigs killed during the late follicular phase (LFPh)
or the late luteal phase (LLPh). Values are means&S.E.M. *P<0·01
compared with control group; ¶P<0·01 compared with LFPh
(ANOVA followed by Tukey’s test).

Figure 3 Follicular diameter (µm) measured in the ovaries of
control, newborn (GTD NB) and 10-day-old (GTD 10 days) guinea
pigs treated with guanethidine and killed in the late follicular phase
(LFPh) or the late luteal phase (LLPh). Upper panel: healthy
follicles; lower panel: atretic follicles. Values are means&S.E.M.

*P<0·01 compared with proper control; ¶P<0·01 compared with
left control ovary (ANOVA followed by Tukey’s test).
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follicular phase, was significantly smaller than in controls.
When the animals were killed in the late luteal phase, the
mean diameter of the healthy follicles of the ovaries of
denervated animals was significantly larger than in control
animals (Fig. 3, upper panel). Differences in the mean
follicular diameter of the atretic follicles of denervated and
control guinea pigs killed in the late follicular phase were
not observed. When the animals were killed during the
late luteal phase, the mean diameter of the atretic follicles
in the ovaries of denervated animals was significantly larger
than in control animals (Fig. 3, lower panel).
When the mean diameter of the follicles in the left

and right ovaries of the control animals was analysed, the
follicular diameter in the left ovary was significantly
greater than in the right ovary. The response of the left and
right ovaries to noradrenergic denervation was the oppo-
site: in the left ovary, the follicular diameter was smaller
than controls, whereas in the right ovary the diameter of
the denervated ovary was always greater than in controls
(Fig. 4).

The percentage of atretic follicles measured in the
ovaries of control and guanethidine-treated guinea pigs
killed during the late follicular phase was higher than for
those killed in the late luteal phase (Fig. 5). Significant
differences in the incidence of atresia between control and
denervated animals were not observed; however, the
number of atretic follicles was always higher in denervated
compared with control guinea pigs.

Discussion

In addition to the general effects resulting from the
sympathetic-peripheral denervation induced by guanethi-
dine administration, the present results agree with the
notion that in prepubertal females, ovarian-sympathetic
(noradrenergic?) innervation plays an inhibitory, modula-
tory role in the reactivity of the ovaries to endogenous
gonadotrophins (Flores et al. 1990). The possibility that
peripheral denervation induced by guanethidine results in
an alteration of blood pressure seems unlikely since such
treatment in humans produces orthostatic hypotension,
which is readily compensated (Oates 1995).
Both Flores et al. (1990), who administered 20 mg/kg

guanethidine sulphate to newborn rats and Lara et al.
(1990) who used 50 mg/kg guanethidine monosulphate,
observed a delay in puberty. The differences observed in
the results in guanethidine-treated rats (Flores et al. 1990,
Lara et al. 1990) and guinea pigs (present results) appear
to reflect the differences in the amount of noradrenergic
innervation in the two species (Burden 1972). There is
evidence that chronic guanethidine treatment of adult
guinea pig, adult and newborn cats, adult mice, adult
toads, rabbits, hamsters, gerbils and chickens does not
result in neuronal death ( Johnson & Manning 1984).

Figure 4 Follicular diameter (µm) of the left and right ovaries of
control, newborn (GTD NB) and 10-day-old (GTD 10 days) guinea
pigs killed in the late follicular phase (LFPh; upper panel) or the
late luteal phase (LLPh; lower panel). Values are means&S.E.M.

*P<0·01 compared with proper control; ¶P<0·01 compared with
left control ovary (ANOVA followed by Tukey’s test).

Figure 5 Percentage of atretic follicles measured in the ovaries of
control and guanethidine (GTD)-treated guinea pigs killed during
the late follicular phase (LFPh) or the late luteal phase (LLPh).
*P<0·05 compared with control group (ANOVA followed by
Tukey’s test).
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Another possibility is that guanethidine administration
results in an alteration of ovarian sensory nerve fibres. In
long-term guanethidine-treated rats, an increase in the
number of fibres expressing the neuropeptide calcitonin
gene-related peptide (CGRP) has been described
(Aberdeen et al. 1990, Mione et al. 1992). In the periph-
ery, CGRP has been implicated mainly in sensory func-
tions and, in particular, in pain transmission (Mione et al.
1992).
To our knowledge, there is no information on the kind

of information conveyed by the ovarian sensory nerve
fibres. If such fibres exist in the guinea pig ovary, based on
the increased mean number and diameter of antral follicles,
we could postulate that such innervation sends information
about the secretion of substances such as activin affecting
FSH secretion by the pituitary. In addition, the ‘partial’
sympathetic denervation would result in hypersensitivity
of the follicles to gonadotrophins.
Age progression of vaginal opening reflects early oestro-

gen secretion by the ovary. Such a view is supported by
the similarity in the serum oestrogen levels observed in
guanethidine-denervated animals and in controls, (dener-
vated animals appeared 10 days more advanced than
controls). It is generally accepted that the largest healthy
follicles produce higher amounts of oestrogen (Greenwald
& Roy 1994). Since the number of follicles with a
diameter greater than 600 µm in the ovaries of denervated
guinea pigs autopsied in the late follicular phase was higher
than in control animals (16 vs 7), we suggest that the
number of units producing oestrogen was increased, which
resulted in the advancement of vaginal opening. An
increase in the sensitivity of the denervated vagina to
oestrogen cannot, however, be discounted.
The increased serum progesterone level in denervated

animals compared with controls cannot be explained by
differences in luteal function, because none of the animals,
whether denervated or control, had corpora lutea in their
ovaries. Studies in vitro using ovarian thecal interstitial cells
showed that the addition of norepinephrine, epinephrine
or isoproterenol to the medium enhanced androgen pro-
duction in response to human chorionic gonadotrophin
(hCG) (Dyer & Erickson 1985). This sympathetic alter-
ation in ovarian innervation induced by guanethidine
treatment would result in the accumulation of progester-
one, while an active aromatase would convert any andro-
gens which are present to oestrogen, resulting in the
normal serum levels observed. Another possibility is that
guanethidine administration results in changes in the
ovarian content of neuropeptide Y and substance P. There
is evidence that both peptides stimulate in vitro ovarian
progesterone secretion (Pitzel et al. 1991). There is
controversial evidence of the effects of guanethidine on
substance P fibre content. Changes in the number of
substance P fibres in guanethidine-treated rats were not
observed by Aberdeen et al. (1990), while a significant
increase of such fibres has been described by Mione et al.

(1992). Because the weight of the adrenals was higher in
denervated guinea pigs than in controls, we can suppose
that the progesterone measured in denervated animals is of
adrenal origin.
The advanced ovulation observed in noradrenergic-

denervated animals (true puberty), would agree with
Ross’s (1990) statement that ‘the steroid hormones medi-
ate some of the effects of gonadotrophins on preovulatory
growth and differentiation, because oestrogen induces the
LH receptors (Richards 1979) and aromatase activity in
granulosa cells (Daniel & Armstrong 1983)’. The high
serum oestrogen level observed in newborn denervated
animals killed in the late luteal phase can be explained by
the increased number of healthy follicles observed in the
ovaries of these animals (812 vs 416). Such an increase was
not observed in those animals treated with guanethidine
beginning on day 10 of life, and is in agreement with the
fact that the number of healthy follicles was similar to
control animals (436 vs 416). The low progesterone levels
measured in the serum of all denervated guinea pigs killed
during the late luteal phase suggest that noradrenergic
ovarian innervation plays a stimulatory role in the control
of corpora lutea function.
The higher incidence of atresia in larger follicles

(diameter >600 µm) in denervated animals than in con-
trols cannot be explained by endocrine modifications.
There is evidence that (1) norepinephrine acts synergisti-
cally with LH/hCG on the stimulation of androgen
secretion (Dyer & Erickson 1985), (2) in the peripubertal
stage of the rat, the number of â2-adrenergic receptors
is very high and their stimulation results in an increase
in testosterone output (Aguado et al. 1982), (3) ovarian
denervation produced a decrease in the Ä5-3â-
hydroxysteroid dehydrogenase activity in the rat ovary
during pregnancy (Burden & Lawrence 1977), and (4) in
accordance with Greenwald and Roy (1994), the steroid
profiles in atretic follicles demonstrate a fall in oestrogen
secretion, attributable to a shutdown in thecal androgen
secretion. Therefore, the increase in the number of atretic
follicles in the ovaries of guanethidine-denervated guinea
pigs reflects the modification of other mechanisms regu-
lating the atresia of the follicles related, perhaps, to thecal
vascularity (Greenwald 1993).
According to Mills and Reed (1971) there exists a

‘crucial period’ just before first oestrus for the ovary of
guinea pigs to ovulate in response to exogenous gonado-
trophins. At this time ovulation can be induced by
gonadotrophin administration, while ‘immature controls’
treated with four daily injections of ovine FSH did not
show signs of oestrogen secretion (vaginal opening did
not occur) or ovulation 24 h after the last injection. Such
an idea was not supported by the studies of Curry et al.
(1984) and Riboni et al. (1995), who have shown that
the sequential administration of pregnant mare’s serum
gonadotrophin (PMSG) followed by hCG to 25- or
10-day-old guinea pigs, resulted in the advancement of
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ovulation as measured by the presence of fresh corpora
lutea in the ovaries.
The increase in the adrenal weight of guanethidine-

treated animals suggests that noradrenergic peripheral
innervation plays a role in the regulation of the response of
this tissue to other endocrine organs besides the ovaries.
There is some evidence that the right and left ovary

respond differently. Differences in the ovulatory ability
between the right and left ovary have been described in
the human (Potashnik et al. 1987), pig (Hunter et al. 1985)
and monkey (Morse & Van Wagenen 1936). In the rat,
such differences are related to the number of ova shed by
the right and left ovary, the compensatory ovarian hyper-
trophy following hemiovariectomy, and its dependence on
ovarian innervation (Ayala & Domı́nguez 1988), in spite of
the fact that the concentration of noradrenaline in the right
and left ovaries is similar (Chávez et al. 1994). The
differences in the number of follicles and mean diameter
measured in the right and left ovary and the opposite
response to peripheral denervation by healthy and atretic
follicles could be related and would reflect differences in
the neural information reaching each ovary.
The results obtained in this study suggest that ovarian

innervation plays a role in the regulation of follicular
growth, maturation and atresia which is not related to
changes in steroid secretion by the ovary but to other
regulatory mechanisms, for example, follicular vasculariz-
ation (Greenwald 1993). Because such regulatory mech-
anisms present some asymmetry between the left and right
ovary, it is possible that the neural information arises from
a lateralised portion of the central nervous system, as has
been shown previously in the rat (Cruz et al. 1990,
Domı́nguez-González & Chávez 1993, Ayala et al. 1994).
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