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Hypoxia induces oxytocin release in the rat
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Abstract

These studies were undertaken to investigate the impact of hypoxia on
the release of oxytocin (OXT) at the median eminence (ME) in adult
male rats, and the possible glucocorticoid involvement in modulating this
release. Hypoxia was achieved in a hypobaric chamber. The results were
as follows: (a) Acute hypoxic stress induced a release of OXT in ME pro-
portional to its intensity and duration. (b) Chronic hypoxia (5-25 days)
had no statistically significant influence on the ME level of OXT. (c) After
bilateral adrenalectomy (ADX), the levels of OXT in ME were decreased,
and there were no further significant changes in these levels when the
rats were exposed to hypoxia. (d) The decrease of OXT in ME of ADX rats
was partly reversed by replacement with dexamethasone (DEX, i.p. 500
pg/rat). These results suggest that acute hypoxia produces an intensity-
and duration-dependent release of OXT and that such release may be
modulated in part by hypoxia-activated high circulating glucocorticoids
and their negative feedback on the release of corticotropin releasing hor-
mone (CRH).
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Introduction

It is considered that the essential function of
oxytocin (OXT) is in parturition and lactation in
female animals. However, recent evidence indicates
that OXT release occurs in mammals, including
humans, in response to various stress stimuli. OXT is
produced in both females and males and the hypotha-
lamic oxytocinergic neurons are distributed in a simi-
lar way in both sexes. Both osmotic and non-osmotic
stressors induce OXT release. Possible function of
stress-released OXT is not clear. A stimulatory role
of OXT in the control of adrenocorticotropic hormone
(ACTH) release was reported in the rat [1, 2]. OXT
may mediate some immune and metabolic responses
[3, 4], and also stimulate growth and have anti-stress
[5] and behavioral effects and modulate memory pro-
cesses [6].

Oxytocin release is increased in response to var-
ious types of stress such as restraint, immobiliza-
tion, swimming, foot shock, cold, novel environment,
ether and hypoglycemia [7-18]. Thus, novel environ-
ment stimuli in rats significantly increase plasma
OXT concentrations. Intermittent foot shocks or
conditioned fear stimuli facilite OXT secretion [19].
Likewise, stress due to shaking increases OXT con-
tent in the paraventricular nucleus (PVN) and
plasma [20]. Forced swimming causes a significant
rise in OXT release from both PVN and supraoptic
nucleus (SON) [21]. Hypothalamic OXT release is
accompanied by increased levels of this peptide in
the systemic circulation [21]. Novelty and restraint
stress increase OXT levels in the cerebrospinal fluid
(CSF) of rats [22]. OXT release is stimulated after
exposure to the stress-related behaviors of groom-
ing, open field locomotion, and hot-plate analgesia.
Restraint stress activates oxytocinergic c-fos expres-
sion of PVN neurons (22). Secretion of OXT from the
posterior pituitary and ME is enhanced in response
to insulin-induced hypoglycemia and other stimuli
in human beings [23-25], but it is decreased during
behavioral stress in nonhuman primates [26]. Over-
all, OXT secretion of ME does not appear to follow
a common pattern for all stressors; rather, it shows
wide variation depending on the nature of the stimu-
lus.

The physiological significance of OXT release
during stress is not clear; OXT increases in blood
in response to stress and participates in the hypo-
thalamo-pituitary-adrenocortical (HPA) activation
by promoting ACTH release as induced by release
of corticotropin-releasing hormone (CRH). OXT
release may be involved in the regulation of ACTH
secretion [1, 2].

Anatomically, there is a co-localization of OXT
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and CRH secreting cells in both parvicellular and
magnocellular hypothalamic neurons [27, 28], and
the PVN is essential for immobilization-induced
OXT release. OXT cells in PVN might be the only
ones involved in stress-induced OXT release [22].
OXT would exert a positive feedback on its own
release. We have previously found that simulated
altitude hypoxia can activate the HPA axis, mark-
edly reduce CRH content in ME and hypothalamus,
and cause increased plasma ACTH and corticoste-
rone levels of rats [29-32].

Little is known of the possible effects of hypoxic
stress on the OXT system. The present study was
designed to explore (a) how a stress of simulated alti-
tude hypoxia might influence OXT secretion at the
ME and hypothalamus of rats, and (b) to investigate
a possible correlation between OXT release and glu-
cocorticoid levels during such hypoxic stress.

Materials and Methods

Animals.

Adult male Sprague-Dawley rats (150+20g) were
used. They were maintained with a 12:12 h light/dark
cycle (light on 07:00-19:00) and with free access to
food and water. Animals were housed in groups of six
and adapted to these conditions for one week prior to
experimental manipulations.

Adrenalectomy (ADX) and sham operation were
all performed under pentobarbital sodium anesthe-
sia (Sigma, St. Louis. mo. 40 mg /kg i.p.). ADX was
performed via a small incision in the ventral wall
of the abdominal cavity; sham operations involved
abdominal incision only. Dexamethasone (Sigma,
500 ug/rat) was given intraperitoneally (ip), 3 h
before exposure to stress (6:00 a.m.). Controls
received intraperitoneal injections of appropriate
amounts of saline water. Sham-operated animals
drank tap water; ADX rats received 0.9% NaCl in tap
water. The experiment was performed in conscious
rats, one week after ADX or sham operation.

Hypoxic stress (simulating altitude).

The rats were placed in a hypobaric chamber, the
altitude was simulated at three levels of 0 km (sea
level), 5 km (10.8% O,, 54.02 KPA), 7 km (7.2% O,,
41.04 KPA) for 30 minutes, 2h, 24h, and for a dura-
tion of 25 days, with the same conditions of light/dark
cycle, nutrition and temperature described above.

Median eminence (ME) preparation.

After stress, the animals were decapitated
between 09:00 and 11:00. The MEs were removed
from the hypothalamus under a dissecting micro-
scope and immediately stored at -80°C. They were
later homogenized in glass homogenizers with 1.0



ml cold 0.1 NHCI. An aliquot (0.1 ml) was taken
for the protein determination according to Lowry’s
method, and the remainders were centrifuged at
10,000g for 15 minutes at 4°C. Each supernatant
(0.8 ml) was divided equally into two tubes, then
lyophilized and stored at -80°C for OXT RIA. The
extracted and lyophilized ME were reconstituted
with 0.4 ml assay buffer.

Oxytocin (OXT) Assay.

OXT levels were measured by sensitive and spe-
cific RIA [33]. Oxytocin and antiserum were pur-
chased from Peninsula Laboratory Inc. The intra-
assay and inter-assay coefficient of variation were
about 2.0% and 8.2%, respectively. All of the samples
were measured concurrently to reduce experiment
variation.

Statistics.

Data are expressed as mean + S.D. and were ana-
lyzed statistically using a T-test and one-way anova.
Significant differences were set at P <0.05.

Results

Acute hypoxia caused a decrease in ME content
of OXT. As shown in Fig. 1.A and 1.B, exposure to
hypoxia of 5 km (10.8% O, and 7 km (7.2% O, for
2 hrs decreased the OXT of ME from 132.33+33.52
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(control group) to 113.83+59.9 ng/mg protein (not
statistically different from controls) and to 33.6=*
11.92 ng/mg protein (p<0.001). Hypoxic exposure
of 5 km for 24 h resulted in a statistically signifi-
cant decrease of OXT to 48.73+2 5.38 ng/mg protein
(P<0.001).

Exposure to hypoxia of 5 km (10.8% O,, up to 25
days had no significant effect on the OXT levels of
ME except for the first one day exposure which sig-
nificantly reduced OXT content (Fig. 1.B and Fig.
2).

ADX induced a marked reduction of OXT content
(68.72 = 21.46 ng/mg protein) vs. control (132.33
+ 33.52 ng/mg protein (P<0.01). In the ADX rats,
hypoxia at both altitudes had no further effects on
OXT of ME (Fig. 3).

Administration of dexamethasone (i.p. 500 ug/rat)
to ADX rats (with or without 0.9% NaCl in drinking
water) induced a significant increase in OXT of ME
after exposure to 5 km (10.8% O,) altitude hypoxia
for 2 h as compared to controls and sham-operated
rats (Fig. 4).

Discussion

In recent years, much evidence demonstrates that
OXT is released in response to various kinds of
stress. The effects and regulatory mechanisms of
acute and chronic hypoxia on OXT release have been
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poorly understood so far. The present study exam-
ined the influence of hypoxia on hypothalamic OXT
release and hypothalamic content and possible medi-
ation of HPA activation on the effects of hypoxia.
The data presented here show that the hypoxia due
to breathing 7.2% O, for 2 h or 10.8% O, for 24 h
caused significant decreases in ME content of OXT
compared to normal controls (Fig. 1.A and 1.B).
Although these data suggest that decreased OXT
content may be followed by an increased release and
higher circulating blood levels, release and content
of any given hormone may not always be reciprocally
related. The moderate acute hypoxia at 5 km alti-
tude for 2 h did not cause a significant reduction of
OXT levels in ME; that is, it did not stimulate OXT
release at ME terminals into hypophyseal portal
blood. However, the severe acute hypoxia at 7 km
altitude even for 2 h could promote OXT release
as suggested by the significantly reduced OXT con-
tent of ME. Chronic exposure to moderate hypoxia
(6 km,10.8% O,) induced a significant reduction in
OXT content after one day exposure but OXT con-
tent returned to normal values as the exposure was
prolonged to 25 days. Thus, the influence of sim-
ulated altitude hypoxia on OXT release in ME of
the hypothalamus of rats may be correlated with
hypoxia severity and time-course.

Earlier experiments had shown that stresses
other than hypoxia caused release of hypothalamic
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OXT. Thus, shaker stress in rats induced a sig-
nificant OXT decrease in hypothalamic PVN and
an increase in peripheral blood concentration [9].
Forced swimming caused a significant rise in OXT
within both the SON (3-fold over control) and PVN
(4-5-fold over control) [10]. In rats, a novel environ-
ment, immobilization and ether inhalation induced
a significant increase in OXT levels in the cerebro-
spinal fluid, and immobilization and ether stress
induced a rapid increase in plasma OXT level [18].
OXT contents of ME decreased after frustration
stress [34]. In contrast, the contents of OXT within
PVN and ME determined by quantitative immu-
nohistochemistry were unchanged after long-term
social isolation stress [35]. When axonal transport
was blocked by colchicine, ME content of OXT
remained unchanged after hypoglycemia, novelty and
restraint stress [36].

The mechanism of the OXT release induced by
hypoxia is unclear. We propose that the HPA axis,
activated by hypoxia, might be involved in OXT
release. We have previously documented that rats
made hypoxic by simulated altitude of 5 km (10.8%
0,) and 7 km (7.2% O,) for various intervals of time
had activated HPA axis, as manifested by acutely
and subacutely increasing CRH release from ME,
enhanced plasma ACTH and corticosterone, and
increased expression of CRH mRNA in PVN deter-
mined by in situ immunocytochemistry (29-32). This



activated HPA axis might act on the OXT release.
Reciprocally, a stimulatory role of OXT in the control
of ACTH release in the rat has also been suggested
[1, 2]. Co-localization of CRH and OXT neurons has
been documented [27, 28]. CRH is known to induce
OXT release [37, 38]. We propose that hypoxia-
activated CRH acts directly on OXT release. There
is evidence that OXT exerts a positive feedback
function on its own release [39]. Also, it has been
reported that OXT mediates lymphokine produc-
tion [3]. We have previously demonstrated that
the hypoxia-induced inhibition of immune func-
tion, both cellular and humoral, resulted from an
increased CRH secretion [40-42]. In addition, OXT
has a role of anti-stress in the clinic [5]. Therefore, it
is reasonable to postulate that hypoxia-induced OXT
release has important physiological significance in
inhibiting immune function during hypoxia.

In a number of studies, it has been reported that
after ADX of rats, the OXT content of ME increased,
decreased, or showed no changes [43, 44]. The pres-
ent data show that after bilateral ADX, the OXT
content in rat ME dramatically decreased (p<0.01
vs. control, p<0.05 vs. shamADX) (Fig. 3) . The par-
tial reversal of this OXT decrease by dexamethasone
replacement (Fig. 4) suggests that hypoxia-stress-
stimulated OXT secretion from ME and increased
circulatory glucocorticoid might play a negative
feedback role in OXT release at ME. When ADX
rats were treated with dexamethasone and further
exposed to hypoxia, OXT levels were no further
decreased but rather showed some recovery towards
levels resembling those of intact animals. While OXT
content decreased in the ME of ADX rats, substan-
tial and sustained increase occurred in plasma OXT
concentrations in these animals [45]. It appears that
circulating glucocorticoids might exert a tonic inhib-
itory effect on the release of OXT in response to
peripheral stimulation by Interleukin-1f. Osmotic
stimulation of ADX rats by hypertonic saline mark-
edly diminishes OXT content in the inner layer of
the ME [46] and OXT receptor binding is increased
by stress in areas of the CNS that are rich in gluco-
corticoid receptors [47].

Direct synaptic contacts of nor-epinephrine (NE)
axon terminals with both CRH and OXT neurons in
the PVN have been demonstrated. There is evidence
that expression of o -adrenergic receptor mRNA
in OXT- and CRH-synthesizing neurons occurs in
the rat PVN [48]. The facilitating effects of norepi-
nephrine in stress-activated-HPA axis directly affect
CRH- or OXT-synthesizing neurons. Thus, hypoxia-
induced NE release may act through hypoxia-acti-
vated-CRH release and consequently the increased
circulating glucocorticoid levels may be involved

Hypoxia induces oxytocin release in the rat

through their negative feedback on CRH.
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