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MUIR, J. L. AND H. P. PFISTER. Influence of exogenously administered oxytocin on the corticosterone and prolactin 
response to psychological stress. PHARMACOL BIOCHEM BEHAV 29(4) 699-703, 1988.--Prolactin along with cortico- 
sterone is a stress responsive hormone. Evidence suggests that oxytocin (OXT) modulates not only ACTH secretion but 
also prolactin release. The present study was therefore designed to examine the possible role of oxytocin in the corticoste- 
rone and prolactin response to predictable and unpredictable novelty stress. Repeated stress and oxytocin treatment 
produced a substantial increase in corticosterone. A greater increase was obtained for the larger OXT dose (11.6 IU/kg) 
than for the smaller dose (5.8 IU/kg). In addition, for the smaller oxytocin dose only, unpredictable exposure to the novelty 
apparatus produced a more substantial increase in corticosterone than predictable exposure to the same stressor. In 
contrast, oxytocin produced a significant suppression of the prolactin response in all OXT treated animals. No significant 
interaction between stress and oxytocin was obtained. It was concluded that an important role exists for oxytocin in the 
modulation of both corticosterone and prolactin secretion. 

Oxytocin Corticosterone Prolactin Novelty Predictable stress Unpredictable stress 

WE have recently examined the possibility that oxytocin 
(OXT) has a role in the corticosterone response to a psycho- 
logical stressor [20]. Although corticotropin-releasing factor 
(CRF) appears to be the primary hypothalamic hormone in- 
volved in the control of ACTH secretion, it has been 
suggested that additional neuropeptides such as oxytocin 
may also contribute to the regulation of ACTH release by 
potentiating CRF-induced ACTH secretion [1, 3, 8]. The re- 
sults of our study [20] clearly demonstrated that oxytocin 
produces a significant increase in corticosterone in all OXT 
treated animals. However, potentiation of the corticosterone 
response to a psychological stressor was not observed fol- 
lowing administration of OXT. This result confirms previous 
reports [5,14] which have stated that the participation of 
OXT in the control of ACTH secretion may be stress specific. 

To further elucidate a role for OXT in the response to a 
stressor, Gibbs [6] examined the effect of injections of anti- 
oxytocin antiserum on stress-induced ACTH secretion. 
Gibbs [6] reported that in vivo immunoneutralization of 
oxytocin attenuated the ACTH response to tail-hang stress, 
suggesting that, at least for this stressor, OXT was involved 
in the physiological regulation of ACTH secretion. How- 
ever, since OXT appears to be selectively released in re- 
sponse to some but not all types of stress, a further study [7] 
examined the ability of anti-oxytocin antiserum to attenuate 
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ACTH secretion following tail-hang stress, ether stress and 
exposure to a novel environment. Gibbs [7] found that the 
ability of the antiserum to attenuate ACTH secretion was 
dependent on whether OXT was itself stimulated by that 
particular stressor. While oxytocin secretion was stimulated 
by tail-hang and ether stress it was unchanged by exposure 
to the novel environment despite a 3-fold increase in ACTH 
concentration. Subsequently, although antiserum signifi- 
cantly attenuated the ACTH response to tail-hang and ether 
stress, it had no effect on the ACTH response to a novel 
environment. Gibbs suggests that basal levels of OXT have 
no direct effect on ACTH secretion and that until OXT levels 
rise in response to stress, the potentiating effects are not 
expressed. 

However, the ability of OXT to modulate anterior pitui- 
tary function is not limited to a role in ACTH secretion but 
also includes a possible involvement in prolactin (PRL) re- 
lease. Numerous examples exist of the concomitant release 
of oxytocin and prolactin. For instance, both hormones are 
released after suckling in the human [35] and in the rat [27]. 
Oxytocin is in fact present in the appropriate anatomical 
location to alter anterior pituitary function. Neural fibres 
stained immunocytochemically with OXT-specific antisera 
have been found in the zona externa of the median eminence 
[30,33] with some of these OXT fibres in contact with the 
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portal capillaries [30]. Consequently,  the issue of  whether 
OXT possesses an ability to release PRL from the anterior 
pituitary gland has received some attention and has also been 
the subject of  controversy.  Petersen [22] postulated that 
OXT could stimulate PRL release, based on the observation 
that suckling releases both OXT from the neurohypophysis  
and PRL from the adenohypophysis .  However ,  while Gala 
and Reece [4] found that incubation of  OXT with quartered 
pituitary glands would release bioassayable PRL, other in- 
vestigators have found no effect of  OXT on PRL release in 
vitro [21,32]. 

In vivo studies using lactating rats have also yielded con- 
flicting results. Benson and Folley [2] and McCann, Mack 
and Gale [17] provided evidence that OXT may stimulate 
PRL secretion by showing a delay in mammary gland in- 
volution in lactating rats following injections of  OXT. On the 
other hand, OXT administration has been claimed to inhibit 
lactation through inhibition of  milk ejection and to decrease 
lactose content of  the mammary gland [11]. However ,  re- 
cently Samson, Lumpkin and McCann [28] have demon- 
strated a physiological role for oxytocin in the control of 
PRL release. Infusion of anti-oxytocin serum into lactating 
female rats and into estrogen-primed ovariectomized rats 2 
hr before the expected release of  endogenous oxytocin,  de- 
layed and significantly reduced subsequent PRL surges. 

Using cycling female rats, Shani, Urbach, Terkel and 
Goldhaber [29] observed no stimulation of the release of 
PRL after a single intra-arterial injection of a physiological 
dose of oxytocin (0.1 IU). They concluded that since no 
changes were observed following oxytocin administration, 
then the possible galactopoietic and mammotropic effects of 
oxytocin in the rat were not necessarily mediated via 
prolactin. However ,  using a higher dose of OXT (4 IU), 
Lumpkin,  Samson and McCann [16] observed a brief surge 
of  PRL release 5 rain following OXT administration in male 
rats. In contrast ,  a large dose of OXT (10 IU) used by Kuhn, 
Krulich and McCann [12] appeared to inhibit PRL secretion 
in lactating females. Lumpkin et al. [16], on re-evaluating the 
controversy surrounding OXT's  effect on PRL release, con- 
cluded that the dose of OXT administered may be a critical 
factor in determining its effect on PRL secretion. Lumpkin et 
al. [16] propose that lower doses of  OXT administered sys- 
temically, such as the 0.1 IU dose used by Shani et  al. [29], 
are insufficient to alter PRL secretion. An intermediate dose 
such as the 4 IU used by Lumpkin et al. [16], is sufficient to 
produce a small degree of stimulation of  PRL, while higher 
doses of  OXT, such as the large 10 IU dose used by Kuhn et 
al. [12], appear  to inhibit PRL secretion.  Lumpkin et  al. 
suggest that the reduction in PRL levels following a very 
large dose of  OXT may be attributed to its penetration into 
the central nervous system in amounts sufficient to exert  a 
"negat ive ultrashort loop feedback effect" at the level of the 
hypothalamus. Exogenous OXT thus may suppress the re- 
lease of  endogenous OXT, depriving the anterior lobe of  an 
OXT stimulus for PRL release hence resulting in a decrease 
in plasma levels of  PRL. 

Although the dose of  OXT administered is obviously a 
critical factor in PRL release, little information is available 
regarding the effect of  repeated administration of this hor- 
mone. This procedure would allow for relatively large 
amounts of OXT to be administered over a period of  time. In 
the few studies which have considered this issue, an increase 
in PRL levels has been observed [26,34]. Salisbury et al. 
[26], for example, administered 0.4 IU OXT each hour for 4 
hours to ovariectomized rats and found a significant augmen- 

tation of  the PRL surge 1 hour after the final OXT injection. 
Administering a much larger dose (1.0 IU every 3 hours for 
48 hours), Vaughan et al. [34] found a significant rise in PRL 
in castrated male rats. 

Since OXT is implicated in the release of  both corticoste- 
rone and prolactin, the present experiment was designed to 
investigate a possible role for OXT in the release of these 
hormones in a stress situation. A psychological stressor 
(novelty) was used as we have previously established a sub- 
stantial release of both hormones following repeated expo- 
sure to this stressor [19]. In addition, because previous 
studies have indicated that the severity of  the stressor may 
be important when examining l l -hydroxycort icosterone 
( l l -OHCS)  output from the adrenal cortex, the predicta- 
ble/unpredictable paradigm used previously by Muir and 
Pfister [19] was again included. The l l -OHCS response 
provides a measure of  activation of  the hypothalamic- 
pituitary-adrenocortical  axis in the animal. Consequently, 
Muir and Pfister [19] have recently observed a more sub- 
stantial l l -OHCS output when animals were exposed to a 
novel apparatus on an unpredictable schedule compared to 
animals who received predictable exposure to the same 
novel apparatus. 

METHOD 

A n i m a l s  

Ninety-six nulliparous female Wistar rats 90-100 days of 
age at the start of the experiment were used. Three weeks 
prior to testing, all animals were individually housed in a 
fully air conditioned holding room at 22_+1°C. A 12:12 hr 
light/dark cycle was instituted. Food and water were avail- 
able ad lib. 

Glucocor t i co id  and  Prolac t in  A s s a y s  

The glucocorticoid stress response measured was the 
plasma level of  free 1 I-OHCS, the predominant glucocor- 
ticoid response in the rat [15,23]. At the times indicated in 
the procedure,  animals were sacrificed by decapitation. The 
blood was collected in heparinized tubes and centrifuged to 
obtain cell-free plasma which was then frozen. One-half of 
each sample was used for determination of  corticosterone 
levels. Corticosterone levels in plasma were obtained by the 
fluorometric method of Mattingly [18] which is specific for 
free plasma 11-OHCS. Plasma prolactin levels were deter- 
mined by radioimmunoassay [13]. 

A p p a r a t u s  

The novelty cage was made of 1 cm wire mesh of 2 mm 
thick wire with a hinged lid and external dimensions 
14.5x20x26 cm. The novelty cage was placed inside the rat 
holding room described above. 

Procedure  

The animals were randomly allocated to three groups of 
32 rats each: a control group (CON), a predictable stress 
group (NOV1) and an unpredictable stress group (NOV2). 
Each of these groups were further subdivided into four 
treatment groups (n=8): a group which received no injec- 
tions (NI), a group which received 1 ml/kg injections of the 
vehicle solution (0.9% saline) (VS), a group which received 
injections of  5.8 IU OXT/kg (OXT1) and a group which re- 
ceived 11.6 IU OXT/kg (OXT2). All injections were given via 
the IP route. 
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FIG. 1. Effect of various doses of oxytocin on plasma 11-OHCS 
levels (in/zg/100 ml) for CON, NOV1 and NOV2 groups. Values are 
the mean+S.E. 
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FIG. 2. Effect of various doses of oxytocin on plasma PRL levels (in 
ng/ml) for CON, NOV1 and NOV2 groups. Values are the 
mean+S.E. 

The two doses of oxytocin were chosen for two reasons. 
Firstly, King, Brown and Kusnecov [10] have shown that 5.8 
IU OXT/kg and 11.6 IU OXT/kg are effective in potentiating 
the startle response of  rats to auditory stimulation. Sec- 
ondly, Rivier and Vale [25] have shown that doses of 8-24 
nmoles OXT/kg are effective in elevating ACTH secretion in 
freely moving rats. Our doses of 5.8 IU OXT/kg and 11.6 IU 
OXT/kg equate to approximately 12-14 and 24-28 nmoles 
OXT respectively. 

Animals of the four CON groups were used for determi- 
nation of plasma l l -OHCS base levels. Other than drug 
treatment (CON/VS and CON/OXT), all control animals 
were left undisturbed until plasma collection. As described 
previously [20] animals allocated to the four NOV1 groups 
were subjected daily, for five successive days,  to a single 30 
min exposure to the novel apparatus. For  these groups, 
novelty treatment began each day 2 hr prior to light onset,  
and thus at the trough of the circadian rhythm in relation to 
11-OHCS levels [24]. Injections for NOVI/VS,  NOV1/OXT l- 
and NOV1/OXT2 animals were given immediately prior to 
each exposure to the novel apparatus.  At this time (i.e., 2 hr 
prior to light onset) injections were also given to animals of 
the CON/VS, CON/OXT1 and CON/OXT2 groups. 

Those animals allocated to the NOV2 condition received 
four exposures to the novel apparatus on a random schedule 
(one 30 min exposure to the novel apparatus each day at a 
randomly selected time within each 24 hr period). However ,  
on the fifth day, novelty treatment for NOV2 animals began 
2 hr prior to light onset and therefore at the trough of the 
circadian rhythm. Once again injections for animals of the 
NOV2/VS, NOV2/OXT1 and NOV2/OXT2 groups were 
administered immediately prior to each exposure to the 
novel apparatus.  

Novelty treatment for animals of the NOV1 and NOV2 
groups was administered by picking up each rat by the base 
of  the tail and gently placing it in the novel apparatus. Thirty 
minutes later, the rat was again picked up by the base of the 
tail and returned to its holding box. After their final manipu- 
lation, animals of  the NOV1 and NOV2 groups were re- 
moved in their novelty cage from the holding room and taken 
to the preparation room. Blood plasma was collected within 
60 sec of  removal from the holding room. Similarly, at this 
time, (2 hr before light onset), the undisturbed control 
animals (CON) were removed in their boxes to the prepara- 
tion room where they were sacrificed. 

RESULTS 

Corticosterone 

The mean changes in plasma 11-OHCS levels as a func- 
tion of oxytocin and stress treatment are shown in Fig. 1. 
Two-way analysis of variance revealed a significant OXT 
effect, F(3,84)=35.0, p<0.001;  a significant stress treatment 
effect, F(2,84)=57.6, p<0.001;  and a significant OXT x 
stress treatment interaction, F(6,84)=3.6, p<0.01.  

Newman-Keuls  post-hoc comparisons on the OXT effect 
revealed that the OXT injected animals (OXT1 and OXT2) 
had significantly higher plasma 11-OHCS levels than animals 
which received no injections and those which received saline 
injections (p<0.01). In addition, OXT2 injected animals re- 
sponded with significantly higher l l -OHCS levels than 
animals of  the OXT1 group (p<0.01). No significant change 
was observed in the plasma 1 I-OHCS response between 
animals which received saline injections compared to those 
animals which received no injections. Newman-Keuls  post- 
hoc analysis of the stress treatment effect showed that 
animals of the NOV1 and NOV2 stress groups responded 
with a significant elevation in 11-OHCS compared to CON 
animals (p<0.01). There was also a significantly larger in- 
crease in 11-OHCS levels of NOV2 animals as compared to 
animals of the NOV1 group 09<0.05). 

Newman-Keuls  multiple comparisons carried out on the 
OXT x stress treatment interaction revealed that animals of 
the NOV1/OXT2 and NOV2/OXT2 groups responded with 
significantly higher 11-OHCS levels than animals of  any of 
the other groups examined (p <0.01). Although no significant 
difference was obtained between the l l -OHCS response of 
NOV1/OXT2 and NOV2/OXT2 animals, NOV2/OXT1 
animals responded with a significantly larger increase in 
11-OHCS-than animals of the NOV1/OXTI group (/9 <0.05). 

Prolactin 

The mean changes in plasma PRL levels as a function of 
oxytocin and stress treatment are shown in Fig. 2. Inter- 
assay reliability for PRL levels was 9.4% while intra-assay 
reliability was 12%. Two-way analysis of variance revealed a 
significant OXT effect, F(3,84)=33.0, p<0.001,  and a signifi- 
cant stress treatment effect, F(2,84)=5.3, p <0.01. The OXT 
x stress treatment interaction failed to reach significance. 

Newman-Keuls  post-hoc comparisons on the OXT effect 
revealed that animals of the OXT1 and OXT2 groups had 
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significantly lower plasma PRL levels than both animals 
which received no injection and those which were saline 
injected (p<0.01). There was no significant difference in 
PRL levels between OXT1 and OXT2 treated animals. In 
addition, no significant change was observed in plasma PRL 
levels of  animals which received saline injections compared 
to animals which received no injections. Newman-Keuls  
post-hoc analysis of the stress treatment effect revealed that 
both NOV1 (p<0.05) and NOV2 (p<0.01) animals had signif- 
icantly lower PRL levels than CON animals. No significant 
difference in PRL levels were obtained between animals of  
the NOV1 group and animals of the NOV2 group. 

DISCUSSION 

Consistent with our previous findings [20], administration 
of  oxytocin produced a marked increase in plasma 11-OHCS 
levels. This result was observed for both the smaller (5.8 
IU/kg) and larger (11.6 IU/kg) dose of  oxytocin used in the 
present  study. In contrast,  administration of oxytocin 
produced a marked suppression of the prolactin response in 
all OXT treated animals. 

With respect to corticosterone, a significant interaction 
between oxytocin and stress treatment was obtained. 
Animals which received either dose of  OXT and were ex- 
posed to the novelty apparatus on a predictable schedule 
(NOV1/OXT1, NOVI/OXT2) responded with a substantially 
larger l l -OHCS output than animals on the same stress 
schedule but not receiving OXT treatment. Similarly, admin- 
istration of  oxytocin to animals on an unpredictable stress 
schedule produced a marked increase in 11-OHCS compared 
to animals who did not receive oxytocin. This supports the 
results of previous studies which indicate that OXT poten- 
tiates CRF-induced release of ACTH secretion [1,3]. 

I However ,  this result does not support the findings of 
Gibbs [7] who reports that anti-OXT antiserum does not at- 
tenuate ACTH release to novel environment stress. Gibbs 
suggests that until OXT levels rise in response to stress, the 
effects of  OXT on ACTH secretion are not expressed.  It 
must be noted, however,  that in contrast to the Gibbs study 
which used a single 3 min exposure to the novel environ- 
ment, our study employed repeated and substantially longer 
exposure to the novelty stressor as well as repeated OXT 
injection. In addition, the present  study used female rather 
than male rats. As pointed out recently [36], sex differences 
in the OXT response to stress are apparent.  Williams et al. 
[36] report  that 1 min immobilization produces a marked 
stimulation of  OXT in females whereas in males only a slight 
OXT response is observed.  

Although support for the greater aversiveness of  an un- 
predictable stressor was obtained for the lower dose of  

oxytocin (OXT1) as measured by the 11-OHCS index, NOV1 
and NOV2 animals administered the higher dose of oxytocin 
(OXT2) responded with equally high 11-OHCS levels. It is 
therefore apparent that for this larger dose of  OXT, a ceiling 
effect may have been reached in the 11-OHCS response. 

In contrast to the increase in 11-OHCS output following 
OXT and stress treatment,  oxytocin produced a pronounced 
decrease in PRL levels. Regardless which dose of  oxytocin 
was administered, OXT treated animals of all stress groups 
exhibited a substantial reduction in PRL release. Although 
this result does not support  the previous findings regarding 
repeated OXT treatment [26,34], inhibition of  PRL has pre- 
viously been reported in lactating females [12] following a 
single large dose of oxytocin. Lumpkin et al. [16] suggest 
that this reduction in PRL may be attributed to the exoge- 
nous OXT suppressing the release of endogenous OXT and 
thus depriving the anterior pituitary of  an OXT stimulus for 
PRL release. The results of  the present study suggest that 
repeated administration of OXT allows for a relatively large 
dose of  OXT (11.6 IU/kg), comparable to that used by Kuhn 
et al. [12], to be administered over a period of  5 days with a 
similar effect on PRL release to a single OXT treatment.  It is 
also possible to obtain the same level of  suppression of PRL 
using a much lower dose of oxytocin (5.8 IU/kg). 

In addition, there was a trend towards a greater suppres- 
sion of PRL when the animal had been exposed to the 
novelty stressor on either stress schedule compared to CON 
animals. This result is in accordance with earlier findings 
[9,31] which report  a decrease in PRL concentration follow- 
ing intermittent and repeated restraint stress. In the present 
study, the suppression of PRL following OXT treatment may 
have been accentuated when exposure to the novelty stres- 
sor was also included. 

It is therefore apparent from the results of this study that 
oxytocin has a differential effect on the release of corticoste- 
rone and prolactin following psychological stress. While 
administration of OXT potentiates the 11-OHCS response to 
stress, it suppresses the PRL response. Although both 
NOVI and NOV2 animals responded with equally high 11- 
OHCS levels following administration of  the larger dose, a 
more substantial increase was obtained for the smaller dose 
when the stressor was presented on an unpredictable 
schedule. In contrast,  the PRL response was suppressed in 
all OXT treated animals. However,  there was a trend 
towards a greater suppression of PRL when the animal also 
received novelty stress. The results of this experiment are 
not conclusive. However,  an important relationship between 
oxytocin,  corticosterone and prolactin release is indicated. 
Further  detailed investigation of  this relationship in nullipar- 
ous as well as lactating females is required. 
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