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Abstract

Prolactin is released in response to stress, and attenuation of prolactin indicates social buffering. In
the present study, adult male and female rats were tested in the conditioned emotional response
chamber. Animals tested with a conspecific had lower levels of prolactin than those exposed to the
stressor alone. In addition, the present research explored oxytocin as a potential mechanism for
changes in prolactin levels during social buffering by injecting animals with 2 mg/kg s.c. Atosiban (1-
deamino-2-D-Tyr-(OEt)-4-Thr-8-Orn-oxytocin), a specific oxytocin antagonist. Atosiban-treated rats had
higher levels of prolactin than no-shock controls, whereas saline-injected rats returned to control
levels.
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Introduction

Primarily known for its reproductive role, the hormone prolactin is now known to be released in
response to both physical and psychological stressors. Physical stressors are generally painful or
extremely uncomfortable and include restraint, forced swimming, and inescapable footshock.
Psychological stressors involve the animal’s interpretation of the environment as stressful or
potentially harmful and include the open field, noise, predation, and a CER paradigm. Physical
stressors are stronger than psychological stressors, and levels of intensity within psychological
stressors are delineated by levels of prolactin (Kant, Meyerhoff, Bunnell, & Lenox, 1982; Orr,
Meyerhoff, Mougey, & Bunnell, 1990). For example, noise is more stressful than a novel environment
among rats (Armario, Lopez-Calderon, Jolin, & Castellanos, 1986b). To avoid a circular definition of
stress measured by prolactin, humans who reported more stress before a physiology exam than a
psychology exam also had higher levels of prolactin in the former condition (Armario, Marti, Molina, de
Pablo, & Valdes, 1996). Thus, it is reasonable to assume that slight variations in prolactin across
stressors may provide an excellent gauge for emotional arousal (Armario et al., 1986b).

The best animal model for warranted emotional arousal is the CER paradigm because it offers a
stressful environment based on negative past experiences. Among rats, training in a CER paradigm
reliably increases levels of prolactin in adult males. Three days of conditioning to footshock were
sufficient to elicit higher levels of prolactin in experimental than control animals on the day of testing,
when no footshock was given (Lorens et al., 1990; Paris et al., 1987; Van de Kar et al., 1985).
Behaviors in conditioned animals included urinating, defecating, jumping, and freezing (Van de Kar et
al., 1985). These studies indicate that exposure to the psychological stressor of the CER paradigm
increases prolactin and induces several behaviors in adult males; however, responses of adult
females have not been established.

While most of hormone research has been conducted on stressful environments in which an animal is
alone, social situations can also be stressful. Social defensive aggression has been associated with
increases in levels of prolactin in male Wistar rats (Dijkstra, Tilders, Hiehle, & Smelik, 1992) and in
Siberian dwarf hamsters (Castro & Matt, 1997). Among humans, giving an oral presentation to an
audience was rated as stressful and was related to higher levels of prolactin than in the control group
(Gerritsen, Heijnen, Weigant, Bermond, & Frijda, 1996). Thus, negative social situations are stressful
as measured by prolactin levels; however, social interactions can also be positive in that they reduce
emotional arousal generally associated with psychological stressors (for a recent review, see Kikusui,
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Winslow, & Mori, 2006).

To date, cortisol has been the primary focus of research available on hormonal responses to positive
social interactions such as social support during an otherwise stressful experience. In adult female
squirrel monkeys, cortisol levels remained unchanged during exposure to a novel environment with
and without a conspecific (Hennessey, 1986). However, when squirrel monkeys were exposed to a
conditioned-fear paradigm (CS paired with footshock), those tested in groups had lower cortisol levels
than those tested individually (Stanton, Patterson, & Levine, 1985). By the same token, humans
receiving social support during a challenging computer task had lower levels of cortisol than
participants with no form of social support (Thorsteinsson, James, & Gregg, 1998). Similarly, among
human males, psychological stress induced by preparing to speak to an audience was reduced by
social support from a girlfriend as measured by lower cortisol levels (Kirschbaum, Klauer, Filipp, &
Hellhammer, 1995). Based on these few available studies, social buffering appears to occur in
stressful situations such that cortisol levels are reduced (Levine, 1993).

Prolactin has provided evidence of social buffering during stress in at least one human study and two
rat studies. When social support was offered to humans during a computer task for which they
received false negative feedback, both prolactin and cortisol levels were lower than in a control
condition with no support (Biondi et al., 1986). Using rats to test social buffering, Wilson (2000, 2001)
placed a same-sex juvenile conspecific in the open field with a juvenile experimental animal and found
that prolactin levels decreased significantly below levels of rats tested in the open field alone. Even
when rats were habituated to the open field for several days, and prolactin levels decreased, the
presence of a conspecific further reduced prolactin (Wilson, 2000).

As the latter two studies were the first to examine the role of a conspecific in reducing the prolactin
response to a stressful situation in rats, it is not known if social stress reduction is limited to the
relatively mild psychological stressor of a novel environment. The pervasiveness of this effect remains
to be examined across diverse psychological stressors, including the CER paradigm.

Regardless of the stressor employed, a potential moderator of social buffering would have to be linked
with social interactions as well as prolactin reduction. Oxytocin is associated with social interaction
(Carter & Altemus, 1997), with levels likely stimulated by positive social encounters (Uvnas-Moberg,
1998). Uvnas-Moberg (1998) argued that oxytocin stimulates antistress effects which in turn
stimulate long-term health benefits. One possible mechanism involved in the benefits of oxytocin
during social interaction may involve [attenuation of] prolactin (Panksepp, Nelson, & Bekkedal, 1997).
And in fact, lower levels of prolactin have been found in rats tested together under stress than those
tested alone (Wilson, 2000). Thus, social buffering may result from the release of oxytocin, which
attenuates prolactin release under stress. If this is the case, injection with Atosiban (1-deamino-2-D-
Tyr-(OEt)-4-Thr-8-Orn-oxytocin), a specific oxytocin antagonist, should block oxytocin and reduce social
buffering. Peripheral injection of this antagonist is common, with a portion crossing the blood-brain
barrier for CNS effects (Jones & Robinson, 1982; Uvnas-Moberg, Bruzelius, Alster, & Lundeberg,
1993).

Method

Subjects

Seventy-eight (38 males and 40 females) adult Long-Evans Hooded rats were used in this study.
Lighting was on a reversed 12:12 light:dark schedule, with the light phase beginning at 6:00 p.m.
under 75 watts of white light. Temperature was maintained at 21 °C, and humidity was 50%. Water
and rat chow were available ad libitum. Rats were obtained by breeding animals from Harlan Sprague
Dawley Laboratories. The day of birth was considered postnatal day (PD) O. Litters were culled to 10
pups, and they remained with dams in Plexiglas cages (45.7 cm L x 23.5 cm W x 21 cm H) with pine
bedding until weaning. On PD 21, juveniles were weaned and group-housed with same-sex littermates
in the same type of Plexiglas cages until testing in adulthood. Weights on the day of testing ranged
from 310 g to 540 g for males (M = 418.29, SEM = 7.74) and from 250 g to 310 g for females (M =
277.53, SEM = 2.42). All animals were acquired, maintained, and tested in accordance with the
National Institutes of Health Guide for the Care and Use of Laboratory Animals.



Testing Procedure

Between PD 96 and 109, rats were single housed in Plexiglas cages (25.4 cm L x22.9cm W x 21 cm
H ) with pine bedding and randomly assigned to testing conditions. Beginning on the day of isolation
and continuing for a period of three days, 18 rats (10 males and 8 females) were individually exposed
to a chamber with no shock (control group), and 60 rats (28 males and 32 females) were individually
exposed to the same chamber with scrambled footshock for 10 sec at the end of a 10 min session.
The chamber (Med Associates, Inc.) was made of metal on two sides with a Plexiglas front and back
for viewing (25.4 cm L x 30.5 cm W X 29.2 cm H) and steel grid flooring through which 1 mA
scrambled footshock was delivered. On the day of testing (the fourth day of isolation), no animals were
shocked; they were merely exposed to the chamber for 10 min prior to trunk-blood collection. All
animals that never received shock were placed in the control group and injected with 1 ml/kg
physiological saline 1 hr prior to testing. A second group of rats (who had been shocked) were placed
in the chamber alone 1 hr after saline injection. A third group of rats was injected with saline and
tested with a conspecific injected with 2 mg/kg s.c. Atosiban (generously provided by Ferring
Pharmaceuticals, Denmark) 1 hr prior to testing. Atosiban-treated animals comprised the fourth group.
Of each pair, one rat was randomly chosen to be marked with blue ink to facilitate behavioral scoring.
All testing occurred between 11:00 a.m. and 2:00 p.m. under 200 watts of red light.

Behaviors were scored to ensure that shock exposure indeed caused stress relative to controls, and
instances of freezing were recorded using Etholog software. The most striking behavior in this study
was a long freeze that generally occurred in the second half of testing and may have indicated that
rats were fearful of impending footshock. Thus, the longest freeze duration per animal and the latency
to this freeze were recorded. Animals in the paired condition always had identical freeze duration and
latency; therefore, paired animals comprised one group to assess social buffering relative to the alone
condition. If an animal did not freeze during testing, a score of 600 sec was given to quantify the
entire testing period. For duration of longest freeze and latency to longest freeze, inter-rater reliability
was .97 and .96, respectively. Observers were blind to treatment condition other than whether or not
animals were alone or with a conspecific.

Within 1 min after testing ended, each rat was decapitated. In the social condition, trunk blood from
both rats was collected within 2 min of testing, with the order of Atosiban- and saline-treated animals
counterbalanced.

Hormonal Assays

All assays followed the methodology prepared by Cayman Chemical for their EIA kits. The limit of
detection for this kit is 0.2 ng/ml. All components of the assay were run in duplicate, with intra- and
inter-assay variability averaging 10% and 14%, respectively.

Results

The behaviors of duration of the longest freeze and latency to that freeze were correlated, r(76) =-.76,
p < .001; therefore, both behaviors were analyzed in a 2 x 4 MANOVA of sex and testing condition,
with Tukey’s post hoc tests for specific mean comparisons (p < .05). Duration of the longest freeze in
a testing session was related to sex, F(1, 72) = 5.08, p =.027, n2=.066, with males freezing for a
longer bout (M = 324.92, SEM = 38.26, n = 38) than females (M = 234.17, SEM = 33.59, n = 40).
Latency to the longest freeze was also related to sex, F(1, 72) = 8.05, p =.006, n2 =.101, butin an
opposite pattern. Males began their longest freeze more quickly (M = 226.18, SEM = 34.24, n = 38)
than females (M = 308.53, SEM = 32.97, n = 40). As depicted in Figure 1, condition affected duration
of longest freeze, F(2, 72) = 27.98, p =.000, n2 =.437, with no-shock controls freezing for a shorter
period of time (M = 18.02, SEM = 7.98, n = 18) than rats tested alone (M = 349.54, SEM = 42.16, n
= 18) or in a social condition (M = 359.46, SEM = 32.54, n = 42). Figure 1 also illustrates that latency
to the longest freeze was affected by testing condition, F(2, 72) = 20.37, p =.000, n2 = .361, with
control animals having a longer latency overall (M = 483.29, SEM = 36.15) than the remaining two
groups: rats tested alone (M = 169.22, SEM = 38.24) and those in a social condition (M = 218.83,
SEM = 32.77).



Figure 1. When the longest bout of freezing per tested session was assessed, no-shock controls froze
for less time than the remaining groups (p < .05). For latency to the longest bout of freezing, no-shock
controls had a longer average latency to freeze (p < .05).
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A 2 x 4 (sex x testing condition), between-groups ANOVA was used to analyze prolactin, and Tukey’s
post hoc comparisons revealed significant mean differences across testing condition (p < .05). Sex
was related to prolactin levels, F(1, 70) = 5.58, p = .021, n2 = .074, with male levels of prolactin (M =
63.37 ng/ml, SEM = 7.05, n = 38) higher than female levels (M = 48.39, SEM = 7.66, n = 40). Testing
condition also affected prolactin levels, F(3, 70) = 11.76, p < .001, n2 = .335. Post hoc comparisons
revealed that control animals had lower levels of prolactin (M = 25.11, SEM = 6.75, n = 18) than rats
tested alone with shock (M = 89.11, SEM = 10.73, n = 18) and those injected with Atosiban (M =
59.64, SEM = 7.98, n = 21) prior to exposure to the chamber with a conspecific (see Figure 2).
However, control animals and saline controls (M = 49.29, SEM = 5.03, n = 21) did not differ. Animals
tested alone with shock had significantly higher levels of prolactin than saline controls and those
injected with Atosiban (see Figure 2). Sex and testing condition did not interact (p > .05).



Figure 2. No-shock control animals had lower levels of prolactin than rats tested alone with shock and
those injected with Atosiban (p < .05). Further, rats tested alone with shock had higher levels of
prolactin than saline controls and Atosiban animals (p < .05).
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Discussion

In the present study, the CER paradigm was used to create a stressful environment based on negative
past experiences. Evidence for stress was based on increased duration of freeze and decreased
latency to freeze in conditioned rats. In humans, this paradigm could model increases in the
experience of stress based on learning. Because the CER paradigm provides a strongly cognitive
appraisal of the environment, it could be considered the most “psychological” type of the stressors.
Although the animal is not truly in danger on the day of testing, the animal’s interpretation of the
environment as life-threatening provides an opportunity to study prolactin responses to this strong
psychological stressor.

Results of the present study extend research on prolactin responses to the CER paradigm to include
female animals. Females in this study showed the same pattern of results found in males, with both
sexes having higher levels of prolactin when tested alone under stress relative to those tested in the
absence of CER stress. Females were allowed to cycle freely to increase mundane realism in this
experiment. Although Gala (1990) has shown that stress responding in females is moderated by
estrus phase, the strong stressor of conditioned fear elicited higher levels of prolactin across females
overall.

The present study revealed that males had higher levels of prolactin than females. The most
parsimonious explanation is based on weight; males weighed more than females, and greater weight
is associated with higher levels of prolactin (Wilson, McKinley, & Young, 2000). As an alternate
explanation, males may have perceived more stress than females. In addition to higher levels of
prolactin overall, males froze for a longer period of time when their longest bout of freezing was
assessed, and latency to that bout was shorter. Freezing is expected in the CER paradigm and has
been associated with increased stress (Mast, Blanchard, & Blanchard, 1982). Thus, behavioral and
hormonal data from the present study support the explanation that male rats were more reactive than
females to the CER stressor.

Support for social buffering was found in males and females based on prolactin. Social buffering
occurred for both saline-control and Atosiban-treated rats relative to animals shocked alone in the
chamber. This result marks the first report of buffering in adult rats as measured by prolactin levels.
Prior research on rats involved juveniles only (Wilson, 2000, 2001), and hormonal immaturity coupled



with low levels of prolactin limited the extent to which results could be generalized to adult animals.
Further, prior research on social buffering and prolactin responses in rats exposed to stressors has
relied exclusively on the open field (Wilson, 2000, 2001), the mildest of the psychological stressors
(Armario et al., 1986b) and perhaps not consistently interpreted as a threat. In fact, Biondi and Picardi
(1999) have suggested that neuroendocrine responses to stress may be dictated, at least in part, by
our interpretations of the event, and social support may offer a buffer against psychological stress.
However, the CER paradigm was a situation known to be dangerous based on prior experience; the
threat was unambiguous. Even so, the presence of a conspecific reduced stress responding, indicating
that social buffering may be a pervasive phenomenon not restricted to situations of questionable
threat.

One alternative explanation for lower prolactin among rats tested in pairs is that animals in the social
condition were not trained to expect shock in the presence of a conspecific. Therefore, it could be
argued that what appeared to be social buffering was merely exposure to a new, less predictable
environment on the day of testing. Future research might address this explanation by introducing a toy
as a condition to see if mere distraction on the day of testing will reduce prolactin levels. A second
possibility would be to train animals with shock in the presence of a conspecific, with the obvious
drawback of stressing both animals. In fact, recent research indicates that a shocked conspecific
increases stress responding of the target rat rather than offer social buffering (Kiyokawa, Kikusui,
Takeuchi, & Mori, 2004).

If prolactin levels indeed reflected social buffering, this effect was not reflected in the behaviors
assessed in the present study. Duration of freeze and latency to freeze were not different between
rats in the alone condition and those in the social condition. This separation of effects is not
uncommon in the stress and prolactin literature (e.g., Courvoisier, Moisan, Sarrieau, Hendley, &
Mormede, 1996; Seggie, 1983; Windle et al., 1997) and might be explained by timing of hormonal vs.
behavioral responses. Abel (1993) reported a peak in prolactin levels after 5 min of forced swim, but
immobility peaked for animals forced to swim for 25 min. The current study was designed to maximize
prolactin responses to stress, which peak at approximately 10 min after the onset of stress (Armario,
Lopez-Calderon, Jolin, & Balasch, 1986a; Telner, Merali, & Singhal, 1982; Yelvington, Weiss, & Ratner,
1984). The present study also reflected large within-group variability in behaviors across treatment
conditions, reducing the possibility of revealing subtle between-group differences that might be related
to social buffering. Although differences in behaviors did not reach significance, prolactin in fact was
positively correlated with duration of freeze, r(55) = .45, p =.000, and negatively correlated with
latency to freeze, r(55) = -.38, p = .002.

A potential moderator of social buffering is oxytocin, a hormone that has been hypothesized to
increase following social interactions (Uvnas-Moberg, 1998) and one that has been shown to
attenuate prolactin (Freeman, Kanyicska, Lerant, & Nagy, 2000). In the present study, injection of the
oxytocin antagonist Atosiban caused higher levels of prolactin relative to controls, providing evidence
that Atosiban blocked social buffering, Further, saline-treated rats did not have higher levels of
prolactin than no-shock controls, signifying that social buffering returned prolactin to control levels in
animals with available oxytocin. Although comparison with controls indeed indicates social buffering in
saline-treated animals and attenuation of buffering in Atosiban-treated rats, it should be noted that
Atosiban rats did not have significantly higher prolactin than saline controls.

The most parsimonious explanation is dose and timing of Atosiban. Prior research utilizing Atosiban
has utilized primarily i.p. and s.c. injections of 1 mg/kg s.c. 30-45 min prior to data collection (e.g.,
Bjorkstrand, Eriksson, & Uvnas-Moberg, 1992; Petersson, Lundeberg, & Uvnas-Moberg, 1999; Uvnas-
Moberg et al., 1993). However, this dosage and timing as well as these methods of injection have not
consistently yielded expected antagonism (e.g., Petersson, Alster, Lundeberg, & Uvnas-Moberg, 1996).
In addition, a great deal of variability exists, including s.c. injection of 1 mg/kg Atosiban 60 min
(Bjorkstrand, Ahlénius, Smedh, & Uvnas-Moberg, 1996) and 120 min before data collection
(Bjorkstrand, Hulting, & Uvnas-Moberg, 1997). In the current study, s.c. injections were chosen as the
least stressful method of drug administration; 2 mg/kg was chosen as a slightly higher injection than
previously used based on the report that only 1-2% of the drug reaches the CNS (Jones & Robinson,
1982). Injections were given 60 min prior to testing to give the drug time to be absorbed and based on



the methodology of Bjérkstrand and colleagues (1996). Further, Kurosawa, Lundeberg, /Xgren, Lund, &
Uvnas-Moberg (1995) found that Atosiban was an effective oxytocin antagonist for up to 75 min when
blood pressure was measured. Unfortunately, the majority of available research is not based on
behavior, making comparisons of dosage, timing, and route of injection difficult. Perhaps differences
on any of these dimensions would enhance antagonism of oxytocin in a social setting.

A second possible explanation for no difference between Atosiban- and saline-treated animals is
based on testing these two groups of animals together. It could be argued that saline controls did not
receive optimum social buffering from Atosiban animals. However, research strongly indicates that
touching affects prolactin, at least in the open field, with touch decreasing prolactin (Wilson, 2001).
Therefore, it was imperative that pairs of animals experience identical duration and latency of touch.
This could only be ensured by testing each pair together.

Several mechanisms for the control of prolactin have been reviewed by Freeman and colleagues
(2000). One possible mechanism involves the tuberoinfundibular (TIDA) region of the hypothalamus.
TIDA neurons release dopamine (DA), the primary prolactin inhibiting factor (PIF), to the external layer
of the median eminence, which outputs to the anterior pituitary through the long portal veins, thereby
inhibiting prolactin secretion by lactotrophs found in the anterior lobe. With stimulation from oxytocin,
TIDA neurons should secrete more DA and inhibit prolactin release from the anterior pituitary. Indeed,
activation of TIDA neurons by oxytocin has been shown to decrease prolactin and stress (Mormede,
Vincent, & Kerdelhue, 1986; Muir & Pfister, 1987). In the current study, Atosiban blocked social
buffering, perhaps through CNS inhibition of oxytocin. In turn, dopamine, the primary prolactin-
inhibiting factor, may have been less available to attenuate prolactin.

Although the TIDA system seems a likely candidate for the control of prolactin responses during stress,
the eventual role of prolactin during stress is not yet clear. Prolactin does not seem to be necessary for
immune-system function in healthy, nonstressed animals (Foster et al., 2000), but it stimulates
immune function during stress (Freeman et al., 2000). Lower levels of prolactin appear to fuel

immune function such that the immune system is enhanced, perhaps through counteracting the
negative effects of glucocorticoids (Dorshkind & Horseman, 2000). However, higher levels of prolactin
tend to compromise the immune system based at least in part on data concerning the involvement of
prolactin in autoimmune diseases (Dorshkind & Horseman, 2000). Social buffering during stress could
serve to lower prolactin to levels associated with positive immune function, and oxytocin may facilitate
this benefit.

Thus, the interplay among prolactin, oxytocin, and social interaction may provide insight into at least
one mechanism responsible for functioning in a stressful environment. Given the paucity of
experimental research in the area of social buffering, additional research would help to provide a
foundation for the protective influences of social interactions during stress. For example, injections of
Atosiban (or similar substances) directly into the CNS would more directly assess the role of central
oxytocin systems in social buffering. The ability for oxytocin to facilitate social buffering may eventually
allow clinical applications such as providing medications to stimulate oxytocin systems in patients who
have limited social contacts (e.g., elderly patients with restricted mobility).

Conclusions

The results of this study extend the available literature in three ways. First, female rats respond to the
CER chamber in the same manner as male animals, with higher levels of prolactin than controls.
Second, social buffering occurs in adult rats exposed to the CER stressor. Third, oxytocin systems may
be involved in social buffering. In particular, Atosiban blocks social buffering as measured by prolactin
levels.
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