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Summary Animal studies have implicated oxytocin and vasopressin in social bonding, physio-
logical stress responses, and wound healing. In humans, endogenous oxytocin and vasopressin
levels covary with perceptions of relationship quality, marital behaviors, and physiological stress
responses. To investigate relationships amongmarital behavior, oxytocin, vasopressin, and wound
healing, and to determine the characteristics of individuals with the highest neuropeptide levels,
37 couples were admitted for a 24-h visit in a hospital research unit. After small blister wounds
were created on their forearm, couples participated in a structured social support interaction
task. Blister sites were monitored daily following discharge to assess wound repair speed. Blood
samples were collected for oxytocin, vasopressin, and cytokine analyses. Higher oxytocin levels
were associated with more positive communication behaviors during the structured interaction
task. Furthermore, individuals in the upper oxytocin quartile healed blister wounds faster than
participants in lower oxytocin quartiles. Higher vasopressin levels were related to fewer negative
communication behaviors and greater tumor necrosis factor-a production. Moreover, women in
the upper vasopressin quartile healed the experimental wounds faster than the remainder of the
sample. These data confirm and extend prior evidence implicating oxytocin and vasopressin in
couples’ positive and negative communication behaviors, and also provide further evidence of
their role in an important health outcome, wound healing.
# 2010 Elsevier Ltd. All rights reserved.

* Corresponding author at: Institute for Behavioral Medicine Research, Ohio State University College of Medicine, 460 Medical Center Drive,
Room 130C, Columbus, OH 43210-1228 USA, Tel.: +1 614 293 3499; fax: +1 614 366 3627.

E-mail address: kiecolt-glaser.1@osu.edu (J.K. Kiecolt-Glaser).

ava i lab le at www.sc ienced i rect .com

journa l homepage: www.e l sev ie r.com/locate/psyneuen

0306-4530/$ — see front matter # 2010 Elsevier Ltd. All rights reserved.
Please cite this article in press as: Gouin, J.-P., et al., Marital behavior, oxytocin, vasopressin, and wound healing. Psychoneur-
oendocrinology (2010), doi:10.1016/j.psyneuen.2010.01.009

doi:10.1016/j.psyneuen.2010.01.009

http://dx.doi.org/10.1016/j.psyneuen.2010.01.009
mailto:kiecolt-glaser.1@osu.edu
http://dx.doi.org/10.1016/j.psyneuen.2010.01.009


+ Models

PNEC-1748; No of Pages 9
2 J.-P. Gouin et al.
1. Introduction

Abundant evidence implicates the peptide hormones oxyto-
cin and arginine vasopressin in the regulation of social beha-
vior. Animal models have shown that both peptides are
involved in parental behavior, sociability, and pair bonding
(Pedersen, 1997; Cho et al., 1999; Pitkow et al., 2001). In
humans, intranasal oxytocin administration increased trust
and prosocial behaviors in experimental economic tasks
(Kosfeld et al., 2005; Zak et al., 2007), and led to a higher
ratio of positive to negative behaviors during the discussion
of a marital disagreement (Ditzen et al., 2009), compared to
participants who received the placebo administration.

High peripheral oxytocin levels have been associated with
better relationship quality. Individuals who reported greater
perceived social support, spousal support, and a higher
frequency of partner hugs and massages had higher oxytocin
levels than those who reported less support and physical
intimacy (Light et al., 2004, 2005a; Grewen et al., 2005).
Furthermore, a 4-week couple contact enhancement inter-
vention increased salivary oxytocin levels, while no such
change was observed in the control group (Holt-Lunstad
et al., 2008). Paradoxically, individuals reporting greater
relationship stress have also sometimes had greater oxytocin
levels (Turner et al., 1999; Taylor et al., 2006; Cyranowski
et al., 2008). The factors that modulate the association
between relationship quality and plasma oxytocin levels
remain unknown.

Although much less studied in humans, high vasopressin
levels also appear to be associated with better relationship
quality. Amongmen in a long-term relationship, a polymorph-
ism of the vasopressin V1a receptor gene was related to lower
self-reported partner bonding,moremarital crises in the past
year, and an increased likelihood of cohabiting rather than
being married (Walum et al., 2008). Moreover, orphanage-
reared children whowere living in stable homes at the time of
testing had lower basal urinary vasopressin levels than
family-reared children, suggesting that peripheral vasopres-
sin levels may also be associated with a history of neglect
(Fries et al., 2005).

In addition to their role in social behavior, oxytocin and
vasopressin may also impact circulating cytokine production.
In cell cultures interleukin-6 (IL-6) production by stimulated
THP-1 macrophage and endothelial cells was reduced follow-
ing incubation with physiological levels of oxytocin (Szeto
et al., 2008). In rodents, injection of lipopolysaccharide (LPS)
and intracerebral infusion of IL-1b increased the release of
central and peripheral oxytocin and vasopressin (Landgraf
et al., 1995; Rivest and Laflamme, 1995; Palin et al., 2009).
Furthermore, intravenous oxytocin administration decreased
IL-6 responses to LPS stimulation in humans (Clodi et al.,
2008). Thus, endogenous oxytocin and vasopressin levels may
be capable of modulating inflammation.

Previous work showed that stress can slow the early stages
of wound healing in humans and mice (Padgett et al., 1998;
Glaser et al., 1999). Oxytocin and vasopressin may also influ-
encewound healing. Restraint stress delayedwound healing in
rodents (Detillion et al., 2004), but when hamsters were
exposed to the stressor with another animal, the presence
of a companion buffered stress-induced delays in wound
repair. When paired-housed hamsters received an oxytocin
antagonist, they did not heal faster than individually-housed
Please cite this article in press as: Gouin, J.-P., et al., Marital be
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animals, suggesting that the increased oxytocin activity
mediated the beneficial impact of social relationships on
wound healing (Detillion et al., 2004). In rats who received
peritoneal oxytocin administration healed a burn injury faster,
compared to rats that received a placebo injection (Vitalo
et al., 2009), providing further evidence that the peptidemay
promote wound repair.

The goals of the present study were to evaluate the
relationships between marital behavior and endogenous oxy-
tocin and vasopressin, to dertermine the extent to which
these peptides modulate proinflammatory cytokine produc-
tion and wound healing, and to evaluate the characteristics
of individuals with the highest neuropeptide levels. Married
couples were invited for a 24-h admission at a hospital
research unit. During the visit, each couple underwent an
experimental skin blistering procedure and participated in a
structured social support interaction task. Participants pro-
vided blood samples during the visit for oxytocin, vasopres-
sin, and proinflammatory cytokine analyses, and were
monitored daily following discharge to assess wound healing.

2. Methods

2.1. Participants

Thirty-seven heterosexual, married couples (74 participants)
were recruited as part of a larger study on marital stress and
wound healing through newspaper and radio ads, notices
posted on campus and in the community, and referrals from
other participants (Kiecolt-Glaser et al., 2005). Exclusion
criteria included (1) health problems or related medications
that had an obvious immunological or endocrinological com-
ponent or consequence for wound healing (e.g., cancer,
recent surgeries, strokes, diabetes mellitus, peripheral vas-
cular disease, conditions such as asthma or arthritis that
required regular use of anti-inflammatory medications), (2)
blood pressure medication, smoking, or using excessive alco-
hol or caffeine, and (3) pregnancy or anti-diuretic medication
use. All women were scheduled during the follicular phase of
their menstrual cycle. The Institutional Biomedical Research
Review Committee approved the project; all subjects gave
written informed consent prior to participation.

Sixty-eight participants were Caucasian (91.3%), 3 were
African-American, 2 Hispanic and 1 Asian. About half (56.5%)
of the sample had a college education. Participants’ ages
ranged from 22 to 73 years with a mean of 38.47 (SD = 11.99).
Couples had been married from 2 to 39 years, with a mean of
11 years (SD = 9.63). Most participants (78%) had only been
married once. Couples had two children on average
(SD = 1.63).

2.2. Protocol

Individuals participated in a 24-h visit at the CRC, a hospital-
based research unit. At 07:00 h, couples were admitted to
the CRC, fed a standard breakfast (after fasting since mid-
night before admission), and given questionnaires to com-
plete. A heparin well was inserted in each participant’s arm
to facilitate blood draws throughout the day. At 09:15 h,
nurses performed the experimental blistering procedure for
the wound healing study. At roughly 10:45 h, couples were
havior, oxytocin, vasopressin, and wound healing. Psychoneur-
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positioned in chairs facing each other in front of a curtain,
completed several questionnaires, and sat quietly for 10 min
before starting the structured social support interaction task
(Pasch and Bradbury, 1998). At 11:30 h, couples started a
second interaction task during which they were asked to
discuss the history of their relationship for 30 min (Veroff
et al., 1993). The marital interaction tasks were videotaped
and the research team remained out of sight during all
discussions. To ensure consistent physical activity across
dyads and admissions, couples remained together in the same
room for the remainder of the day.

Throughout the admission, couples were encouraged to
drink water regularly to facilitate blood draws and prevent
vasopressin fluctuations due to changes in plasma osmolality.
Blood samples for oxytocin and vasopressin were taken at
07:45 and 12:00 h. Blood samples for IL-6 and TNF-a were
drawn on admission to the CRC, at the end of the interaction
task, 3 h later, and the next morning at 07:00 h, respectively
at 0, 4, 7, and 24 h after the CRC admission.

2.3. Behavioral observational coding system

The first interaction task was designed to assess partners’
behaviors when soliciting and offering social support. In the
structuredsocial support task,eachspouse identifiedan impor-
tant personal characteristic, problem, or issue that he or she
wished to change; they were explicitly instructed to avoid
discussing topics that might lead to marital dissension. Each
spouse was then asked to talk about what they would like to
changeaboutthemselves,while theirpartnercouldbe involved
in the discussion in whatever way they wished. Roles were
reversed after 10 min of discussion (Pasch and Bradbury, 1998).

The Rapid Marital Interaction Coding System (Heyman,
2004) was used to quantify marital interaction data during
the social support task. Negative behaviors were computed
by summing five RMICS codes: psychological abuse, distress-
maintaining attributions, hostility, dysphoric affect, and
withdrawal. A positive behavior index was created by aggre-
gating the acceptance, relationship-enhancing attribution,
self-disclosure, and humour codes. Two coders rated the
couples’ interactions. The kappa coefficient for inter-rater
reliability was .80. Couples displayed on average 18.70
(SD = 10.93) positive behaviors and 4.08 (SD = 4.95) negative
behaviors. Positive and negative behaviors were not signifi-
cantly related to each other, r = .02, p = .90.

2.4. Health behaviors

Healthbehaviors suchasalcohol, caffeine,ormedicationuse in
the past week were evaluated (Kiecolt-Glaser and Glaser,
1988). Two questions from Baecke et al. (1982) were used to
quantify recent physical activity. Height and weight measure-
ments were taken to calculate participant’s body mass index
(BMI). ThePittsburgh SleepQuality Indexassessed sleepquality
and sleep disturbances in the past month (Buysse et al., 1989).

2.5. Plasma oxytocin, vasopressin and cytokine
assays

Plasma was kept chilled and immediately frozen at �80 8C
prior to thawing for assays. The plasma was diluted in assay
Please cite this article in press as: Gouin, J.-P., et al., Marital be
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buffer (1:4) to give results reliably within the linear portion
of the standard curve. Plasma oxytocin and vasopressin were
assayed by enzyme immunoassay (Assay Designs, Ann Arbor,
MI), per kit instructions. The EIAs are highly sensitive (mini-
mal detection levels = 15 pg/ml oxytocin and 4 pg/ml vaso-
pressin) with very little antibody cross-reactivity for other
neuropeptides. For the oxytocin and vasopressin EIA kits, the
cross-reactivity between oxytocin and vasopressin was
<0.04%. All samples were run at the same time and the
inter- and intra-assay coefficients of variation were less than
8% for both assays. Validation of the oxytocin assay is
described elsewhere (Carter et al., 2007). Due to technical
difficulties, peptide analyses were not performed for one
participant.

Plasma IL-6 and tumor necrosis factor-a (TNF-a) levels
were assayed using an electrochemiluminescence method
with kits purchased fromMeso Scale Discovery (Gaithersburg,
MD). Plates were read using the Meso Scale Discovery Sector
Imager. All samples were run undiluted in duplicate, and all
samples for a couple were run at the same time. Sensitivity
for both IL-6 and TNF-a is .3 pg/ml. For IL-6, the inter- and
intra-assays coefficient of variation were 8.7% and 4.1%. For
TNF-a, the inter- and intra-assays coefficient of variation
were 2.7% and 10.4%. Due to technical difficulties, cytokine
data were not available for three participants.

2.6. Suction blister studies

The suction blister protocol followed the methods described
previously and used the same suction blister device (Neuro
Probe, Cabin John, MD) (Glaser et al., 1999). A plastic tem-
plate was taped to the volar surface of the nondominant
forearm; a 350-mmHg vacuum was applied through a pump
attached to a regulator until blisters formed (1—1.5 h). This
gentle suction produced 8 small 8-mm blisters. Measurement
of the rateof transepidermalwater loss (TEWL) throughhuman
skin provided a noninvasive method to monitor changes in the
stratum corneum barrier function of the skin, providing an
excellent objectivemethod for evaluation ofwoundhealing. A
computerized evaporimetry instrument, the DermaLab
(CyberDERM, Media, PA), measured vapor pressure gradient
in the air layers close to the skin surface, following established
procedural guidelines. The 8 blister sites were assessed daily
for 8 days and then again on day 12. Raw TEWL values were
adjusted for daily variations in temperature and humidity.
Daily control values from adjacent nonwounded skin were
collected to provide information on normal fluctuations in
TEWL. Daily control values were subtracted from the tem-
perature-adjusted TEWL value. Healing was defined as the
standard criterion of reaching 90% of the day 1 pre-blistering
TEWL temperature- and control-adjusted baseline value. Due
to technical and scheduling difficulties, wound healing data
were not available for three participants.

2.7. Statistical analyses

For the marital behavior data, hierarchical linear models
(HLM), used to account for the dependency between the
husband and the wife data, were fitted with couples’ positive
and negative behaviors as dependent variables and oxytocin
and vasopressin as individual-level predictors. Couple-level
havior, oxytocin, vasopressin, and wound healing. Psychoneur-
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Figure 1 Plasma oxytocin distribution as a function of sex.
Both oxytocin and vasopressin measurements were averaged
using the baseline and post-interaction task samples.

Figure 2 Plasma vasopressin distribution as a function of sex.
Both oxytocin and vasopressin measurements were averaged
using the baseline and post-interaction task samples.
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variables were created by summing the husbands and wives’
positive and negative behaviors (Ewart et al., 1991; Lindahl
et al., 1997). Positive and negative behaviors were entered
simultaneously in the statistical model predicting each pep-
tide variable. HLM models were also fitted to evaluate the
extent to which circulating oxytocin and vasopressin levels
impacted changes in plasma levels of IL-6 and TNF-a.

For the survival analysis of wound healing, the ‘‘event’’
was defined as reaching 90% of the day 1 TEWL measure.
Participants with a ratio less than 90% at their last observed
point, either by day 12 or earlier, were censored at that
point. Missing data occurred at varying points because of
technical difficulties andmissed appointments; where neces-
sary, time to healing was calculated using the last observa-
tion carried forward. Analyses were conducted using the Cox
proportional hazards model with clustering on couple, to
control for the non-independence within dyads.

Previous human studies have failed to find a relationship
between laboratory social interaction or stressors and
changes in oxytocin (Altemus et al., 2001; Grewen et al.,
2005; Taylor et al., 2006). In the present study, oxytocin,
F(1,73) = 0.02, p = .90, and vasopressin, F(1,73) = 0.01,
p = .93, levels did not significantly change from baseline to
the end of the discussion between husbands and wives. This
lack of change over time was observed for both men and
women, ps > .23. Because there was no significant change in
peptides over time, oxytocin and vasopressin measurements
for each individual were averaged to obtain a better estimate
of the individual’s basal level of each peptide.

A series of multiple regressions were used to test a
mediation model in which increased oxytocin production
mediated the relationship between positive behaviors and
wound healing. Bootstrapping resampling techniques were
used to test the indirect effect (Shrout and Bolger, 2002;
Preacher and Hayes, 2008).

The distributions of oxytocin and vasopressin were
severely, positively skewed (Figs. 1 and 2). A base 10 loga-
rithmic transformation successfully normalized their distri-
bution. However, we were also interested in evaluating the
characteristics of individuals with the highest oxytocin and
vasopressin levels since they appear to present distinct
characteristics (Light et al., 2005b). Dichotomous variables
were therefore created by comparing the upper quartile of
each peptide variable to the remainder of the sample. All
analyses were conducted using both the continuous and
dichotomous oxytocin and vasopressin variables in separate
models. The RMICS negative behaviors variables had an L-
shaped distribution with more than 20% of the couples dis-
playing no negative marital interaction. Given our inability to
normalize its distribution with data transformations, a
dichotomous variable was created using a median split of
the negative behaviors data.

The covariates included in the behavioral data analyses
were age and sex. Age was included in the model because of
its significant relationship with plasma oxytocin levels,
r = �.24, p = .04, Body mass index was also included as a
covariate in the cytokine models. The covariates for the
survival analysis were age and sex. Given the known sexually
dimorphic effect of oxytocin and vasopressin, sex differences
were tested in each model (Carter et al., 2007). The a

significance level was set at .05. Statistical analyses were
performed using SAS version 9.1 and STATA version 9.0.
Please cite this article in press as: Gouin, J.-P., et al., Marital be
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3. Results

3.1. Oxytocin, vasopressin, and marital behavior

Hierarchical linearmodels showed that oxytocin and vasopres-
sin were associated with marital behaviors, but the pattern
of associations differed between positive and negative
havior, oxytocin, vasopressin, and wound healing. Psychoneur-
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Figure 3 Couple’s positive behavior as a function of oxytocin
(OT) and vasopressin (AVP) levels. Both oxytocin and vasopressin
measurements were averaged using the baseline and post-inter-
action task samples. For illustration purposes, each peptide
variable was dichotomized using a cut-off at the 75th percentile.
Errors bars represent the standard error.

Figure 5 Plasma tumor necrosis factor-a across the CRC visit as
a function of plasma vasopressin levels. Vasopressin measure-
ments were averaged using the baseline and post-interaction
task samples. Plasma sample were collected at baseline, 4, 7,
and 22 h later. For illustration purposes, the vasopressin variable
was dichotomized using a cut-off at the 75th percentile. Errors
bars represent the standard error.

Marital behavior, oxytocin, vasopressin, and wound healing 5
behaviors. Individuals who displayed more positive behaviors
during the structured social support task had greater oxytocin
levels, t(67) = 2.20, p = .03, than individuals who engaged in
fewer positive behaviors (Fig. 3). Positive communication
behaviors were not related to vasopressin levels,
t(67) = .25,p = .80.The inversepatternwas found fornegative
behaviors. Participants who engaged in more negative beha-
viors during the interaction task had lower vasopressin levels,
t(67) = 2.39, p = .02 than individuals displaying fewer negative
behaviors (Fig. 4). However, negative behaviors were unre-
lated to oxytocin levels, t(67) = .48, p = .68. None of the
oxytocin and vasopressin by sex interaction terms were sig-
nificant predictors of marital behaviors, all ps > .18.

3.2. Oxytocin, vasopressin, and circulating
proinflammatory cytokines

Unconditional hierarchical linear models revealed that cyto-
kine production exhibited a curvilinear pattern of change
over time, with IL-6 increasing until 7 h and decreasing at
22 h and TNF-a being stable during the first 7 h and then
increasing at 22 h. Oxytocin levels were not significant pre-
Please cite this article in press as: Gouin, J.-P., et al., Marital be
oendocrinology (2010), doi:10.1016/j.psyneuen.2010.01.009

Figure 4 Couple’s negative behavior as a function of oxytocin
(OT) and vasopressin (AVP) levels. Both oxytocin and vasopressin
measurements were averaged using the baseline and post-inter-
action task samples. For illustration purposes, each peptide
variable was dichotomized using a cut-off at the 75th percentile.
Errors bars represent the standard error.
dictors of changes over time for either IL-6 levels,
F(1,75) = .23, p = .63, or in TNF-a levels, F(1,75) = .03,
p = .90. Plasma vasopressin levels were positively associated
with TNF-a production across the visit, F(1,75) = 4.12,
p = .05 (Fig. 5). However, vasopressin levels did not predict
changes over time in IL-6, F(1,75) = .51, p = .48. There was
no significant sex by vasopressin or oxytocin interaction in
predicting changes in cytokines over time, all ps > .17.

3.3. Oxytocin, vasopressin, and wound healing

Cox survival analyses models determined that basal oxytocin
and vasopressin levels were not related to the speed of repair
of the experimental wound. The hazard ratio (HR) was 1.08
for oxytocin, p = .85 and .86 for vasopressin, p = .69. The sex
by oxytocin and sex by vasopressin interactions were not
significant predictors of wound healing, p > .34.

3.4. Characteristics of individuals in the upper
oxytocin and vasopressin quartiles

Individuals with the highest oxytocin levels display distinct
characteristics, compared to individuals with lower oxytocin
levels (Light et al., 2005b). To investigate their differential
behavioral and physiological characteristics, we compared
individuals from the upper quartile to participants in the
bottom three quartiles of each peptide variable. Individuals
in the upper oxytocin quartile displayed a greater number of
positive behaviors during the structured social support task
than individuals in the lower oxytocin quartiles, t(67) = 2.15,
p = .04. No association was found between the upper oxyto-
cin quartile and negative communication behaviors,
t(67) = 98, p = .33. Cox survival analyses revealed that indi-
viduals in the upper oxytocin quartile healed blister wounds
faster than individuals in the lower quartiles, HR = 1.79,
p = .04 (Fig. 6). Furthermore, individuals who displayed more
positive communication behaviors healed faster, compared
to their less positive counterparts, t(64) = 2.03, p = .05.
havior, oxytocin, vasopressin, and wound healing. Psychoneur-
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Figure 6 Kaplan—Meier survival curves for time to healing of
the standard wound by high- and low-oxytocin groups. Oxytocin
measurements were averaged using the baseline and post-inter-
action task samples. High- and low-oxytocin groups are based on
a 75/25 percentile split.

Figure 7 Kaplan—Meier survival curves for time to healing of
the standard wound by high- and low-vasopressin groups and sex.
Both oxytocin and vasopressin measurements were averaged
using the baseline and post-interaction task samples High- and
low-vasopressin groups are based on a 75/25 percentile split.

6 J.-P. Gouin et al.
Bootstrapping resampling techniques tested whether the
effect of positive behaviors on wound healing was mediated
by increased oxytocin production. The indirect effect was not
significant in the mediation model, z = 1.28, p = .20. This
suggests that increased oxytocin production did not mediate
the association between positive behaviors and wound heal-
ing, but that positive behaviors and oxytocin production were
independent predictors of wound healing. There was no sex
difference in the effects of oxytocin on marital behaviors,
p > .65 and wound healing, p = .33.

There was a marginally significant association between
the upper vasopressin quartile and negative behaviors,
t(67) = 1.73, p = .08. The upper vasopressin quartile was
not related to positive behaviors, t(67) = .98, p = .33. There
was no sex difference in the associations among the upper
vasopressin quartile and negative or positive behaviors,
p > .44. Individuals in the upper vasopressin quartile had
greater plasma TNF-a levels across the visit, compared to
individuals in lower quartiles, F(1,75) = 7.24, p = .01.
Furthermore, women in the upper vasopressin quartile
healed significantly faster than men and women in the lower
vasopressin quartiles, HR = 7.08, p = .002 (Fig. 7).

3.5. Oxytocin, vasopressin, and health behaviors

Relationship stress can impact health behavior practices,
which may in turn influence neuropeptides production. To
evaluate this possibility, correlations among peptide levels
and alcohol and caffeine use, exercise, body mass index, and
sleep disturbances were computed. None of the correlations
were significant at the .05 levels, all ps > .15. Furthermore,
women using estrogen medication had similar oxytocin levels
than women not using hormonal supplementation,
F(1,37) = 72, p = .40. Health behaviors and estrogen medica-
tion variables were included in each model to evaluate the
possibility that these variables may confound the relation-
ships among peptides, behaviors, and wound healing. All the
main effects of interest (i.e. the associations among pep-
Please cite this article in press as: Gouin, J.-P., et al., Marital be
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tides, marital behavior, and wound healing) remained sig-
nificant even after adjusting for differences in health
behaviors, all ps � .05.

4. Discussion

Individuals with higher oxytocin levels displayed more posi-
tive communication behaviors during a structured social
support task than participants with lower oxytocin levels.
Individuals with higher vasopressin levels exhibited fewer
negative behaviors during the marital interaction task, and
had greater TNF-a levels throughout the CRC visit, compared
to participants with lower vasopressin levels. Furthermore,
individuals in the upper oxytocin quartile and women in the
upper vasopressin quartile healed experimental wounds fas-
ter than the remainder of the sample. The current findings
corroborate and extend rodent studies showing that oxytocin
can facilitate social bonding and wound healing (Cho et al.,
1999; Detillion et al., 2004).

Both positive and negative relationships have been
observed between marital quality and oxytocin levels. In
the present study, individuals who displayed more positive
behaviors in a marital interaction task had higher oxytocin
levels than their less positive counterparts, and individuals
who exhibited more negative behaviors had lower vasopres-
sin levels than those who had fewer negative behaviors.
These results are consistent with data showing that intrana-
sal oxytocin administration increased the ratio of positive to
negative behaviors during a marital conflict discussion (Dit-
zen et al., 2009). The impact of an intranasal oxytocin
administration may vary as a function of the social context;
the presence of a best friend acted synergistically with an
intranasal oxytocin administration to dampen cortisol and
anxiety responses to a laboratory stressor (Heinrichs et al.,
2003). This suggests that the presence of a romantic partner
may also modulate the association between relationship
quality and peripheral oxytocin levels. In accord with this
hypothesis, among studies in which participants were
havior, oxytocin, vasopressin, and wound healing. Psychoneur-
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engaged in an experimental task in the presence of a loved
one, individuals who reported greater social support had
higher oxytocin levels (Grewen et al., 2005). Conversely,
greater relationship stress was associated with higher oxy-
tocin levels in studies in which individuals were required to
be involved in an experimental task alone (Turner et al.,
1999; Taylor et al., 2006; Cyranowski et al., 2008).

The evidence that high levels of oxytocin and vasopressin
were associated with faster wound healing corroborates and
extends animal work that showed oxytocin promoted wound
repair (Detillion et al., 2004; Vitalo et al., 2009). The current
results also parallel experimental studies in rodents in which
an oxytocin antagonist attenuated the beneficial effect of
pair-housing on wound healing (Detillion et al., 2004).
Indeed, the associations of oxytocin and vasopressin with
both marital behavior and wound healing reinforce the idea
that these peptides may be physiological mediators of the
beneficial impact of social relationships on health (Neumann,
2009). These data also complement a line of work suggesting
that increases in oxytocin associated with social interaction
can attenuate neuroendocrine and autonomic responses to
stress, providing a potential mechanism by which these
peptides may impact wound healing and health (Carter,
1998; Light et al., 2000; Grewen et al., 2005).

In accord with previous studies, individuals with the high-
est oxytocin levels exhibited distinctive physiological char-
acteristics (Light et al., 2005b). In the present study,
significant wound healing effects were observed only among
individuals in the upper oxytocin and vasopressin quartiles.
Furthermore, individuals in the upper oxytocin quartile
exhibited more positive behaviors during the interaction
task, and there was a trend for participants in the upper
vasopressin quartile to display fewer negative marital beha-
viors, compared to participants in the lower quartiles. It is
possible that exposure to high levels of these peptides may be
necessary to differentially influence either wound healing or
behavior.

The association between plasma peptide levels, marital
behavior, and wound healing can be explained by two broad
perspectives. First, individual differences in oxytocin and
vasopressin production may represent a third variable, such
as genetics, that influences both marital bonding and wound
healing. For example, polymorphisms of the AVP V1 receptors
were associated with marital bonding among men in a long-
term romantic relationship (Walum et al., 2008). Further-
more, polymorphisms of the oxytocin receptor gene were
related to both a behavioral measure of empathy and heart
rate reactivity to an acoustic startle stimulus (Rodrigues
et al., 2009). Individual variation in the oxytocin and vaso-
pressin genes may therefore have consequences for the
integrity of these peptidergic systems and their implication
in social and emotional processes (Heinrichs et al., 2009).
However, the relationships between the polymorphisms of
the oxytocin and vasopressin receptor genes and the circu-
lating levels of these peptides are still unknown (Rodrigues
et al., 2009).

Alternatively, it is possible that supportive marital inter-
actions may promote greater oxytocin and vasopressin pro-
duction, thereby modulating stress responses, and
facilitating wound healing. For instance, the impact of spou-
sal support on norepinephrine plasma levels was mediated by
oxytocin production (Grewen et al., 2005). In the current
Please cite this article in press as: Gouin, J.-P., et al., Marital be
oendocrinology (2010), doi:10.1016/j.psyneuen.2010.01.009
study, the impact of positive marital behaviors on wound
healing did not appear to be meditated by peripheral oxyto-
cin production. However, these results must be interpreted
with caution. In accord with previous marital interaction
studies, the social support interaction task did not elicit
change in circulating peptide levels (Grewen et al., 2005).
The lack of changes in peptide production associated with the
marital interaction task precludes inferences of a causal
relationship between positive behaviors and oxytocin pro-
duction. However, it is possible that the mere presence of a
romantic partner may have influenced oxytocin and vaso-
pressin production. Furthermore, the interaction task may
have elicited changes in brain, but not plasma levels of the
peptides. Indeed, some studies have found concordance
between central and peripheral release of oxytocin (Moos
and Richard, 1989), while other studies have observed small
or non-significant associations between central and periph-
eral oxytocin and vasopressin in response to certain stimuli
(Landgraf and Neumann, 2004).

We originally hypothesized that oxytocin and vasopressin
would be associated with plasma levels of IL-6, and TNF-a.
Contrary to our expectations, only vasopressin was asso-
ciated with TNF-a. The interactive effects of peptides and
inflammatory processes are not well understood and its
biological significance unknown. Methodological differ-
ences between studies may have contributed to the dis-
crepant findings. In previous studies, exogenous oxytocin
administration impacted cytokine responses, while in the
present study no associations were found between endo-
genous peptides and cytokine levels. It is possible that
pharmacological doses of neuropeptides are necessary to
observe stronger association between peptides and cyto-
kine plasma levels.

Alternatively, acute versus chronic forms of stress may
have different consequences for these systems. For example,
in prairie voles, brief social isolation and other forms of stress
result in the release of various hormones from the HPA axis,
while chronic isolation is associated with elevations in oxy-
tocin, without a measurable change in glucocorticoids or
vasopressin (Grippo et al., 2007). Although acute exogenous
oxytocin administration typically leads to reductions in glu-
cocorticoid secretion in rats or voles (Carter, 1998; Neumann,
2002; Grippo et al., 2009), elevations in endogenous plasma
oxytocin have been associated with relationships stress and
higher basal salivary cortisol among older women (Taylor
et al., 2006).

Research in animals suggests that the effects of central
oxytocin and vasopressin on behavior are sexually dimorphic
(Carter et al., 2007). However, in the present study no sex
differences were found in the association between plasma
oxytocin, vasopressin, and marital behaviors. This is consis-
tent with other studies that have not found differences
between men and women on the association between oxy-
tocin and marital behaviors (Grewen et al., 2005; Ditzen
et al., 2009). The only sex differences observed were with
vasopressin and wound healing; women with high levels of
these peptides had faster wound repair than women with
lower vasopressin and men. Menopausal status and the use of
estrogen medication are potential variables that may attenu-
ate sex differences in the effects of oxytocin. However, even
when these variables were included in the statistical models,
they did not alter the findings.
havior, oxytocin, vasopressin, and wound healing. Psychoneur-
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Multiple oxytocin and vasopressin measurements imme-
diately before and after the marital interaction task would
have provided a better test of the impact of this experi-
mental manipulation on peptide levels. These peptides are
metabolized within minutes and might have returned to
baseline levels by the time our second sample was taken.
The marital interaction task resulted in a low base rate of
negative behaviors, another limitation of the study. Further-
more, the study included a relatively small sample of couples
given the number of statistical analyses being conducted. A
replication of these results is therefore clearly warranted.
Despite these limitations, the data are provocative and in
line with the results of other animal and human studies.

The present study confirmed and extended the association
between oxytocin, vasopressin, social bonding, and wound
healing previously described in the animal literature. Oxy-
tocin and vasopressin are peptides involved in both social and
stress processes.
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