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People attend not only to their own experiences, but also to the
experiences of those around them. Such social awareness profoundly
influences human behavior by enabling observational learning, as
well as by motivating cooperation, charity, empathy, and spite.
Oxytocin (OT), a neurosecretory hormone synthesized by hypotha-
lamic neurons in the mammalian brain, can enhance affiliation or
boost exclusion in different species in distinct contexts, belying any
simple mechanistic neural model. Here we show that inhaled OT
penetrates the CNS and subsequently enhances the sensitivity of
rhesus macaques to rewards occurring to others as well as them-
selves. Roughly 2 h after inhaling OT, monkeys increased the
frequency of prosocial choices associated with reward to another
monkey when the alternative was to reward no one. OT also
increased attention to the recipient monkey as well as the time it
took to render such a decision. In contrast, within the first 2 h
following inhalation, OT increased selfish choices associated with
delivery of reward to self over a reward to the other monkey,
without affecting attention or decision latency. Despite the differ-
ences in species typical social behavior, exogenous, inhaled OT
causally promotes social donation behavior in rhesus monkeys, as
it does in more egalitarian and monogamous ones, like prairie voles
and humans, when there is no perceived cost to self. These findings
potentially implicate shared neural mechanisms.

social decision-making | neuropeptide | other-regarding preference |
social gaze

Oxytocin (OT) (1) is a mammalian neurosecretory hormone,
synthesized by hypothalamic neurons, which regulates the

hypothalamic-pituitary-adrenal axis (2). The most well-under-
stood role of OT in mammals is in female reproduction, with
peripheral OT influencing parturition and lactation (3), and
central OT affecting mother-offspring bonding and recognition
(4, 5). More recently, OT has been found to influence non-
parental social behavior in a species-specific manner. For ex-
ample, OT promotes pair-bonding between males and females in
monogamous prairie voles (Microtus ochrogaster) (6, 7) but can
also increase aggression (i.e., mate-guarding behavior) and de-
crease social interaction among females after brief exposure to
a male (8). In humans, OT also influences more complex forms
of social behavior and cognition (9–14). For example, inhaled
OT enhances trusting behavior toward other individuals in eco-
nomic games, potentially by suppressing aversion to betrayal risk
(15), and promotes cooperation within groups (16). However,
inhaled OT also provokes cultural and racial biases (17). OT
inhalation also enhances sensitivity to the experiences of others
by promoting vicarious reward and empathic pain (10, 18, 19).
Recently, OT-mediated processes have been implicated in dis-
orders attended by dysfunctional social behavior, including au-
tism, fragile X syndrome, and schizophrenia (19–22). Notably,
OT treatment improves social skills in individuals with autism
(21, 23, 24), a spectrum of disorders with marked deficits in
sensitivity to what happens to others, including impairments
in understanding and responding to social cues (22, 25, 26).

Variations in a common oxytocin-receptor allele are linked to
autism spectrum disorders and are associated with reduced vol-
ume in hypothalamus and anterior cingulate cortex (27).
Despite a growing literature, the mechanisms mediating the

influence of OT on sensitivity to what happens to others remain
only partially understood (9, 14, 19, 21, 28, 29). OT receptors are
localized in multiple regions of the brain, with especially high
density in areas implicated in affective and social processing. In
prairie voles, OT receptors are densely localized in the amygdala,
prelimbic cortex (homologous to the cingulate cortex in pri-
mates), and nucleus accumbens of the striatum (30). Recently, it
has been shown that OT selectively inhibits a dedicated channel
from the central nucleus of the amygdala to periaqueductal gray,
ultimately reducing fear-induced freezing behavior in rats (31).
Similarly, in humans, inhaled OT influences on social behavior
are associated with reduced blood oxygen level-dependent (BOLD)
signals in the bilateral amygdala and dorsal striatum (28, 29),
consistent with the OT-mediated negative affect processing in
the amygdala-cingulate circuits (22). These studies provide evi-
dence that OT influences information processing in neural cir-
cuits implicated in emotion and social behavior.
Unlike prairie voles or humans (2, 6, 9–11, 13–16, 30, 32, 33),

rhesus macaques (Macaca mulatta) live in large, hierarchical
social groups with promiscuous mating and uniparental female
care of offspring. Precisely how OT might influence social cog-
nition in animals with this type of social structure and mating
system, if at all, remains unknown. To answer this question, we
capitalized on a recent finding by our group showing that rhesus
macaques are sensitive to the rewards experienced by others, and
this vicarious reinforcement is sufficient to motivate them to
work to reward another monkey when the alternative is de-
livering reward to no one (34). We found that inhaling OT in-
creased OT levels in cerebral spinal fluid (CSF), demonstrating
transnasal penetration into the CNS. Roughly 2 h after OT-in-
halation and onward, donor monkeys selectively increased the
frequency of choosing an option resulting in reward to an adja-
cent, visible monkey, when the alternative was rewarding no one.
In the same context, OT also increased the frequency that
donors looked at the recipient monkey and prolonged choice
response times. In contrast, up to about 2 h postinhalation, OT
increased selfish decisions when the donors had the option to
reward self over the other monkey. These findings invite the
hypothesis that OT boosts internal vicarious reinforcement sig-
nals in a context-dependent manner in neural circuits homolo-
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gous to those mediating these processes in humans. Our results
demonstrate that OT mediates other-regarding behavior in non-
human animals, even in those living in despotic societies with
uniparental care.

Results
Donor monkeys (hereafter, “self” or “donor”) performed a re-
ward allocation task with an unrelated recipient monkey
(“other”) (Fig. 1 A–C) (34). The two monkeys were seated in
adjacent primate chairs (Crist), 100-cm apart and at 45° angles to
each other. Each monkey viewed his own LCD display, and had
a juice-tube positioned in front of his mouth through which re-
ward could be delivered. On each trial, donors chose between
two visual shapes, associated with rewarding self, other, or nei-
ther. We have previously shown that donors typically prefer the
shape delivering reward to other over neither (34). This prefer-
ence is enhanced by greater familiarity between the two mon-
keys, and is abolished if the recipient monkey is replaced with
a juice collection bottle, thus demonstrating the fundamentally
social nature of the task (34).
For each session, we intranasally (35) delivered 25 international

units (IU) of OT or saline, on alternating days, to two males using
a pediatric nebulizer 30 min before performing the reward alloca-
tion task. A session composed of multiple reward allocation trials
after either OT or saline administration occurred on each day
(Methods). Data from a total of 12 OT and 10 saline control ses-
sions were collected from two donors (MY and MO) while they

engaged in the reward allocation task (Fig. 1 A–C) with an un-
related recipient monkey (MD). Five OT and three saline sessions
were collected from MY, and seven OT and saline sessions each
were collected from MO. For statistical power, we present data
collapsed across the two donors, unless otherwise stated.
OT inhalation, compared with saline, significantly increased

OT concentration in CSF as measured by cervical draws (P <
0.05, Welch two-sample t test) (Fig. 1D), confirming transnasal
penetration into the CNS. Thirty minutes after OT administra-
tion, donors began the reward allocation task. For choices be-
tween delivering reward to other and neither, OT selectively
amplified reward donations to other (Fig. 2). Preference for
other increased linearly over time after OT but not after saline
(OT: different from 0, r2 = 0.26, P < 0.0005; saline: r2 = 0.01,
P = 0.47, linear regression) (Fig. 2). OT-induced enhancement
of prosocial choices was largest in the later half of a given session
(i.e., ∼110 min after OT administration and ∼80 min after task
initiation; preference index mean difference between OT vs.
saline: 0.17, P < 0.00001, Welch two-sample t test) (Fig. 2). In-
dividual donors showed a similar pattern (MY: 0.18, P < 0.00001;
MO: 0.19, P < 0.01). We found a significant difference between
the two treatment conditions even when we averaged across the
entire duration of the task (mean difference of 0.12, P < 0.00001;
MY: 0.15, P < 0.00001; MO: 0.06, P < 0.05, Welch two-sample
t test).
In contrast, in the early half of a given session (i.e., up to ∼80

min into the task), OT slightly but significantly increased selfish
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Fig. 1. Reward allocation task. (A) Experimental setup. (B) Trial sequence. Choice (Upper) and cued (Lower) trials were randomly interleaved. The eye-gaze
cartoons specify the task intervals during which the donors could potentially look at the recipient monkey. MT, movement time; RT, reaction time. (C) Stimuli
associated with different reward outcomes to donors and recipient, shown separately for the two donors. (D) OT concentration in the CSF after intranasal OT
(in red) or saline (dark gray). *P < 0.05, Welch two-sample t test. Colored outlines on the datapoints represent animal identities.
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choices on self vs. other trials compared with saline control
(mean difference between OT and saline of −0.02, P < 0.00001,
Welch two-sample t test; Inset in Fig. 2 shows unjittered self vs.
other trials), but had no effect on self vs. neither trials (mean
difference of −0.002, P = 0.36). Individual donors showed
a similar selfish bias (MY: −0.003, P < 0.06; MO: −0.04, P <
0.00001). The absence of OT effect on self vs. neither trials might
be due to the fact that this context does not involve a potential
reward to another monkey, although we cannot rule out the
possibility that donors were maximally self-regarding in this
context in the absence of OT. Thus, OT robustly enhanced
prosocial choices when there was no potential cost to self, but
slightly increased selfish choices when there was potential for
direct self reward.
Donor monkeys often shift gaze to the recipient monkey after

making a choice, and this attention to the recipient is enhanced
after prosocial choices compared with selfish choices (34). OT
further enhanced this overt other-oriented attention to the re-
cipient after donors made a decision on other vs. neither trials
(Fig. 3A) (OT vs. saline: mean difference of 4.70%, P < 0.05,
Welch two-sample t test). In contrast, we did not observe any
effects of OT on donor’s attention to the recipient when direct
self reward was involved (self vs. neither: mean difference of
−0.36%, P = 0.95; self vs. other: 0.03%, P = 0.99) (Fig. 3A). We
also found that donors looked more frequently to the recipient
when rewards were delivered to him compared with when
rewards were delivered to self, even on cued trials in which
rewards were delivered by computer without any action by
donors (gaze frequency on self-cued vs. other-cued trials: OT,
P < 0.005; saline: P = 0.05) (Fig. 3A). However, OT did not
modulate this difference in social attention on cued trials (all
comparisons P > 0.23, Welch two-sample t test) (Fig. 3A), sug-
gesting that OT enhances other-oriented attention selectively
following prosocial decisions rather than in response to anything

happening to the other monkey (i.e., after active choices on
other vs. neither trials). As in the other-oriented choice prefer-
ence, attention to the recipient monkey also increased linearly
over time after OT (slope significantly different from 0: r2 =
0.31, P < 0.00001, linear regression) (Fig. 3A, Right). The fre-
quency of looking at the recipient monkey in the saline control
also increased over the course of the session (r2 = 0.19, P <
0.005), but with a significantly lower rate of rise than the OT
condition (differences in OT and saline slopes greater than zero:
P < 0.005, permutation test) (Fig. 3A). This finding suggests that
OT enhances the intensity of vicarious reinforcement in part by
modulating attentional mechanisms.
We also examined the time required by monkeys to render

a decision. Response times in the reward allocation task are
generally slower when donor monkeys choose between delivering
reward to other vs. neither, compared with when self reward is
involved (34). OT selectively prolonged response times on other
vs. neither trials (mean difference between OT and saline of 26.0
ms, P < 0.00001, Welch two-sample t test) (Fig. 3B), possibly

Fig. 2. Intranasal OT promotes both vicarious and self reinforcement.
Choice preference index (moving averages of 200 trials per session, 50-trial
step) for OT (red) and saline (gray) across all reward options (other vs. nei-
ther, self vs. other, and self vs. neither). Datapoints from self vs. other and
self vs. neither are jittered along the ordinate for visibility. (Inset) Unjittered
and magnified data from self vs. other trials. Data from self vs. neither trials
were effectively overlapping between the OT and saline conditions, and
therefore not shown in an unjittered format. OT, 12 sessions; saline, 10
sessions. Lines show linear regression on other vs. neither trials.

A

B

C

Fig. 3. Intranasal OT enhances attention to the recipient monkey and
increases the deliberation time for making donation decisions. (A) Gaze to
the face of the other monkey after reward delivery. (Left) Percentages of
gaze shifts to the recipient monkey on choice trials (Upper) and cued trials
(Lower). (Right) Number of gaze shifts over the course of each day session
for other vs. neither choice trials (moving averages of 200 trials per session,
50-trial step). Lines through the datapoints show linear regressions. (B) Re-
sponse times, measured as saccade onset times following target onset (ms).
(C) OT reduced choice avoidance [i.e., declining to choose by breaking fix-
ation upon target onset (such as, reward options), which, in the task resulted
in a time out for 5 s]. *P < 0.05, Welch two-sample t test.
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reflecting internal processes, such as deliberation and control.
On self vs. neither and self vs. other trials, however, OT only
showed a trend on response times (self vs. other: mean differ-
ence of 14.78 ms; self vs. neither: 8.72 ms; both P < 0.13) (Fig.
3B). Finally, on some trials, donors avoided making a decision,
opting to wait until the next trial (although they could not predict
the subsequent reward options). OT reduced this choice avoid-
ance behavior across all trial types (all P < 0.05, Welch two-
sample t test) (Fig. 3C), perhaps because of overall enhancement
in subjective reinforcement.
Inhaled OT thus influenced reward donation decisions by

rhesus macaques when there was an option to reward another
monkey (other vs. neither and self vs. other, but not self vs. nei-
ther). OT enhanced reward donations on other vs. neither trials,
but increased selfish behavior on self vs. other trials (Fig. 2).
OT-induced changes in attention to the recipient monkey (Fig.
3A) and decision time (Fig. 3B) were both specific to the donation
context (other vs. neither), whereas OT-induced reductions in
choice avoidance behavior (Fig. 3C) were global.

Discussion
Compared with some other nonhuman primates, social behavior
of rhesus monkeys is primarily characterized by competition and
aggression, and shows very weak, if any, inclination toward co-
operation (36, 37). In a prior study, different levels of endoge-
nous OT were reported in more socially affiliative mother-reared
compared with more socially agnostic nursery-reared macaques
(38). Here we show that exogenous OT promotes social donation
behavior in rhesus macaques, as it does in more egalitarian and
monogamous species, like prairie voles and humans. OT-induced
prosocial donations were accompanied by enhanced other-ori-
ented attention and decision times. In contrast, in a context in
which there was a potential for rewarding self or another mon-
key, OT slightly increased the tendency for donors to choose
selfishly without influencing overt attention and, at most, mini-
mally affecting decision times. The absence of OT-induced en-
hancement of overt attention on these trials suggests that OT
modulates other-oriented preferences through vicarious re-
inforcement (34). These findings are consistent with context-
dependent effects of OT on human social behavior (16, 17, 39)
(for a review of human social processing, see ref. 40), implying
similar neural mechanisms.
Given the context-specific increase in attention to the other

monkey and more deliberative decision latency, it is conceivable
that these behaviors are related. Several hypotheses are plausible.
On the one hand, OT may increase attention to the other monkey
via neural circuits mediating orienting behavior, including amyg-
dala, parietal cortex, and superior colliculus. Increased attention to
the recipient may enhance vicarious reinforcement experienced
from delivering juice to him. Alternatively, OT may influence
neural circuits involved in decision-making, including the striatum
and anterior cingulate cortex (see introductory paragraphs).
Slowed response times may reflect more deliberate processing of
the potential outcomes available (41). A future study designed to
probe the temporal evolution of OT-induced effects on attention
and decision-making will be needed to resolve these hypotheses.
The direction ofOT-induced social enhancement also appears to

vary as a function of time. OT initially enhanced self reinforcement
but later amplified vicarious reinforcement, although the largest
OT-induced effects were prosocial. Although this interaction be-
tween time-dependent and context-dependent effects of OT may
be specific to our reward allocation task and thus can only be ex-
trapolated with caution, these results suggest that OT may in-
fluence self- and other-regarding behaviors via distinct underlying
neural mechanisms.
Why might OT promote self reinforcement bias on self vs. other

but not on self vs. neither trials? The key difference between the
two contexts is the alternative option. In one context, the alter-

native option has a social consequence (i.e., rewarding the re-
cipient), whereas in the other context, the alternative option does
not (i.e., nothing happens to either donor or recipient). OT-in-
duced self reinforcement may depend on the contrast between
rewarding self and another individual. We hypothesize that when
a decision context presents this contrast, OT can promote selfish
behavior. OT influences on self and vicarious reinforcement (16,
17, 39) thus appear to depend on the social state of the underlying
neural circuits.
Previous studies in monogamous prairie voles and promiscuous

montane voles (Microtus montanus) have suggested that mating
systemmay be a key predictor of OT influences on social behavior
through the topology of OT receptor localization in neural cir-
cuits, mediating reinforcement and motivation (33). A more
general difference between prairie voles and montane voles is the
frequency and intensity of social interaction (33). Compared with
montane voles, prairie voles are biparental, show more selective
aggression, and spend more time in close physical proximity (33).
Humans and rhesus macaques, too, are highly social mammals;
intranasal OT induces prosocial tendencies in humans (15, 16)
and, as we now report, in rhesus macaques. These findings suggest
that OT may play a critical role in modulating social behavior in
highly gregarious mammals, regardless of mating system or pa-
rental care strategy.
Intranasal administration of OT in humans has also been

shown to increase gaze to the eyes of others (19). We found that
OT enhanced gaze directed at the face of the other monkey
following active social decision-making but not following passive
reward delivery. This finding invites the possibility that OT gates
the activity of attention circuits in the brain specifically during
active interaction with others. Evidence from human functional
neuroimaging studies is consistent with this idea. For example,
OT selectively modulates BOLD signal in the anterior cingulate
cortex, amygdala, midbrain, and dorsal striatum during a trust
game involving other human players, but not during a nonsocial
decision-making task (29). Functional connectivity between the
amygdala and midbrain structures is also reduced by OT when
human participants view emotional faces (28). Finally, OT
reduces the subjective evaluation of aversively conditioned faces,
and this reduction is accompanied by suppressed BOLD
responses in the amygdala and the fusiform gyrus (42).
Consistent with our results, OT modulates deliberation times

during social decision-making in humans. For example, OT slows
overall evaluation time for rating faces in a nonspecific manner,
regardless of whether the images were aversively conditioned or
not (42). OT can also speed up decision times; for example, OT
decreased overall key press reaction times for evaluating in-
group favoritism and out-group derogation in an implicit asso-
ciation test (17).
OT enhanced the frequency of prosocial decisions in the absence

of opportunity for direct self reward, but provoked an increase in
selfish decisions when choosing between self and other. Such a dual
function has also been reported in humans. OT can both promote
cooperation and increase out-group bias depending on behavioral
context (16, 17, 39). Thus, OT does not appear to have a universal
prosocial influence on behavior, but rather amplifies ongoing social
information processing (21), perhaps by influencing already existing
preferences. It is plausible that OT mediates prosociality and
generosity only in an indirect manner. Alternatively, OT may play
a more direct and causal role in modulating context-dependent
social information processing (e.g., refs. 27–29 for neural evidence),
specifically by enhancing the gain of neural circuits mediating
vicarious reinforcement and attention.
Recently, OT has been evaluated for potential therapeutic use in

clinical conditions attended by dysfunctional social behavior, such
as autism spectrum disorders, antisocial personality disorder, and
schizophrenia (20–24, 43, 44). Notably, the intranasal nebulization
method (35) we developed here is well-tolerated by children for
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delivery of other therapeutics (i.e., albuterol), thus opening up
avenues for early OT intervention in neuropsychiatric conditions
with social deficits. Furthermore, choice-specific effect of OT on
increasing other-oriented attention suggests a potential need for
active decision-making during OT interventions.
The current finding opens up new opportunities for uncover-

ing the mechanisms underlying the influences of OT on social
behavior in a species much more closely related to humans than
rodents. Rhesus monkeys have long served as the primary model
species for probing the neural mechanisms mediating high-level
cognition. Given the strong similarities in social behavior and
cognition, and the apparent homologies in underlying neural
circuitry, the rhesus macaque provides a powerful model for
probing the mechanisms mediating some of the basic behaviors
that make complex human social interactions possible.

Methods
General Procedures and Behavioral Task. All procedures were approved by the
Duke University Institutional Animal Care and Use Committee. Two donor
monkeys (MY and MO) and a recipient monkey (MD) participated in the
study. All animals underwent standard surgical procedures for implanting
a head-restraint prosthesis at least 6 mo before the present study. The head-
restraint prosthesis allowed us to monitor eye position, sampled at 1,000 Hz
(SR Research; Eyelink), as well as conduct single-unit recordings in other
experiments, not reported here. Both the donor and recipient were head-
restrained throughout the experiment. Donors and recipient were unrelated,
middle-ranked, and not cage mates. Face of recipient (other; corresponding
horizontal and vertical eye positions) was empirically mapped. Rewards were
0.5–1.0 mL of cherry-flavored juice. Within each block, reward size was
constant for all three outcomes. A separate solenoid was designated for
rewarding neither that only produced clicks but delivered no fluid. To pre-
vent monkeys from forming secondary associations between solenoid clicks
and different reward types, all solenoid valves (including the one used to
deliver “neither” reward) used to deliver juice rewards were placed in an-
other room. Masking white noise was also played in the experimental room.

Donors began the trial by shifting gaze (± 2.5°) to a central stimulus (0.5° ×
0.5°), and maintained fixation (for 200 ms). Choice and cue trials were pre-
sented at equal frequencies and randomly interleaved. On choice trials (Fig.
1B), two visual targets (4° × 4°) appeared at two random locations of 7°
eccentricity and reflected about the vertical meridian. Donors shifted their
gaze to one target (± 2.5°) to indicate their choice. On cued trials (Fig. 1B),
donors maintained fixation while a cue appeared centrally (for 500 ms). On
both trial types, the reward onset was followed by a 0 to 0.9 s delay. Donors
could freely look around for 0–0.9 s following making a choice and for an-
other 1 s after the reward onset. Data from error trials are not included
in analyses.

Data from 12 OT (MY: 5, MO: 7) and 10 saline (MY: 3, MO: 7) sessions were
collected on strictly alternating days. Each day session was, on average, 1,274 ±
141 (mean ± SEM) trials. Within each day session, several blocks of the task (a
median of 6 and 6.5 blocks for OT and saline, respectively) were completed by
the donors. Each of these blocks typically consisted of 192 ± 10 (mean ± SEM)
and 205 ± 15 trials for OT and saline, respectively.

Intranasal OT Protocol. Donor monkeys were transported in the primate chair
from the colony room to the experimental room. After stabilizing their heads,
OT (25 IU/mL; Agrilabs) was delivered via nebulization (Pari Baby Nebulizer)
into the nose and mouth continuously for 5 min (5 IU/min) when the donor
monkeys were fully awake. On alternating days, nebulized saline served as
a control. Before experimental sessions, donor monkeys were first habituated
to the nebulizer and then accustomed to saline delivery using the nebulizer in
an incremental fashion until they were completely relaxed during the pro-
cedure, which typically took about a week. In fact, donor monkeys showed no
distress during this procedure. Testing began exactly 30 min after each treat-

ment, at which time a recipient monkey was brought to the experimental
setup. In the guinea pig CNS, radioactively labeled OT lasts up to 4 h (45). In
humans, intranasal delivery of a similar peptide, vasopressin (differing by only
two amino acids), increases its concentration in the CSF after 10 min, and el-
evated vasopressin levels are maintained for more than 80 min after admin-
istration (35). In that study (35), vasopressin levels increased significantly after
30min. Previous studies in humans have notmeasured inhaledOT uptake into
the CNS. Fig. 1D plots CSF OT levels in monkeys 35 min after inhalation,
demonstrating efficacy of the intranasal nebulization method (see below).
Note that the mask was always pressed very tightly to minimize potential
leakage, but nonetheless leakage could have occurred. It is worth noting that
CSF OT levels may have continued to increase after the time of CSF mea-
surement, warranting caution in linking absolute CSF OT levels with changes
in behavior. Despite these uncertainties, our nebulization technique resulted
in a ∼2.5-fold increase in CSF OT levels roughly 0.5 h after inhalation.

CSF OT Protocol. To determine whether inhaled OT penetrates the CNS after
nebulization, OT concentration in CSF was measured via cervical punctures
(on average 35 min after the beginning of inhalation). Cervical punctures
were performed by a licensed veterinarian, and targeted the cisterna magna
through the juncture between the occipital base and atlas (C1) through the
atlanto-occipital membrane. Monkeys were first anesthetized with ketamine
(3 mg/kg, i.m.) and dexdomitor (0.075 mg/kg, i.m.). To reverse anesthesia, we
administered antisedan (0.075 mg/kg, i.m.) once the animal was returned to
its cage after the draw. Approximately 0.5 mL of CSF was drawn using a 24 to
27 gauge needle. At the performing veterinarian’s discretion, bupivacaine
was administered subcutaneously at the insertion site following needle re-
moval. CSF was immediately frozen on dry ice and sent off-site to be assayed
for OT (Biomarkers Core Labs, Yerkes National Primate Research Center,
Atlanta, GA) using a commercially prepared kit [Assay Designs (now Enzo
Life Sciences); cat. # 900–153: Oxytocin ELISA kit, with very low reactivity
with vasopressin]. Samples were assayed “neat” with a range of 15.6–1,000
μL assay volume. This assay has near-zero reactivity with vasopressin, which is
chemically similar to OT, thus providing specific quantitation of OT.

Data Analysis. Preference index was a contrast ratio of frequency of choosing
an option, nA or nB:

Preference Index ¼ nA −nB

nA þ nB
:

For choices between self vs. other, nA and nB were number of choices to
reward other and self, respectively. For choices between other vs. neither, nA

and nB were number of choices to reward other and neither, respectively.
Finally, for choices between self vs. neither, nA and nB were number of
choices to reward neither and self, respectively. Indices ranged from –1 to 1,
with 1 corresponding to always choosing the “prosocial” option to reward
the recipient monkey (when that was an option) or to withhold reward from
self (self vs. neither). An index of –1 indicated that donors always chose an
“antisocial” option to reward self (when that was an option) or to withhold
reward from the other monkey (other vs. neither). Preference index of 0 in-
dicated indifference. Frequency of donors looking at recipients was com-
puted from number of gaze shifts to the recipient’s facial region (within ±
8.5° spanning from the center of the recipient’s face). Reaction times (time
from target onset to movement onset) were computed using a 20°/s velocity
threshold (46).
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