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Study

Bales and
Perkeybile,
2012

Bales etal.,

2007

Bales etal,

2004

Rault et al.,

2013

Simpson
etal., 2014

Bowen
etal, 2011

Suraev
etal,, 2014

Study Type

Prairie voles
Blind study: OXT or
saline;

Prairie voles; saline
or one of four
dosages of oxytocin

Prairie voles; saline,
oxytocin or
antagonist

Pigs
OXT or saline; acute
and long-term

Newborn macaques
Blind study: OXT or
saline

Longterm effects

Wistar Rats

Long-Evans Rats,
Oxytocin or selective
OXTR agonist

Sample

N=89;
EXPOSED PND
21-42 days old
(adolescence)

Neonates (PND1);
N =8-12 per group

Neonates (PND1)

N=24;
EXPOSED PND 1-3;
(neonates)

N=28;
Newborn macaques
EXPOSED PND 7-14

N = 48; PND 33-42
(early adolescence)

PND 28-55;
(Adolescence)

PND, postnatal day; IN, Intranasal: IP Intraperitoneal.

Gender

Male and
female

Female

Male and

female

Male and
female

Male and

female

Male

Male

Focus

Acute and
long-term

Long-term

Long-term

Acute and

long-term

Longterm

Long-term

Acute and
long-term
effects

Dose of OXT and
route of
administration

IN:

Low = 0.081U/kg
Med = 0.81Ukg
High = 8.01Ukg
2, 4 or 8mglkg
injection

P

IN 241U

IN dose unquantified

1mghkg IP

0.5-1mglkg, IP;
intermittent regime
of OT exposure (10
doses in total)

Duration of
treatment

21 days

1day

1 day

3 days (daily
dosing at 1,23
days of age)

7 days

PND 33-42

During entire
adolescence
PND 28-55

Behavioral Observations

“Prosocial effects” identified following single
dose administration. Impaired formation of
pairbond in male voles in dose-dependent
curve

Effects differed per dose, but not linear. Both
increase and decrease the propensity to
display behaviors such as pair-bonding

Different effects on social and anxiety behavior
in the sexes

Neonatally OT-administered pigs received
increased aggressive interactions and showed
aggressive behaviors, increased locomotion,
less social contact and raised cortisol levels at
17 days and 8 weeks. Decreased
responsiveness on dexamethasone
suppression test at 11 weeks

Increased affiliation, communication gestures

Less anxiety, more sociability and reduced
motivation to consume alcohol. Changes to OX
system

Acute decrease in social play and possible
sedation;

Long-term: increase social interaction;
Increased plasma oxytocin.

Selective oxytocin agonist could not fully
mimic effects, implicating V1aR in some
effects.
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Study Study type

Dadds etel,  Doubleblind RCT: IN
2014 OXT vs. placebo
Guastella  Double-blind,
etal, 2014 placebo-controlled
trial
IN OXT vs. placebo
Guastella  Crossover design: IN
etal 2010 OXTvs. placebo
Tachibana  Single-armed open
etal, 2013 label study
IN OXT vs. placebo
Halletal,  Crossover design: IN
2012 OXT vs. placebo
Gordon Randomized,
etal, 2013 Doubleblind,
crossover functional
MRI study

IN OXT vs. placebo

1U, International Unit.

Sample

n=38

Mean age: 11.2 % 2.6
years

(range:7-16 years)

n = 50; Age range
12-18 years
n=16;

Mean age: 14.8 &
24
(range:12-19)

n=g
Age range 10-14
years

n=g
Mean age:21.3 5.1
years (range: 13-28)

n=21;
Age range 8-16.5
years

Gender

Male

Male

Male

Male

Male

Female
n=3
Male
n=18

Primary
targeted
disorder

Autism
Spectrum
disorders

Autism
Spectrum
Disorders

Autism
Spectrum
Disorders

Autism
Spectrum
Disorders

Fragile X
Syndrome

High-functioning
Autism
Spectrum
Disorders

Dose of OXT (IU)

12 or 24 dose
calculated on weight

18 or 241U twice
dally dosing

Single dose 18-241U
depending on age

Incremental doses
every 2 months from
81U, 161U, 241U with
1-2 week placebo
period prior to each
dose increase

24-481U

7-11 years
dose = 121U
12-15 years
dose = 18 or 241U
16-19 years
dose = 241U

Duration of
treatment

Daily dosing over
4 consecutive
days

Twice daily
dosing for 8
weeks
Follow-up at
baseline, a
4,8,12 weeks
post treatment

Intervals
between
sessions
unspecified

6 months active
treatment, up to
6 weeks total
placebo prior to
each dose
increase

OXT vs. placebo
challenges
separated by 1
week

Single dose

Side effects

No significant
side-effects
reported

No side effects
reported

No significant
side-effects

No side effects
reported

No side effects or
adverse events
reported

No significant
side-effects
reported

ical outcome

No significant improvement in
emotional recognition, social
interaction skills, or general
behavioral adjustment on pre vs.
post dose assessments

No overall significant
improvement/ clinical efficacy
identified in subjects receiving
course of intranasal oxytocin

OXT improved performance on
Reading the Mind in the Eyes test
(RMET) in 60% subjects

6 0f 8 subjects displayed
improved scores on the ADOS-G.
Caregivers report improvement in
reciprocal communication

Improved eye gaze frequency in
response to 241U IN OXT.
Decrease in salivary cortisol levels
in response to 481U OXT

Increased activity in “social
regions”/neural networks on fMRI
imaging using the RMET test
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Gene

Mouse name

ion of manipulation

Original reference

Oxt

Oxt
Oxt

Oxtr

Oxtr
Oxtr

Oxtr

Oxtr

Oxtr

Oxtr

Oxtr

€D38

OXT KO (OT KO); Oxt!™1 26k

OXT KO; OxtmWey
OXUVEGFP

OXTR KO; Oxtrm! 1Knis

Oxtrtm! (KOMP)Vicg
Oxtro%; Oxrm WSy

OxtrVenus

OxtrEGFP; Tg(Oxt-EGFP)GO185Gsat
OXTR-cre; Tg(Oxtrcre)ON66Gsat
tetOXTR

OTR-LacZ

CD3g~/~

Congenital knockout on mixed 129/B6; *also available on
C57BI/6]

Congenital knockout on mixed 129/B6

EGFP labeled OXT-neurophysin pre-prohormone;
backcrossed for many generations to C57BL/6

Congenital knockout on mixed 129/B6; *also available on
C57BI/6]

Congenital knockout on C57BL/S

Floxed OXTR for use with Cre recombinase for selective
excision

Venus reporter in place of Oxtr; reporter positive mice are
Oxtr hemizygous or KO; on mixed 129/B6

BAC transgenic with OXTR promoter driven expression of
EGFP; theoretically does not interfere with native OXTR
Cre recombinase driven by the OXTR promoter
Tetracycline responsive OXTR promoter for selective
regional and/or temporal over-expression; backcrossed to
C578BU6)

Oxtr promoter drives LacZ expression; LacZ allele results in
lower Oxtr expression; on 129 x Balb/c mixed background
Congenital loss of CD38 which regulates secretion of OXT;
On ICR x B6 X DBA

Nishimori et al., 1996; *Hammock
and Levitt, unpublished

Young et al., 1996b

Zhang et al,, 2002

Takayanagi et al., 2005; *This
report

Velocigene; www.komp.org

Lee et al., 2008a

Yoshida et al., 2009

GENSAT, 2003; Gong et al., 2003
GENSAT, 2003

L. J. Muglia pers. comm

Gould and Zingg, 2003

Kato et al., 1999; Jin et al., 2007
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Placebo Main Effect: Social Content Social Content x Trial Block

Number of trial blocks F-value (df) p-value eta? Fvalue (df) p-value eta?
2 blocks 142(1,3) 0319 032 42 013) 013 058
3blocks 1067(1.3) 0047 078 327(2,6) 0.110 052
4 blocks 11.44(1,3) 0.043 0.79 3.09(3,9) 0.083 051
5 blocks 7.25(1,3) 0.074 07 2.36 (4,12) 0.113 0.44
6 blocks 9.45(1,3) 0.054 0.76 1.93 (5,15) 0.148 039
7 blocks 1257(1,3) 0038 081 165 (6,18) 0192 035
8 blocks 884(1,3) 0059 075 169 (721) 0.166 036
9 blocks 952(1,3) 0054 076 158 (8.24) 0.183 035
or Main Effect: Social Content Social Content x Trial Block

Number of trial blocks F-value (df) prvalue eta? Fvalue (df) p-value eta?
2 blocks 321103 oon 092 007 (1,3) 0809 002
3blocks 7260 (1,3) 0003 096 083 (2,6) 0.481 022
4 blocks 3677(13) 0009 093 188 (3.9) 0203 037
5 blocks 3135(1.3) 0on 091 3.15,12) 0055 051
6 blocks 42.12(1,3) 0.007 093 2.93(5,15) 0.049 0.49
7 blocks 44.441,3) 0007 094 251(6,18) 0061 0.46
8 blocks 3335(1,3) 0.010 092 194 (721) 0.113 093

9 blocks 4754 (1,3) 0.006 094 1.06 (8,24) 0.421 0.26
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Cortical regions of interest

] 2

OWN > UNRELATED CHILD
Orbital frontal cortex

Left 025 456"

Right 026 460"
Anterior cingulate cortex

Left 043 564"

Right 012 0.44

PROVOCATIVE > NEUTRAL BEHAVIOR WHEN VIEWING OWN CHILD
CONTRAST

Anterior cingulate cortex

Left -0.15 010
Right -0.97 587"
Hippocampus.
Left 018 008
Right 142 3.85*

*P < 0.05. Simultaneous regression analyses controlling for the chid's sex and
age at the time of the motherchild interaction task, the chid's race-ethnicity,
the child's diagnosis (ADHD or healthy control, the chid's level of disruptive
behavior during the task, premature birth, caesarian delivery, parity, birth orde,
time of day of the mother's scan, and mother’s age at the time of the scan.
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Wald

It 2
POSIVEPARENTING
1553576 (additive) 15.43 <0.0001
1553576 (non-additive) 002 08814
151042778 (acditive) 293 00872
151042778 (non-additive) 537 00205
NEGATIVEPARENTNG
1553576 (additive) 009 07647
1553576 (non-additive) 001 09339
151042778 (aditive) 100 03178
151042778 non-additive) 001 09305

Simultaneous covariates: Chid's age in years, child's sex, African American
ancestry, child's ADHD dliagnosis, child's disruptive behavior during motherchid
interaction task, first born status, mother's number of ive births, prematuriy in
weeks, Caesarian delivery, and mother’s age at scanning.
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Wald 52

OWN CHILD > OTHER CHILD fMRI PROBE PARADIGM
Left orbital frontal cortex

1553576 (additive) 390

51042778 (non-aditive) 0.06
Right orbital frontal cortex

1553576 (additive) 467

151042778 (non-aditive) 0.00
Left anterior cingulate cortex

1553576 (additive) 29.07

151042778 (non-additive) 038
INAPPROPRIATE > NEUTRAL CHILD BEHAVIOR fMRI PROBE
PARADIGM
Right anterior cingulate cortex

1553576 (additive) 0.10

151042778 (non-additive) 026
Right hippocampus

1553576 (additive) 1742

151042778 (non-additive) 5.69

0.0482
0.8080

0.0306
0.9806

<0.0001
05398

07552
06113

<0.0001
0.0171

Simultaneous covariates in each model: child's age in years, child's sex, African
American ancestry, chid's ADHD diagnosis, child's disruptive behavior during
motherchid interaction task, first bom status, mother's number of five births,
prematurity in weeks, Caesarian delivery, time of day of scanning, and mother’s

age at scanning.
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Rodent species or Phenotypes of interest for studying  Studies of oxytocin circuitry References
taxonomic group group living
Meadow voles Seasonal variation in social behavior OTR distribution across seasonal social  Parker et al. (2001),
Microtus pennsyivanicus teritorial vs. communall inducible by phenotypes Beery and Zucker (2010
changing laboratory light cycles
Effects of OT and antagonist infusions  Beery and Zucker (2010)
on same-sex partner preferences.
Tuco-tucos Species-rich genus with multiple solitary  OTR distribution in C. socisbilis and Beery et al. 20083)
Genus Ctenomys and social species; additional variation in  C. haigi
social behavior within the family
(Octadontidae)
Molesats ‘The only eusocial rodents; solitary and  OTneurophysin fiber distribution in Rosen et al. (2008)
Family Bathyergidae extremely social species within the naked mole-rats (Heterocephalus glaber)
family, as well as variation between
breeders (e.g., queen) and subordinates
OTR distribution and Oneurophysin Kalamatianos et al. (2010)
fiber density in naked mole-rats and
cape mole-rats (Georychus capensis)
OT neuron number and social status Mooney and Holmes (2013)
(dominant breeder or subordinate
non-breeder]
Singing mice Multiple social species with different OTR distributionin S. teguina and Campbell et al. (2009)
Genus Scotinomys social stuctures. S. xerampelinus
Striped mice. Philopatic (group-iving) males and OT immunoreactivity in group/solitary  Schradin et al. (2013)
Rhabdomys pumilio dispersers Iaboratory housing and induced

breeding status (no differences)

s safscs s e el 6 B Pl Sy Bislous O taliincin: TN Sniiokid Nesgs-
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Variable B Standard error

cohort: 2002 161.17% 70.86

cohort: 20037 - -
High Rank —55.76 8875
Middle Rank? - -
Low Rank -a1m 66.48
Total Friendships 37.07° 1813
Play Friendships —63.445 3164

s Reference category;* 0.05 < p < 0.10; * p < 0.05.





OPS/images/fnbeh-08-00295/fnbeh-08-00295-t005.jpg
Variable B Standard error
Birth cohort: 2002 17.61* 51.21
Birth cohort: 2003° - -
High Rank 283557 147.46
Middle Rank? - -
Low Rank —451.05* 139.74
Disturbance Time 0.30% 0.056
Draw Time —0.72* 033
Total Friendships 56.29° 30.12
Multiplex Friendships 132.30* 49551
Play Friendships —91.21% 4379
Proximity Friendships —202.80* 46.71
High Rank x Proximity Friendships 123.52¢ 4433
Middle Rank x Proximity Friendships? - -
Low Rank x Proximity Friendships 170.83% 49.25

s Reference category; b 0.05 < p < 0.10;

P <005 **p<00l.
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Females Males

Total 25 (25) 29 (26)
Pregnant/Lactating 10 (10) N/A
Rank High 6(6) 6(6)
Middle 8(8) 9(9)

Low 1 14 (1)

irth Cohort 2002 14 (14) 14(12)
2003 101 15 (14)

Housing Condition Outdoor Stabl 1707 17 (16)
Outdoor Unstable 6(7) 93

Indoors. 2m 30
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Measurements Placebo
Age (years) 220403
NEO-FIVE FACTOR INVENTORY (NEO-FFI)
Neuroticism 30.4+2.1
Extraversion 394413
Openness to experience 395411
Agreeableness 40311
Conscientiousness 40911
Self-Esteem Scale (SES) 33009
Empathy Quotient (EQ) 364414
Beck Depression Inventory (BDII) 83+15
State-Trait Anxiety Inventory (STA)—State 42.0+2.0
State-Trait Anxiety Inventory (STA)—Trait 438+2.0
POSITIVE AND NEGATIVE AFFECTIVE SCALE (PANAS)—POSITIVE
Test 1 279415
Test 2 27.1£15
POSITIVE AND NEGATIVE AFFECTIVE SCALE (PANAS)—NEGATIVE
Test 1 19.04£13
Test2 169+1.1

895% Confidence interval.

Oxytocin

223403

33.0+1.4
40513
400412
417408
42711
33.6+07
37.0%15

9.5+1.2
376417
401418

293£1.0
265+2.0

17.8£1.1
14.9£16

t-value

-086

056
~062
-028
-1.05
-115
-061
-032
-064

169

140

-081
021

076
104

p-value

0.395

0.577
0.541
0.781
0.301
0.256
0.548
0.752
0.524
0.097
0.167

0.424
0.831

0.453
0.307

cr

131005

—361063
—471025
381029
-39t012
—-5.0t0 1.4
-291t016
481035
—5.1t026
—-0.8109.7
—~16t09.1

—5.1t022
—451055

—2.11046
-191t056.9
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Variable B Standard error
Birth cohort: 2002 34837 78.55
Birth cohort: 2003° N -
High Rank 128.81 155.83
Middle Rank? - -
Low Rank —193.62 113.34
Play Friendships 224.76* 41.45
Reciprocal Friendships —210.08* 80.77
Reciprocal Friendships? —56.57* 19.97
High Rank x Play Friendships ~157.08* 6179
Middle Rank x Play Friendships® - -
Low Rank x Play Friendships —234.60%* 61.95
High Rank x Reciprocal Friendships 314.44% 83.13
Middle Rank x Reciprocal Friendships® - -
Low Rank x Reciprocal Friendships 259.96* 67.05

s Reference category; * p < 0.05; ** p < 0.01.
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Proximity Friendship A preference displayed by the subject toward a peer for proximity

Play Friendship Apreference displayed by the subject toward a peer for play

Multiplex Friendship* A preference displayed by the subject for a peer in more than one behavioral domain (e.g., subject preferred the peer for
both proximity and play)

Reciprocal Friendship* Apreference displayed by the subject for a peer that also preferred that subject, regardless of behavioral domain

Total Number of Friends The total number of individually unique peers that were preferred by a subject, irrespective of behavioral domain

* Denotes higher quality friendships.
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Behavior  Conditions Interaction partner Species aor Body fluid Sex Study

Genital  Vaginocervical stimulation  Experimenter Rat iy Blood F Sansone etal., 2002
Experimenter Sheep hig Blood F Kendrick etal., 1986
Orgasm self Human i) Blood M Ogawaetal, 1980
Self Human i) Blood EM Carmichael et al., 1987
Nipple ~ Mother suckling Offspring Rat i) Blood F Juszczak and Stempniak, 1997
Offspring Rat i Blood F Neumann etal, 2000
Offspring Dog i Blood F Uvnas-Moberg et al., 1985
Offspring Pig i Blood F Uvnas-Moberg et al., 1985
Rates of mother suckling  Offspring Rhesus macaque {1 Blood F  Maestripieri et al, 2009
and grooming
Nipple stimulation Self Human i) Blood F  Christensson et al, 1989
Body Stroking Experimenter Rat iy Blood M Stock and Uvnéis-Moberg, 1988
Pinching (negative) Experimenter Rat hig Blood M
Stroking Owner Dog ° Blood M Handiin etal, 2011
Stroking Known person Dog i Urine EM Mitsui etal, 2011
Rates of grooming and Mate Tamarin monkey & Urine EM  Snowdon et al., 2010
sexual contact
Grooming
- donors and receivers Bond partner Chimpanzee i) Urine EM Crockford etal, 2013
Non-bond partner =3 Urine EM Crockford et al, 2013
Massage Stranger Human 3 Blood EM  Morhenn et al, 2008
- no relationship anxiety Stranger Human T Blood F Tumeretal, 1999
- relationship anxiety Stranger Human 3 Blood F Tumeretal, 1999
-after weeks of massage  Spouse Human ° Saliva EM HoltLunstad etal, 2008
course
‘Warm contact
- rating of partner support  Partner Human a Blood FM Grewen etal. 2005
Massage then trust game  Stranger Human i) Blood EM  Morhenn et al, 2008
Play
- child Mother Human i) Urine EM Fries et al, 2005
- child Stranger Human =4 Urine EM Fries etal. 2005
- neglected child Foster carer Human =4 Urine EM Fries etal, 2005
- neglected child Stranger Human @ Urine EM Fries etal, 2005
- mother Own child Human =3 Urine F Bickand Dozier, 2010
- mother Stranger child Human by Urine F Bickand Dozier, 2010
Bondedness
- mothers Own infant Human ° Blood F Feldman etal, 2007
Synchrony
- fathers Own infant Human iy Blood M Gordon etal., 2010
Being fed Unspecified Dog by Blood F Uvnds-Moberg et al, 1985
Being fed Known person Dog iy Urine EM Mitsui etal, 2011
Being fed Unspecified Pig i Blood F Uvnas-Moberg et al., 1985
Food sharing (control:
self-feeding)
- donors and receivers Bond and non-bond ~ Chimpanzee hig Urine EM Witig etal., 2014
partners
Trust Game Stranger Human = Blood F M Morhenn etal., 2008
- receiving trusting offer Anonymous Human i Blood EM Zaketal, 2005
- receiving automated offer ~ Computer Human i Blood EM Zaketal, 2005
- share secret Experimenter Human i Blood EM Kériand Kiss, 2011
- share neutral information  Experimenter Human = Blood EM  Kériand Kiss, 2011
Social stressor Experimenter Human =3 Urine F Seltzeretal, 2010
- then neutral activity v Human 4 Urine F Seltzer etal, 2010
- then tactile comfort* Mother Human ° Urine F Seltzeretal, 2010
- then vocal comfort Mother Human i Urine F  Seltzeretal, 2010
Commanded to trot Known human Dog hiy Urine EM Mitsui et al, 2011
Restraint Rat by Blood M Gibbs, 1984
Ether Rat i) Blood M Gibbs, 1984
Cold Rat = Blood M Gibbs, 1984
Hearing uncontrollable noise
through headphones
- not highly emotional Experimenter Human < Blood FEM Sanders etal., 1990
- highly emotional Experimenter Human T Blood EM Sanders etal., 1990

This table does not attempt to be exhaustive but rather to provide an overview of the range of studies conducted, specifically the ones mentioned i this review. & OT
change in oxytocin levels after engaging in the behavior compared with baselin condition. & positive correlation. {1+ oxytocin levels were higher or increased. <
oxytocin levels were not different. * “Dyadic” indicates that the behavior has principally evolved as a dyadic behavior even if it was not dyadic in the cited studies.
*An exception for this section, involving tactile contact.
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Amygdala Amygdala Insula Insula Pars. Oper. Pars.Oper. Medical  Medical Premotor Premotor
(left) (right) (left)  (right) ~(left) (right) prefrontal  prefrontal  cortex  cortex
cortex (left) ~cortex (right) (left) (right)
ROI's  Amygdala - - 0.000 0.001 0.007 0.009 0.002 0.003 0.010 0.000
(left)
Amygdala - - 0000 0003 0.001 0.060 0.000 0.001 0005 0103
(right)
Insula (left)  0.000 0.000 - - 0.039 0173 0.006 0.142 0031 0137
Insula (right) ~ 0.000 0.001 - - 0.042 0.045 0.000 0.003 0031 0.000
Pars. Oper.  0.001 0083 0000 0148 - - 0.005 0124 0121 0049
left)
Pars. Oper. 0,020 0.000 0000 0007 - - 0052 0.000 0001 0001
(right)
M prefrontal  0.001 0.002 0000 0001 0003 0.207 - - 0030 0085
cortex (I
M prefrontal 0,014 0.008 0.000 0000 0.001 0294 - - 0000 0029
cortex (r)
Premotor 0,016 0.010 0000 0001 0012 0012 0.010 001 - -
cortex (left)
Premotor 0,034 0.003 0011 0003 0.102 0.066 0.162 0088 - -

cortex (right)

Figures in Bold indicate the 1% probability level.
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ROI's

Amygdala Amygdala Insula Insula Pars. Oper. Pars.Oper. Medical  Medical Premotor Premotor
(left) (right) (left)  (right) ~(left) (right) prefrontal  prefrontal  cortex  Cortex
cortex (left) ~cortex (right) (left) (right)

ROIs Amygdala - 0.000 0000 0.002 0115 0.000 0.007 0000 0000

eft)

Amygdala - - 0000 0.000 0.000 0026 0.000 0.001 0000  0.000

(right)

Insula (left) ~ 0.248 0067 - - 0271 0.149 0.765 0.014 0003  0.005

Insula (right) ~ 0.007 0.022 - - 0.023 0.003 0.006 0.001 0002 0000

Pars. Oper.  0.262 oon 0265 0703 - - 0327 0657 0151 0023

left)

Pars. Oper.  0.058 0015 0014 0047 - - 0095 0018 0019 0030

(right)

M prefrontal  0.003 0.060 0001 0004 0.000 0.005 - - 0000 0000

cortex ()

M prefrontal  0.002 0.000 0000 0.146 0036 0.440 - - 0000 0118

cortex (r)

Premotor 0,013 0.005 0000 0119 0342 0690 0.010 0026 - -

cortex (left)

Premotor  0.159 0.183 0004 0477 0.092 0.150 0307 0264 -

cortex (right)

Figures in bold indicate the 1% probability level.
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