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Extant research has documented the effects of intranasal administration of oxytocin (OT), and to a lesser
degree Arginine Vasopressin (AVP) - two structurally-related neuropeptides — on brain and behaviour, yet
the effects of exogenous manipulation of one on circulating levels of the other remain unknown. Studies
have shown that OT administration impacts the peripheral levels of numerous hormones; however,
whether OT administration also increases AVP concentrations has not been explored. Utilizing a double-
blind placebo-controlled within-subject design, ten male and female subjects provided ten saliva samples
over four consecutive hours: at baseline and nine times following OT administration. Results indicate that
salivary AVP increased in the first hour following OT manipulation (OT condition: mean AVP=2.17 pg/ml,
SE =28, placebo condition: mean AVP=1.42 pg/ml, SE=.18) but returned to baseline levels at the next
assessment (80 min) and remained low for the remaining period. Similar to OT, AVP showed high degree
of individual stability and baseline levels of AVP correlated with AVP concentrations at the first and
second post-administration hours regardless of drug condition (Pearson r=.85-.93). Validity of salivary
AVP ELISA measurement was verified by demonstrating individual stability of salivary AVP over a six-
month period (r=.70, p <.000) as well correlation with plasma levels over the same period (r=.32,p=.037)
in a sample of 45 young adults who did not participate in the current study. Overall, findings suggest a
potential crosstalk between OT and AVP and indicate that baseline levels of the two neuropeptides may

shape the degree to which these systems respond to exogenous manipulation.

© 2012 Elsevier Inc. All rights reserved.

1. Introduction

Arginine Vasopressin (AVP) is a nine amino-acid peptide that
is structurally related to oxytocin (OT) and the two neuropeptides
differ in only two amino acids. AVP and OT are part of a family of
nonapeptides that can be traced phylogenetically to invertebrates
[12] but are unique in that they are found exclusively in mammals.
The two neuropeptides likely evolved from the same ancestral pep-
tide - arginine vasotocin - and differ from it in a single amino acid
[1]. Both central AVP and OT are synthesized in magnocellular neu-
rons in the supraoptic (SON) and paraventricular (PVN) nuclei of
the hypothalamus and are stored in the posterior pituitary gland
for release into circulation. Additionally, there is a dendritic release
of OT and AVP from magnocellular neurons into the extracellu-
lar space, resulting not only in local action but also in diffusion
throughout the brain which reaches distant targets. Furthermore,

Abbreviations: AVP, arginine vasopressin; OT, oxytocin; SON, supraoptic nuclei;
PVN, paraventricular nuclei; IU, international units; CSF, cerebrospinal fluid; CV,
coefficient variance; IU, international units; ELISA, enzyme immunoassay; SEM,
standard error mean.
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smaller parvocellular neurons in the PVN also produce OT and AVP
and project directly to other regions in the brain [13].

AVP, an antidiuretic hormone, is secreted primarily under
circumstances of dehydration [4]. A rise in extracellular solute con-
centration is one of the most effective stimuli for AVP release, with
as little as 2% elevation in plasma osmolality causing a two-to three-
fold increase in peripheral AVP levels. The kidneys are exquisitely
sensitive to AVP, thereby affording adaptive renal water conser-
vation during dehydration. AVP also is a vasoconstrictor agent
and is secreted in relatively large amounts during hypovolemia
and hypotension in the absence of changes in plasma osmolal-
ity. Only such large amounts of AVP produce vasoconstriction;
approximately 40 times more AVP is needed for a pressor response
compared to antidiuresis [e.g., 19]. The physiological function of
OT, named for “quick birth”, has generally been linked with uter-
ine contraction and lactation. Similarities between AVP and OT are
typically manifested in the domain of social neuroscience and both
peptides have shown to play a key role in the modulation of com-
plex social cognitions and social behaviours, such as attachment,
social exploration, recognition and aggression, fear conditioning,
and fear extinction [3,21]. However, unlike the anxiolytic and
social-enhancement effects of OT, AVP is thought to facilitate anx-
iogenic and even aggression-related expressions in the context of
bonding, particularly in males [21].
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Since the discovery that intranasal administration of neu-
ropeptides can cross the blood-brain-barrier and reach the
cerebrospinal fluid (CSF), a growing number of studies have used
intranasal administration of OT, and to a lesser extent AVP, to
demonstrate the effects of these neuropeptides on human social
cognition, motivation, and behaviour [20]. For example, intranasal
OT was found to enhance social functioning, including trust, empa-
thy, and “theory-of-mind” [2], and is currently examined as a
therapeutic agent in conditions associated with severe social dys-
function [21]. Intranasal studies that manipulated OT and AVP
within the same experimental paradigm showed some similar
effects as well as different outcomes for the two neuropeptides.
Israel and colleagues reported that OT, but not AVP, increased
both in-group and universal altruism in a lab-manipulated social
dilemma [18]. In a functional neuroimaging study, OT increased
activations in reward pathways whereas AVP increased activations
in brain regions implicated in affiliative behaviour. Administration
of both OT and AVP increased functional connectivity between the
amygdala and anterior insula, suggesting that the two peptides
mediate the effects of emotional processing on decision making
[22].

Despite the fact that the large body of research on OT admin-
istration was initiated by discovering the effects of intra-nasal
administration of AVP on the brain [5], it is still unclear whether
the influence of OT and AVP administration on peripheral levels
of these two hormones is unique or interchangeable. One way to
address this issue is by testing the effects of intranasal adminis-
tration of one hormone on the peripheral expression of the other.
In general, research has shown that OT administration has an
effect on the peripheral levels of numerous hormones. Intranasal
OT was found to markedly increase levels of plasma and salivary
OT [14,17,25], reduce levels of salivary cortisol [e.g., 8], and alter
levels of plasma testosterone [14]. Recently, we showed that OT
administration induced substantial increases in salivary OT among
ten healthy male and female subjects over a period of 4h [24].
Under the OT condition, salivary OT levels rose dramatically already
15 min after administration, reached plateau at 45-120 min, and
did not return to baseline by 4 h. Although the mechanisms under-
lying these dynamic changes are not fully understood, it has been
suggested that the OT system employs feed-forward mechanisms,
as seen, for instance, in human lactation. However, whether OT
manipulation also increases AVP levels across this period remains
unknown and this is the goal of the present study.

In the current investigation we used the saliva samples col-
lected in the aforementioned Weisman et al. study [24] and
analysed the same samples for salivary AVP. Utilizing a double-
blind placebo-controlled design, individuals provided ten saliva
samples, at baseline and nine times over four consecutive hours.
This experimental paradigm enabled us to assess changes in AVP
concentrations following OT administration in an attempt to test
for the first time the dynamic interchange in levels of these two
neuropeptide following manipulation (intranasal administration
of 241U) to one. To validate our assessment of salivary AVP, we
compared salivary and plasma concentration of AVP measured on a
different sample of young adults assessed twice across a six-month
period. Such assessment enabled to test both the long-term sta-
bility of our salivary AVP analysis and its correlations with plasma
concentrations.

2. Materials and methods

2.1. Participants

Ten individuals (5 men, and 5 women) participated in a ran-
domised double-blind, placebo-controlled within-subject design.

Participants’ age averaged 28.25 years (SD =4, range =20.5-33.0)
and all reported being healthy with no history of chronic men-
tal or physical illness, medication intake, or smoking. One female
participant gave insufficient saliva for hormonal analysis and was
therefore drawn from the study, resulting in nine subjects. Partici-
pants were instructed to abstain from food, caffeine, or beverage
other than water 2 h prior to experiment. Since no behavioural
measures or other factors were assessed in this study apart from
salivary AVP, we did not control for women’s menstrual cycle
or hormonal contraception. Our working hypothesis was that
intranasal administration of OT creates an ad-hoc robust effect
on salivary AVP independent of the menstrual cycle. However,
pregnant women or those trying to get pregnant were excluded.
The study was approved by the Institutional Review Board, and all
participants signed an informed consent. Participants received gift
vouchers for their participation.

2.2. Salivary vasopressin collection and analysis

Saliva samples were collected using a Salivette (Sarstedt, Rom-
melsdorft, Germany). Ten samples at each session were collected:
at baseline, and 15, 30, 45, 60, 80, 100, 120, 180, and 240 min fol-
lowing administration. Sessions were held between 12:30h and
17:30h. Time window for the experiment was chosen in order to
minimize diurnal variation in OT. We are not familiar with research
on diurnal variation in AVP.

Salivettes were immediately stored at —20°C to be centrifuged
twice at 4°C at 1500 x g for 15 min within two weeks. All sam-
ples were lyophilized overnight to concentrate them by four times
and kept at —20°C until assayed. Determination of salivary AVP
was performed using a 96-plate commercial ELISA kit (ENZO, NY,
USA), according to kit’s instructions. These ELISA is highly sensitive
(minimal detection levels =3.39 pg/ml vasopressin) with very little
antibody cross-reactivity for other neuropeptides.

For the AVP ELISA Kkit, the cross-reactivity between OT and AVP
was <0.001%. In fact, in order to eliminate the possibility that we are
measuring OT rather than AVP, the seven standards of the OT kit (OT
15.6,31.2,62.5, 125, 250, 500, 1000 pg/ml) were constructed in the
AVP Kkit. The kit failed to detect OT even in the highest concentra-
tion (1000 pg/ml). Of the entire sample, forty-two samples were run
in duplicates. The intra-assay coefficients of variation were 21.2%
for the assay. This relatively high coefficient variance (CV) resulted
from the many low level values. Inter-assay was not calculated as
all samples were assayed at the same day, time, and batch. Sample
concentrations were calculated by MatLab-7 according to relevant
standard curve. Since samples were concentrated by four, raw val-
ues were now divided by four. Twenty values lower than the kit’s
detection limits were given the minimal value of 0.8 pg/ml. Impor-
tantly, the pattern of results remained the same even when these
minimal scores receive the actual values measured or when zeroed.
However, since some amount of AVP was indeed measured, we
believe these assessments should receive a minimal value and not
disregarded. The kit’s observed lowest detection limit is 2.4 pg/ml,
as calculated by us using five samples. These samples were mea-
sured twice: diluted and undiluted, and yielded CV less than 15% for
the lowest range. Both assay and AVP calculation were conducted
by experienced biochemist (0.ZS.) blind to drug condition.

2.3. Procedure

Following arrival, participants signed informed consent and
provided the first (baseline) saliva sample. Immediately after, par-
ticipants self-administered either drug - a single dose of intranasal
OTincluding 24 international units (IU), 3 puffs per nostril, each puff
containing 4 IU (Syntocinon Spray, Novartis, Basel, Switzerland) -
or placebo. Each participant visited the lab twice, a week apart.
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