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Rowanﬂ Affiliative Social Interactions Activate Vasopressin-Responsive Neurons in
University the Mouse Dorsal Raphe

Graduate School of Tirth Patel, Hanna O. Caiola, Olivia Mallari, B. D. Rood
Biomedical Sciences Department of Cell Biology and Neuroscience, Rowan University, GSBS, Stratford, NJ

Introduction In situ hybridization data suggests that Avpria-GFP mouse: GFP expression mirrors Avpr1a-GFP neurons are highly excitable

Social behavior is inextricably linked to human health shaping both our susceptibility AVpr1 a aCtlvatIOn N the DR may be StImUIUS AVP innervation zones and GFP+ neurons re- Compared to mUItlple SubtypeS of nelghborlng
and resilience to disease and stress. Positive interactions as simple as maternal - . .
contact or friendships among children and adults can protect against emotional dis- SpeCIfIC SpOnd tO VaSOpreSS|n Coronal section through thal- SerOtOnln neurons
tress and improve treatment outcomes, whereas negative interactions such as . O~ - o 45
abuse, social isolation, or bullying can increase aggression and precipitatemood § § | e male Rood & De Vries (2011)§ B sgéiil;?;;aitﬁﬁ eT\'/gg (r)'r? %r?; —4— Avpria-GFP
disorders. Discovering the structure and function of neural circuits underlying social * female o A S By Avpria-GFP neurons > W —4— Drd2/5-HT
behavior is critical to understanding the link between social interaction and health. i} } k > £ ﬁ 35| = Non-Drd2/5-HT
The neuropeptide vasopressin has been implicated in the regulation of multiple 8 -f, 2 30 -
social interactions including social memory, aggression, mating, pair-bonding, and + 2 . | PR=
parental care. Vasopressin producing neurons in the bed nucleus of the stria termi- 8 Vasopressin induces inward ol = 25 -
nalis (BNST) and medial amygdala (MeA), in particular, are predicted to be involved - (excitatory) currents in patched D3
in social behavior. While the innervation targets of BNST and MeA vasopressin neu- 2 Avpria-GFP neurons Oy 1
rons and patterns of vasopressin receptor binding have been well-documented in - - 20 pA| 20 s ©E 15,
multiple species, the identity and functional characteristics of neurons targeted by ! Bl 200 nM Vasopressin 'g S
vasopressin innervation are less well understood. #hosite sex T gt F,{_e E. o 104 -
. . . same  handling homecage opposite | | ‘ S 4__“.‘_—"—__‘-—
Vasopressin Social Behavior Network serotonin (tPHo| | 7= S P ——
- —— Both female and male subject mice increas_e fos exprgssion in the AvpriA Sm ;, Lt : o 20 40 60 80 100 120 140 160 180
' & Dorsal Raphe when exposed to a female stimulus animal. v, ‘*35‘ f T 4 siolagy Injected Current (pA)
 Wildype Avpria-GFP
) WO Vasopressin GFP
Bed Nucleus N\ / . '{‘ N ) NS Male Subject TPH-Avpria-Fos+ . .
of the Stria —me® S8 jodor \ TPH-Fos+ Cells expressing GFP in the
0 120 Avpria-Fos+ Avpria-GFP mouse are found primarily
= Fos+ . . . .
o 8100 o2 in location where vasopressin innerva-
Medial reopti Area” b oo tion have been previously described.
’ 0 Drd2/5HT and
Amygdala Ij__,c; 60 GFP-expressing neurons Non-Drd2/5-HT
2 0 < in mid DR
i Vasopressin
innervation in the

A lﬁggaelzssion same sex handling homecage opposite sex
O Handling :

______________________________________________ Serotonin neuron subtypes

[JHomecage

)
e

Female Subject TPH-Avpria-Fos+
TPH-Fos+

Fos expression in BNT of male
mouse exposed to female mouse
(Ho et al., 2010)

| B : Avpria-Fos+
. i A Fos+
The immediate early gene, c-Fos, ' M
used as a proxy for neural activa- Fos expression in dorsal raphe of male
tion is expressed in response to a j mouse exposed to female mouse
female, but not an unfamiliar male
in both BNST vasopressin neurons ==
. 10+ 0
and in the dorsal raphe, a target of m

N

ot
—
N
o

—
o
o

-60 mV

AR oy A AL BV A
g

Number of Fos+ Cells

3

Total Fos+ Cells
(0]
o

‘/)"h" L ! "“l' ’; ""; 0 ' -’.# % /‘ J-\
'7 ,’ T N
" . | N7
20 w
Avpria
_ same sex handling homecage opposite sex : uns ; = o ‘ P . Drd2/5-HT . Non-Drd2/5-HT
the BNST vasopressin system. Overall increase in Fos expression induced by exposure to a female stimulus Coronal brain slice through rostral dorsal raphe Vasopressin and Tryptophan Hydroxylase ;rgc;isrrgﬁsrir%?:%ﬁii’g ;”égcé'A Express the dopamine o mVI_
animal occurs largely in Avpria and non-Avpr1a, non-serotonergic neurons. in 20 pA steps D2 receptor 50 ms

Who are the vasopressin responsive neurons of Action potentials differ between vasopressin-re- ==E2g=E.2%. 2 Future directions: Use transcriptome

I Cacnalc

the dorsal raphe? sponsive neurons and serotonergic neighbors memmmmmnn 5 ANAlYSIS to Identify genes that under-

acnai
[ | ErE Cacna1

Results & Conclusions

] _ o Vasopressin neurons in the extended amygdala are activated by mating stimuli. A
Cerebral O " =5 Cacnai lie AVpH d-neuron eXCItablllty and subset of neurons in the dorsal raphe, a target region of extended amygdala vaso-

O o =~
S © ©

Action Potential
Amplitude (mV)
AN
o

O
Pet1 Drd2/Pet1  Awprla

10 ms * presence of depolarizing

after-potential (DAP) 115 Hormone
Receptors

[ | Kcna1 . I I I I I I -
Aqueduct P , . | B R o T=1§ rOChemlCal phenotype. pressin neurons, is also activated by mating as measured by increases in c-fos.
: 7 H | cna
T —— Egﬂgé In situ hybridization for Avpr1a, tryptophan hydroxylase, and c-fos mRNA (a gene up-
EEmem | Konbi regulated by neuronal activity) revealed that, in both male and female subjects, expo-
Kenc sure to a female stimulus animal increased c-fos expression in the DR both in
mae w5 Phenotypel NN A Sica4
GABA [ -===---===- Gad1 Our data verify the existence of AVP-responsive neurons in the DR and suggest that
Avpr1a-GFP neurons had... - e o .
0 mv‘ . spmaller amplitude APs = Srllmamate - R sic17a6 more affiliative, less antagonistic interactions.
* shorter duration APs B — enotype ----------- Slc17a8
Esri tonin neurons. Avpria neurons have small amplitude short duration action potentials.
Esr? During the after-hyperpolarization Avpria neurons have depolarizing after potential.
N - ----- --- Nrscf Preliminary gene expression studies suggest a number of candidate ion channels
Glial Marker Gfap y9 P 99

Kcna3
Kcna7
:-- II:I== Kenci Avpria
HEEE Serotonin [~ Tph2 Avpria+ neurons and non-Avpria neurons.
Phenotype B Gad2 activation of Avpr1a+ neurons in the DR is stimulus specific, and may be initiated by
_ ---- --- Ar Avpria neurons have distinct physiological properties compared to neighboring sero-
----- ----- Pgr These properties likely facilitate the high firing rates observed in these neurons.
that may underlie the hyper-excitability profile of dorsal raphe Avpria neurons.

Action Potential

Pet!  Drd2/Pet! Awrla -60 mV L < Further study is needed to fully interrogate the function of AVP pathways, but one

. . o . . . . sememmemmom KOk 7 Preliminary analyses suggest that Avpria-GFP neurons may function of the BNST/MeA system appears to be activation of the neurons in the DR
;;%Cgﬁ‘fg:;nioeFi)r'?\es;[:énitglt?iﬂtoyn (below) highlight the differences in action potential shape = =m Eéﬁﬁé consist of several neurochemical subtypes with potential excitatory influence on serotonin neurons.

Kcnn4
Stimulus - 180 pA Stimulus - 180 pA r eEEE EEm a2z * Numerous candidate ion channels have been identified and . L . e
- @ﬁg more in depth analyses are underway to identify how these Future work will focus on validating expression of specific ion channel genes and

kens2  channels might impact Avpr1a-GFP neuron excitability seek to identify the functional role of dorsal raphe Avpr1a neurons.

[ | Kecns3
PR NN e Kent1

[ | [ P | B Kent2
Kenu1

EEEEEEE =N gg?é’r? References

11a

ch
* B aEamEaE" o <€ . . . . Ho et al. (2010) Hormones and Behavior, 58(3):368-77
%/ # /\’\‘//\/\,//L/l 353 _ High Relative expression levels of ion channels in pooled Described Fos expression in BNST vasopressin neurons after mating in mice

choa .
R eE gonga I samples of Avpr1a-GFP neurons collected using flu-

Each column orescence assisted cell sorting (FACS) indicate Niederkofler et al. (2016) Cell Reports, 17(8):1934-49

Avpria-GFP Non-Drd2/5-HT likelv candidates for fut lorati First described the Drd2 ing subset of serotoni
. . . . . * . . . _ represents a IKe y candiqgaates 1or tuture exp oration. IrSt descripe € vrdc-expressing subset o1 serotonin neurons
The delay in AP firing indicated by * in the serotonin neuron indicates additional different mouse

currents may slow firing in the subtype Rood and De Vries (2011) Journal of comparative Neurology, 519(12):2434-74
Presented a comprehensive atlas of the mouse vasopressin system

Rood and Beck (2014) Neuroscience, 260:205-16
First demonstrated interaction between vasopressin and serotonin neurons in the dorsal raphe

Work presented in this poster was supported by the NIMH through grants F32 MH096393 and KO1 MH109712 awarded to B.D.R.

Avpr1a-GFP mice were generated through the GENSAT program and obtained form the Mutant Mouse Resource & Research Center. AT ) are: 425(5961):917-25




	Affiliative Social Interactions Activate Vasopressin-Responsive Neurons in the Mouse Dorsal Raphe
	

	Patel_ResearchDay2021.5

