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The neural basis of modulation in decision-making under negative emotions:
Exploring the extended amygdala-basal ganglia circuit.
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This study aimed to elucidate the neuronal mechanisms of cognitive and
behavioral changes under stress as alterations in control by the dorsal raphe nucleus (DRN), which
abundantly contains serotonin neurons projecting to the amygdala — basal ganglia circuitry. In
rats, optogenetic manipulation of the pathway from the lateral hypothalamus to the basolateral
nucleus of the amygdala was performed during classical conditioning tasks. In macaques, tasks were
developed for decision-making under different emotional states. Through single-neuron recordings
from the DRN and optogenetic manipulation of projections from the DRN to the substantia nigra and
ventral striatum, we revealed that projections from the DRN to the amygdala-basal ganglia circuitry
are particularly crucial for emotional, especially stress-related, behavioral control.

serotonin stress decision making amygdala optogenetic stimulation primate basal ganglia
substantia nigra



1 2
3 g
1 Pavlovian
Conditioning with continuously changing CS CS
( A) Reversal Choice Task RCT 2
(A,B) ( A) Correct Target
Correct
Target =B Task Pavlovian
Conditioning CS Pavlovian Conditioning
Reversal Choice Task ( B) 2
3
AAV-macaqueTPH-2kb-
ChETA-EYFP 1
A. Pavlovian conditioning —
-)--)--) --b--b--)-) [ 7Y
-)--)--P --)-)-) --> Ail;p‘Jﬁ
B. Reversal choice task under different emotional context . 1
reach criteria eversal
wrong choice correct choice correct choice (7% con)  pyg v
i BT - B B
biased reward saccade & ¥l & i [ m,
task ‘

Reversal choice task under

C. Pavlovian conditioning different emotional context

Appetitive Aversive
B %

Firing rate (spks / sec)

TPH2 GFP



BLA

(1) RCT

3) 2

)

CS

BLA
3 CS-US

RCT

Pavlovian Conditioning

RCT

Anti-SERT antibody +

DRN but far from
the injection site

DRN close to

the injection site

A

Anti-SERT

Anti-SERT

Memory-guided saccade task with biased (small/large) reward

2)

Memory-guided saccade task with
equal reward

Right-large. Left-large

BEBE

ms
1 300ms /500'“5“

Contralateral

“*| DRN stimulation
1} (monkey F, N=3)

Left-large, Right-small

BEDE
Imsscmrus /500ms

— 4

Ipsilateral

Equal

BEDE

Imssooms /500ms '
. R o

Contralateral Ipsilateral

——

pre- stim post-
stim stim

monkey F

pre- stim post-
stim stim

us

stim  post- Vpr'e— stim Vpo:
stim stim stit

Yamanaka and Waki, Front. Physiol., 2022

5%
40 CS

(O (O

120

LH
CS



280 LH-BLA
2 CS
Control CheRiff

A B optstim A sgine mosncs B
cs us
. 5% Sucrose [Emm——
# Arutt y Reverd) Reward J —>
unishmen
(RW)  11kHz 5% Sucrose

_—_ B —
Nt Neutral I —_— ®

6kHz Nothing
Aversive fr—

3kHz Air puff
day1i2:i3i14i5:16:i7:
120 trial / day(RW:40, NA: 40, AV: 40 trials)

500um 100pm

A Control B CheRiff C
(AAV-CMV-DIO-EGFP) (AAV-CMV-DIO-CheRiff-EGFP) 10
g 10 010 =zt 2w l A 2-way ANOVA
2 § = oanerzomn » 81 day:p<0.001
oS = 2 ] optp<0.01 ,
85 5 51 vetooven 2 CheRiff *%
3 3 54
o o 1<
S S R % 2
c c Q
3 3 0
s n=5 s Control
< 3 2

L

o
e

0 15 25 0 15 2 3 4 5 6 7
Time from CSIRW) anset (<) Time from CS(RW) onset (<) Trainina (dav)

o
n
a



21 18 4 10

’ ’ 41(4)
2022
500-507

DOl

Kawai H, Bouchekioua Y, Nishitani N, Niitani K, lzumi S, Morishita H, Andoh C, Nagai Y, Koda M, 13

Hagiwara M, Toda K, Shirakawa H, Nagayasu K, Ohmura Y, Kondo M, Kaneda K, Yoshioka M, Kaneko S

Median raphe serotonergic neurons projecting to the interpeduncular nucleus control preference 2022

and aversion.

Nat Commununications 7708
DOl

10.1038/s41467-022-35346-7

Nagai Y, Kisaka Y, Nomura K, Nishitani N, Andoh C, Koda M, Kawai H, Seiriki K, Nagayasu K, 42

Kasai A, Shirakawa H, Nakazawa T, Hashimoto H, Kaneko S

Dorsal raphe serotonergic neurons preferentially reactivate dorsal dentate gyrus cell ensembles 2023

associated with positive experience.

Cell Rep 112149
DOl

10.1016/j .celrep.2023.112149

Yamanaka K, Waki H 13

Conditional Regulation of Blood Pressure in Response to Emotional Stimuli by the Central 2022

Nucleus of the Amygdala in Rats.

Front Physiol 820112

DOl
10.3389/fphys.2022.820112




Kuraoka Koji Nakamura Kae 175
Facial temperature and pupil size as indicators of internal state in primates 2022
Neuroscience Research 25 37
DOI
10.1016/j -neures.2022.01.002
, 39(6)
2021
Clinical Neuroscience 727-730
DOI
32
2021
Clinical Neuroscience 979-983
DOI
Nagai Y, Takayama K, Nishitani N, Andoh C, Koda M, Shirakawa H, Nakagawa T, Nagayasu K, 21(6)
Yamanaka A, Kaneko S.
The Role of Dorsal Raphe Serotonin Neurons in the Balance between Reward and Aversion. 2020
Int J Mol Sci. 2160
DOI

10.3390/i jms21062160.




Nagai Yuma Nishitani Naoya Yasuda Masaharu Ueda Yasumasa Fukui Yuto Andoh Chihiro 518

Shirakawa Hisashi Nakagawa Takayuki Inoue Ken-ichi Nagayasu Kazuki Kasparov Sergey

Nakamura Kae Kaneko Shuji

Identification of neuron-type specific promoters in monkey genome and their functional 2019

validation in mice

Biochemical and Biophysical Research Communications 619 624
DOl

10.1016/j .bbrc.2019.08.101

Noritake Atsushi Nakamura Kae 121

Encoding prediction signals during appetitive and aversive Pavlovian conditioning in the 2019

primate lateral hypothalamus

Journal of Neurophysiology 396 417

DOl
10.1152/jn.00247.2018

17 5 7

Kae Nakamura, Masaharu Yasuda

The primate model of decision making under stress

NEUR02022

2022

75

2022




Kae Nakamura

Serotonin Brain and beyond

2021

Koji Kuraoka, Kae Nakamura.

Dominant processing of social, rather than reward information in the lateral nucleus of primate amygdala.

44th Annual Meeting of the Japan Neuroscience Society

2021

Masaharu Yasuda, Yasumasa Ueda, Kae Nakamura

Dynamic interaction between emotional and cognitive signal in primate dorsal raphe nucleus.

44th Annual Meeting of the Japan Neuroscience Society

2021

Nakamura, K.

The role of primate striatum for decision making under different emotional context.

The 38th annual meeting, the Japan Neuroscience Society

2019




http://www.kmu.ac.jp/faculty/medical/category2/unit4_html

(NAGAYASU Kazuki)

(00717902) (14301)

(ISHIT Hironori)

(30636676) (34417)

(YAMANAKA Ko)

(40551479) (32620)

(YASUDA Masaharu)

(90744110) (34417)

(UEDA Yasumasa)

(60332954) (34417)







