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Elucidation of the mechanism of sleepiness/arousal level control by the
parabrachial nucleus: a basic study for improving rehabilitation efficiency
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In this study, morphological investigations were conducted to determine the
neural pathways that transmit blood chemical information to the arousal center (hypothalamic
perifornical region) and the respiratory center (ventrolateral medulla). In the solitary nucleus,
where peripheral chemical information is input, many glutamatergic neurons responded to intermittent

hypoxic exposure. Analysis of neural pathways using genetically modified animals revealed that
glutamatergic neurons in the solitary nucleus projected to the hypothalamic perifornical region or
medullary respiratory center via the parabrachial nucleus. Furthermore, neurons constituting these
neural pathways were found to be activated by intermittent hypoxic exposure. These neural pathways
may be involved in the arousal and respiratory arousal induced by obstructive sleep apnea.



C57BL/6J 5 -

21 5 -8 2
in situ hybridization vesicular
glutamate transporter 2 (Vglut2) vesicular GABA transporter (Vgat)
Fos
Vglut2  Vgat Fos
Vglut2
Vglut2 Cre-recombinase
Vglut2-Cre
Vglut2-Cre AAV-FLEX-ChR2/mCherry
CTb
5 mCherry
CTb
Vglut2-Cre AAV-FLEX-hM3Dg/mCherry
CTb
Clozapine-N-Oxide CNO 0.3 mg/kg/BW 2
CTb Fos Fos Vector SG
DAB CTb
C57BL/6J
b CTb 2
Fos

CTb



2 Fos + VGLUT2 Fos + VGAT

Fos
dorsolateral medial
ventrolaterral
dorsolateral
Fos Vglut2 mRNA
Fos Vogat mRNA
EOA N s
@ Fos* ® Fos* & VGLUT2* @® Fos'. @ Fos* & VGAT*
Vglut2-Cre AAV
central latera lateral
crescent dorsal lateral external
lateral CTb
central
lateral externd
lateral
Glutamalerglc cNTS axons
dorsal lateral S e
central lateral
CTb
Kolliker-Fuse lateral crescent
central lateral external latera
Glutamatergic cNTS fibers
rVRG-projecting neurons
CTb
CTb dorsal lateral external lateral
central lateral Saline
Fos CTb

Kolliker-Fuse Fos



CTb injection into the perifornical region CTb injection into the ventrolateral medulla
Saline CNO ~ Saline CNO

By
O CTb-labeled neurons ® CTb-labeled neurons
® CTb-labeled & Fos-expressing neurons ® CTb-labeled & Fos-expressing neurons
CTb
Fos
21%
medial Fos
external lateral
central lateral dorsal lateral Fos
external lateral
central lateral Fos
CTb injection into the parabrachial nucleus CTb injection into the perifornical region CTb injection into the ventrolateral medulla
21% O, Intermittent hypoxia '.2“1% 0, lnte\rmiflenl hypoxia 21% O, Intermittent hypoxia

@ CTb+ @ Fos+, CTb+ ® CTb+ @ Fos+, CTb+ ® CTb+ @ Fos+, CTb+

Hypoxia
Peripheral
chemoreceptors
(carotid body) Parabrachial
nucleus Q

.Respiratory Orexin Arousal

centers Central system
Chemoreceptor
(Phox2b neuron)
Phrenic s Respiratory AN

nucleus ~ facilitation CO2



6 6 3 2

Yazawa Itaru Okazaki Shuntaro Yokota Shigefumi Takeda Kotaro Fukushi Isato Yoshizawa 771
Masashi Onimaru Hiroshi Okada Yasumasa
Coherence analysis of the calcium activity of putative astrocytic and neuronal cells on the L5 2022

ventral horn and neural output in activated lumbar CPG networks

Neuroscience Letters

136421 136421

DOl
10.1016/j .neulet.2021.136421

Abe C, Yamaoka Y, Maejima Y, Mikami T, Yokota S, Yamanaka A, Morita H. 3

VGLUT2-expressing neurons in the vestibular nuclear complex mediate gravitational stress- 2020

induced hypothermia in mice.

Commun Biol. 227
DOl

10.1038/s42003-020-0950-0.

Kono Y, Yokota S, Fukushi I, Arima Y, Onimaru H, Okazaki S, Takeda K, Yazawa I, Yoshizawa M, 10

Hasebe Y, Koizumi K, Pokorski M, Toda T, Sugita K, Okada Y.

Structural and functional connectivity from the dorsomedial hypothalamus to the ventral medulla 2020

as a chronological amplifier of sympathetic outflow

Sci Rep 13325
DOl

10.1038/s41598-020-70234-4.

Fukushi Isato Takeda Kotaro Uchiyama Makoto Kurita Yuki Pokorski Mieczyslaw Yokota 528

Shigefumi Okazaki Shuntaro Horiuchi Jouji Mori Yasuo Okada Yasumasa

Blockade of astrocytic activation delays the occurrence of severe hypoxia- induced seizure and 2020

respiratory arrest in mice

Journal of Comparative Neurology 1257 1264

DOl
10.1002/cne. 24828




Fukushi Isato Yokota Shigefumi Okada Yasumasa 265

The Role of the Hypothalamus in Modulation of Respiration 2019
Respir Physiol Neurobiol 172-179
DOl

10.1016/j .resp.2018.07.003.

Fukushi Isato Yokota Shigefumi Takeda Kotaro Terada Jiro Umeda Akira Yoshizawa Masashi 1795
Kono Yosuke Hasebe Yohei Onimaru Hiroshi Pokorski Mieczyslaw Okada Yasumasa

Dual orexin receptor blocker suvorexant attenuates hypercapnic ventilatory augmentation in mice 2022

Brain Research 148061 148061

DOl
10.1016/j .brainres.2022.148061

23 0 5

Noriyuki Hama, Tasuku Kato, Shigefumi Yokota, Koichi Hasegawa, Ken-ichiro Kuwako

Analysis of the synaptic connections in the developing preBotzinger complex

44

2021

Koichi Hasegawa, Takeshi K Matsui, Junpei Kondo, Shizuka Shoji, Noriyuki Hama and Ken-ichiro Kuwako

LINC complex regulates the plasticity of axon initial segment

99

2022




126 98

2021
126 98
2021
, , Pokorski Mieczyslaw,
126 98
2021
72

2020




72

2020

, , Pokorski Mieczyslaw, , ,

43

2020

Fukushi 1, Yokota S, Takeda K, Terada J, Okada Y.

Dual blockade of orexin receptors does not affect ventilation in mice.

The 24th Congress of the Asian Pacific Society of Respirology (APSR 2019)

2019

Fukushi 1, Yokota S, Takeda K, Terada J, Okada Y.

Dual orexin receptor antagonism and ventilatory function in mice.

The 48th Annual Meeting Society for Neuroscience, Chicago

2019




Fukushi 1, Yokota S, Takeda K, Okazaki S, Terada J, Okada Y.

Effects of suvorexant (Belsomra(R)) on ventilation in mice.

2019

Fukushi 1, Yokota S, Takeda K, Terada J, Okada Y.

Effects of a dual orexin receptor blocker suvorexant on breathing.

42

2019

Fukushi 1, Kono Y, Yokota S, Takeda K, Yazawa I, Onimaru H, Okada Y.

The diencephalon augments respiration in the isolated diencephalon-lower brainstem-spinal cord preparations of newborn rats.

The 6th Conference of Japanese Society of Respiratory Physical Therapy

2019

74

2019




74

2019

71

2019

125

2020

Yokota S, Hama N, Takeda K, Fujitani M

The pathway transmitting hypoxia information from the solitary nucleus to the hypothalamus.

97 , , 2020 3/17-19

2020




Fukushi F Yokota S Takeda K Terada J Okada Y.

A dual orexin receptor blocker suvorexant inhibits hypercapnic ventilatory augmentation.

97 , , 2020 3/17-19

2020

Hama H Yokota S Fujitani M Okada Y, Koshiya N Koizumi H.

Decrease in the expiratory duration induced by the photostimulation of inhibitory neurons within the lateral solitary
nucleus during inspiration.

97 , , 2020 3/17-19

2020

Shigefumi Yokota, Kotaro Takeda, Noriyuki Hama, Yasumasa Okada

Chemical organization of solitary nucleus neurons activated by vagal afferents from the respiratory tracts

The 15th Oxford Conference on Modelling and Control of Breathing

2022

Noriyuki Hama, Yasumasa Okada, Shigefumi Yokota

The neuronal mechanism controlling respiratory rate by excitatory neurons within the solitary nucleus

The 15th Oxford Conference on Modelling and Control of Breathing

2022




Isato Fukushi, Yosuke Kono, Shigefumi Yokota, Kotaro Takeda, Masashi Yoshizawa, Yohei Hasebe, Mieczyslaw Pokorski, Yasumasa

Okada

Hypothalamic respiration-synchronized rhythmic activity in the diencephalon-lower brainstem-spinal cord preparation

The 15th Oxford Conference on Modelling and Control of Breathing

2022

Okada Y, Yokota S, Fukushi 1

2020

Springer

20

Anatomy and physiology of respiratory control system: How are respiratory controlling cells
communicating in the brain?; In Structure-Function Relationships in Various Respiratory Systems

(Takeda Kotaro)

(50618733) (33916)

(Hama Noriyuki)

(60422010) (15201)




