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Abstract

The Department of Pharmacy at Fukuoka University Hospital is implementing a six-day clinical practicum at the
cranial nerve center with the presence of one clinical pharmacist faculty member, with the aim of providing
education to students with a patient-focused perspective. However, it remains unclear what the students thought
they would be able to contribute to their patients. Therefore, we conducted a survey using the outcome records that
the students in 2022 freely described at the end of the practical training. The contributions to patients and the
combination of actions leading to those contributions were classified into 14 categories. Among them, most students
felt that they were able to contribute to the improvement of their understanding of drugs through guidance to
patients. Some of the devised methods of guidance included “explanations tailored to the patients’ level of
understanding” and “explanation by modifying the medication instruction manual.” Furthermore, although the
number was small, there were students who felt that their suggestions for prescription proposals to physicians
contributed to the avoidance of side effects and improved therapeutic effects through the appropriate use of
medications. The continued improvement of teaching methods, mainly by clinical pharmacist faculty members, is
needed in order to increase the awareness of students regarding their contribution to patients through practice.

Keywords - Long-term practical training, Patient contribution, Ward training, Cranial nerve, Pharmacist faculty
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Adverse effects of fluoroquinolone antibiotics on onset and exacerbation

of aortic aneurysm and dissection
Koshun INADA

Department of Pharmaceutical Care and Health Sciences, Faculty of Pharmaceutical Sciences,

Fukuoka University, 8- 19 -1 Nanakuma, Jonan-ku, Fukuoka 814-0180 , Japan

Abstract

Fluoroquinolone antibiotics are among the most commonly prescribed. However, the use of fluoroquinolones
increases the risk of aortic aneurysm and dissection (AAD) . In this study, we attempted to elucidate the pathogene-
sis of AAD induced by fluoroquinolone antibiotics.

We examined effects of the fluoroquinolone moxifloxacin (MFLX) on the occurrence of AAD in a moderate-se-
verity mouse model. MFLX (100 mg kg day™') induced AAD in mice with moderate-severity AAD. In addition,
aortic dilatation, destruction, and elastic fiber fragmentation were observed in abdominal aorta in MFLX (30 and
100 mg kg'' day™') -treated moderate AAD model mice. Also, MFLX significantly increased OPN expression in
aortic tissues in mice with AAD. Next, we examined effects of MFLX on the expression of OPN protein in RAW 264 .7
cells. MFLX significantly increased expression of OPN protein through phosphorylation of ERK 1/2 and JNK in
RAW 264 .7 cells.

Phenotype switching is involved in the onset and exacerbation of AAD. Therefore, we examined effects of three
fluoroquinolone antibiotics, MFLX, ciprofloxacin (CPFX), and levofloxacin (LVFX), on the expression of the
vascular smooth muscle cell contractile phenotype markers in RASMCs. CPFX and MFLX significantly decreased
the expression of SM22 a,, a-SMA, SMMHC, and caldesmon proteins in RASMCs compared with vehicle. On the
other hand, LVFX significantly decreased the expression of SM 22 o, SMMHC, and caldesmon proteins in RASMCs
compared with vehicle, but did not significantly decrease the expression of a-SMA protein. Furthermore, CPFX and
MFLX significantly decreased the expression of SM22a, a-SMA, SMMHC, and caldesmon in mRNA levels in
RASMCs compared with vehicle, but LVFX did not significantly decreased those of mRNA expression levels.
Therefore, among the three drugs, MFLX and CPFX had a higher risk of developing and exacerbating AAD than
LVFX.

In conclusion, fluoroquinolone antibiotics may cause on onset and exacerbation of AAD through upregulation of
OPN expression and phenotype switching.

Keywords - Fluoroquinolone antibiotics, Aortic aneurysm and dissection, Osteopontin, phenotype switching
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dissection; AAD) DV A7 SRS 5 2 EDHE SN TS [2,3]c BATLMFLX, ¥ 7o 7a%4
> (ciprofloxacin; CPFX) B X 'L R 7 10 ¥4 > (levofloxacin; LVFX) @ 313 AAD O A7 E/E & 5 <
B L T2 [4]o E5I220194F1 A 10 HIEAEGBEIZETO 7 VA B F ) 10 L APREOEKZE
VERIZ T REIIRMEE, KEBIRGHEZGIZEZ T LB 5 | LBRLT 5 & ) ICEESTHISRT CEOUET
fERLTHY, KEREL L KBRS &G0F L T B8 % [MEERS ] ORE L7,

AAD I — I BEREIR THRIRDEIT L, R L7256 O TRIIFEFICHVIEETH L 720, B3
ROIERICEETH L, F72, JETRAKEIR (abdominal aortic aneurysm; AAA) 13 KENIREFLED 50 %
R ZRITIE LRETH ), MEEOIK, mMEPEOMLEL (MEFEmMaomd, 78—
AR E), TT AT YRR O - SRS O SRR ORE AR TH b S 5 ICIME T
WAL ONGHETL 2> & BN ORBRI A £ v FIZAAADFIE L WEIZEZETH Y [5], TORHARMA
A v FIE, MEFEHMEOPE R ~ — 7 — (0-smooth muscle actin; a-SMA, smooth muscle protein
22a; SM22 0, smooth muscle myosin heavy chain; SMMHC, and caldesmon 7 &) DIEJ TR DT H b,

F AT 4R F v (osteopontin; OPN) (¥ 27 17 7 — MEFETHMIER &0 0605w, FEICH
59200 YBRALY VX BT bo £72, AANAETIVEIIO AAATHZIZ BT, BN L 72 OPN I3 matrix
metalloproteinases Z8H Z H N S &, MU/ EE 20325 2 L1125 D, AAA ZIEE - BB S5 (6]

COE)CREVEGREICERE SN 7vruFx oy JHEIMMHA SN TH2ICbBb 5T,
BELAEEHTH A KB - o) A7 % A€ 8, BMOTHETHS, LA2rL, 7NV
Fudu s RHEEIC LS5 KEIRE - HEEOFRERTIIANTH L, £ 2 TEZETIE, 74 F
/0y RPUREIC & B KEIRE - BEEOSIERF 2L, 7rvtaXx /oy RREEMTOY A7 D
FHAE 2 BT L 72,

W1
P AAD EF LV A D AADJBIRIZHS 5 MFLX D%
(H]

TNFaFx ) u SRR EOT TS MFLX X AAD OFE/EH [4] B L OWLIMELD ) A 7 8K [1] &
MCBEL TV ZEPIMESINTVE, LL, TORERTFTIEIANHTH L, €2 TRIFFETIE, +
FEEAADET VYT AIIBWVTMFLX 55D AAD 22 B 1T 5 OPN %631 % 5Fiffi L 72

(e 5 1]

48O HEYECSTBL/6T~ 7 A (Charles River Laboratories Japan, Yokohama, Japan) % ] L 7o 4 B
25 Bl (1.25% cholesterol, 15 % cacao butter, and 0.5 % sodium cholate; F2HFD 1 ; Oriental Yeast Co.,
Tokyo, Japan) D&M % 4G L, SN IZIZEE I =K > 7 (Alzet model 2004 ; Durect, CA, USA) % 7 T
A L, angiotensin I1 & 4 B ERIEAT 5 2 & THEFEAADET VYT AR L7 [7]. 9:8ikGHF X



) AIZVERE L 72 MFLX (30 and 100 mg kg' day!) % 3 A BERE CROIFES- L, 12 BEE 2 IEEKEIIR % &F
filiL7zo 72, HFEEEAADE TV~ T X O KBRA# % Hematoxylin and Eosin (H&E), elastica-van
Gieson (EVG) ¥eft, SRIZMAfRILF 4B X O western blot 12 & 1) &FAifi L 72

[R50 - %)

HEEEE AAD E 7V~ 7 A2 B CMFLX %58 (100 mg kg! day!) (&, JEHKEIIRIC AAD % 5558 S &
7z (Fig. 1A) o KIZH&EHf B X OEVG Y012 X 0 MREMICFH 21T o 720 € OFE, MFLXIZ L
MEEOILKA (Fig.2B), WIER T T AF v O EFBIE S 72 (Fig.20).

F7o, RELFEMBROB LY Ay 7 ay MEIZBW T, MFLX#5-# (30 and 100 mg kg'!
day!) (Fvehicle#f & Hi L T, KEMIRAIE T O OPNFEBIE M AN R b A gt 12 X o TBIZ S 17z (Fig.

A MFLX

B vehicle 30 mg kg’ day”' 100 mg kg™ day!

EVG staining () H&E staining

Fig. 1 Impact of MFLX on AAD occurrence in mice with moderate severity AAD.
Representative images of the aorta showing different features following administration of vehicle
or MFLX (30 and 100 mg kg'! day'!) . The red arrow indicates AAD features (A) . Representative
images of Hematoxylin and eosin (H&E) stained-tissues shows aortic dilatation and destruction in
treated-mice vs. control (B). Representative images of elastica van Gieson (EVG) staining
showing differences in fragmentation of elastic fibers between treated- and control groups. The red
arrow indicates fragmentation of elastic fibers in the aortic vessel wall (C). Scale bar: 100 um.

&«‘ ¢
. 6@»9\ 69‘9
A MFLX 8 & 50 8
OPN o e —
vehicle 30 mg kg day 100 mg kg™ day™!

p-actin “

(OPN / p-actin)

Relative ratio to vehicle

Fig. 2 Effects of MFLX on the expression of OPN in aorta.
Immunohistochemical staining shows the expression of OPN (A). Scale bar: 100 um. Immunoblot
analysis shows the levels of protein expression for OPN (B) . Bars represent mean * SD; ¥*P<0.05.



2A) & 512, MFLX#5-# (30 and 100 mg kg' day ') (& vehicle #f & JL#g L CRBIRAARIZ BT % OPN ¥
V87 S A BHE SN & 72 (Fig. 2B)o L7245 T, MFLX I3 KEMIRAKE L 517 5 OPN 5831 % Bd i &
¥, AAD DFE % 5T A W RelEdvRE S iz,

1A B2
707 7 —VIZHF 5 MFLXIZ X % OPNREBELL X = X L DR
(Hi]

1 1R LD, MELX 2SS AAD E 7V~ 7 A O KEIRAARIZ BV COPN ¥ > /87 34 B
SHDLTEIZL) AADMEEAFR S D T LAVRIEEN/z, LA L, MFLXIZX % OPN % > /7387 SE8iE4 I
T AEF IR TH L, £2C, AADDOFRBLOHMEICEELHEHEZRZL b v s 77—
WWHEHL, v~ A~ 7077 — VHEHAIERAW 264 .71281F 5 OPN FBL R $ 5 MFLX O #2288 % et L 72,

(92805 1K)
YA AT 7 — VML RAW 264 .7 % ffH L, MFLX % 300 uM T 24 g ALEE L western blot {12
EDOPND Y v/ HamaillE L7z,

[RSR - %)

RAW 264 .7 M1 8\ TMFLX I3 & (0 ~ 300pM) 3 & U (0 ~ 24 hours) MKAFAYIZOPN & > /%
7 3B A B S, 300 uM, 24 R T b AN X B 7. KICOPNFSEL % N9 % ERK1/2 38 X OFINK &
TFEND) AL EFHE L 720 EOFESR, MFLXIZERK1/2B8 X NINK & 7 )V % 1 BB X U8 KT
BHF ML S ¢ 72, £ 512, MFLX & ERK 1/2 [HEHITH % PD98059 (Fig. 3A) B L N INK [HEH] TH
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Fig. 3 Effect of ERK 1/2 inhibitor (PD98059) and JNK inhibitor (SP600125) on MFLX-increased
expression of OPN protein levels in RAW 264 .7 cells.
Representative immunoblots showing protein levels of OPN (upper panels) . Quantitative analyses
of band intensities showing expression of OPN protein (bottom panel). Cells were treated with
vehicle or MFLX (300 uM) for 24 h in the absence or presence of the ERK 1/2 inhibitor (PD98059)
(A) or the JNK inhibitor (SP600125) (B). PD98059 and SP600125 were added to cells for 30
min before treatment with vehicle or MFLX. Each bar represent mean + SEM (n=4).
**P<0.01, #**¥P<0.0001 .



% SP600125 (Fig. 3B) OBFHIIZ L 1), MFLX 2 X % OPN % > /% 7 FBLH N % il S €720 L7225 T,
MFLXZ~v 2707 7 —JIZBWTERKL/2B X NINK & 7 F VR %/ L COPN ¥ » 787 Z8H & B &
w52 EDURIBE NI,

W2
InFuaxuyRIMERICE T % AAD Y 2 7 ORE
(H]

CPFX, LVFX B X I'MFLX O 3 #I[H T AAD OFIES L OWED ) A 7 OAEL FHli§ 5 7290, 1M
AL B 5 I R O PGERBE <~ — 77 — (a-SMA, SM22a, SMMHC, 3 X (Fcaldesmon) @
FEBL & L - BET L 72,

(S5 1]

Z v N REVIRIME 5502 (rat aortic smooth muscle cells; RASMCs) % fli L, CPEX, LVEX B X Of
MFLX % 300 uM T 96 IR f LB |, RT-PCR #:8 & UNwestern blot 712 & 1) a-SMA, SM22a, SMMHC 8 & O
caldesmon ® mRNA =B L MY v /37 Hawm &l L7z,

[R5 - B%)

RASMCs 128\ T CPFX, LVFX B £ O"MFLX (£300uM, 96 IERILELIZ X ) SM220, SMMHC B £ U
caldesmon D ¥ » 737 583 % PEZE A &7z —77, CPEX B X O'MFLX 3 vehicle & i L T a-SMA O
5 X B WA SE2HS, LVEX A €72 o 72 (Fig.4)o 72, RASMCs ICBWTCPEX B LU
MFLX (300 uM, 96F5H) 13 vehicle & L8 L C SM22a, a-SMA, SMMHC 3 & U caldesmon @ mRNA F§ 3
B EEZ, Lo L, LVEX(E, TNHDOmRNAFEBLZ B %0572, L72h 5T, RASMCs 235
\»"C CPFX, LVFX 8 & 'MFLX X B HE MO IGEERB ~ — 7 — B A WP S22 26, i
BRI s LI2L D, AADZFHRB L OHE ST LM EMEIVRIES /2, & HIZLVEXIE
CPFX 3 & O"MFLX & [FAEEE IS g Ffli e O PUE R B ~ — 7 — B2 A S e d o 72720, 3#|
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Fig. 4 Effect of treatment with CPFX, LVFX, and MFLX (300 uM) for 96 h on the expression of marker of
the VSMCs contractile phenotype protein in RASMCs.
Representative bands of SM22a (A), a-SMA (B), SMMHC (C) and caldesmon (D) in CPFX,
LVFX and MFLX treated RASMCs (upper panel) . Quantitative analysis of band intensities showing
expression of SM22a (A), a-SMA (B), SMMHC (C) and caldesmon (D) proteins (bottom
panel) . Cells were treated with CPFX, LVFX and MFLX (300uM) for 96 h. Each bar represent
mean * SEM (n=7-9). *P<0.05,*¥P<0.01, ***¥P<0.0001 .
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Involvement of brain pericytes in age-related impairment of the blood—brain barrier
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Fukuoka University, 8-19-1 Nanakuma, Jonan-ku, Fukuoka 814-0180, Japan

Abstract

Aging increases the risk of developing neurodegenerative diseases, such as Alzheimer's Disease (AD) and
Parkinson’s disease (PD), which are closely associated with blood—brain barrier (BBB) dysfunction [ 1]. BBB
disruption precedes the onset of AD and is an early biomarker of human cognitive dysfunction [ 2-3 ]. Furthermore,
neurodegenerative diseases are implicated in age-related BBB impairment [4-7]. However, how BBB integrity
alters with aging is unclear.

BBB is formed by brain microvessel endothelial cells (BMECs), astrocytes, and pericytes. It restricts transport
of substances in the blood for maintaining homeostasis of the central nervous system (CNS) [8]. BMECs, which
are the basic component of BBB, mainly control the entry of various substances from blood to the brain. Tight
junction-associated proteins (Tjs) spanning intracellular BMECs contribute to regulating paracellular permeability,
and their disruption and loss result in the disruption of BBB integrity [8-9]. In addition, adherens junction-
associated proteins (Ajs), such as cadherins, contribute to holding the cells together, providing the tissue structural
support, and are essential for formation of tight junctions [10]. Major facilitator superfamily domain-containing
protein-2a (MFSD2A), which is exclusively expressed in BMEC, is a docosahexaenoic acid (DHA) transporter
and can inhibit transcellular permeability by regulating endocytosis [ 11-14].

Pericytes are present at intervals along the walls of brain capillaries and play a key role in maintaining BBB
integrity [ 15-18]. They induce formation of TJs in BMECs and regulate BBB permeability [ 15, 19].
Furthermore, their presence is required for the MFSD 2 A expression in BMECs [ 12].

The aim of the present study was to explore the characteristic changes in pericytes with aging and to ascertain
whether pericytes are involved in age-related impairment of BBB. In the first chapter, we reported age-related
changes in DHA transport across BBB and the expression of DHA carrier proteins in young-adult, middle-aged, and
aged mice. In the second chapter, we reported the relationship between dynamic changes in BBB integrity with
aging and cellular senescence in pericytes. Furthermore, we showed the relationship between BBB integrity and the
inflammatory activation of microglia, which contributes to neuroinflammation. In the third chapter, we reported the
effect of senescence pericytes on the barrier function of BBB evaluated using an in vitro BBB model. In the fourth
chapter, we reported how pericytes regulate the MFSD 2 A expression and whether pericytes affect the localization

of MFSD2 A in BMEC. In the fifth chapter, we reported the effect of long-term dietary DHA supplementation on



age-related BBB disruption and subsequent activation of microglia. Finally, we explore whether DHA regulated the
barrier function of BBB in physiological condition in vitro.

The present study would provide new insights into the age-related impairment of BBB. Repairing age-related
dysfunction of BBB can be a novel strategy for preventing neurological diseases.

Keywords - Blood-Brain Barrier, Aging, Pericytes, MFSD 2 A, Docosahexaenoic acids

(WS Hiv]

INESIE 7 VY NA < —=BIRRHAER /78— F ¥V VI & v o - E R R E O R REHE R O F 8 7 fa s K+
Thrb, LT, ITNHOFEEITMAINEEM (Blood-Brain Barrier; BBB) Oz & B IZBH L T\ 5,
BBB O & B L 72 iR M B OB R & L C, RIS A Lzl s > 287 BHIZ K %
MR E R MR RIENEZ Z LN T\ b, T72, BBBIEREEE X7 VY A ~ —RIFRHE D FIE 12 J6AT L
THBIL, RAEEETONS A~ =5 — & LCOFREIRE SN TS, HIZ, MiEl2tE) BBBO
ke DS HRRE VR ORI T 5753 2 L DR R 20 H b0 D728, IEIZHE ) BBBHTED
HEATINEN IR B MR E OB TG & 22 0 9 2R H 5. L L, MEICHED BBB OB &
DEHZLTELLZPEHASLNIZ SN TV,

BBB I3t/ E N R AL, 7 A M ad A SRR A M X o TR S, IEBRIH A 5 B~
WEBATEHRT 2 Z & THRMBERDEEEL ML CTnd, T, Mfy e A Bz i I 53
T AHEEREABE Y 782 8 (Tight junction-associated proteins; Tjs) (&, A B 2 /i L 7= &84T
ZHIBRT 2 ECEELEHELHG, ZOTjs OZEMERLHELIEBBB /YY) THEOHIEICHS T 5, 72,
T /IN L PA) Bz A el P A2 B8 3 U LR 3 D AEFR IS LB e BE A5 K5 B B9 & X 7 & (Adherens junction-
associated proteins; Ajs) (&, TjsTEHIZ D EF5 L T\wb, HIZ, MFSD2A (Major facilitator superfamily
domain-containing protein-2a) (/MM E N EZAABOMIBIEIZFHER T 25 FaAx o ok
(Docosahexaenoic acid; DHA) @ b T ¥ AR —% —& L THEET 5135, =Y A b= A%l 5
C & CREMIBARRE 2 At L 72~ O ERAT 2 36 L, BBB /YY) 7HEREMERFIC D &5 L T\ 5,

DHA DY) Y IREICEEICHFAET 2 n-3 2N BAEHRTH D, IR O ZEE - HEFRFICB VT
EELREEZES . 2, DHA XIAEREO A% 597, RIS N MEOIREER % BBB /N 712
L CRIERNER S 2 2 LS Twde LrL, BNICBWTDHAIRIZE A LRI N R\
O, JANDDHA L)V & fERFs 57201213 BBB &/ L TN I % S 2 LB o fNelZHE ) ik
WDHA L~V O FIEFRAIRERE DI T L B8 L T\ %25, @ IC WA DHA L NV AMRTE 3 %
DOPEAHTH B, F72, MEGIZHEVBBB /YY) THEAERIZNEESLT % A%, DHA AR & D X 9 1221k
FTHPEHS I EN TR,

A A A I EAM A RBE LI o TR A N AN 2 ) S & O ISAETET B0 XU A NI
IME N AL O Tjs FEHEZFHE L, BBB/VY THEREMERZH S LT b, BHIZ, X5 A MEFET T
B N LA N R AL BV CMFSD2 A BLL 2V S LSRG SN CB Y, ) A4 MBR A A Rz
faIZ BT 522 FH A b — 2 AOH#E & U DHA St R REHERF 12 & > T O ER %% 24 ) o BBBAEEGH
fa DML EALATINERIZEE D BBB /N THEBEDBEFEICH G LTV E 2 EATRIEEN TV SA, X H A b
PRI L D ED X H I 22 EAHTH 5,

AWFFETIE, MESIZ BT 5T A P ORI ZRZLICER L, MEsi2 ) BBBABEREEIZ BT
%) A b ORIGAZ DV THRGE L 726
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1. Zii~2 2 To BBB kit & OMHLEE Y2

2, 8, 12, 2471 HimOMEMECSTBL/6I Y 7 A L, #&DIRNETRE: 2 Vv CTRI 7 X)WL &7z
DHA ([“C] DHA) ORREEATIZOWCEHEI§ 5 Z & T, DHAREEATOMEIZEE ) ZIbic oW THGE L 72,
F72, 02,8, 12, 247 A0 MEECSTBL/I6I Y 7 A L/NIE* Bl L, YT A% 7 uy hgEx
W TTjs TH 5Z0-1, Ajs TH 5 cadherin, ) H 4 b~ —7 —TH % PDGFRB % UFaSMA, EALHllaD~ —
H—"TdHbhpl6, p2l, pS3EBELZFM L 720 FIZ, 2, 12, 247 HEOHEYECSTBL/I6T < 7 AH 5 2K
PRI U R 2 SR, SoteiE gtk 2 W C, BBBYNY THikED ~ — 5 — T 5 Fibrinogen, [
FIEIHLHILCH ) N RERRICEFSG T4 70 7)) 7TOY = —Thblbal, X)W A h~v—7F—
T& % PDGFRB ZEHLZ DV CaEF L 72,

2. B~ AL +HBBBEEENG- X 5%

AR A S OMIEELASBBB/NY THEEEIC G- 2 B0 B A MGES 5 720, 308 (G4) KO8 Al (&
i) @ Wistar rat 72 5 1) 4 A b 2 HEEL | BRIME N ESHF O N 7HEBEIZ G- 2 2 #2288 % in vitro I2B W T
BGE L 720 PREC, —RMICBALII 2 F T 2 T & L THW S Lo BEIRkAE 10 X 2 e L
(2, 4, 7, 10fCHZER), E#T v PP OHBEL/ZX) YA b (EBERYFA ) EOERIZONTH
A L 720 2N T HRRRIEARN B B AURPUE (TEER) M USNa-FaZa# k2 & 0 3 L 720
3. XYY A4 bic Kk 3 MFSD2 A JEBLHIEBE RS

AR A A M2 XD MESD2AZEHOHIEERERE Z D W THEES 5 729, 3 BEGD Wistar rat 7> 5 BB L 7254
MAEWNE IR ) 4 A M EHWCHERET IV A/EE L, WM& NEIEIZ BT 5 MFSD2A 383 &
ZOWTIRGE L 720 BEIS, MMM E MG & ~< ) 41 b & D PDGFB/PDGFRB > 7)) » 7 2SMFSD2 A
FHA R T HE RIS 572, Pdgftb / v 7 57 )4 s B/ERLL 72,

4. DHA &A1 SO I ¥ BBB BEREZS (b 1<%t 3 5 1)1

WL, INEEICEE D BBB N Y THEFEDNETSIL & DHA & OBRZMEET % 72, 197 Hilid C57BL/6]
~ 7 AIZDHAJEEH & (Control ) & L { IXIDHAEEA & (DHAM) % 13 BME A IS, M/~ 2
BUF 5 Tjs, Ajs, MFSD2 A SHI & % 7l L 72o FIZ, Fibrinogen DR H LN 7 1 7)) 7igt bz >
Wb AP L 72
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1. DHABBITI3 12, 24 T Hilev o AV THP T 5

12, 2471 g~ 7 Z12B W T [“C] DHA Ol /R E &%, 27 At~ A & 1X0.03275 mL/g (2
1 B vs 127 A, P=0.0284) & 0.03827 mL/g (277 Al vs 24 77 Hils, P = 0.0380) DA E 2K HFE
57z (Fig. 1a)o SMNFEIIZ 3BT 5 DHARKEITIC OW T, MRERTO0.04626 mL/g (2 vs. 24 71 i, P
=0.0042) (Fig.1b), AT/ T0.04489 mL/g (2 vs. 127 B, P=0.0299), 0.05294 mL/g (2 vs. 24 71 7 4,
P=0.0375) (Fig.1c), #T0.03402 mL/g (2vs. 12 /7 &, P=0.0101), 0.06034 mL/g (2 vs.24 71 H #,
P=0.0001) (Fig.le), HIR - R THEET0.05106 mL/g (2 vs. 24 77 Hiki, P=0.0067) (Fig. 1f) DA &%
WADIFRD & 17z
2. BB iIc ki 2 MESD2A YB3 12, 24 W Hilg~v I RSBV TP T 5

2 s~ AL X112, 247 A~ 7 ATIEZNZ129% (P=0.0242), 26% (P=0.0432) DHE
7 /P SRR B 7z (Fig.2) o
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Fig.1 Brain uptake of [14C] docosahexaenoic acid (DHA) in 2-, 8-, 12-, and 24 -month-old mice.
Brain/perfusate ratio of ['*CJ] DHA as NE-DHA in the whole brain (a), olfactory bulb (b), forebrain
(c), cortex (d), hippocampus (e), thalamus and hypothalamus (f), and cerebellum (g) of 2- (2M), 8-
(8M), 12- (12M), and 24 -month-old (24M) mice following in situ transcardiac brain perfusion for 1
min at 2 mL/min. Data are shown as the mean * standard error of the mean (n =4 - 15). Each closed
symbol represents an individual value. *P < 0.05, **P < 0.01, ***P < 0.001, significantly different

from 2 -month-old group.
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Fig.2 MFSD?2 A expression levels in brain microvessels from 2-, 8-, 12 -, and 24 -month-old mice.
Representative Western blot images and band intensities quantified by densitometry in 2- (2M), 8-
(8M), 12- (12M), and 24 -month-old (24M) mice. Total protein levels measured by Stain-free tech-
nology were used as the loading controls for total protein normalization. Bars indicate the mean *
standard error of the mean (n =5 - 6) . Each closed symbol represents an individual value. *P < 0.05,

significantly different from 2 -month-old group.
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Fig.3 ZO- 1, occludin, pan-cadherin, PDGFR[} and aSMA expression levels in brain microvessels of 2-, 8-,
12 -, and 24 -month-old mice.
Representative western blotting images of ZO-1 (A), Pan-cadherin (B), PDGFRp (C) and aSMA (D)
in2- (2M), 8- (8M), 12- (12M), and 24 -month-old (24 M) mice. Band intensities quantified by den-
sitometry. Total protein levels measured by stain-free technology used as loading controls for total pro-
tein normalization. Data are expressed as percentages of the 2-month-old group’s protein level. Bars
indicate mean * standard error of mean (n=3—11). Each closed symbol represents an individual value.
*P<0.05,*P<0.01,***P<0.001 and ****P < 0.0001, significantly different between groups.
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Fig.4 p53, p21, and p 16 expression levels in brain microvessels of 2-, 8-, 12-, and 24 -month-old mice.
Representative western blotting images of p53 (A),p21 (B),and p16 (C) in2- (2M), 8- (8 M), 12-
(12M), and 24 -month-old (24M) mice. Band intensities quantified by densitometry. Total protein
levels measured by the stain-free technology used as the loading controls for total protein normalization.

Data are expressed as percentages of the 2-month-old group’s protein level. Bars indicate mean *

standard error of mean (n = 5-10). Each closed symbol represents an individual value. *P < 0.05,

significantly different between each group.
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Fig. 5 Fibrinogen extravasation in the hippocampus of 2-, 12-, and 24 -month-old mice.
Representative fluorescence images of fibrinogen (red) and lectin (green) in CA1, CA2, CA3, and
DG of the hippocampus in 2- (2M), 12- (12M), and 24-month-old (24M) mice (A). Fibrinogen-
positive areas (B) and intensity (C) detected and quantified by fluorescence microscopy. Data are
expressed as fold changes in each corresponding 2M (n = 3) . Bars indicate mean * standard error of
mean. **P < 0.01, significantly different from each corresponding 2 M.
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Fig. 6 PDGFRp expression levels in the hippocampus of 2-, 12 -, and 24 -month-old mice.
Representative fluorescence images of PDGFR[3 (red) and DAPI (blue) in CA1,CA2,CA3,and DG
of the hippocampus of 2- (2M), 12- (12M), and 24 -month-old (24M) mice (A). (B, C,D) PDGFR
B-positive cells (B), areas (C), and intensity (D) detected and quantified by fluorescence microscopy.
Data are expressed as fold changes in each corresponding 2M (n = 3—5) . Bars indicate mean * stand-
ard error of mean. *P < 0.05, **P <0.01, and ***P < 0.001, significantly different from each corre-

sponding 2 M.



7. 24 A~ ZADWKICH I 5 Iy v s 7ML

24 1 R~ 7 A DOWEE CA3FHINIZ B\ CTlba l B ML (2 vs. 24 47 Ailis, P = 0.0487), FETHEAE (2
vs. 24 71 H#G, P=0.0013, 12vs.24 77 A5, P=0.0014), FPEiRE (2 vs. 24 7 Hi#li, P=0.0163, 12vs.24
71 5, P=0.0057) 2SEEIZHEML 720 CA2FHIRIZ BT G Ibal FFHEEIRE (2 vs. 24 77 F G, P=0.0240,
12 vs. 24 77 Ak, P=0.0288), FlEidfE (2 vs. 24 71 FJHi, P=0.0426, 12 vs.24 71 ki, P=0.0423) 25H
FISHIL 726

>

CA1

2M

24M

12MmM

w
J
*

(Relative to each corresponding 2M)
o - ~N
L 1 1
%
Fold change in
Iba1/ DAPI positive area

Fold change in
Iba1/ DAPI positive cells

s

~N

o

£

T

s

§ 37
14

£

8 2
S

8 ]
@

o 11
8

2

& o-
[

£

D z

2P 4 * *%

T‘gﬁ mm CA1
=§§3- = CA2
§§§ = CA3
285 24 E—jDe
on.s
TE &
£33 '

=9

@ >

2% o-

g NS SRS A A

Fig.7 Ibal expression levels in the hippocampus of 2-, 12 -, and 24 -month-old mice.
Representative fluorescence images of Iba 1 (green) and DAPI (blue) in CA1,CA2,CA3,and DG of
the hippocampus of 2- (2M), 12- (12M), and 24-month-old (24M) mice (A) . Ibal-positive cells (B),
areas (C), and intensity (D) detected and quantified by fluorescence microscopy. Data are expressed as
fold changes in each corresponding 2M (n = 4-5) . Bars indicate mean * standard error of mean. *P <
0.05 and **P < 0.01, significantly different from each corresponding 2 M.
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Fig. 8 Influence of brain pericytes, which were serially passaged or isolated from 18-month-old rats, on the
endothelial barrier function of BBB.
(A) Schematic showing the in vitro BBB models using rat brain endothelial cells (ECs) co-cultured
with or without rat brain pericytes (PCs), which were serially passaged or isolated from 18 -month-old
rats. (B, D) TEER values and (C, E) permeability coefficients of sodium fluorescein (Na-F) for the
EC monolayer were measured after culturing for 3 days. Bar graph represents the mean + SEM (n =
7-24) .*P<0.05,**P <0.01,and *¥**P < 0.0001 .
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Fig.9 Effect of PDGFRB-knockdown pericytes on the MFSD 2 A expression in brain endothelial cells (ECs) .
(A) A schematic diagram of experimental procedures for siRNA transfection to rat brain pericytes. (B)
The top panel shows representative western blotting images of PDGFR and corresponding [3-actin in peri-
cytes transfected with siPdgfrb or negative-control siRNA (control) for 1-3 days in vitro. The bottom
panel shows the quantified band intensities corrected by B-actin as the loading control (n =3). (C) The top
panel shows representative western blotting images of PDGFR[} and corresponding f3-actin in pericytes
transfected with siPdgfrb or a negative control (control). After a 24 -h transfection, cells were cultured by
replacing with the EC medium for 3 days in vitro. The bottom panel shows the quantified band intensities
corrected by B-actin as the loading control (n=3). (D) A schematic diagram of experimental procedures
for evaluating the effect of Pdgfrb-knockdown pericytes on the MFSD 2 A protein expression in ECs. (E)
The top panel shows representative western blotting images of MFSD 2 A and corresponding B-actin in ECs
cultured with or without siPdgfrb- or negative control (control) -transfected pericytes. The bottom panel
shows the quantified band intensities corrected by B-actin as the loading control (n = 4-5). Data are
expressed as percentages of control in pericytes or the EC monolayer. The bars indicate mean * standard
error of mean. **P <0.01, ***P <0.001, and ****P <0.0001, significantly different from control peri-

cytes or the EC monolayer.
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Fig. 10 ZO-1, MFSD2 A and pan-cadherin expression levels in brain microvessels isolated from CO-fed and
DHA-fed aged mice.
Representative western blotting images of ZO-1 (A) , MFSD2A (B) and pan-cadherin (C) in CO-fed
(control group) and DHA-fed (DHA group) aged mice. Band intensities quantified by densitometry.
Total protein levels measured by Stain-free technology used as the loading controls for total protein
normalization. Data are expressed as percentages of the control group's protein level. The bars indicate
mean * standard error of mean (n = 3) . Each closed symbol represents an individual value. *P < 0.05
and **P < 0.01, significantly different compared to the control group.
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Fig. 11 Fibrinogen expression levels in the hippocampus of CO- and DHA-fed aged mice.
Representative fluorescence images of fibrinogen (red) and lectin (green) in CA1,CA2,CA3,and DG of
the hippocampus of CO- (control group) and DHA-fed (DHA group) aged mice (A). Fibrinogen-positive
areas (B) and intensity (C) detected and quantified by fluorescence microscopy. Data are expressed as fold
changes in each corresponding control (n =3) . The bars indicate mean * standard error of mean.
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Fig. 12 Ibal expression levels in the hippocampus of CO- and DHA-fed aged mice.
Representative fluorescence images of Iba1 (green) and DAPI (blue) in CA1,CA2,CA3, and DG of
the hippocampus of CO-fed (control group) and DHA-fed (DHA group) aged mice (A). Iba I -positive
areas (B) and intensity (C) detected and quantified by fluorescence microscopy. Data are expressed as
fold changes in each corresponding control (n=3—-6). The bars indicate mean * standard error of mean.
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BWTIEBBBNY THET 513 EDRBII L WD H 5o BEIIZB T, YA +offifla
16K O ML P R AR O DHA L OV O F2SBBB /N 7 DOBkE# R &, Ifih A S AN T 1+ 7Y J —
FUYDTWATAHIET, ZRNIZI 27027 TERGEHALSE L 2 LR snsd, 2LTC, 370 7))
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Pathophysiological analysis of Scn 1 a*~ mice and the establishment of a novel synaptic culture system

for the development of therapeutic drugs for epilepsy

Kouya UCHINO

Department of Neuropharmacology, Faculty of Pharmaceutical Sciences,

Fukuoka University, 8-19 - 1 Nanakuma, Jonan-ku, Fukuoka 814-0180 , Japan

Abstract

Epilepsy is a pervasive and severe neurological disorder that affects 0.5—1 % of the population, predominantly in
childhood. Epilepsy patients are generally treated with antiepileptic drugs, but about 30 % have refractory epilepsy
that does not respond to such drug therapy. With this background, the molecular mechanisms underlying the onset
of refractory epilepsy remain mostly unknown. Therefore, epilepsy is one of the most challenging diseases for
developing fundamental therapies and drugs. In this study, we investigated the mechanisms of Dravet syndrome that
is refractory epilepsy, and developed a novel synaptic culture system for the treatment of the disease. In Chapter 1,
we found that inhibitory synaptic transmission is impaired at higher extracellular Ca®* concentrations in the
Scn 1 a*~ mouse model of Dravet syndrome. In Chapter 2, we found that astrocyte Ca** signaling is facilitated in an
Scn 1 a*~ mouse model. In Chapter 3, we established an autaptic culture with human-induced pluripotent stem cell-
derived astrocytes. The establishment of this culture allows a detailed analysis of synaptic modification by patient-
derived astrocytes. Therefore, our methodology would facilitate studies on the pathological analysis of many central
nervous system diseases, including epilepsy, as well as the development of medicines.

Keywords : Epilepsy, Synapse, Astrocyte, Induced pluripotent stem cell
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TADAL, HRHIIE O # R 7 BAA I M- T, BREER T WAL E2 BIENISRE 2 3@
W MERETH L, BTV NAZED L LEANOD 1% ICKSFEFICERELERETHY, £
NEENZEIET 5o — ML TADPAEIZ L ZEEIMTHONLD, FHI3FOBBETEIMTA»ASE
PR TAMATHE L TWb E72, G TAPARIED G T A=A LZIEEA LT TBLT,
AR 2 GERT ORISR LR IERO—2Th b, MA T, HHEO/NETA»ABE LI ERE
EXLRMER 2 EOGHEDAETLHIEDH Y, BAIIL > TOHAIEF I T LIALZENEILEL D
% (Hirose et al., 2000, 2002) , %= Z CAMFTIE, HEETADNA TH 2 Dravet lEERHEE TV~ 7 AD Y
F T AKERE R ON7 A b O A P OIEMEEFEMT A & & DS, b MPSHIEOIEHZME L7z, H1ETIE
Dravet JEBEHE T T VYT A TH L ScnlaF v 74 V7 AOQBELB IO —2—ar oy 72



TREEICOWTHRNT L770 B2 TldSenlaFx v 74 V=T ACBITAT A MOt 4 b oOiEH2 a1 L 72,
SHIIZe b7 A MUY A MIEFEB LAY F T AEMFMETNVOMY .2 BYE LT, H3ETIEL b
iPSHIIBHIE T A b A N&2H L2FH Y - 7 AFMEAR 2T L7,

W18 Senlax v 74 Vv A=a2—avDyF 7 AN
(Uchino K et al., Scientific Reports, 2021 May.20 )
(Hi]

Dravet JEMEREIL, FLIEHIICHE L CHEIMDO TADARIEIC X ) EELMIER I EBE > & 723G
WCTANATH S SFEDFRIZIE, BEDHK80% L EICENMMKLNEF M) 7 A F ¥ 2V THANavl. 1
ALY A= RFLTWALSCNIADNT OERNBD LN T WD, T4, SCNIABZTFONTOER T HT
57 AN, Dravet JEEHEDET N~ A & LT 4172 (Y et al., 2006 ; Ogiwara et al., 2007 ; Cheah et
al.,2012; Han et al.,2012) o 25 DETIVEIN Tl SCNI1ABIZT OZEIZ L 0 IHIPEREE KT &
B\ TR RE O TLENE L TB Y, N OBEE M & JIFIEONT » A B LIEFICTANA
EEIE LR T VIREBIZ 5 T b, EEZMTIE, ZHO=2 -0 Y ABHEWVISHET S Z &L THkEA v
N7 =27 R L, HlRENT AR RE - nET A2 E THIREFEEZ R L TV, =a—a v
DZFHETH S [T T R] TIE, LAEEWEZ A L CHFRMIHERIMES N TS, T4bL, T
ADAFERREZIE, Ay T — 7 OB EIHIEDO NG Y A (BNNT V) 3=k b L <ILFF
BICHEGE L, ¥ 7 AGEDSBEICEHEST L2 L E2 6N5b, LoT, TARAR[YFTAMWRE] & L
THZ, T TAREOREL AT L 2 L1E, AN TAD»AGEDL L OCRIE~O—B) & 7% 2 1] hE
WA %o 22 TSenla~NTOERHST D Scnla¥ v 74 < A% v CEEE L OHHIED >~
ARERE & fEAT L 720
(925 05 1]

FERENIZIL, Senla* v 74 Y (Het) ¥ A&\ 2o 2O A Senla#int % 23— N9 55K
D) Lexon 8-203A4F YA ¥ VIR EFICER SN 2F Y 74 T ATHY), Navl AW/ v 7T
7 hENT T REF CRBM AR T Het R OHFAER (WT) ~ 7 ADWE T 72134 L) HEEL /-
a0 AW CTHE 22— 0 VEEIERTH L4 —§ TAREERLFH L, =2 -0 UEE13 ~
1THHEIZ, PFTRAEEEY F 7T EICIVEN Lz 72, MO Y - 7 A% g
FUC Ly ER L7z,

[R5

Het=a2—HO Y EWTZa—0 2BV, BEND ;7 Z#%EG (Excitatory postsynaptic current,
EPSC) DIRIFIZFRETH - 7225, ¥k ) 7 A% (Inhibitory postsynaptic current, IPSC) DRI
lZHet=2— 0 Y THEIKT L7 (Fig. 1. A, B)o 512, HIHIEY 7 A/Nao B iR & > 5
TAOEIE, WT=a2—1a > L L CHet =2 — 10 > TIAAEIZET LTz (Fig. 1. C, D)o MZT,
Het = 2 — 1 Y (2B W CHllIEY) Ca2 IR E O B2 AV EPSC OFRTEIE FLBIAG IS L 7212k L C, 1IPSC
OIRTEEZHEIN L % 5> 7= (Fig.2,A,B)o
(&%)

Senla¥ v 7 A YT ADZ2a—0 N IBWTC, BENEY F T AREOTUEFEHIIBIS TE o7z,
— 5T, W2 -0y TCE Y F T ABDET, BLOHORHEROKTIZ L > THHMEY F 7 A
EEPABEIET LTV AT, TADLAFRIERZ ML 2 s Ca2 B SR ClE, L —E
E/INT Y ADHIE L Tnizo DEDZ Es, KWIZEIZ X o TSenla®F v 7 A ¥~ A TIEHHINED F
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Fig. 1 Changes in the inhibitory synaptic transmission of Scn / a*~ (Het) neurons.

Fig.2

(A) Representative traces of evoked inhibitory postsynaptic currents (IPSCs) recorded from a single
autaptic neuron of either wild-type (WT) or Het mice. Depolarization artifacts caused by the generated
action currents have been removed for clarity of presentation. (B) Average amplitudes of the evoked
IPSCs in neurons of WT or Het mice (WT: 7.94 £0.55 nA, n=96; Het: 6.18+0.42 nA, n=98/N=5
cultures, *p<0.05). (C) Vesicular release probability (Pw) in single autaptic neurons of either WT or
Het mice (WT: 29.99+2.31%, n=91; Het: 24.01+1. 66%, n=92/N=5 cultures, ¥p<0.05). (D)
The number of VGAT—positive synaptic puncta in autaptic neurons of either WT or Het mice (WT:
152.23+7.91,n=70,Het: 117+10.61,n=74/N=8 cultures, *p<0.05 ).
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Changes in extracellular Ca** concentration sensitivity of inhibitory synapses in Het neurons.

(A) Representative traces of evoked IPSCs recorded at 2 mM [Ca?**], (black line) and 8 mM [Ca?*],
(red line) from neurons of either WT or Het mice. Depolarization artifacts caused by the generated
action currents have been removed for clarity of presentation. (B) Average magnification of the evoked
IPSCs at 8 mM [Ca?**], based on IPSC amplitudes at 2 mM [Ca?*], in neurons of WT or Het mice (WT:
1.36+0.09 mM, n=35,Het: 1.02+0.04 mM, n=36/N=9 cultures, ***p<0 .001) .



W2# Senla¥ v 274 V<9I A7 A bad A D Cax IEKANT
(Uchino K et al., Biochemical and Biophysical Research Communications, 2023 . Jan. 1 )
[(Hmy]

T A MO A MIPREMERERICHFEEL, =2 -0 ryBOYF T ARER Y F T AORK, Ik
B4 5 Tw: % (Allen and Barres, 2009) » {HEJEM A FA S L 2 LICK D EMREEZIT) =2 -0y L8
Y, TAMIYA MIEHEMEFE L 2w, FREEOMBTHL LEZOLNTE L, L2L
BE, ANVYTAAL A=V TEOMHIIZLY), TANOH A NASHIEANO Ca2 i EZEAL (Ca2 %K)
RTHEROMETH L Z L brolze 7TAMIY A MIZDCa FEKEHVRLES, Vs I
<> ATP, D-serine 72 & D7) TAmE W E L ZEWE 2N T4 2 & T2 —u Y OE 25/ L C
5% (Agulhon et al., 2008) o VT4E7 A hOH A hDCa* AN =2 —0 N LT, CTADPATRIEIZH
L TWAZEDPHS DL % 572 (Fellin et al., 2006 ; Tian et al., 2005) o L7 L %2255 Dravet FEEREIZ B W
T, MO ADIFRIZE EE > TBY, 7 A a4 MIEAEDPSELTWDLEHE) EAHTH %,
X o T Dravet iEBEHEDO 7 A b a4 b D Ca»* 38K =T 3 5 Z L1, H/- L WERTHRIIZ O 05% &
ZZ,Senla¥ vy 74 YRIADT A MAY A MO Ca {EWEE TN T LA A= ¥ FPITTEHIE L 720
(928875 1]

EEREWIIFE1Z LR U Scnla¥ v 74>~ (Het) ¥ 7 A% 7z, FER (WT) KO Het ¥ 7 A DK
FBRE LD 7 A M A b &gk B UBEARLZER L 72, 3EBRIZ1E Oregon Green BAPTA-1,AM (OGB 1)
& Fluod4-AM % I L7z OGB1TIE7 A hu¥ A b OHFEM %R Ca> 58K %5tk L, Fluo4-AM Tl ATP
IZTHEE L2 Ca R EFLER L 720 FLER L 72 Ca>* K DW O AMHE, HE, HEEL WT LU Het ¥
ADT A MU A NTHEL 72,

[R53R]

Het<Y ™ ZAD7 A MO 4 MIBWT, HIEMZ Ca 38K TIRRIEFOMEE 238k L (Fig. 3. A, B, C),
FHHIM & 2 Ca> BN TIRHOLHE O AME L EHZ ML T\ 72 (Fig. 4. A,B,C)o TDI ENH,
Het¥ 7 AD7 A Mt A b TIX, Ca>*FEKDTUHET H Z EDPW LN E R o 72,
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Fig.3 Spontaneous Ca?* signaling in Scn / a*~ (Het) astrocytes.

(A) Representative waveforms of spontaneous Ca>* signaling in wild-type (WT) and Scn I a*~ astro-
cytes. The different colored lines indicate the relative changes in Ca?* intensity using Oregon-Green
BAPTA- 1 AM at individual ROIs. Waveforms are shown relative to the baseline. (B) Mean of maxi-
mum relative intensity of spontaneous Ca* signaling in WT and Het astrocytes (WT: 19.9 + 1.8%,n
=123; Het: 22.8 +1.3%,n =179 from N = 5 cultures) . (C) Mean of the maximum differential inten-
sity of spontaneous Ca2* signaling in WT and Het astrocytes (WT: 797.5 + 143.2 AlInt/ At,n = 98;
Het: 2796 +481.3 AInt/ At,n =179 from N = 4 cultures, *p<0 .05).



A B c e

< 100 § 1200
z 80 1000
g 8 800
1 10% £ €0 T ] T
=1E g 40 L g 600 J_
£ S 400
% 20 g oD
WT Het = 0 g o
WT  Het WT  Het

Fig.4 ATP-induced Ca?* signaling in Scn / a*~ (Het) astrocytes.
(A) Representative waveforms of ATP-induced Ca** signaling in WT and Het astrocytes. The different
colored lines indicate the relative changes in Ca2* intensity using Fluo4-AM at individual ROIs. (B) Mean
of maximum relative peak intensity of ATP-induced Ca?* signaling in WT and Het astrocytes (WT: 46.5 +
7.8%,n = 64; Het: 86.4 +6.5%,n = 114 from N = 4 cultures, ***p<0.001>. (C) Mean values of the
maximum differential intensity of ATP-induced Ca>* signaling in WT and Het astrocytes (WT: 601.1 +
190.2 Alnt/ At,n=63; Het: 1154.5+140.7 A1Int/ At,n = 114 from N = 4 cultures, *p<0.05) .
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TAMOHA POCa FEKDIERPTANAFIELEEILTTLDD, TN E QFEELIHIL T
LZOPBRER TINS5\, LA LD E, KRWFFEIC X o TDravet fEBEREOIFREICIZ = = — 1 721F
THRLTA MY A PG LTV AIEBEIRIE I N, Skide MBI SRR 5 2 5 Lo
O, TAMaFA b Za—0 Y OMEERIZOWTIRE 21T) ZEDPEETH 5,

W3E b MPSHIRHDKT X Fad A b EA LA — & T AEERA DM
(Uchino K et al., iScience. 2022 Jul 16.)
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TANPARELS  OFRMRERETIZT A MO 4 FOEFRERE DA S5 (Cai et al., 2017, Booth
etal., 2017, Petrelli et al., 2016, Patel et al.,2019) o Z L C, 7 A b T4 A b OFERESEE (L HIFE M 2 B Y &
CHHERTFORENEDHDY AR R O BES R RE x5SRI, Lo7T, TEA
EOWBHENE LTTAMaY A MIFHPET > TWAE, LALEDS, B MOJFET A a4 A b
L2V F TARERFETE D2MBERBEETVIFELZVWI ER, BPWET L TIEL bOJRREL R
FIZHHTE 202D, AEEIZES> T,

— 5T, iPSHBSEHEE SN2 LIk D, BEORELMIEL72F £, Biv Mo b2 TTREL 72 o
720 Lo C, BIEIRGERDETIVEMWICA D o THEEIPSHINLH R E 7OV ASEISE I & T it
Thbo T, BEEOPHEMEFEEBEZOIPSHIE2S 7 A bt 4 AL MMEFEINTEY, 20
PRBEFRNTDSHEA T Do S 5121, FRREET A buHr A b EIER L= 2 — 0 Y OB Y - 7 A
DOFBIE, BIMICEET L F T AER L EI2OWTHFZE S T 5 (Russo et al.,2017 , Williams et al.,
2014)0 LAL7AASS, HEROBEFFETIIMERY VT =2 WM TH L7720, B——a2 -1 L))
DB R L F T AERICE > TRV, 72, ¥ F 7 2EEICHET AWZEIEHEW % > F 7 A
WKL TBY, FRAMICEVEET LY FTABRR EOBITICE> T, £2T, b MiPS
MR 7 A s O A V2B L7zt — % T ARRIER R L7,
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Ao FRLZERIZBWT, YF T AMEEER/ Sy F 25 FTHFEICE VL, Mo Y+ 7 2 5%%
RERMBEIZ L Y ER L,
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ERLL 728K, —a— O VHAEEE S LT, YT TABDEEICHE AL, BEEY ST A%E
e RSN Y F T AZHF LT (Fig. 5.B,C, D)o SHICAERIZ= 2 — 1 U EEH 285
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Fig. 5 Establishment of an autaptic culture with human iPSC-derived astrocytes (HIAACs) .
(A) Representative images of HIAACs immunostained for GFAP and microtubule-associated protein 2
(MAP2). Scale bar 50 um. (B) Representative traces of evoked excitatory postsynaptic currents
(EPSCs) recorded from single neurons in neuron monoculture (NMC) or HIAAC. Depolarization arti-
facts caused by the generated action currents were removed for clarity. (C) Mean amplitudes of evoked
EPSC:s in single neurons in NMC or HIAAC (n = number of neurons: NMCs, n = 23 ; HIAACs, n = 24;
three cultures). (D) Mean number of VGlut I —positive synaptic puncta in single neurons in NMC or
HiAAC. n = number of neurons: NMCs, n = 37; HIAACs, n = 34; two cultures. *p < 0.05, ***p <

0.001.
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Suppressive effect of active form of vitamin K, derivatives on mitochondrial

inhibitor-induced cell death

Erina TOKI

Department of Formulation Design, Faculty of Pharmaceutical Sciences,

Fukuoka University, 8- 19 - 1 Nanakuma, Jonan-ku, Fukuoka 814-0180, Japan

Abstract

Mitochondria, which synthesize ATP, are particularly concentrated in highly energy-dependent tissues such as the
brain and muscle, and their dysfunction is involved in the development of Alzheimer’s and Parkinson's disease.
Menaquinone-4 (MK-4), a vitamin K, homolog, is involved in the mitochondrial electron transport chain. In our
previous study, we synthesized the menahydroquinone-4 (MKH) ester derivative and reported that it exhibits better
intracellular delivery than MK-4. In this study, we investigated the effects of MKH derivatives on mitochondrial
inhibitor-induced cell death. Both MK-4 and MKH derivatives suppressed cell death induced by rotenone (ROT,
complex I inhibitor) and decreased mitochondrial membrane potential, reactive oxygen species (ROS)
overproduction, and intracellular CoQq levels. In addition, MKH derivatives functioned as MKH prodrugs in
NIH/3 T3 cells. Furthermore, MK-4 and MKH derivatives attenuated the cytotoxicity induced by 3 -nitropropionic
acid (3-NP, complex II inhibitor) and carbonyl cyanide-m-chlorophenylhydrazone (CCCP, uncoupler). In
conclusion, MK-4 and MKH derivatives protect NIH/3 T3 cells by suppressing mitochondrial dysfunction, using
delivered MKH.
Keywords : Mitochondria, NIH/3 T3 cells, Rotenone, Vitamin K,, Menaquinone-4 , Menahydroquinone-4 , Prodrug
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I MY R TIIAEMHERHICAT R ZMENNFETH Y, BEFREROBHXIZLVRE_HKEORK
BIREICE S X b3y B 7IEEMN (MMP) % BRBIJIIC ATP A2 179 o IR 72 & O = A L F—
KEFEOE GBI P Y FY TIEFICETLTBY, ZOREARAEIIT IV NA v—IK, /S—F
Y UIE, EEMERRALE R EOSIEICE G L TWwh EEZLNTWAS S, LzA»TC, I harF
DTICERE LTS Lid, REORNOMEMN R IGREORIICED D 2 LW TE %,

V¥ IVK,D—FETHDHAFF ) -4 (MK-4) 1Z, 2B TRILENTAF L FOF v -4 (MKH) &
0, MEEERLEERICES S 5y- 7V IVHLEFY T —F (GGCX) DMIET & L THEREL 4,
MK-4 TRF > K (MKO) IZZ# s 15 (Fig. 1)o Z OWEREIZ XV, MK-4 13 B ERAE 15356 < 1L 6% 5] 356
ELCHRBH SN TS, IO TIE, MK-4233 b3 ¥ K 7ETIERICES LES 2 L 25
HENTWDHS, —FHT, MK-41Z3 M2y F) 7TETRERTIT VA 4Q (CoQ) DIEREZE U



TERWIEDPHE SN TS, KIRE LT, I May M) THREAZICH T 5 MK-4 DEREIC I3
WOAHDD B o

MK-4 13 BHBREEENO B GI2 L 2 REWIFER I N TV LS, LoT, I ha vy FY 7HEER
ST H2EMELERATEIL, ZNODPERE 22 EEEX Y —7 v b LIREPOFR R IGHE -
FTHEBEBICEMTE A2 2P MFEEI NS, LA LMK-40OENEEKRIZETIMOMKHTH 1), RO
MK-4 D¥5-TIE, WRPATTTHA I EPTFHENL,

INF TIZFK A IX, MKHO T X 7 )VFHE(R, MKH- 1,4-bis-N N-dimethylglycinate hydrochloride (MKH-
DMG) B & ' MKH- 1 ,4-bis-hemi-succinate (MKH-SUC) % &% L, Hi#fifg & 828\ CMKH 71 F
v 7 LTHREEL, MK-4 X )ENTHIRANREEZRTZ L E2HE L TW5E02, RIFETIE, I b
3y B 7 BHERFFEMEMIEIE 09 5 MKHFER DR R 2 M5t L 72,

OR
CHs MKH-DMG
OO R= -COCH,N(CH),

- MKH-SUC

OR 4 R= -COCH,CH,COOH

MK-4 MKH ester derivatives
Regeneration
(hydrolysis)

ase o .

Fig.1 Schematic illustration of the vitamin K cycle.
VK, vitamin K; MK-4 , menaquinone-4 ; MKH, menahydroquinone-4 ; MKO, menaqui-
none-4 epoxide; VKDP, vitamin K-dependent protein; GGCX, y-glutamyl carboxylase.
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FEIZH-2 BB dHili L 720 2 OF5H, ROT FMANINEE TIIMBAFROF B LR BN A LN, MK-48
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Fig.2 Suppressive effect of MK-4 and MKH derivatives on ROT-induced cell death.
NIH/3T3 cells were treated with 0.03-3 uM MK-4, MKH-DMG, or MKH-SUC for 24 h
in the presence of 10 uM ROT. *** p<0.001 vs vehicle; ### p<0.001 vs ROT; {1 p<0.01
vs 0.3 uM MKH-DMG (Tukey'’s test) . Mean+SD (n=3) .
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Fig. 3 Influence of MK-4 and MKH derivatives on ROT-induced MMP depression and ROS overproduction.
NIH/3T3 cells were treated with 3 uM MK-4, MKH-DMG, or MKH-SUC for 6 h in the presence of 10
uM ROT. MMP was evaluated by JC- 1 staining (a), intracellular ROS levels were determined by DCFH-
DA staining (b). *#* p<0.001 vs vehicle; ### p<0.001 vs ROT (Tukey's test). Mean = SD (n=3).
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ROT & MK-4 3 X O"MKH 38k D #5284 57§ 5 729012, #EAN CoQs & & CoQyH, = % LC-MS/MS T
H5E L 720 ROT HARGINEEDOMILA CoQo B & VN CoQoH, I ROTIEARINEE L LB L TH L AR T L7
(Fig. 4c,4d)o MK-43 X O"MKH #FEAKIE, HILA CoQq DA % A B HIH] L 7278 (Fig.4¢), — i T
CoQuH,EIZIT L A LB RITE hh o7 (Fig. 4d)e TOMERED S, MK-4 B X O"MKH iF &K 1%
CoQoH, DULFRALIER & IZMRIFRIZ, I M N THREZ IEW 2 IREBICHERF 5 2 LAVRIE S 7z,
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Fig. 4 Intracellular MK-4 , MKO, and native CoQ,/CoQoH, levels.
NIH/3 T3 cells were treated with 3 uM MK-4 , MKH-DMG, or MKH-SUC for 6 h or 24 h in the pres-
ence of 10 uM ROT. Intracellular MK-4 or MKO levels at 6 h (a) and 24 h (b), CoQ, levels (c) and
CoQyH, levels (d) at 24 h s p<0.001 vs vehicle; ### p<0.001 vs ROT; # p<0.05 vs ROT (Tukey’s
test). Mean+SD (n=3).
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Fig.5 Suppressive effect of MK-4 and MKH derivatives on cell death induced by complex-II inhibitors and
uncoupler. NIH/3 T3 cells were treated with 0.03 -3 uM MK-4 , MKH-DMG, or MKH-SUC for 24 h
in the presence of 2.5 mM 3-NP (a), 10 uM CCCP (b). *** p<0.001 vs vehicle; ### p<0.001 vs
3-NP or CCCP (Tukey's test). Mean+SD (n=3).
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Study of the therapeutic effect of Ninjinyoeito on olfactory response impairment

and cognitive dysfunction in senescence-accelerated mouse SAMP 8

Marika HIRATA

Department of Neuropharmacology, Faculty of Pharmaceutical Sciences,

Fukuoka University, 8-19 -1 Nanakuma, Jonan-ku, Fukuoka 814-0180 , Japan

Abstract

Olfactory dysfunction is observed at early stage of alzheimer's disease (AD), but a therapy for the olfactory
dysfunction has not been established. Ninjinyoeito (NYT) is a Kampo medicine and is used for treatment of
decline in physical strength, fatigue and anorexia. This study investigated whether SAMP 8 mouse, which is one of
AD models, shows alternations of olfactory responses to odorants and whether NYT affects the olfactory responses.
SAMP 8 mice reduced avoidance behaviors towards pentanal and hexanal, which are aldehydes, in comparison with
SAMR 1 mice. SAMP8 mice also showed decrease in neuronal activity in hypothalamic paraventricular nucleus
(PVN) and amygdala when presented with hexanal. NYT improved poor olfactory performance and suppressed the
decrease in neuronal activity in PVN. Therefore, it was suggested that the amelioration of abnormal olfactory nerve
pathways to PVN contributes to the improvement of the decline in odor avoidance behavior by NYT. Furthermore,
NYT improved spatial memory impairment and apathy-like behavior in SAMP 8 mice, suggesting that NYT was
effective against not only olfactory impairment but also memory impairment and psychiatric symptoms. It was
reported that AD patients demonstrate reduced olfactory responses to wood and rose. Considering that wood and
rose have aldehydes, AD patients may demonstrate deficit of olfactory response to aldehydes. Furthermore, it was
shown the possibility that treatment of olfactory dysfunction may lead to prevention and therapy for core symptoms
and peripheral symptoms such as memory impairment and lethargy-like behavior. This study suggests clinical
application of NYT form early stage is useful to prevention of olfactory dysfunction and suppressing the
progression of AD.
Keywords : AD, ninjinyoeito, SAMP 8 , olfaction
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T VY NA <% =95 (Alzheimer’s disease: AD) &, FEAVELEZ O 7E L FHOTBY, P T500077 A
PHREL TV L HETEOMBEENEETH 5, AD BT TIIARAREREESTRIRICHEEL T &, ADN
TIE7 304 FROEFERERY YERAILY 712 & 2 Wi EMAE L LAER 2 227 THIML Cwb, F/2, 72
AR T 2RIES 2 L ) BB P»SMREEENEOOENL ZEPWMEIN TV LBV, ZOWED



EFUIAL 2 TIE RV, COERBEPLEHRMAZFHIGT 2 2 & TADNOHETIHISHRGE SN S,

ANSERGE, REOAEPSBEINTEY, KEMzh)#EhEE LTEISNTwE, AS5E
K EFEITRBORINMETREFER, €L CENMMET 2, #1119 >R EAIREL EORERIC
LTRSS NTEY, RAETEEEEDRT (7 LA )V) LBIHEO TR DS N T 5, 2014
FICHABFEERFARI T VANV EIINHERERE 2 ERT 2 5L LTRB L, KRERDRHIIOER 2
EOFRERIZT TR, U, LI ) R EOMANERE, ) ORELRT), RMRERE R &
OFEM - LHERZEA TV S, BRI TIC X 2 8 TRESCHRE & FRARERE O TIN5
ERITL, BRI TLANVTHE I LT, BOBAERKT OV X7 THY D, FBHETE O fEk A
FTHLIEPMESNTVE W, 20X ERDPL, AETIIASEREGIEAD & & U RHAKE T
WKL THEMESEIFEIN TS, LeL, ZORESFIRIIZZ Ly,

ZALEHE~ 7 A TdH % senescence-accelerated mouse prone 8 (SAMPS) ~ 7 A%, FLIEREE R ffEHHu L
WA, 5127 Iag FREY) YERILY T OMMERL, €OMIZH AD & HPOREELA BN L Z &
75, ADETVYT AL LTRESIN TS O, L L, SAMP8~Y ™Y AHSAD R DR EEE DL
ELTWE2RBFEINTES T, TNIIHT 5 ASERGOEER D RRFTH L, T DSAMPS
Y A% V7RI EOKE X, AD ORIIREREEOFEMINCESLEEILNL, SHIZA
DERG OIGHRAN R ORI, AD OWEREEGHFEOMIZENS LS s,

Z 2 TARHE 1T, SAMP8 Y 7 A O R [Al#ATHE) & WLF kGRS O MM Na G 2 AT L, AD R
WOMREEE L ORI L ZOIFHEA I = XL 2 G L7z, #i 52 F TIESAMPS ¥ 7 A DR EE |2
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Fig.1 Time spent in search area in olfactory preference test in SAMP 8 mouse.
A) 3 months old B) 5 months old. unpaired t-test. *¥p<0.01, *¥¥p<0.001,
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Fig. 3 Time spent in search area in olfactory preference test in SAMP8 mouse (8 months old) .

Data were subjected to Tukey's multiple comparison tests after one-way ANOVA.
*p<0.05, **p<0.01, ***p<0.001. R1: SAMR 1, P8: SAMPS8, NYT : Ninjinyoeito
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Fig.4 The number of c-fos-positive cells in each brain region of the olfactory nerve pathway in
11-month-old SAMP 8 mice exposed to hexanal for 1 hour.
A) Anterior olfactory nucleus, B) Hippocampus (CA3),C) PVN,D) CeA.
Data were subjected to Tukey's multiple comparison tests after one-way ANOVA.
*p<0.05,***p<0.001. R1: SAMR1, P8: SAMPS8, NYT : Ninjinyoeito
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Fig.5 Arm dwell time of SAMP 8 mice in olfactory discrimination test.
A) hexanal (sugar +) & pentanal, B) eugenol (sugar +) & vanillin. Unpaired t-test.
*p<0.05. Hex: hexanal, pent: pentanal, eug: eugenol
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Fig.7 Total distance of SAMP 8 mice open-field test.
We measured the moving distance for 10 minutes in the open-field. A) 5 months old,
B) 8.5 months old
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Fig.8 Time spent in the inner zone of SAMP 8 mice in open-field test.
We measured the time spent in the inner zone of the open-field device and analyzed anxiety-like
behavior. A) 5 months old, B) 8.5 months old. **p<0.01. Data were subjected to Dunn’s
multiple comparison tests after one-way ANOVA.R1: SAMR1,P8: SAMPS
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Fig.9 Grooming time and number of SAMP 8 mice in the sucrose splash test.
A) grooming time, B) grooming number *p<0.05. one-way ANOVA. Dunn’s multiple
comparisons test R1: SAMR1,P8: SAMPS§.
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