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Analysis of the triggering mechanism of vascular abnormal contraction

and its preventive mechanism by mulberry leaves
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Abstract

Vascular diseases such as cardiovascular and cerebrovascular diseases are directly related to blood
vessels and account for fatal diseases around the world. Their causes can be classified into three
categories: vascular abnormal contraction, arteriosclerosis, and hemorrhage. Vascular abnormal
contraction has afflicted many people for years without any treatment or preventive methods.
Sphingosylphosphorylcholine (SPC) is a causative factor, but its mechanism still remains unknown,
making it difficult to establish treatment and preventive methods. However, prevention by food has
attracted considerable attention in recent years. It has been reported that vegetables and fruits have
various physiological functions. Mulberry (Morus australis Poir.) is known to have some
physiological effects, but no studies on abnormal contraction have been conducted. Therefore, this
study confirmed their preventive effect against SPC-induced vascular abnormal contraction and
identified their active compounds and mechanisms.

The preventive effect against SPC-induced abnormal contraction was evaluated using cell imaging of
cultured human coronary artery smooth muscle cells (HCASMCs). Mulberry leaves were classified by
their ages or processing method, their preventive effect was verified by co-culturing HCASMCs with
their extract, and it was found that mulberry leaves over 20-years-old trees were effective. In addition,
the active compound was identified as fisetin, which is more abundant in mulberry leaves than in
strawberries and apples, and their hydroxyl group at the C-3 was considered the active site through
structure-activity relationships.

To reveal the preventive mechanism of fisetin and the pathogenesis of SPC, the mechanism around
the plasma membrane, which is upstream of the reaction field in the vicinity of the cell, were the focus
of attention. Consequently, through molecular interaction analysis, fisetin was found to act directly on
HCASMC:s and not inhibit SPC activity. It was also confirmed that nitrobenzoxadiazole-SPC, the
fluorescent-labeled SPC, is incorporated into cells via endocytosis and that exocytosis is occurring
specifically in abnormally contracted cells. However, such occurrences were also observed in fisetin-
treated cells. Therefore, it was concluded that these phenomena are not related to the preventive

mechanism of fisetin but to the pathogenesis of SPC-induced vascular abnormal contraction.



Abbreviation

1-Deoxynojirimycin; 1-DNJ
4',6-Diamidino-2-phenylindole, dihydrochloride; DAPI
Bovine serum albumin; BSA

Caveolinl; Cavl

Control; Ctrl

Dimethyl sulfoxide; DMSO

Endothelin 1; ET-1

Flotillin1; Flot1

Flow cytometry; FCM

Fluorescein isothiocyanate isomer; FITC

Forward scatter; FSC

Fyn tyrosine kinase; Fyn

Heteronuclear multiple bond correlation; HMBC
Heteronuclear single quantum correlation; HSQC
High-performance liquid chromatography-ultra violet; HPLC-UV
Human coronary artery smooth muscle cells; HCASMCs
Liquid chromatography-electrospray ionization-tandem mass spectrometry; LC-ESI-MS/MS
Myosin light chain; MLC

Nitrobenzoxadiazole; NBD

Not detected; N.D.

Nuclear magnetic resonance; NMR

Peroxisome proliferator-activated receptor; PPAR
Porcine aortic endothelial cells; PAECs

Proteinase activated receptor; PAR

Rho kinase; ROCK

Sodium dodecyl sulfate; SDS



Side scatter; SSC

Sphingomyelin; SM

Sphingosine-1-phosphate; S1P
Sphingosylphosphorylcholine; SPC

Standard deviation; S.D.

Surface plasmon resonance; SPR
Trifluoroacetic acid; TFA

Tris-buffered saline-Tween 20; TBS-T
p-Nitrophenyl a-D-Glucopyranoside; p-a-NPG
p-Nitrophenyl f-D-Glucopyranoside; p-f-NPG
Methyl-beta-cyclodextrin; MBCD

y-aminobutyric acid; GABA
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OV IR ARIIE T & LEE 7 & L 2N EEERAfR 9 2 DRSO A R R, R4, i
KROFERDL L & o TER[1,2], ZOKIL, BINRE L, MAERENE, HiSREED 3 Dl
RESHEIND, BB RIS RAI 2803 % < ERBLMDTHL R H
D HERFIET DV A7 &4 % TV H[3,4],

M X, . DUHE & iR A 4 0k LB & — @ISR0, ML 5 & 27
ERPTHNCIAE 2322 UM A28 U5, & XM G, B, SMEO =8 TR S
TWA2S (Fig. 1-1), MAF AR 1T PR A2 MR 2 A SEIa Ak (Smooth muscle cells) i
RN T B BEIGHIC L 0 AT B, TO), MR Z T8 5 (I3 g 75

Jiel T D FEH R O T AL 2 M9~ 2 DR D B,

Blood flow /

Intima
(Endothelial cells)

Media
(Smooth muscle cells)

Exospore

Figure 1-1 Blood vessel structure

MAEEEL, < BENHMZIZAELDZ L5710, FREOG ARV USTFORRERL L
—HRBE LG ER T Z LTI BR TV, MEEHEDF K4S F-1X. Sphingosyl-
phosphorylcholine (SPC)[9-11]%> Thrombin[12], Pyridostigmine[13], Endothelin 1 (ET-1) [14]72 &
DA ATV D, Thrombin (& 8 2 M SHE I, M PR Z MRS 2 M8 Py B L2 i
L TCWb 7 a7 A —BIEHAZ R (Proteinase activated receptor; PAR) SEhARAEAL 7
EOMAEHEBGIZ L0 MR M EBL L, W PR F MM - PAR (2 Thrombin 73
422 & CREIENI AT D[12], Pyridostigmine 1X = U UAEEEK CTH Y | EHILDOARH

BIVEA ClES8ME 25 & 23, LoL SPCRET-1 IFAFEMEME TH 5720, 1

BHRESCERLORMAIZE ST, HLNMERNELZIIET 2V A7 22 TW5H[15,16], T



. ET-1 1T & 2 AN I L CITIRRIED BHIE S 4L[14]. *HL7E013 & 573, SPCIZL D
MR U CIIsHERIET b, E-EERMEEREOLEG. MIENH L7720, filx
R SN THERRBEIENEDHANE L, T2 T, BRIEORE TETRENICRD Z L
bdDH LB X BN MAE GG OFAE & HH$ 2 TEIEMSL A B s U TR CIIp st 4 it
HDHZEIZ LTz,

M AR, W, Ca® (RAFMEDULHE & it 2 4V 1K L i<l £ % —E k> T
Wb, L LEREIEZEZ LM Tk, CaMBEICL ST —EIUET 5 & 2 Lahfz L
72\ 17-19], SPC 1%, £Rk& 7o il 2 %579 % Sphingomyelin (SM)DAEH I L 0 T >
MMEENA L B[20], F 7= SPC MMEA L7 & il ikiha Cix, MlaWN o Fyn Fa v o %7
—< (Fyn tyrosine kinase; Fyn) <> Rho % 7—< (Rho kinase; ROCK) 2SHlAFE DI B4Td
5 ENEHN[10]. HAKEYIC Rho FF—F DIFMAKIC L W 2 A4 84 (Myosin light
chain; MLC) AR 7 7 X —ENRHESND Z & THFESUSHE Z B2 <720 | IUHER G238
FlE 720 BEIEARET D LS Tnd (Fig. 1-2), LML, SPCIZ X B EEIHED L 7
FIAREED R & 72 2 M8 g AR T SPC OIEFHERAL SRR 72728, SPC 1T &

HSUHE D FEIERE T DB & IR & UIBRIEL T IHE DML A B C& Tz, T E TONF
22C, EMBMAESCE e, AENG. MREIE 2 RS0 L R B I B T D NINENRSCE T
FEFER, FEIBEARICH T 2 &M= L AT 0 — L BERliEa L AT n—/L& L SPC IZ &

SRR D F AR ICHEBIME AN S STV A[21], F D72 b M SR e Flz3s 1)
% SPC DYEFERAL & LTIk, SPC & A%i&EDNHEL L 72 Sphingosine-1-phosphate (S1P) (D52 25 {4
Tod 5 SIP RO b7 7B EORELEZONDMN, a L AT r—/LE& SPC
2 & B REUE OB RBREN S | Ml ECa L A7 o — LM e L2 Sk ¢ & 2 i
EE~A 78 AL OGN REINTEL, LAL SPCIT LD B FIGHEIZHBWT, =
VAT B —/ W2 X D ME R~ OBEHEAERIZIA O Tal, mEMRKcaLr2Ta
—ANERT 5 Z LIC RV EASNOIRHEDFEOREE HE R OND, DD, AIFET

13 SPC DAEHLO —o & LTl B~ A 7 v FAAL ORGEZAGNNIT 52 &2



B L7,

Sphingomyelin

SPC:Sphingosylphosphorylcholine
Fyn: Fyn tyrosine kinase

Abnormal SPC  Rock: Rhokinase
(deacylation) MLC: Myosin light chain
?
Plasma membrane \\
Cytoplasm yn ROCK Abnormal
contraction
MLC — p-MLC
m|grat|on migration kmase
yn ROCK

Figure 1-2 The mechanism of sphingosylphosphorylcholine (SPC)-induced contraction in
vascular smooth muscle cells

—Ji. T4, Nutraceuticals & FFIHL 2 B HEREMIC K2 BB THIER Z2HE O TN D
IZEF A U CHEITREZR B SR IR, R3S & RS OREELZF>bo b %
<, FETHRUBICEIATEEZR Z L BERFOTHEL L THERZHE D T 5[22-24], fidnH
REPE—EICERTEL2E&MPRONTEY | BIfE, 1EROERERD & 22T VE &
STV, ERMITZEICERT 5 2 &R 2o BRA RO O TEY
BIRICZ R FEAZE L ERAMLETOED Y BEV, EOOBERE T, ARy
[ 0 T FE~VEH 3D 70 < B i SRS K D EIR T IHIE FRICEL Y fH AT & Sk
HEEDTND, R E ENLDRENER D OB A BEDOIX LSRR EHEIUT K HEIE
72 EMBHISINARD 5N TEY | BINES S TILE ORFAED TV 5[25,26], Lo
LS iE T AU RO K DB TN EB R TH 5720, KRE WG N T
HILTWD, FRlC, BEIUEIC X 5 MERERIT, KEOLE, NERNFEICELZ L H
0. BEHZRTENRD LN TND Z LD, R HSREC X D PUHEMSL A BIFF S

Do



BLEIUREAS R AT 2 A S A X, TEPERESRIC X 0 RIER7]04 R AK[28] 72 k% 72
MERBEFHET D ENMBENT NS, T, PR LWE M MEERE DR AT
bHEEZBNTE[2930], £ 2 TARBIZETIE, HUER LW E A3 A8 55 IR 2 06 7T HE
oD LA SLT, Kex P L E R HE STV 5H03[31,32], M REIGHEICOWTO
AEPEMEIZOWTIIARMARZIER Lc, RIX. A 727V R UBZ VRIZHOBE S D%
ERATILIFICALE L TR EEERE SN TWBH[33]08, AR TIEAARSLHT VT IZH
3B~ T (Morus australis Poir.) ZfEMA L7=, Y~7Tix4 And 6 kKM ZH
Z. AARTEIBBEOEEE L THE; S, LR EOMEHEL LTHIEHN SN TE72[34-
37, Zld. PURAEDNIR[38,391° MBEEHNHIZIR[37], M8 PN A BERELE[40,41] 70 Uk & 7o/
BESRE S A S TR Y |, FRCIE ~OBREIITERIC DWW TR S LTV A [42]3, M8 5
FINHE KT D AEBEVEIZOW TR TH 5, E7UURTOMET, Al EIZEEND
Eicosapentaenoic acid[43]<° Docosapentaenoic acid[44](Z K % SPC &% J& M 5 & g 12 k-3~ 2 )
NRITHRE STV DD, ZDIED ORI & D BEIHET B RIC OV TTHE
DRV, £ T TAMRTIE, RIS LD MERFIGE TR EH O L, ZOIEMERNS %

FIES D Z &L TP oL BfE L. M REINHETEOMLZ BfR LT,
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BE MEREIGNEZ TR RERFEEE RS DERE
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2.1. i

=013
5

ZOREHREREMR Y L LT, ROEICETEN a7V a vy X —BHEEEZRT 1-
Deoxynojirimycin (DNJ)23d %5[45,46], L72> L. & OMMOBEREME /L EBEBEREIZ DV TR
fRBA72 RN, Z2ld, ATERIRERBRCEE ARG C 1-DNI RO Y 7 =/ — VJ 7 & OBEREMERL
ST & 2 i MU0 SRR M HI 0 FRR i SRk & 22 AR BB RE N IR S T
F5 0 [42], M FEIGHE 63 D HEREMEDS IR S L2 23 £ OFEM 7R SRR I DWW TIEB S
INTIR, £ ZCANIZE TIZZRIT & 2 A RFEIGE PR EH SN 5720, Fa i
RMTF ik, B L0k U, REIHEOR A 2 Ifl 92 TR RE2FE T 5 2 & TS

iﬁk @HE%E*H l/f\—o

22, FEBIGIE
221, #E

SR T RS (BB S B [TNTH) K0 AF Lz, & MaEhReEE Hi#iiL (HCASMCs)
X°> HuMedia-SB2, HuMedia-SG2, HuMedia-EG2 (3 & #H gk 110> S 1A L 72, Porcine aortic
endothelial cells (PAECs)iZ 2 A E « A AR BHEA L, SPC X° Fluo3-AM (> 7~ 7
VR v F Ty NUERIESEX VIEAN LT, BRI (Nuclear magnetic resonance; NMR)
\ZfE H L 72 Dimethyl sulfoxide (DMSO)-ds (0.03% tetramethylsilane)i3 ACROS ORGANICS X ¥

A L. Fisetin 38 A bk TEMRASAE L VIEA LT,

222, FAEHHHA OFHRL
Mulberry leaves |31 L 2 2% & L, Mulberry leaves(>20-year-old trees) & Mulberry
leaves(<20-year-old trees)|Z /748 L 7=, Tea leaves |ZRFRIALERIZ L % A2 Z 8T 57-%, Flesh

leaves Z#HilinIC L HTIRA L. 30 BEIZAKAIEE ., 80 °C T 50 AWt U, ks RIALFR 2 fifi L
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721 D % Tealeaves(Roasted), fiF RIALER & fii L TV 72U E D % Tea leaves(Unroasted) & L 7= (Fig.
2-1), Fiz, REFTHETERE L2 OE AWz, WMok S BRI L 30mg/mL (2725 &
9 T0%T X ) —/)VE&IRING, R O E AR (4°C, 10 2[H) 2170, &0 4°C,

698xg, 10 73f#) L EiEZFEUL L=, 2Tz 2 BV R L, [ L7z B3k 2 iEeE . A

4% £ T-20°C THRE LT,

Mulberry trees

Tea leaves

>20-year- [

old trees Roasted

@

Steaming — Drying

<20-year- 4
old trees SO H Unroasted

223, HifagsE
HCASMCs % HuMedia-SG2 % T, 37 °C. CO, IBJE S%IZRELT-A v F 2 _X—H —
(PHC R &tl) THi#E L7z, HCASMCs IZHERIEI%E2Y 8 MILINO D% fEH L7-, PAECs

% [AIERIC HuMedia-EG2 2 HHWTEEEE L, f#REIEDS 8 BIIND & D& L7z,

224, A FEIGHETBI0R

24well 7L — M Z HCASMCs % 2.0x10* cells/well #5F L. HuMedia-SG2 T#J 24 WefijE#&
%, HBEOREICHHR U - 3EMER 2 IR0 LAY 72 el Lo, MR EEDY 80-90% = 7 /L
T MTERE LR Z L 2 BMEIBIEE Tle e, RIEERRE L, MREEZRET 570K

REEDS 3 uM 1272 5 K 912 Fluo3-AM Zihit%, 37 °C. CO2 IR S%ITRRE LT A »F 2 X—
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H—C 1 BFBIAOE S ¥ 72, WV ClRIE® 2 mM CaCl, (RfKHRE 1 mM) ZUN L., [FIEELC 30
SEIEOG STz, OB TR, RIEZEREL, BRI U 72 3R malsr 2 i L 7=

37°C. COREE S%IZRRE LTz A v ¥ 2 _— & —"C 30 RIS &, #x 2250 To SPC il
B0 X ARl 2R 24T o 72, SPC HIIE4IE 30 uM b L < 1% 100 uM SPC THTV N, F B I
BRI OMILTERE 2 B R PSR CKX-53 (4 U v - akath) THIZE L. Imagel verl.52
(National Institutes of Health) CAfaZR mAE 2 B H L7z, 7R ARHIE R Tldoe R L5 a VB A AL

BRI & U, SPCIC & 2 BR e T Bh%h A 2 7l L 72,

225, SBERHEYOSrHE
MR EE U 72 S BE ) & BB AK TR IRAERIC L BRI IR% . Yy AT 5000 D

PD-10 (Cytiva) & W=7 /v A7 v~ - 77 7 4 — T Fraction 1~6 (253 L | i

=14
i
oT
Jii
=\
N

7

e B
22406 LB G T B 2h S & R4l L 7=, Fraction 1~6 @ 9 BIGVED E 0> 7= 4y % Wikl 7
n~ NT 74—t L, Mo LT, Wi v~ 87T 7 4 —i, CI8 WifHS T L (TSKgel
ODS-100Z, Sum, 4.6mmID, 15cm ; HY —#kth) ZHWoEmERE 7 v~ 7577 4
— LC-2000Plus series (A Apekalaft) T §it# 1.0mL/min, 7 7 ARE 40°C, MR
UV 320 nm CTHrEL7=, ZrmEicix, (A) 0.1% bV 74 afiffig (Trifluoroacetic acid; TFA)
O B) 7T h=RhULEHAW, BLFOF 7Yy FTHH L, 0~10 min : A € 10%%
HERF, 10~20min : BiZ% 100% % T L5, 20~30min : B & 100%% #EFF, 10 434(Z Fraction

X~Z\ZoE L, 2241206055 O BFIHE TR 2 edd LT,

2.2.6. IEPERSY DIRNE K OVE &

Liquid chromatography-electrospray ionization-tandem mass spectrometry (LC-ESI-MS/MS)

Fraction X~Z ® 9 BIEMED &> > 72 M4y %2 QTRAP 3200 system (BFA&Sth—e=—v— - A1
T 7 A) £ & LC20 HPLC system (BRI B EUERT) (2 K 5 LC-ESI-MS/MS THfT L7z,
LC /H1icid, CI8 iWifH A 7 2 (TSKgel ODS-100Z, 5 um. 4.6 mmID, 15cm) %V, A

I ZIIAE AR LT h= MY &2 L, Jid 0.4 mL/min, {EAE 10l T 10 M7 A
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VI TT 4w 7 LT, MS/MS 434X, Positive ion mode & Negative ion mode D] J5 T
a7, &AEAYIZ Positive ion mode TR L7z, MOBESRIMFICE L TIZLLTO@Y Th
2o

A X x4 A7 : Enhanced production, Curtain gas : 20, lonspray voltage : 5500, Temperature :
500 °C. Ionsource gas 1 : 40, Ionsource gas2 : 50, Collision energy : 35, 1554727 7 7 A
NI MS/MS A7 kL7 — & ~X—Z METLIN (The Scripps Research Institute) % F\ > THEHT
L7z,

NMR spectroscopy

LC-ESI-MS/MS (2 K DIEMER T RR OFE R, MME L L TEXONTALEMDS TR %
AT 28 —27 %53 L, NMR700MHz & (70— v 3o katt) 2 vz 'THNMR
KO BC NMR 12X % 1 %kt NMR & Heteronuclear single quantum correlation (HSQC) M OY
Heteronuclear multiple bond correlation (HMBC)IZ £ % 2 ¥kt NMR &Rtk h 3 4 (@K
HE LT,

High-performance liquid chromatography-ultra violet (HPLC-UV)

TEMER Y O E Bld EXTREMA (A AR ek a4t 2 VW CTFr - 72, C18 Wil 7 4 (TSKgel
ODS-100Z. 5 pum. 4.6 mmID., 25cm) %\, UV K24 320 nm (2% @ L. IS
1£0.1%TFA OV A X 7 — )V &ALz, JEF, Ji# 1.0mL/min, EA& 10puL, 77 AR
FE40°CTRGMTA YT 7T 0 v 7R L, ek, BEMLEHOERIIOVTHARES

JEELAY

227, EBEROES AR

2.2.2.1Z CHHL L 7= Mulberry leaves(>20-year-old trees)fliHi#) % 20 mg/mL (272 % X 9 (2B #l
K CEfE L7= (20 mg/mL Mulberry leaves(>20-year-old trees)fliHHif%) , F7=[HMExtRE LT=F
07 o /)= )a—ART Y a NG L7z 20 mM p-Nitrophenyl a-D-Glucopyranoside (p-
a-NPG) % OF 20 mM p-Nitrophenyl B-D-Glucopyranoside (p-p-NPG) (& 7 A /L AFIGHIZE T3

R ath) 2wz, & 25 ul % pHS.0 D 0.1 M FERRFEER S0 uL LIRA L. 37 °C IR
14



ELTeAvFaX—4—T5 71 A4rF2~—hFL7%, 0.00022~0.22 UmL ® «-
glucosidase & O} B-glucosidase (77 7 A 7 A 7 ¥R 4) % 25 uL 28I L, 37 °C IZRRTE

LicA &% 2 _X—%—T20 o S%,. 0.2 M Na,COs & 100 pL iiI1 LIS & #& T S8, A
X ) —)V% 200 uL @MU 7 4 v —Ailatk, 2.2.6. & [FERIC HPLC-UV TIEMER D 2B L
Tz FTBER DRIV TIE, EMERC MG 2 52T 72V igRE 3 5 728 DMSO THfiR L7z

TEPER Sy 2 L TRl L7z,

228, M N BRI 1 AR
30 {7 R L 72 Cellmatrix Type I-A CHTHE 7 F U #k&4k)  C Intercell TP (B HuRfEE
2th) Ba—F 4 > 7. PAECs % 2.0x10° cells/well 3" >FFE L 7=, 37°C, CO» L 5%ITi%
ELTeA v Fa—F2—TK 24 FfIEEER, 7=/ —/ by FE2E £ HuMedia-EB2 (2
B L7z, 37°C, COIRME S%ITREE LToA % 2 _X— X —TH) 12 Rl &%, PR &
(ZHECHEIRFEAY 50 uM (272 % K 9 ICFH%L L 7= Fluorescein isothiocyanate isomer (FITC)-dextran
(T~TNRY v F X RUGRSH) WML, 37°C, COEE S%IZHRE LA v Fa
N—=F —TRISSE, B 1, 6. 12, 84 B¢l DAk A I LTz, B L7281
Infinite F NaNo+ spectrofluorometer (TECAN) THEHRE (Ex.485nm, Em.535nm) ZHIE L
Too BUGSKE TR, WERZ B L, MR OERR & I HGEREREE TIRMERCE Lz, &
BITA U H—BANEICA X ) =V ZiNE, BNy T 4 7 Tlllaz2 g S s 4 [EIY
UM SRR & U 7o, FRRVSARI T, IR O CURMRRLE L7z, O IRMEREMICE %

N AIEMRLSY % 2.2.6. & [AARIC HPLC-UV TE® L NI+ s EoE & 2R/ L,

229,  HEHLER
BT OMFHIENTIX. Microsoft Office Excel 2019 Z i L C{To>7=, 7 — Zfi#HTIZ. Tukey-

Kramer 12 L A 2 EILIREE T 77,
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23, fEk
2310 FRBHZ L 5 I AE 2 I T B 2R
RHECIN TR K 0 Mo b L7z ikl (Fig. 2-1) 2 B IHEZS S 30 /rAmlcgds L, %
FEHFLE T T SPC #IlTIC HUUHE 23598 LTo A S, SalBh 2 R L e FREE
(Control; Ctrl) "TIZF&HE IHERS JE BT O MR EAHIZ X~ DA XHE DS 37.6 ETRA L7z, Zh
IZ%f L. Mulberry leaves(>20-year-old trees)<> Tea leaves(Unroasted)iZ, 412 75.2 LN 69.4
Thotz (Fig.2-2A), WIT. TH HEEN L 0 Sis a8 I i 0 B 5 I A J8 I 0 Z3Bl D 17 AE
INEEEIGHE T BINRIC G- 2 D5 BT DWW TR LTe, £ ORER. REERH A 30 73705 60
IEIZZE R L C B Mulberry leaves(>20-year-old trees)<° Tea leaves(Unroasted)(Z & 2 H 5 ILAE T
BHZh A I 72 v~ 7= (Fig. 2-2B), L2c L. [AARICILEE 2% 60 BEf ., Stk 2 & £ Ef

IS E R L SRR T CREIGE 25T 2 & £ OTFRRRMET Lz (Fig. 2-20)
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120 -
~ 100 A
=
o 80
=
©
> 60 A
%)
=
£ 40 -
i
20 A
0
Before >20-year-old <20-year-old Roasted Unroasted
abnormal trees trees
contraction
Mulberry leaves Tealeaves Fruit
After 5 min of SPC-induced vascular abnormal contraction
(B) (C)
120 - 120 -
~100 { — . ~100 { —
X X
o 80 - o 80 A
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> 60 - > 60 A
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Q Q
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0 0
Before Ctrl >20-year-old | Unroasted Before Ctrl >20-year-old | Unroasted
abnomal trees abnomal trees
contraction contraction
Mulbemry Tea leaves Mulbemry Tea leaves
leaves leaves
After 5 min of SPC-induced After 5 min of SPC-induced
vascular abnomal contraction vascular abnomal contraction

Figure 2-2 Preventive effect of mulberry extracts against sphingosylphosphorylcholine (SPC)-
induced vascular abnormal contraction.

Effects of the mulberry extract against SPC-induced vascular abnormal contraction after incubation for
30 min (A) and 60 h (B), and without mulberry extracts when the cells were stimulated by SPC after
incubation for 60 h (C). Data are represented as mean = S.D. (n = 4); *p < 0.05 vs. Ctrl (induction of
abnormal contraction without the addition of mulberry extract)

17



2.32.  Mulberry leaves(>20-year-old trees)(Z & £ 41 5 TEMERK 43 D4y ) « Kl

B b BEIHE T BRI 8 % 7k L 72 Mulberry leaves(>20-year-old trees)|Z & £ A 5 & MRk 4y % FE
KT DI, FAilra~ N7T 7 ¢ —|Z XV 43 Lz, Fraction 1 1353 F&EA K Z < (5000
Da bl k) #OEECORINNAEEETH Y | Fraction 2 1% SPC HIRKIC & & 3 I REFLH A3
EINTZT ORI LTz, ZOFESR, Fraction 6 (ZEFIGHE RIS @ WMEM 2 & > 7 (Fig.
2-3A), D72 HPLC Z Wit 7 v~ 75 7 ¢ —IZ X V| Fraction6 % & 5| Fraction
6-X. 6-Y. 6-Z T L7z & 2 A BUKME & BUKYEO W M 2 773 Fraction 6-Y (T 5% 5 IIWLiE

TR EMEA D8 D Z & 3o 7- (Fig. 2-3B),

(A)
120 -
e 100 -
3 80 -
g 60 .
(0]
=
B 40
[0]
X 20
0
Before Ctr 2 3 4 5 6
abnormal
contraction
Fraction No.
®) After 5 min of SPC-induced vascular abnormal contraction
120 -
52 100 A
g 80 -
(>B 60 .
g
7 40 ~
& 20 -
0
Before Ctrd 6-X 6-Y 6-Z
abnormal
contraction
Fraction No.

After 5 min of SPC-induced vascular abnomal contraction

Figure 2-3 Preventive effect of mulberry leaves from >20-year-old trees extract fractions against
sphingosylphosphorylcholine (SPC)-induced vascular abnormal contraction.

(A) Effect of gel filtration chromatography fractions 2-6. (B) Effect of reversed-phase HPLC fractions
6-X, 6-Y, and 6-Z. Data are represented as mean = S.D. (n = 3); *p <0.05 vs. Ctrl (induction of abnormal
contraction without the addition of mulberry extract fractions)
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2.3.3.  Mulberry leaves(>20-year-old trees)(Z & & 41 B 15K 5y D[R E

Mulberry leaves(>20-year-old trees)|Z 3 £ 415 B H I T2 [RET 5728, 23.2.12T
FLEIAE T B FL A3 i ME A2 & o 72 Fraction 6-Y % LC-ESI-MS/MS (2 Co#r L7- (Fig. 2-
4A), TOFER, m/z[M+H']286.8 @ Fisetin (Fig.2-4B.1) & Luteolin (Fig.2-4B.2) 2MeEf#AL
& L TEH S, Fisetin |37 7748/ A REHO C B 3 /i, Luteolin (% A B 5 (LIZ/KEE
HaA L, TOMOEEIXR—TH D, £ D7=% Mulberry leaves(>20-year-old trees)|Z & 415
Fisetin & Luteolin Z &M L7= & Z A, Fisetin [I5 41TV 7223, Luteolin IX5F LTV -5

7= (Fig. 2-4C),

A) &
x 4 1
3 4
P
‘»
c
) 2
£
1 4
0 ] . A A LA A _ A
50 100 150 200 250 300
m/z, Da

(C)

8

2 ||

< 7
6 Fisetin

25 !

% 4

£3
2
1 Luteolin
. U

5 7 9 11 13 15

Retention time (min)

Luteolin

Figure 2-4 Search for the candidate compound of mulberry leaves from >20-year-old trees that
prevent sphingosylphosphorylcholine (SPC)-induced vascular abnormal contraction.

(A) LC-ESI-MS/MS spectrum of fraction 6-Y. (B) Structural formula of fisetin (1) and luteolin (2). (C)
Chromatogram of mulberry leaves from >20-year-old trees.

19



L 7> L Fisetin & Luteolin |3A#1&E 23 AL L TH Y | Retention time DA TIXFEERFIEETH D &
Fx bl NMR I &V EMEEW OIS 2 R LTz, Z£ORE, 'THNMR X0
ABRSHANDART NTLBRFE TN Y 7)o TEBEROILFS 7 RO ZEHBRTHY . AR S
ALWZ H2SEINL LTV D Z L3RI & 7= (Table 1, Fig. 2-5A KX TYB), X512, 2~3 fEAHE
e C-H e 1HEREfF57-0 HMBC ICX VT L7 & 2 A, LD XL 97 ->7- (Fig. 2-
5C), H-5 (8u 7.91-7.92)IZx9 % C OfE A IHHIL, C-4 (171.81), C-7 (162.20), C-8 (101.67).

C-9(156.14), H-6 (31 6.90)IZxf9 % C OFsAIFHIL, C-4. C-5(126.32), C-7. C-8, C-9, H-8
(81 6.87-6.90)IZ%9 5 C DFEATHEMIZ, C-6(114.55), C-7. C-9. C-10(114.02), H-2" (51 7.68—
T.6NTXT 5 C DfFEIFEIE, C-17(122.33), C-37(144.86). C-4’(147.10), C-2(144.89), H-5’
(B 6.87-6.8N)Zx9 5 C DFEHIFHIL, C-1°. C-2°(114.77), C-3’, C-4’, C-6’(119.47), H-6
(81 7.53-7.54)IZ%F9 % C OFEETHERIZ, C-3°, C-4, C-5(11542), S HICHEVHE S C-HAEA
TEMEGDIOHSQCIZR VT L7z 2 A, AFD X D127 > 7 (Fig. 2-5D), H-5 proton
(81 7.91-7.92) 121 C-5 (3¢ 126.32)A3E A Ly H-6 (81 6.90)(Z1% C-6 (8C 114.55), H-8 (51 6.87—
6.90)IZ1% C-8 (3¢ 101.67), H-2" (8u 7.68-7.69)\Z1% C-2 (8¢ 114.77), H-5" (8u 6.87-6.89) (1% C-
5°(8c 115.42), H-6 (81 7.53-7.54)I21% C-6’ (8¢ 11947 FEA L T2, Zh LY 5L C-H
BTHEY 7 FTAPELNIETEO ARSICHREEGS L TV Z ERH LN ER ST,

% D72 Mulberry leaves(>20-year-old trees)|Z 5 F 41 % & & IHE TP 13 Fisetin TH 2 Z &

MFEES NI,
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Figure 2-5 Identification of a component of mulberry leaves from >20-year-old trees that prevent
sphingosylphosphorylcholine (SPC)-induced vascular abnormal contraction.
NMR spectrum of "H NMR (A), *C NMR (B), HMBC (C) and HSQC (D).
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Table 1
Nuclear magnetic resonance data for fisetin.

Mulberry leaves (>20-year-old trees)

Position 3¢ NMR 'H NMR

(ppm) (ppm), 3, J (Hz)

2 144.9

3 137

4 171.8

5 126.3 7.92,dd,J=7.0

6 114.6 6.90, m

7 162.2

8 101.7 6.90, m

9 156.1

10 114

I 122.3

2' 114.8 7.69,d,J=7.0

3 144.9

4 147.1

5 115.4 6.89, m

6' 119.47 7.54,dd,J=17.0

234, ZBHZE £415 Fisetin & A &

ZiBHZ & £ 5 Fisetin G A ®EZEE L2 L Z 5, Mulberry leaves(>20-year-old trees)!Z
283.61 pg/g Wil AR T o 7275, Mulberry leaves(<20-year-old trees)id 606.21 pg/g Wl AR T
B b2 < Fisetin 258 £ TV 7= (Table2), Fisetin 11 F = (160.0 pg/g HHM) 2V > = (26.9
nglg HERY) 1T GEN, RICEAIND Z EITHE SR TWARWNR[47]. FB o 503
MThoTe, FT7 TR A FEIZ, @F, BEBERE L THEYPITHEET 2720, Bk
fift & SR R K DR D UIWriRET DFE SR, B-glucosidase |2 K DR fEZIT o7, Lo
L. Be45M#%1T > T b Mulberry leaves(>20-year-old trees)|Z & %415 Fisetin B2 Z5{kid 727>
-7 (Fig.2-6), 7£%5. Fisetin BUHH{ADEEF R IZIBWNTIE, 727V 2 o Z [RERICEE R L PR

% Z & T Fisetin B WHBELZZIT2WZ & 2R LT,
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Table 2
Quantitative analysis of fisetin in different parts of mulberry, strawberry, and apples.

Sample name Fisetin (nug/g dry wt.)
Mean S.D.

Mulberry Leaves >20-year-old trees  283.61 1.97 -
<20-year-old trees ~ 606.21 9.26 *
Tea leaves Roasted 153.67 1.92 *
Unroasted 175.81 2.26 *
Fruit 12.49 3.70 *
Strawberry Fruit 0.02 0.01 *
Leaves N.D. - -
Apple Fruit N.D. - -
Peel N.D. - -

Note: *p < 0.05 vs. >20 year-old-trees
Abbreviations: N.D., not detected; S.D., standard deviation.

140 - *

120

100{ 4 1 L

HH
-

Peak area
() ©
o o

EN
o

N
o

o

0 0.00022 0.0022 0.022 0.22
B-glucosidase (U/mL)

Figure 2-6 Enzymatic digestion of the glycoside in mulberry leaves from >20-year-old trees.

The peak area of fisetin using HPLC-UV. Black and white indicate the peak area of fisetin standard and
the extracts of mulberry leaves(>20-year-old trees). *p < 0.05 vs. 0 U/mL B-glucosidase treatment. Data
are represented as mean £ S.D.
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23.5. I REINE A T3 5 Fisetin O i &
SPC |2 & % B IUHE % T8 5 Fisetin O @ e B 2 figt L7- A5, Fisetin (X 1 uM 2L ET

F IR E T 2 AN H D Z & = 5T Lz (Fig.2-7A), Fisetin RALFHIIE Tl 2w

=

MERBTE 5 1% (IR B H UM 2N A D72 DITR LT, e B IGHET IR 2" L

72 10 uM Fisetin ZLERERIE, EFIGHEFARBINCB W T HMEEERF XA 5T, SPC I 5

RIS T DULKERIIEIE, Fisetin ARMLERRE & b L T/ 7env~ 7= (Fig. 2-7B),
(A)
120 1
=100 - *
g 80 A
S 60
2 40
% 20 A
X 9
Before Ctrl 100
abnormal
contraction
Fisetin (uM)
After 5 min of SPC-induced vascular abnormal contraction
(B) Before After 5 min of

SPC stimulation SPC stimulation

Ctrl

10 uM
Fisetin

Figure 2-7 Optimal concentration of fisetin to prevent sphingosylphosphorylcholine (SPC)-
induced vascular abnormal contraction.

(A)Effects of fisetin against sphingosylphosphorylcholine (SPC)-induced vascular abnormal contraction.
*p < 0.05 vs. Ctrl (induction of abnormal contraction without the addition of fisetin). Data are
represented as mean + S.D. (B) Images of the preventive effect of fisetin against SPC-induced vascular
abnormal contraction of human coronary artery smooth muscle cells. Arrows indicate the abnormally
contracted cells.
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23.6. M FFIHEZ TS 2 Fisetin 028 i LR 22 17 ]

23.112°C, Falhh & OEREEREC SPC FIMIRHC GBI EE LT D Z & A3 BRI
TR R B L 525 Z LS LI 7o 72728, Fisetin & 145 1218 /5 0 0D Hos 28 1 ]
PN FEFAE TP h S~ G- 2 558 % 2.3.1. L AR O 1L THET L7, 2.3.512 T, Fisetin (X
1 uM A ECREUGHE TR 2 R~ 28 & > 72728, 1 uM Fisetin 12 & 2 B & I TB5 %)
REFHE L7, ORGSR, Fisetin 1% 48 BRI FIEEE#/ 5 & B IUE iR 2~ 2 L &
o Lz (Fig 2-8), — . M{EZ & £V IEEERTHIC O]V B 2 D FRIT Fisetin Z¥RA0L
7= 53 24 BER OFEAMEE CIX. SPC HIlIL & fiti L T e WIS CHIBROEREZS < S ORI /2D

TERBRE N A G, & 51T SPCHIET % & Fisetin IZ K 5 PRI /RSN Do T2,
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Figure 2-8 Effect of fisetin against sphingosylphosphorylcholine (SPC)-induced vascular
abnormal contraction at various co-culture times.
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2.3.7.  Fisetin o Ifl %% PN Rz i o e 25368 1

HE 23 AR 3 B IS S IR LS Fisetin 23 EEEEMA 32 121E, A& NI 2 MRk 3 5 ifn
BN A BRT D NENRH D, £ 2T, Fisetin O M N AIIE BB 2R L2 & 2
A, 1R CRIRD 53.3%, 84 FEHE TIZ 85.2%2 N M 23518 L, Fisetin 23 L4 18 7 4

CEHEERARE 2 LA BT LT (Fig. 2-9),

100 -
80 -
1h53.3%
S 60 -
=
3
]
(0]
£
s 40 1 6 h13.7%
o 24h 3.6 %
o,
12 h 84h0.2%
20 - 14.4 % Impermeable 2.0 %
Cells 2.8 %
|  —— Others 10.0 %
0

Fisetin

Figure 2-9 Vascular endothelial cell permeability of fisetin.

2.3.8. Fisetin BEE(L G & 2 &G VAR B

Fisetin OIEMEEINL 2 [FET 572, Fisetin LFALL L7IALFEE L F T 27 TR ) A %
AW CHEXSTEMEFIRE 2 5741 L 7=, Fisetin (Fig. 2-10A.1) L [RARIC ABR 7L & BER 3L (N 4
NCAKERIE 2 L A BR & CEROKERILDH-CRLE M B 72 5 Quercetin (Fig. 2-10A.2) & Luteolin
(Fig.2-10A.3) ZHW T, A BRKL N C BROKEEILORLE D B NG TR ~5- 2 5 2%
MM L7z & 2 A, Fisetin 238 ® TPIEhE D & < . ¥RV T Quercetin, Luteolin DA T & 2 EH A 23
& o7z (Fig.2-10B), KIZ, B BROKEEIL DR BAFWGHE T BRI R G- 2 D AP ST
HI2H, ABRE CEROKBIEOHSCHLIED Fisetin & [fl— T B BROKEEILDE DO AN 5
Resokaempferol (Fig. 2-10A.4) & Robinetin (Fig. 2-10A.5) % &Ffli L 7= & Z A Fisetin,

Resokaempferol, Robinetin DAL EFIGHETPIh R 2 R~ Il m 238 - 7= (Fig. 2-10C),
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Figure 2-10 Fisetin structure-activity relationship.

(A) Chemical structures of the compounds to determine the structure-activity of fisetin. Fisetin (1),
quercetin (2), luteolin (3), resokaempferol (4), robinetin (5). (B) Preventive effects of the hydroxyl group
arrangement on the A-ring and C-ring against SPC-induced vascular abnormal contraction. Fisetin:
hydroxyl group at the C-3 position, quercetin: hydroxyl group at the C-3 and the A-5 positions, luteolin:
hydroxyl group at the A-5 position. (C) Preventive effects of the number of B-ring hydroxyl groups
against SPC-induced vascular abnormal contraction. Fisetin: 2 hydroxyl groups, resokaempferol: 1
hydroxyl group, robinetin: 3 hydroxyl groups. Data are represented as mean =+ S.D. (n = 4); *p < 0.05
vs. Ctrl (induction of abnormal contraction without the addition of samples)
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2.3.9.  Mulberry leaves(>20-year-old trees){Z & £ 415 Fisetin BIHEAL S8 O & &

2.3.8. 81| Fisetin EAEE AL L2 BE L& b BEIGE PR Z RS EHARH D | »
T HHENT IV 2 CEEERIC KL D AR SN HIEE TH LT, £ 5D Mulberry
leaves(>20-year-old trees)IZ 33T 5 & A E % 2.3.3. L [AkEED 77T HPLC-UV IC L W EE LT,
Z O SF . Fisetin & Robinetin @ A 5 A 23 G S 4L (Fig. 2-11A) . Robinetin | Tea
leaves(Unroasted)=° Fruit (227>~ 7= (Fig. 2-11B), Tea leaves (23Tl KERIALEL DA |
& o T Robinetin FENZELTND Z LD, FERULHEIZ LY Robinetin H RO FAEE D

BT D RN B Z b,

(A)
© 1.2
o
x 1
— 0.8 -
>
2
>
= 0.6
C
2
= 04
ineti Resokaempferol
0.2 Robinetin Fisetin 1 P .
) ! 1 Quercetin Luteolin
0 ! ! -
0 2 4 6 8 10 12 14 16 18 20
(B) Retention Time (min)
800 A .
700 -
S 600 - )
>
© 500 A
2
2 400 -
£ 300 A
g *
S 200 A *
@
0
>20-year- <20-year- Roasted Unroasted
old trees old trees
Mulberry leaves Tealeaves Fruit

Figure 2-11 Quantitative analysis of similar structural compounds to fisetin
(A) The retention time of the compounds similar to fisetin. (B) The content of robinetin. Data are
represented as mean = S.D. (n = 4); *p < 0.05 vs. Mulberry leaves(>20-year-old trees)
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24, B

AW TIEZFABHT £ 2 SEIUE TR 2 ST 5720, Stk & S0 T 515
RV L. BRI Z TR DR 2 PRE LT, FaBHE. Mulberry leaves(>20-
year-old trees) 3 fie b B IUKE T RIEN R 2 /R HRICH > 7o, £ 72, Tea leaves (ZI3U N TILkE Rl
WLER DA S B U TR R B A B 2 D ATREME RN R WS LA DN Ls, ZAUEE
HEZ N LS 2B TIThN 5 K RALER D AR TR I E L TnD B X biLd, 3
BUC, REIZEENDA I/ HETH D 1-DNIASIOBE KIBRIZE £ D N Y TRV U [49]300
BB L) RS D 2 &0, BRI £ 0 SEOHRMLIGTEME T35 [50] 2 & A3
SNTHY | ERILHELD Tea leaves |27 £ 2D B IHE TR IZEEE L TV D ATREMEDNS S
Z bilz, FIFFREE OISR 2 LR U T b R IGHE TR RSB TR Do 7205,
ZREHEIFE T IR BT B8 8 Lz (Fig.2-2), 207, ZalEhc &0 BEi
2 THIT2IITREAICER L, MHREAERTILERO D EZE2 N, —FH., T
OAETAE Fisetin D 7 & HeRe48 U 72 il TIESE72 0 | Fisetin & O35 IFH] & 5L 5 IHE T BH%)
BEBBIT HEA S H T (Fig. 2-8), ZHUE, FUEHTIT Fisetin AL OILEM L E N5
7o, Z OFFNRIC L 0 HREHE R S B GHE TR R LR o T aTREMENR B 5 &
EZ b,

WA B AT B R 238 b iV ME A2 & - 72 Mulberry leaves(>20-year-old trees)iZ & £ L
DIGVER D ZRET D120, TAAlra~ NI 74 —Lr7a~ NI 7 4 —&2HW
CTHl - WA T o0z, FNABI a~ 7T 7 4 —Tlk, 437 5000 DL T OE53ZTHRE
WG T Bih e s LT 72, R LA 04y 18728 5000 K Th b LHEE Shiz, &5IC
7 v~ 7T 7 4 — TR & AR SELE T Cf DAV B0 A e b B8 I TR0 3R
R LTzT=8, LG BIKNE & BOKMEOM T OMEEFF>Z ENEZ b, £7205
PEBEI Sy 6-Y % LC-ESI-MS/MS 12 L W 4347 L7z & & A 4315 286 @ Fisetin & Luteolin 231k
B LB Z BiLlz, Fisetin (X, 7748/ A4 FEEIZE L C8R 3 (AICKBEEZ R >7 TR ) —/L

T, Luteolin [Z[FARIC 7 TR /A FEEICE L A BR SALICKBRIEZFF>7 7R TH D (Fig. 2-
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3B), D=, ThHDERAMEREZ HPLC-UV I TfT> 7= & Z %, Mulberry leaves(>20-year-
old trees)IZ I Fisetin 237 £ 41, Luteolin IXH N TWRWZ L2V L7=, LA L. Fisetin &
Luteolin (FFLL L 72 1ELZ AT 5720, 5315 286 &~ B — 7 Z 43 EL L NMR (Z THEEFEHT
B{T-o72L A, HNMR TABRSMART ALY NI AR _ERTHOLNLZZ LMD, iF
PR3 73 Fisetin Td D ATREMERS BV E B X bTe, ZD72D 2 RITENMRIZEY C & H DR
£ 3 A Liz & 2 A, Fisetin 2N EHIGHE TR D T 2 Z & Z[FE L7z, Fisetin |&, SPC (Z
£ 2 B & RIARIC IS I AR HIAE N O ROCK OFEMALZ M L= 7 vk U T Alc kb
MmAEWHEZRET D 2 & AHE STV DH[51128, SPC 12 K D BHIUHEIZ /9 D R IR fE
BIC. EFIEND Fisetin Z HEE LG Lo 72, £D7D, KAWL 5TEH K Fisetin
(2 &K % SPC#AFEMEREWGHEIC BT 2 4]0 COME ThH D, —J7. Fisetin & (2 R EUGHET B
o DI LS & & 2 BT Luteolin 13, FIEICE A STV D Z EAHE S TRV [52],
TS —EHEIC K B BN ERESGER SR T A STV 5 [53]23, Fisetin & [AIERIC B4
ILE T B AT DWW TUERIFHA T > 72, LA E XV Fisetin (38 UUHE TRy & L THET
b5 L% Z ST, Mulberry leaves(>20-year-old trees)?Y Fisetin %7 Tp B & I 2 TFi9 %
‘& LTAHHZRODEET 572912, Fisetin B8 NZ WKW E L TREROH LA T IR
Uy o, ZFED Fisetin BARA I L7 L A, FHEIC Fisetin N FEND Z L &2HFT-IC
A L7 (Table 2), L2xUL. HEIGE TR & S 2> 72 Mulberry leaves(>20-year-old
trees)|ZFt~X, Mulberry leaves(<20-year-old trees)?D Fisetin & A N o 7o, FIEITHHHIC X
> THREFER OFRBLENELT D L ORENH H[54], =D, HilplbiEH & AR Y
NICEENT TR A REERKRT D003 AR b OB REICHEIC L DL %
T CW\% EF 2 B, Fisetin DA ALENHD L7V Mulberry leaves(<20-year-old trees)|Z & %
D E DD 73 Fisetin (& 8 2 BFIGHE IR EZHEF L2 LTWDAREMENRH L L5
Z Bz, BIfE, Fisetin 21X U E L7 TR /A FEAZBEERET 2WE IOV CTRs
IRIRN, EDT, MOS8 Fisetin BAAZHE L TV D ATHREME S H 2 541523, Fisetin O

R ICBE RIS, b L UZHIAICIE 92 2 & TRENE TR Z2BIESE T D
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AREMENEWEEZ X DN, o, T Loy~ rI—IZBW IR EmWIZE, AU 7
= /) — VIR EOPIBILME D2\ T L DN STV D [55,56], € DT, BHOEWT
FOFRIZEENDRIG DR DAREMEITE W EB X BT,

Fisetin 137 748/ A FEICET 22, 77K 7 A4 NEIZ BT ITERER S LTHE
EFNTND Z ENE[57,58], % Z T Mulberry leaves(>20-year-old trees)iZ 7 %415 Fisetin fic
BEIA Z RS L7225, Mulberry leaves(>20-year-old trees)?® Fisetin (X7 7'V 22 LTEENT
Wb Z e aEEb Lz (Fig.2-6), 7 7R /A FEIZ, BFEAR X v Bl mWT 7Y a2 0)
MIEIN INRT N EDHHIL TV DH[59,60], ZFDTOFIEIZE £415 Fisetin 237 7 U 22
THDHZ EX, ARNTHRHSNSCT W EE 2 Hivl, FEEICAIRN TO Fisetin 0 fil i L
WZOWTIE, B FTORGFENEODT v M TIIHEEER LG TRRMAIRE Cnux 25 73.94
pg/mL (#9258 uM) [61]1T& ¥ . Mulberry leaves(>20-year-old trees) O A% FL Y R 12 1T 283.61
ng/gdrywt.a s Z Enn, HHEEGG B 503 g OBEBEN R 2 ERTIET v b To
I PRI B L, BRI TR R A R MR 2 EHRARECTH D LB 2 L,
L2l ZHICIFERNTORINNEEZ BET LILER B L7120, 5. b MBI 54K
FIATEIC O W CHE AR DRF A UNE TH D, F 7 e M 5 BIERER] T (308 < WEREET
HY . MFPRED 5 AR 2 7R T T A3 1.72 £ 0.69 min, VHIAHO - 4~ 5
Tipp 25 11.29 £ 2.43 min[61] & Fisetin [X AN ENZ EXFE E B 2 b2, L LERIEIX
ED LD 7l - T HETH-> TS Fisetin x5 HTHZEEWLMNI LT, AL L
THEHAL, AF L U CAERZBRT 5 2 & CREIUNEZ TBH AT RE 2 M Fh B & MEFF L.
BLEARZ TR ARG E L THENTHD LB 25, Fisetin 1R Tlid
LN, FRHERDSLE L 0D LRIER b 2B 2 b, BEE~DEENREIND, *
DI HFHETIE /2 AR S A7z Fisetin 2 BHT 535513850, Fisetin (X &M SRS TlEH
L MRS F RIS & RS R EETOREMRBROERPAMLETHLEEX D, EHICT Y
2 & LTI S 472 Fisetin (BRI TOREEREIC LV 707 b U ifa &0 e e £

DA S22 T L5, Fisetin 27 7 U 2 & LTEIRILEGEOBHFER (T~ ~) TT
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TV ay, JAru BIERAER, MBIAIED Cun 2T 5L, ZZE 73.94 ug/mL,
27.06 pg/mL, 29.10 ug/mL & WS HENH H[61], D78, 7 7'V =& L THEILL 7= Fisetin
IRFIC LV B ERICE B SN DH[62]28, MFICEBNTIET 7 2 & L TOFEENRE L,
BN Z T T 201+ iHRECH L0, 727V a3 & LT Fisetin R LTYH
RN TORBEREIC L2 RBIIZTICWeEEx o, BLEDZ Enb . BEIUHEE T
B3 2 72 DIZ B2 Fisetin O IR EE P IR EEIC DWW TIEEBLATREMEN B 5 L & 2 bl
(CHFAET 2 Fisetin 25 IR FAIIICVER L. BRI Z T892 £ TICRM 2 295
FIREMENY S D (Fig.2-9), % Z T, Fisetin & FilfiHAL & o LB & Ll 95 2 & ¢, #
HUHE TR G- 2 B B OWCTEE LTz, ZOREE, Fisetin & MF I fHME & o4k
BRI S B N TR R B A 5.2 5 2 L AW LT LTnd, s5HhZ St i 23
+ %A 22/ T Fisetin ZIRFE 5 (GLEZHIER 24 B5R) & AR RE B & B I T 15
R PHORES 2 Z L2 BT LT (Fig.2-8), 7 74/ A NEIZAEKRNTIILH T L7 Ik
BEAKRETR L, 2FICERSND 2 EAME I TVWS[63], £/ Fatal bovine serum <
Bovine serum albumin (BSA) 7% £'i% Epigallocatechin gallate & #HAAZ AT 2 Z & THIIEA
Reactive oxygen species FE/E Z i) S, MIlSEABHIE S5 Z LA STV 5[64), D7

OIMIEHAAAE T T Fisetin Z BRI 2 &, MIF I & 2 ARALRTERN R O JOE0 V- Ml ~ o

Fisetin DEMIZ 2% MIF MR RE ORI TR A E L EE XN,
UL, [FRED S TR IEF3E 30 47RiIIC Fisetin ZIREFE1 5 L IR H-CF B RO

DRR BN TZ L MIEFEFELE FC Fisetin & RIRFHEGET 5 L 2o D20
HEND EBZ LN (Fig.2-8), RN TIZFICMIER S PBIFIEL TWD 2D, MIEHTF
TEFTRAETZ ZNOBBOREIIE XL invio DHTOBZETHDL LB LNDHM, F
1B AR~ Fisetin OIEHHAE 2 R 572 DIZH R DIBRBMETH D B R D,

IAZ AR I T EFINHEANFE A3 2 B M M LS BB 97 2 11, Fisetin 23PN BZHA
faZ B3 2 BN D7D, NEARRaEZEME 2 sl L7z & 2 A Fisetin [ZPN MR % 125 1)

Ui I CEARE R FTREZR 2 & A BT LT, £ D7 Fisetin (FAKRAN T & 25 ILHE
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DFREZIHIFTRE T o D & B X LAV DT E THAET 2 EE MG L T, Fisetin 1%
KRN S 2 BT 2 012 1 RERE L7z, Lo LARIE RISV CITERERH T
O Fisetin O FZI@HENHERER 72D, S, BREMNEFICE) ZBRELHERT OLEND
D03, BRI TZ < @ Fisetin 23 RN EET 20RRETH L LB BN, £DT
¥ Fisetin (& & 0 B A TR 21213, B P Be L RE 2 I [H 2 B L T 6. Fisetin
MIMANZFNAFAET DT DICHERFHEIRT D2 MER B 5 L& 2 b,

F 7 MAE BFIHE T P2 %59 % Fisetin OFeMEZ RT3 25 72 IEMIAL O R E 2 ATz &
Z A, CER3NLOKEEIEDTEMRAL T 5 AIREMEN B 2 b7z (Fig. 2-10), Insilico Tl fafE
ZAERT DR ZHJEITxk LT Fisetin 13 C 38 3 (i O/KEE R A Befibi & L CHAMEHT 22 L
DHE SN TWB[65], D7, Fisetin @ C Bt 3 MLOKERILITIRE &K & O AEIERIC
WEELFL, BEIGETHIREZ R LTS EEX LN, LAl Fisetin OIEMEENALA
C B 3 MLOKIEIETH DDA LMNCT H7DITIX, C B 3 MLOKEEILEZ A F AL LIz A ¥
IR E W RN LB X Hivd, F7- Fisetin OBHE LAY b A IGHE T8
hE AR L7z (Fig.2-10) 72®. Zi5 2% Mulberry leaves(>20-year-old trees)(Z & £ 41TV 5 D>
i@ L7= & Z A, Fisetin OALIZ Robinetin 737 £41 Tk Y | Robinetin /% Tealeaves (2% < & £
. FRIC Fruit I < &G EN 5 2 L A5 202 L7z, Fisetin & Robinetin [FFEH (ZHEEL L 724
WEAT DO, MUT7 TR A RERFREE T Fisetin & Robinetin 2345 X 41TV 5 AIHEM:
W& H66],

LLEORER X 0 ZICE £ D Fisetin (3 B H AR RE /R I CRF I & 7B+ 5 2
EER BN LTz, SPC I & 2 BFEIROR A% TR 5 BB R IE v E THEN 72
<, ZX° Fisetin X EMBAML E L THEICEERT 2 2 & TERFIHES TS 2
EMRMITEE D, F T Fisetin OIS W IADTZZ Enb, 5, V—ReamE LT

ABEA~OER bR S D,

34



BE MERFIUNEOFRIERE & RIEHRM T X 5 TREF O

3.1,

ZAVE TOMFET Fisetin (2 KL% SPC #AFEME S F IR 532 FRIEIR Z B 60N L72dy,
Z DVERBEFIZ OV CII AR T 5, Fisetin (XM N R AL RE 2338 L C I8 i 2 e
AR 225, i i Al a0 S & e O SRR 53 - SPC & DFEMI7Ze 0 AR A/EIZ DWW TR
B 53T, E£72, 2 E TOWFFET SPC T L B I F s WUHE O R AEMFF~ D M i |~
A 78 RAA ORGP IERME L~V TR ST E 23 [21], BEIUHE S & 5 i i
ARl CHIfEEE b~ A 7 m RAAL IR ED KD R Z KT L TV DONIRMIHTH 5,
S B MAE IR M T D BEIGHE O JRIR 43 F SPC 12 K 2 1EHIHEHE L 52 TldZe <,
Fisetin |2 X 5 TRIMEFF O Z L < LT\ 5, & Z CAMFIETIX, Fisetin Z1EH LT SPC

(2 K2 ST O FEFEREME & Fisetin |2 X 2 TR T ORIFAEIA 2 B8 L7,

32, FEBRGIE
321, ffflakEaE

HCASMCs % 2.2.3. & [AFRIC 37°C, COLIEIE 5%ITF%TE LIz A % 2 X— & — T LFER
\ZHW 7z, Fisetin (2 & 2 BEIGHE TR Z M7 28813, 23.5.08H% K0 1 uM UL ETH
HUUHE 2 TR A M R S iz 7o MBRFRREA 24 REREIT21Z 1 pM Fisetin 2185 L, 3t
B4 U7 AR CRFAMN L7z, BEHIGHE TP L. MIfaAs 80-90% = > 7 /v NI L7tk
HuMedia-SB2 (ZE#a L, —BiEz## ., 30 uM SPC T 10 4> [EHII% Ui L 7=, Fisetin & k5%
L 7= M8V Tlid, 1 uM Fisetin 2% T HuMedia-SB2 |C{&#a L 7=, 7. Fisetin & SPC M
MHEAERZ#HERT D720, & 522U Fisetin & SPC R4 L 72 Premix ¥k % SPC O
WCHWTEFIGE TR LR L, SOOI E~1 271 RA A 05260
95 7-%. HuMedia-SB2 |Z¥Afi# L 7= Methyl-beta-cyclodextrin (MBCD; &+ 7 A /L A Fn Al

TS CHEEHMlaz Bl L, MRE Ea L AT e — L a2RETHZ LTSI 1
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KA A 22l Uiz, MBCD (2 X 2 ALERS 1T, MR [21 ] IE ip IR [6 7l BT 5 Z
FCTOFEREE S L ITHET Lz, 25 ORPRIC X 2 B IHE O 58 48 138 ST 8% S CKXS3

(KAt Y /3 R) 12T SPC IR OMIlamE & 2 Bus L, MldZea 8l L,

322. Z7wv—%A ~FA MU — (Flow cytometry; FCM)

3.2.1. & [RERIC M & AL PRt . R 7 L—/S—TEIYL L HEPES #EMEHR TUEd L7z, Ve L7z

R R R L 7 CGREASRIBIR) . ARV IK |2 Nitrobenzoxadiazole (NBD)-SPC % ¥is
AL 37 °CITRRAE L 72 C 10 20 [ISOG S 72, 1% BSA 547 PBS T 2 HIWEH L. 1%
Paraformaldehyde & PBS T & L7z, #IE % BD FACSCalibur (BD Biosciences) & 7213 Attune
NxT (Thermo Fisher Scientific) |2 T1T > 7z, fi##T13 forward scatter (FSC) X T side scatter (SSC)
T, AMIEERAD 5> BUGTEME (Ec) & IEIGHEMIE (Euc) Z43Ei L, #4EROMIEE A v
TULF D & 5 IZIHERIf R &2 L U,

WA F (%) = Ec/(Ec + Euc) x 100

323.  RiEF T AL (Surface plasmon resonance; SPR)

Amine Coupling Kit (Cytiva) % T Sensor Chip CM5 (Cytiva) (Z SPC Z#[#EE L7z, 77
7 A MiE25°C, ¥ 10 uL/min TyEA L, DMSO (Z¥%f# L 7= 100 uM Fiseitn & SPC D43 -fH
FHEAVER Z M L=, BBMEX & LT HBS (Cytiva) IZIAfEL 72 RNA 7 7 % < —
(GGGGAAAGCCUACCGUUAUUGGAGUAAAAACCCC) [681 % L 7=, 43 AR FELAE I fiF
Hrix. Biacore T200 (Cytiva) (ZCHi#HT > 7 K Biacore T200 Evaluation Software 1.0 (Cytiva) %

FHI/\VC??O f:o

324, JHEEHINNICISIT D Fisetin & A &HIE
3.2.1. & [RIBRIC NG & AL ERM% | 1548 HIE 2 BN L A & /) — WS TRl 2 AR L7z CRlAa v fig
), Hide BiE K OSSR BRI 2 A i b % . Rl 2 [R5 0.1 % TFA KOV A & ) — /L35 &
AW TR L, 2.2.6. L [AIEED J714 T Fisetin & &4 HPLC-UV ICX WV HlE L7, £7245560
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T2 FEBAEN 5 Fisetin IR BRI HIF1ELLZHH LT,

325. TGATRAAL A—DLT

AT —rra— b LEAN=T7 AT Z/HER L, 3.2.1. & RSN 2 08 %, #x
4' 6-Diamidino-2-phenylindole, dihydrochloride (DAPL;, 7'~ 7 /v KU v F &R T30 4
LI bEYeta Uiz, BIERERNC, 100 %775 L 72 PlasMem Bright Red (BRzUZthRM-AL2EHFZEHT)
THfaEZ, AR Tb = FY — AE A AEEZR 4 uWM FM4-64 (27~ T7T VKU v F & A
=) T R Y — A% Yt L HEPES #E &K CTHEF 1% . NBD-SPC (Cayman Chemical Company)
2 L0 FE S D B IE 2 8 G BEMEE BZ-X810 (&t —= 2 %) TEIZ L7=, NBD-
SPC I%. SPC @ C6 (I IW'E Th H NBD A5k L72(bEWTh 5, SPCILH BlIEE NN
T, NBD-SPC & SPC & [AIBRICE I 27559 572, SPC OfUH & LTHM Liikar

BRE & B 22 L72[69],

3.2.6. VIZARZ TRy T 4T
3.2.1. & [AIBRICALER L 7= il 2 ULTRARIPAKkit (BioDynamics) ZHWTC, w4 71 RA A >
& OMOMBIER A LTz, ZivD OE453iE, 4xsample buffer (400 mM Tris, pH 6.8,
8% Sodium dodecyl sulfate (SDS). 40% glycerol, 24% 2-mercaptoethanol, 0.1% bromophenol blue)
I[CVEfEL 95 ° C T 5 /B TEZ1T\, 15% SDS-PAGE T/rBfi#%. Immun-Blot PVDF
Membrane (Bio-Rad) (ZHAE L, 5%A % A /L7 &4 Tris-buffered saline-Tween 20 (TBS-T)
WXV RIRT IR T vy F0 7 Lz, HURBRISIE, —kEUA L LT anti-caveolin-1 (1:1000,
610057, BD Biosciences) % 721, anti-flotillin-1 (1:1000, sc-133153, Santa Cruz Biotechnology)
anti-B-actin (1:5000, 5125S. Cell Signaling Technology) % . 4°C C—Mifi S 7z, F72 K
PLIRIL, HRP-conjugated anti-mouse Ig (1:5000, 554002, BD Biosciences) & 7= (3, HRP-conjugated
anti-mouse IgG (1:5000, sc-525408, Santa Cruz Biotechnology) . HRP-conjugated anti-rabbit IgG
(1:5000, 7074S. Cell Signaling Technology) % =il C 2 W& &, Clarity Western ECL

Substrate (Bio-Rad) TH:1% . Bio-Rad ChemiDoc XRS+ (Bio-Rad) THaH & OMENT 21T - 7=,
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AT U DERELHUADATIRIZIL TBS-T Z A=,

327, TV YV—AOHHEE B

HCASMCs % 80-90% 21> 7 L. MI7e % & TH:# L, HEPES Bk CTHei%# . HuMedia-
SB2 (2] 0 B 2 49 24 IefilEE R L, 858 B2 &R LT, 8% BiEIL. 4°C, 10,000xg T
30 SrfHE Do BEfe . BIEZEN L., MRk oM 2 bR s Lo, S 6B LT BG4 A
A > 7 m—% TLS-55 (Beckman Coulter) & (} Optima-TL (Beckman Coulter) Zf#if L C. 4°C,
213,863xg C 26 MM LEEL . EiEZFRE L, B L7 EERRL b T aeik
VIR L., 58T 1. HEPES ¥EM@K 2 N L T RS ClE O DBEZ 1TV, =7 Y Y — L% [l
L7z, X L7==Z VY —2% FITC CD9 (312103, BioLegend) & T APC CD63 (353007,

BioLegend) T mbuizYets L, FACSCalibur (BD Biosciences) THlE L7z,

3.2.8. rEhALER
BT OMFHENTIX. Microsoft Office Excel 2019 Z i L C{T~>7=, 7 — Zfi#HTIZ. Tukey-

Kramer 2 K 2 2 E LR EZ T 77,

33, RER
3.3.1.  Fisetin & HCASMCs O+ A.{E

SPC & Fisetin OFHAAEH 2 502 T 5729 % 575> Usd SPC & Fisetin IR A L 72 Premix
PR % Fisetin ALEE L TV 2V HCASMCs (ZHRER L S5 G O F8 A2 2 RS L 72, € DFER., SPC
D I 7% Wgie U 7o M &[RRI Premix 5% 2 BREE L 72 MBI C &Il 10 4381 A DS 38
A L7 (Fig. 3-1A), ZAUZ FCM (T KL 2 MRl == E T & FIER OFE R 3G H4v, SPC HlH
R Fisetin LR % L TV e w Crrl #iAE CIEMAGINE Y 13.4%72 > 72Dkt L, SPC FIBHIAD
Tl 92.1%. Premix IR CHIIE L 7= Mlilai% 88.9% T, SPC #illi L 7=l & Premix &R CHITKL
L 72 M CILIRRRIC IR 23 NG 32 2 & 2 fEs8 L7z (Fig. 3-1B), KIZ. SPC & Fisetin D43

MIAHEAVER 2 SPRICE VAT LT & Z A, BIEXIRTH S RNA 7 7 % ~—X SPC LAHAE
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A UAE G EifR 2 Rk L7z (Fig. 3-1C) DIZxf L, Fisetin I3 & BfR &2 a3 (Fig. 3-1D) .
Fisetin & SPC SFHAANEA L7222 & 25T L=, & 51T Fisetin & 25238 U 7~ & S8 75
ARz IS D Fisetin A ELXZHE LI L 2 A, RO 68.3% 0 MINICE FNEE EIF 61

B S iZen- 7= (Fig. 3-1E),

(A) Before SPC After SPC stimulation
stimulation 10 min 30 min
B
ctrl (B)
120 1
100 um
100 - * "
< g0 4
©
Q2
SPC § 60 -
100 um é 40 1
20 -
o1l
Premix SPC - + +
(Fisetin + SPC) Fisetin } i .
R0 ctr sPC Premixed
C
© __ 600 (D) o0
)
2 200 @ 200
g 0 S 0 Y
2 -200 iARU 2 -200 A
& -400 8 400
0 100 200 0 100 200
Time (s)
E
) 100 -
< 80
~ Cells
o
i €0 1 Gl Supernatant
g N.D.
% 40 A /
-?’—< 20 + Others
w 31.7 %
0
Fisetin

Figure 3-1 The interaction between fisetin and sphingosylphosphorylcholine (SPC).

(A) Morphological observation of the effect of fisetin to SPC. Ctrl indicates the induction of abnormal
contraction without the addition of fisetin. (B) Contracted cell rates using flow cytometry. (C) The
interaction analysis between SPC and RNA aptamer. (D) The interaction analysis between SPC and
fisetin. (E) Quantitative analysis data of fisetin included in cells or supernatant of fisetin treated cells.
Data are represented as mean = S.D. (n = 3); *p < 0.05 vs. Ctrl (induction of abnormal contraction
without the addition of samples)

39



33.2.  SPCIZ X 2 BEINME~DOMIE -~ 72 RAA L DOREE

MBS EIZd51F % SPC <P Fisetin DIE R ZERR T 2728, Tk TREIUH & o BENE
MBI TEIMAE L~ A 70 RAAL CHER Lz, MlaE E~A 271 KA AL Ud~—
B — % 737 & Caveolinl (Cavl) <° Flotillinl (Flotl) ZH 9 % Z & Nl STV 5 72H[70].
TNODORBFT 2y 222 T a T 4 o TIEICTUT 27z, ZORE, ~A 7 RAAL v
(21X Cavl £V Flotl DG RZ <Mt &, v 71 A A VEFIZIBVTIE SPC Hillifia: LT
UWNRUWERER & B SPC I K 0 FEBLE N L7z, — 77 Fisetin ZLE#fE Tld SPC HIIHIC
& B F Fisetin RUFLHALIZ bR~ oA 7 1 KA A H55D Flotl FEEL &3 &) 7= (Fig. 3-2A) .
ZZTYA T 0 RAA L ORFEIHE~OBE G2 LT 270, w471 RAAL U DER
NTHDHALATHE—/LE MBCD IZLVFREL~A 7 v RA AL MR ZER L7,
MPBCD LEE L 10 mM T 10 43 WALEES 5 & | SPC FIBKIZ X & G EME 2 HERR S Uiy
Ma-CRIBEDHERR ST A, SmM TIHMEEMER R SN o7z, £D7=H, SmMMBCD T
10 LB L, = A 7 1 R A A EMIL 2 (ERE% . SPCAIIIC K 0 BEIHME T4 20
WL ZA, A7 8 RAAL RERR TS RFIES AT 5 2 & 2R L7 (Fig. 3-
2B), ZAUF FCM (T X 2 MR HEZHE T b REROFE R 3G H 4L, SPC #illifiA L T
MPBCD ALEEHIAE Tl 19.0%, SPC #il#4 L 7= MPCD ALEEAAE CTlE 96.7% DA ANE 325 = &

B L2 (Fig 3-20),
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Figure 3-2 Analysis of microdomain involvement in sphingosylphosphorylcholine (SPC)-induced
contractions of human coronary artery smooth muscle cells (HCASMCs).

(A) Expression levels of the microdomain markers flotillin-1 (Flotl) and caveolin-1 (Cav1). Black and
white indicate Cav1l and Flotl, respectively. (B) HCASMCs treated with 5 mM (top row) or 10 mM
(bottom row) methyl-B-cyclodextrin (MBCD). The left and right columns depict unstimulated and SPC-
stimulated cells, respectively. (C) Contracted cell rates of the cells with microdomains disrupted by 5
mM MBCD. *p < 0.05 vs. without SPC stimulation and fisetin treatment or SPC stimulation. Data are
represented as mean = S.D.
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3.3.3.  SPC O JF{EfEMT

Fisetin =° SPC ® HCASMC J&i0 CO/ER R Z ¥R 2728, SPC % tiFa#k L 72 NBD-SPC
Z W CHENEE 12 T D SPC D RITEMT 21T > 7o £ ORGSR, ~— ¥ LIcEOBIEmgIC B
VT, Fisetin AEEO A I 6 T (Red) DOPMAIZ NBD-SPC (Green) MiEd 2 Z &
226 Fisetin ALERIZ 1 & RN 10 431213 NBD-SPC SHIFENICER D A E N D Z & 2 5 )
(2 L7z (Fig. 3-3A), [AIfRIZ NBD-SPC CALEL L 7=#fd D FCM (2 L 2 MR ==HE TH.
NBD-SPC Z s/ L T 72 ifE (0 uM NBD-SPC) (ZkE-X NBD-SPC ZLEEffif Ci, NBD-SPC
TR X 59 NBD-SPC [ A3 < . 30 uM NBD-SPC ZLERAAL Tik, UMM (Black) (<
BT 99.9%, FEUGHERIA (White) 1233V T 99.9%, 100 uM NBD-SPC ZLELHAN C I AfEHl
B2V T 100%, FEUHEMIAZIZ ISV T 100% & HAIGHE DR A IZBo 53 NBD-SPC &
HCASMC DHEAER T2 Z L 2B 52002 Lz (Fig. 3-3B), & 512 NBD-SPC G Alfaic 35 1)
2 IR O BE A RN L= & 2 A, 30 uM b L < 1% 100 pM NBD-SPC % ¥40 L 7= #lfa <
%, WHERIR O ) 3 EE T dh - 7 (Fig. 3-3C), F£7-. NBD-SPC DAEHELIZ~A 71 RAA
VIRBE L TRV ERR T D72, MBCD MBI LV ~A 71 A A 258 L= /ifgic

BT AR NBD-SPC B3R 2 E Lz & 2 A, BEED 96.3% Th -7 (Fig. 3-3D),
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(A) SPC stimulation after 10 min
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Figure 3-3 Localization of sphingosylphosphorylcholine (SPC) in human coronary artery smooth
muscle cells (HCASMC:s).

(A) Representative image of NBD-SPC (green) localization in abnormally contracting HCASMC:s.
DAPI (blue), nuclear stain; PlasMem Bright Red (red), plasma membrane stain. The top and bottom
rows depict untreated control (ctrl) cells and fisetin-treated cells. (B) Percentage of positive cells for
NBD-SPC. (C) Mean fluorescence intensity of NBD-SPC. (D) Flow cytometric analysis of NBD-SPC-
positive cells treated with 5 mM MBCD. Black and white indicate the number of abnormally contracting
and non-contracting cells, respectively. *p < 0.05 vs. 0 uM NBD-SPC-treated cells and a: p < 0.05 vs.
abnormally contracting cells. N.D., not detected. Data are represented as mean +S.D.

3.3.4. SPC OAIFANBIT~D= > RYA h—T 2D

SPC DMIBINBATIRRIEIZ = R A F— ARG L TV AR T 5728, = KV —
2 (Red) & NBD-SPC (Green) #IYefs 72 HCASMC % 7 A 72/ A A=V 7L 0 #l
2272, NBD-SPC i%, W 5 /3t (MBI E D ICAFAE L7 os, IR 10 0B I EINIc

ITL Y —ALIEIE LT, £7- NBD-SPC D7 T 2% —4 i L. BT 10 5%I1C137
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TAR =Py RY—LNEHFBEL, I 60 531% £ TRkt L7 (Fig. 3-4A), Z LI Fisetin
WUER L 7= e C b [RIERICBLEE S 4. Fisetin ARALEEHARG & Fisetin ALFEAfL O T v 7 7 A L
FENTIZEB W T S, MEANI NBD-SPC &= R Y —ANHFIEL TWD Z & 2R L= (Fig. 3-
4B), ZFD7h, =¥ R A F— R K0 MIRIPNIZE Y JA E 4172 NBD-SPC ASHIRRAM fil
SN TWRWER T 2728, NBD-SPC OO 2 HIE L7z & Z A, NBD-SPC #¥l 30 73

% F CHOEHREE IS 2 o 128, 60 501412138 L7z (Fig. 3-4C, D),

(A) DAPI FM4-64 NBD-SPC Merge
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Figure 3-4 Cellular uptakes of sphingosylphosphorylcholine (SPC).

(A) Cellular uptake of nitrobenzoxadiazole (NBD)-SPC via endocytosis. Representative images indicate
the localization of endosomes (red), NBD-SPC (green), and the nucleus (blue). Top to bottom row: cells
visualized 5, 10, 30, and 60 min after SPC stimulation. (B) The histogram shows the fluorescence profile
for the enlarged image, illustrating the fluorescence intensity in each channel for endosomes (red line),
NBD-SPC (green line), and the nucleus (blue line) against the distance along the line indicated on the
micrograph. Arrows indicate co-localization of NBD-SPC and endosomes. SPC-stimulated human
coronary artery smooth muscle cells (HCASMCs) (1) without fisetin treatment and (2) with fisetin
treatment. (C) The mean fluorescence intensity of cellular uptake of NBD-SPC after 5, 10, 30, and 60
min of SPC stimulation. (D) (1) Unstacked images of cellular uptake of NBD-SPC (green) after 5, 10,
30, and 60 min of SPC stimulation in figure 3-4A. (2) Contrast-adjusted image of (1). Data are
represented as mean = S.D. *p < 0.05 vs 5 min after SPC stimulation.

Mean of int

33.5.  SPCIZ XD EFENME~DTF VP A h— ZADRE

T R A b= R EHEE) L TRE D AEENEWV=X YA h— 2RO 2R LT,
TXVYA M= RE, =TV —ADOY—T—F LRI ETHDH CDY & CD63 ZAFak L.
CD9+/CD63+££ % FCM |2 THit L 7=, Fisetin AALERAE T i, SPC AL L T 7l (6.7
events) & ¥ SPC il L7-#ifd (75.7 events) DRV VY — L% % FEA L, £ 4L Fisetin
JLER U 7-fifa (SPC #ili#72 L @ 2.3 events, SPC #ilifi& ¥ : 66.3 events) THRIERTH -7 (Fig.
3-5A), F7= SPC BNKITHE 5 RIFI 2 7 V) V) — AFEARIT, 60 R ICIERIEICENT 5 2

EEHBT LT (Fig. 3-5B),
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Figure 3-5 The number of exosomes in human coronary artery smooth muscle cells (HCASMCs).
(A) (1) Flow cytometric dot plots representing CD9- and CD63-positive populations. (2) Number of
exosomes generated from control (Ctrl) cells and fisetin-treated cells. (B) Number of exosomes in
HCASMC:s relative to unstimulated Ctrl cells. *p < 0.05 vs. Ctrl without sphingosylphosphorylcholine
(SPC) stimulation. #p < 0.05 vs. without SPC stimulation at the same time. Data are represented as mean
+S.D.
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