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m Actinidia arguta has been traditionally used as a medicinal resource in Northeast Asia, and the biol-
ogical activities of its leaves and fruits have been extensively investigated. However, studies regard-
ing the antithrombotic effects of A. arguta pollen remain limited. In the present study, we investi-
gated the antiplatelet and antithrombotic effects of a 70% ethanol extract of A. arguta pollen usingin
vitro platelet aggregation and in vivo FeCls-induced carotid artery thrombosis and tail bleeding time
assays. In addition, the phosphorylation of c-Src, Syk, PLCy2, and several proteins associated with
allbB3 integrin-mediated inside-out signaling was investigated. Treatment with the pollen extract
(25, 50, and 100 pg/mL]) significantly inhibited collagen-induced platelet aggregation in a concen-
tration-dependent manner. Furthermore, oral administration of the extract (50 or 100 mg/kg) for
7 days significantly prolonged occlusion time in the FeCls-induced arterial thrombosis model.
Notably, bleeding time and blood loss were not significantly different from those of the control
group. Mechanistically, the extract markedly suppressed the phosphorylation of Src, Syk, PLCy2,
PI3K, AKT, and p38 MAPK following collagen-related peptide (CRP) stimulation, suggesting that
the extract attenuates CRP-mediated platelet activation signaling pathways. These findings indicate
that the 70% ethanol extract of A. arguta pollen inhibits platelet activation through the regulation
of allbB3 integrin-associated inside-out signaling. Collectively, our results suggest that A. arguta
pollen may serve as a promising natural antiplatelet and antithrombotic therapeutic candidate.
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A3 %ﬁl‘iiOlE o] thoFgh ARo] EH5H 45
o] Q&= AL 2 HIETH( Nogueira et al., 2012; da Silva
etal.,2014). ] 25t JEEC A 9 EEAF A FHAt

O

sh3ds, W 24, g+ 83 TS UElle Zder &
2 A It (Kroyer and Hegedus, 2001; Almaraz-Abarca et
al.,2004). ©|9} Zro] thefet Ao A SHEo] Bejed &
7t Sl weEt 71578 AF B AdE 71 A=A
o #o] S7stal 2o, o2 deto] Higt &8 7t
A &K 072 AFE I Itk (Campos ef al., 2010). 7]
Ao A= L7 2ol Zm*d Hsoll s At
ShE2 A1 giAr AL &
g L]-E]-LH O] U]—/R-] 2] Q o:“i:ﬂ—__
N2 A 9] 7F5/3-& AXSHA TR (Komosinska-
Vassev et al., 2015; Algethami et al., 2022).

&l (Actinidia arguta)= F-2lHEHE ZeE FEOFA]
of Ao de] Exst= J2AER, gl dEAew
2§ 9 oFg Ao &-gHof Yot tefole 2
=, EetiolE, HIEt B A Ja 5ol FHSH
FGEo] = Aor AHEA ATt (Guerrero et al., 2005;
Leontowicz et al., 2016). T2l € & & g2 =222 4
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Al el el 27 g 9 9489 B
Felol glom, thel SHEe tgoR o AT Aride
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2 oIIbP3 integrin®] 2
At FEEo dag g0 %‘ﬂ‘ﬁﬁ’r(Watson et al.,
2005; Li et al., 2010; Bryckaert et al., 2015). 0|23t @40
o] gdst @ 32 A A wgel D41 RES
ojtt, it thA Akt 22 W2k AFejo A= 4
o] HEst o] I S FX5te] A
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o2 9la) Faw sy SrEle Ao oA Q)
T} (Davi and Patrono, 2007). Z=5tA] EA4J3td AT
I FAS S5k A28, SEA HEF 5
35 5o A 9= SR

AR DA AR EE FEATAE AEEA Ee
oY 9 2 mof] aypAolut, 7] E8 Al &€ Ad 571,
AT F2E 2 oFE WA 59 FAgo] Basar gl

l
CESE s A99] ofFE wejrt dashH £ oA
(AF 9 450k )oK AH ARAOTEN Davt and
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el 71578 A5 FAs
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S-S A2 ot ARH S Aes=71E ©]
8ot 12417 T A F=5t] ofgeS &xds] A
75ttt 51 Alme —80°Colld F2AR & 1241
SR FERURVNE ol8ste] Ay Az, A
zE AN =E 24712 24ste] £ FEi= A2t 5 AF
& A7 —20°ColM HAstld. 2F FE3=0] a2
e 32 TF tiH] 29.2%= AEE AT A Al

o= "WQst w2 5|46te] ALgstSITt.

2. UHPLC-HRMSE 0| 2%t C}2|f 3I2 FE=9|
ME B

o ™

el 512 2520 sjety 542 s Siskol
ultra-high-performance liquid chromatography - Orbitrap
high-resolution mass spectrometry (UHPLC-HRMS) 42
Y5t £ 71 A7 BT o] 235} (heated elec-
trospray ionization, HESI) 227 ZF2FH Q Exactive Orbit-
rap A4 7|9} ol A3 UltiMate 3000 UHPLC A]
AHl(Thermo Fisher Scientific, Waltham, MA, USA)= A}
gotglet. #5& W 4+ ACQUITY UPLC BEH C18
column (100 X 2.1 mm, 1.7 pm; Waters Corporation, Milford,
MA, USA)OIIA 22]5FAH. o158+ 0.1% (viv) B4
Hret 23 o EUelEE R skl eH, 71e7] &
Ao ZAIH olnf] AY %= 40°C=E FA
SHATE Yol @ 2ol oA m/z 100~1,500 HH 2l
full-scan MS 2 data-dependent MS? (dd-MS?) AHE#H-S
8155199 ™, normalized collision energy (NCE)= 252
Akt 24 =02 71500 S W (Pak er al.,
2022y 7|Hre s AAstnt. AE a2 A4 o2
Askder A4 24 D MS/MS ol S B3 229t
H|wsto] 4 575kt glold 4 B A€ Xcalibur
v.42%} Tracefinder v.4.0 (Thermo Fisher Scientific)= A}
goto] hotgint. AHgH wEhE, oM EUCIEL, &
9 ZEARS A L E BAS o= MS-grade A&

(Fisher Scientific, Pittsburgh, PA, USA)& AH-&oFITY.
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Ao AH8H 71 653 C57BL/6 U= Fduto
L (AZ, thgtelah ol A Fafotelor, 132U AR Alm
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-6 A anticoagulant citrate dextrose (ACD)7} A2 H

FAPIE ol-gate] BR stefAwo A st
G2 300 x goll A 204 Bt A4 Eelote] ot TR
A4k (platelet-rich plasma, PRP)& B2 F 0.5 uM prosta-
glandin E1 (Sigma, USA)Z} 10% ACDES Z7}s5to] 700x g
ol A 50% Bt AA Eelste] damE JAAAFH o] &
10% ACDE X3S HEPES-Tyrode €528 (5 mM glucose,
136 mM NaCl, 12 mM NaHCOs3, 2.7 mM KCl, 5mM HEPES,
pH 73)2 & 13] A|&3t 5, @FAS7|E o]-&5te] d4
o2 SAorh EAme 2EH 02 3% 108 cells/mL
9] %7} &%= & HEPES-Tyrode &5 0 2 ZA45lo] A
ol AHg-sHT.

8
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HEPES-Tyrode $H59.0 2 543t 43k dE9l 250 uL
£ cuvetteo] 211, o}l 32 FEE stock solution (100
mg/mL)& ©]835te] FF Fk 25, 50, 100 ug/mL7}t F&
= Aottt 37°ColAl 1027 §F&AIX] F collagen
(3 pg/mL; P/N-385, Chrono-Log, PA, USA), thrombin (0.05
U/mL; T7009-1KU, Sigma-Aldrich, Germany), ADP (10 uM;
Sigma-Aldrich, St. Louis, MO, USA), U46619 (3 uM; Tocris
Bioscience, Bristol, UK) = CRP (0.5 ug/mL)E *] 2|5}
AT S-S FE5HATE CRPA= University of Cambridge,
Department of Biochemistry2] Richard Farndale BFAFZ 5
B Aot ARt a4t 338 4w A @-
channel platelet lumi-aggregometer; Chrono-Log Co., USA)
£ 0]-85}9d 37°C, 1,000 rpm ZANA FEAE HoLE
=75t0] 2459,

6. Ca’" mobilization assay

4TS CaCl7t 2295 A] 982 HEPES-Tyrode £H5H
(pH 7.4)°ll AEe & ofefl 3FE FE5(25,50 2 100 pg/
mL)< 37°COA] 1023t A 2]stdct. o] Eage] Z
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& -8 ¥ E= (FLIPR Calcium 5 Assay Kit, Molecular

Devices, San Jose, CA, USA)E A gsto] 37°C =49
A 3057 FH3-AIZ] T2, CRP (0.5 pg/mL) 2 A=t
AMZE W Ca** releaseE 5743 F 2mM CaCL s 7}t
extracellular Ca** influx & -5t Ca?t A2 = 3=
A (SpectraMax i3, Molecular Devices, San Jose, CA,
USA)E ©]-85}9] excitation 485 nm %

A Zgtsiet.

olo

2 emission 525 nm®ll

7. Flow cytometric analysis

Aot o 8k 5525, 50 ¥ 100 pg/mL)=
37°COlA 1027 A 2]st3itt. ©] ¢ CRP (0.5 pg/mL)E
Agsto] 37°CollA 527 A SAHSE FET th,
P-selectin = 2/ allbp3 integrin® ™2t PE-conju-
gated FAIE A5t 1583 H-FAAG. FAHAZ 2
7] (Gallios, Beckman Coulter, Brea, CA, USA)E ©|-&
stof EAlGklom, 7t A o] Aot H =+ control IgG ™
H] geometric mean fluorescence intensity (MFI)2] H|-&2

Begstatect.

2 3h= %%‘% 2]-82F (50 mg/kg, BW) ¥ 178 E*(100 mg/
kg, BW)S 797t 7+ Fofotdlal, F o= aspirin
(ASA, 100 mg/kg, BW)= Fofotqitt. Fof npzjat o]
£ FeCl; A2 3042 Aol Zt = oFE-g& Fofslqlrt. o
?— 25% O1ASFUOR FUUHE FIEokl, 1.5% o4
Fo 2 up AHE Aok e WS &S
10% FeCls 2 S5A171 972 2 mm x 2 mm)E 2827 3%
Qo] 2-g5t9. 0, EFFA (AD Instruments, USA)E
1 }04 =R ‘ﬂsﬂ~ us ;}8 NSk HWW}XH A

4ov

9. Tail bleeding time assay

el s 2220 AW 1ol vl e Wolel
7] 213 tail bleeding time assayS o}t HR--20f] A
§5F (50 mg/kg, BW) E -85 (100 mg/kg, BW)<] Tl 5}
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7} 2y PBSOﬂ 3
= PHBL 1ysis buffer (8.3 g/L NH4CI, 1.0 g/ KHCO3, 0.037
g/L EDTA)E A2t F 575 nmolA S35 45t 3
B2 oS Fgelolalnt.

10. Western blot assay

Ay ekl 250 pLofl thef S FEE(25,50 € 100
pg/mL)E 37°COllA] 1027+ A =] gk &, CRP (0.5 ug/mL)
2 dau 43 FEotlt o]F Y F19 lysis
buffer (TBS, pH 7.4, containing 2% Triton X-100,0.1% SDS,
2mM EDTA, 2 mM NazVOys, phosphatase inhibitor cocktail,
protease inhibitor cockta il, and 2 mM phenylmethylsulfonyl
fluoride) & 7Fote] Galiakal 95°CellA] 77t 7HEsHA
t}. SDS-PAGE & T 2-S- PVDF membrane (IPVH00010,
Millipore, Tullagreen, Ireland)©l] Z©]8}3L 5% bovine serum
albumin (BSA)Z blockingstAt. 12+ AIE 4°CollA] 12
AlZEEESAIZ] 2 0.01% Tween-20°] ZESHE Tris-buffered
saline (TBST)E 1027+ 31 AIASH3H. o]+ 22t A
A2 1A17F ¥EEAIZ] 5] TBSTE 1047t 43] A &5}
11, ECL (WesternBright ECL, San Jose, USA)S ©]-8-5}9
band & AESH o™, A O] -2 Alliance Q9 system
(UVITEC, Cambridge, UK)& AH8-51] &<15t3]tt .ol
= Alliance software (version18.16¢)5 ©]-85F EX451%
o} 2 Aol A ARERE 12} A phospho-c-Sre at Tyr416
(Cat. No. 2101), phospho-Akt at Ser473 (Cat. No. 9271),
phospho-p44/42 MAPK (Erk1/2) at Tyr202/Tyr204 (Cat. No.
4377), phospho-Syk at Tyr525/526 (Cat. No. 2711), phospho-
PLC gamma?2 at Tyr1217 (Cat. No. 3871), phospho-p38
MAPK at Thr180/Tyr182 (Cat. No. 9211). Total c-Src (Cat.
No. 2108), Total Akt (Cat. No. 9272), Total p44/p42 (Erk1/2)
(Cat. No. 9102), Total Syk (Cat. No. 12358), Total PLC
gamma2 (Cat. No. 3872), Total p38 MAPK (Cat. No. 9212)°]
™, B Cell Signaling Technology (Danvers, MA, USA)Z
FE] FYU5HI . B-Actin (Cat. No. sc-47778)<> Santa Cruz
Biotechnology (Dallas, TX, USA) 25 €] U5t 23F
A|Q] Donkey anti-Rabbit HRP conjugated antibody (A120-
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108P)2} Donkey anti-Mouse HRP conjugated antibody (A90-
137P)= Bethyl Laboratories (Montgomery, TX, USA)Z5
EEDEE S

11. EA M

RE HolEeE: Wi +SDE EASHTH B4 BAL
GraphPad Prism 8 (version 8.0.2)& AH&-olqitt & 7+ H
1= Student’s t-testS AHE0IHAL, Al - oA} B 1= one-
way ANOVA & Dunnett post hoc test == Tukey’s post hoc
tests 2853t P<0.05E AR R {37 o=
webskal

—

UHPLC-HRMS 4= 435H3th (Fig. 1). A4 °]& 2
EUtETH B4 A, shuo] @AgE o327t ERlEgle
™, o] & tHefl 3} FEE9] 78 JROo= wdste] A
Z AL F3Y5tolrt. ol BEofA= fA] AlZF10.34
ol IM+H]* AFA| 0]-20] m/z 58427572 AEEINL
™, o]= B2 CyuHyN;062] AL m/z 58427559}
2|51t AR A= 0.34 ppm©] 2™, MS/MS H-4] 0]
A m/z 438.2387 2 420.22802] F8 AJAol2o] L
AT S0l REA = F2] AlZE 1036+ [M+H]*
LA o] 20] m/z 582261002 HEE o™, AL 3F
1 m/z 582.2609°] W3l 0.17 ppme] HHF L AHE LIEFY
o} 8 MS/MS Aol 20 B /7 4622037, 342.1475
9 119.05000.2 = h AA]| o] A,

LSS
L

o]
=

Als] gl ol o&t )
=8 83 % a2 Da 24 @ Ms/MS Bl P B A2} st
o g AES N, N°, N'°-(E)-tri-p-coumaroylspermidine
1. Ci2l ol2 FEE29 F2 42 =19l ) = L
(TPCS)C = 7 F75t3leh. A3 Aol A= TPCS7t
o st 2320 setd S4L G187 dste] el MShR 22 Eol4 Bel @ 72 FHH 22 phenol
A NH
( ) HN/\/\N/\/\/
(@)
o) o)
OH
OH OH
N, N5, N1O-(E)-tri-p-coumaroylspermidine
B) 1026 .
% HES 3 JL UV 280 nm
0 lta
100 — ' "
10.34 +ESI
: Base Peak
0 e s NN e | W e
100 —
8 ] 10.36 _ESI
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3 0
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Fig. 1. UHPLC-Q Exactive Orbitrap HRMS analysis of the Actini

dia arguta pollen extract. (A) Chemical structure of N', N°,

N'-(E)-tri-p-coumaroylspermidine; (B) UV chromatogram, base peak chromatograms, and extracted ion chromatograms.
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Fig. 2. Inhibitory effect of the extract of Actinidia arguta pollen on platelet aggregation induced by various agonists. Washed platelets were pre-
incubated with each extract (25, 50, and 100 pg/mL) for 10 min at 37°C and then stimulated with collagen (3 pg/mL) (A), CRP (0.5 pg/mL) (B),
thrombin (0.05 U/mL) (C), U46619 (3 uM) (D), and ADP (10 uM) (E). Platelet aggregation was measured using a light transmission aggregometer.
Data are presented as the mean=+ SD (n=3). *P <0.05, **P<0.01, and ***P <0.001 versus vehicle control after one-way ANOVA followed by

Dunnett’s post hoc test.

amide /202 H =] Th(Lee et al., 2025). T2F hydroxy-
cinnamoyl polyamine A g g2 ThFRt SHof A 231 %]
o, o] 59 BAEA - AFA 242 2ol AEeHA 7]t
ATHE B8 fingerprint= T2 7P540] HE gk
(Nasti et al., 2022). T2HA B ATLo| A AEH TPCSE o
ﬂ 94—5 ZZ‘:'_,] 94—6}14 E/H _QJ—O]_L]. Zh,]-a] _Ao]— Z]

B FEAYOR B89 7Ps Aol 98-8 Ak

2. Cf2f o}2 FE=0| g4 ST AN 23t

ok A2 nE Bejgh @4v] thef sk 25225, 50
% 100 pg/mLy= ARt § et dam o 7 =
A (collagen, CRP, thrombin, U46619 & ADP)2 *]2]5}o]
4w -84 o4 ans ﬁﬂﬂﬁ}dﬁ}(Fig 2). -1 At o]
] ! CRP A= o5l f=d &
T -SH-E A FElohA Aot AgS Bk 6
collagen = E4aT M2 55 A9 F=of ==t &
o5} ZFAstATh (Fig. 2). @ATNE collagenTt A4S
2180k et 8417 EA5HH, T1F GPVI (glyco-
collagen®l] W3t F8 &A= A2 3l

l~>

=
SR 252 collagen ¥

il

protein V)&=
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(Chen et al., 2002). =3t CRP+= GPVIE AgA o= &
ASloH= agonist=2 Ae] AFEEERE H dlof|A] T
collagen @ CRP F= S7 oA a7t t}l @
o] GPVI W7l 4t B3 HA=E 24T 7]'?@% AlA

Stk
3.Cfl 32 FES YA EY ZE a4

o] 3} FEE0] At /st Ao = %
2 ERI5t7] {18l P-selectin &, allbf3 integrin E/J 2}
9 AJZE W Ca®* mobilizationS w45t TH @ A-tof| o}
SHE F&E(25,50 9 100 pg/mLyS AA2$H & CRP(0.5
pg/mL)E A esto] dawt B35S F skl 1 AT,
P-selectin @7} allbB3 integrin B33t &5 A2
OJsf| froJsHA 7*&6?%1@(1?@. 3). ]t CRP &= ]3]
S7FsH A2 W Ca?* release 2
FEE APTolA ke oEA 2 AT (Fig. 4).
olfgt A= thef R FEEo] FAWe] By FHl,
allbB3 integrin 2443} 9 Ca’* 418 HES 2402 H
41 G2 AT 2= 9le-2 o]

Pea ot

w7 9%

1 extracellular Ca>" influx =

r°"
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4.FeCl RE 259 ¥ DU UM &5

o skt 222 A FBY anE 2] Sl

A8 (50 mg/kg) D -8 (100 mg/kg) O 27U AT
FoIg F FeCly £ AW @7 RAe Sstont 1
A7}, 22 v F2E FolzelA ZF A A1to]

FolotA A= O0H (Fig. 5), 9] 1L-87F
AZTR] ASA Foltalk FARRE =] H| A AITE
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Fig. 3. Inhibitory effects of the extract of Actinidia arguta pollen on
P-selectin exposure and alIbB3 integrin activation. Platelets were
preincubated with the extract (25, 50, and 100 pg/mL) and stimulated
with CRP (0.5 pg/mL). P-selectin exposure (A) and allbP3 integrin
activation (B) were analyzed by flow cytometry. The binding of anti-
activated oIIbp3 and anti-P-selectin antibodies was quantified as the
ratio of the geometric mean fluorescence intensity (MFI) relative
to that of control IgG. Data are presented as the mean+SD (n=35).
**¥P<0.01, and ***P<0.001 versus vehicle control after one-way
ANOVA followed by Dunnett’s post hoc test.
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valent Dose (HED) A4 (U S. Food and Drug Administ-
ration, 2005)< A-&5F T PR-2 100 mg/kg o152 Al
HEHA HAA S wat A<l 65kg 715 ©F 527 mg/day®l]
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Fig. 4. Inhibitory effects of the extract of Actinidia arguta pollen
on intracellular Ca** mobilization during platelet activation. Mouse
platelets were resuspended in HEPES-Tyrode buffer without 1 mM
CaCl; and preincubated with the extract (25, 50, and 100 pg/mL) for
10 min at 37°C. Platelets were then loaded with a calcium-sensitive
dye for 30 min at 37°C in the dark, followed by stimulation with CRP
(0.5 pg/mL). Subsequently, 2 mM CaCl, was added to initiate extra-
cellular Ca* influx. Intracellular Ca®* release (A) and influx (B) were
measured and quantified as the area under the curve (AUC, arbitrary
units). Data are presented as the mean+SD (n=35). *P<0.05 and
**¥P<0.01 versus vehicle control after one-way ANOVA followed by
Dunnett’s post hoc test.
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Fig. 5. Representative blood flow traces in the FeCls-induced carotid arterial thrombosis model. Oral administration of the extract of Actinidia
arguta pollen (50 or 100 mg/kg) or aspirin (ASA, 100 mg/kg) for 7 days significantly delayed arterial thrombus formation. The carotid artery was
treated with 10% FeCls for 2 min, and blood flow was monitored until stable occlusion occurred. Representative image (A). Time to occlusion
(B). Horizontal bars represent the median occlusion time (n = 10). **P <0.05 and ***P<0.001 versus vehicle control after one-way ANOVA

followed by Tukey’s post hoc test.
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Fig. 6. Effects of the extract of Actinidia arguta pollen on hemostasis in the tail bleeding time. After oral administration of the extract for
7 days, the tails were amputated and bleeding time was monitored. Bleeding time (A). Hemoglobin (Hb) content (B). Horizontal bars represent
the median bleeding time (n = 10). ***P <0.001 versus vehicle control after one-way ANOVA followed by Tukey’s post hoc test.
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Fig. 7. The extract of Actinidia arguta pollen attenuated phosphorylation of c-Src, Syk, PLCy2, PI3K, Akt, and p38 MAPK following CRP
stimulation. Washed platelets were pretreated with the extract (25, 50, and 100 ug/mL) and stimulated with CRP (0.5 pg/mL). Equal amounts of
cell lysate proteins were subjected to immunoblot analysis to determine phosphorylation levels. Representative blots (A). Quantitative graphs (B).
Data are presented as the mean = SD (n=3). P <0.05, P <0.01,”P<0.001, and **"P<0.0001 versus unstimulated vehicle control (Student’s
t-test); ¥*P<0.05, **P<0.01, and ***P <0.001 versus stimulated vehicle control after one-way ANOVA followed by Dunnett’s post hoc test.
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