EREMANFE H£37% F3H 2022F6 A
Journal of Medical Biomechanics, Vol. 37 No.3, Jun. 2022 425

X E RS :1004-7220(2022) 03-0425-08

AEMERHFHTO/MIERBERENEEITA

KRR, MO, B 4, NBER, ki, MER, A OFE, #HABHK, F &
(FERERRZEMEANERE $0ems, K 402160)

E. B A B T i/ MIEB ISR RET R, FiE RAPOCZ T2 T3 W 3 rk &k
( polydimethylsiloxane, PDMS) -B¥FSHGE TE N A B isE N SMNE 41 2L 3001 500 s~ BE BT 13 35 i S 30 A, 151
B AR BRI D AR T L/ AR R o 3 B B T T L A /N SR B ARG IR 3 3k AR 40 7 A5 2] i /A 3R
LB PR R 3 R TOEREE Al X B B R v g AT 2R K M AL BE A 1M F9 8 1 (bovine serum
albumin, BSA ) 35} 4] F1iE B 2T 248 25 F 6 4 A0 38 | 84 1 V& A i 2140 8 HE 25 (hematocrit, Het ), FHAG I /)N 51 5770 A 3 ifn.
TR W8 R 25 AT L /0N A A 0 365 2 T 1 SR B AT Dy 5 LU 4 A (i B N THE AR B s S8 3 14 i/ Al 3R SR A% 0L
R PSR, M/MRAEBE IR & A BT I = 4 il /N SR AR A ; /I SR AR AR T BE B W1 SR A/ B I R
T SRR AN Het s I/ MRS 5 325 11 1L/ MBSO 11 P/ a-2T 4525 11 5L ADP-P2Y |, 32 438 B 42 5 1L/ M
TEHIE R (14 SR A RS S B PR BB 3 1/ MR R TG ARIRAS . £538 76 300.,1 500 s TSI AR R, /MR TEBE 3
R RESBYIR B AW MR SCZ AR /N A S AR S A DG, A SCHEESE T —Fh O 75 A 1 6 b 2R
B A AR 8 /NPT B8 43 W A AR | R I DR it/ INB D BB TTEAY

KGR BOIE- I/ MEAR TR s I/ MREREE s BIYIR, Ll IMRZGY) 5 BRIRAG

FESTES: R 318.01 MERFRERD: A

DOI; 10. 16156/j.1004-7220. 2022. 03. 007

Platelet Aggregation on Glass Surface under Physiological Flow
Condition

ZHANG Tiancong, CHEN Dan, LIAO Juan, DENG Surong, MI Yonghua, LIU Zhanshu,

HE Fei, HU Yulin, LI Yuan
( Central Laboratory, Yongchuan Hospital of Chongqing Medical University, Chongqing 402160, China)

Abstract; Objective  To investigate platelet aggregation on glass surface under physiological flow condition.
Methods The polydimethylsiloxane (PDMS) -glass microchannel chips were fabricated by soft lithography. Anti-
coagulant human peripheral whole blood was flowed through the microchannel chip at flow shear rate of 300 s™
and 1500 s™', respectively. The fluorescence images of platelet aggregates formed on glass surface at the bottom
of the microchannel were captured after 150 s using an inverted fluorescence microscope. The number of platelet
aggregates, average size, surface coverage and average fluorescence intensity were quantified by image
analysis. The glass surface was treated with oxygen plasma, BSA blocking or collagen modification to establish
different surfaces for platelet aggregation. The hematocrit (Hct) of blood sample was adjusted, and the whole
blood was treated with different anti-platelet agents. The platelet aggregation on glass surface was observed under
the above experimental conditions. The platelet aggregations in healthy people and diabetic patients were also
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analyzed. Results Under the flow condition, platelet aggregation on glass surface was three-dimensional. Platelet

aggregation was dependent on wall shear rate, the hydrophilicity of glass surface and Hct, and was mainly
regulated by GPIIb/llla-fibrinogen and ADP-P2Y , receptor pathways. The aggregation of platelets on the glass

surface could also reflect the high activity of platelets in diabetic patients. Conclusions At the flow conditions of

300 s and 1 500 s', platelet aggregation on glass surface is related to flow rate, protein adsorption, platelet

related receptors and platelet activation state. In this study, a new model for microfluidic platelet function analysis

without additional adhesion protein modification was established, and it could be used for clinical evaluation of

platelet function.

Key words: glass-platelet interaction; platelet aggregation; shear rate; anti-platelet drugs; diabetes mellitus
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Fig.1 Analysis of platelet aggregation under flow condition (a) Microchannel chip, (b) Platelet aggregation

detection system, (c¢) Fluorescence image analysis process of platelet aggregates
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Fig.2 Platelet aggregates formed on the surface of glass substrate under different flow conditions (a) At flow shear rate

of 300 s, (b) At flow shear rate of 1 500 s™!
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(b) Statistical graphs of platelet aggregation parameters

(a) Typical fluorescence image of platelet aggregation
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fluorescence image of platelet aggregation, (b) Statistical graphs of platelet aggregation parameters

L SXRYIA L, **P<0. 01,

UL it/ R AR 52 BE BT UT R /N I LN
1 BE YD) A R T BT 2 T RS AT 0L /N AR KSR 3 2
VW 52 5 ES A G, %485 R 5 i /Mi
TE I T 1 R T A ARL 1

TG T F R AT 45 R A B L /N B A B
PSR AR L ARG D00 B DA 45 8 1 A B Y
ISR A 2K, DT85 1 B 5 2 T % 1L % o

SRR BREE 7, T 0T ot/ A A 3 8 2 I ) 2R
5 o (oI TE B T A 10 M ST A A A T R S AR
M/ R 4R, BSA EF P Jm WU afi /1 Al 2R 46 i ¢ 44
G w4 T e B C R N TN S ]
WEEE 1, L /DA 7 35 2 T SR B A T 5 3 Tk
BFROAR SC I R
M/NMRAEBIR R MR LS Het A1, ML/IMRR



KRER, S AEERMEGTI/MRIERBREANRETA
ZHANG Tiancong, et al. Platelet Aggregation on Glass Surface under Physiological Flow Condition 431

FEBE Het FEARTMIIEGS , 24 Het FEALA O B, & UL /N
PR (W 4) o ORI AR ) 7 205 EAF 5T 2
N S AE I/ NI 1) BE T RS BE S BE A Het 1
PR S RS EA R Y R g A R N A ST I R <]
SN ARBESE Y R A LS AR, SR AR TR
AT ML IR 21 200 B 0% Rl 43 A HE s A BB T
Fo B PR SR AR AE

ML /INH 2R AR — 3R 91 32 A i 9 4 Il /)
R 245 ) 388 2o 90 1 R S 1) B2 A3 S BT L /DR i
RIGIF B, Hop GPIb-IX-vWF 1115l 51 GE i 3 1o
i GPIb-IX KA vWF 15 1 /MR 45 4 30 il 1t /)
A5 R B ISR R 5 BT ) DG ARG S AN R o B R
fiff-1( cyclooxygenase-1, COX-1) 3if 4, R A% 1€ 4 U
J&i R (arachidonic acid, AA) 1] TXA, B5AS ]
/AR AR 5 R A i s AT R R T
( adenosine diphosphate, ADP) 5 P2Y , K45 &4
SUFEEBOL S 5| K P2Y |, 32 K & A AT 3 1 ) 7 A
o, M ADP-P2Y |, 3 0 i 42 B 1 /) Al 3R 42
R MR 13 5 1 /AR GPIIb/ 1M 52 UK 25 45 3 1
AR R AR PR S AR R R I
ZINHR A ) Ak SRR /Il 7 3 A T ) SR AR 4 2R
N K7 1WA N it I B i (AN 1T Y IR
FAAEZE S5, BT BE BT D) 3R/, AR SCINR 78
300.1 500 s~ GRSl AAE T, /N A 3% 38 3% 1T ) 2R
AE/BER 4 i GPIb-IX-vWF 1 TXA, 52 1A 8 B ik 4%
Pl R 4r B ADP-P2Y , Al GPIIb/Illa-Fg 3% 14
i R AR AR

W DR A8 5 R4 R A L /)N A 7E B B 3R T 2R
AT R R, A L £ B T RECZH OB PR e 4 1/ A
E B 385 3% T Y R AR R ) B a , HON RO T AR Y
PIR(ILIE 6) o &5 A5 SCHR [ 20 [ R IE A AT, B
W bR g S5 5 I/ N AR P G, PR AT B 5 i)
BB |- GPIb/Ila %3k 13  ADP % 1K P2Y,, 1%
PERGINA OC . AR SO FEW 3 55 AF T, i/l
T Il 3§ 2 T 2R 4R T 1o W DR B L /N AR
AR,

4 #Hit

ARSCAE P AR B 8 39 U0 R R WESE T i/
MAEBC R AR EEAT I o SRR R - /MR AE 3
TR A AT L 4 M/ R AR AR 5 i/ R

AR T8 U 3R/ B B % T S KA BT (I 2R
IR ) R I SRR im0 40 R R (G RN HE SR
fif /MR EFS ) 5 1l /A SR 4R 32 237 B GPIIb/1M1a-
Fg Fll ADP-P2Y |, 3% 1438 P& 9 ; 1 /I 78 3 385 3% 1
(SR EEAT A RERS S e B DR 8 25 I/ IR 1) 7 T P
RS, B RABFFE I SISO A TR AL, U S
SLRe s T JOT A0S R BN AR OB Y SR A I MR
DIRES AT HTRERL | BT PR I/ M S BETTAS

SE

[ 1] HOLINSTAT M. Normal platelet function [ J]. Cancer
Metastasis Rev, 2017, 36(2): 195-198.

[ 2] RENDU F, BROHARD-BOHN B. The platelet release
reaction. Granules’ constituents, secretion and functions
[J]. Platelets, 2001, 12(5): 261-273.

[3] wghsm, XInexs, R, 55 P T VWF-AL /- S I
ANBRES A [ ] AES J3°F, 2019, 34(1) : 83-90.

GAO XQ, LIU XL, WU JH, et al. VWF-Al-mediated
calcium response of platelets under shear flow [ J]. J Med
Biomech, 2019, 34(1): 83-90.

[47 X2, B, R, ke EHT VWF-
A1A2A3 A Y/ MR P-IEBER IR AL RIB[J]. BEJHAEY
J1%, 2017, 32(2) : 188-193.

LIU SL, LIU XL, WU JH, et al. VWF-A1A2A3-mediated
expression of P-selectin in platelets under flow shear stress
[J]. J Med Biomech, 2017, 32(2) : 188-193.

[ 5] SCAVONE M, BOZzZI S, MENCARINI T, etal. Platelet
adhesion and thrombus formation in microchannels. The
effect of assay-dependent variables [ J]. Int J Mol Sci,
2020, 21(3) : 750-750.

[ 6] TOVAR-LOPEZ FJ, ROSENGARTEN G, WESTEIN E,
et al. A microfluidics device to monitor platelet aggregation
dynamics in response to strain rate micro-gradients in
flowing blood [ J]. Lab Chip, 2010, 10(3): 291-302.

[ 7] JAIN A, MEER AD, PAPA AL, et al. Assessment of whole
blood thrombosis in a microfluidic device lined by fixed
human endothelium [ J]. Biomed Microdevices, 2016, 18
(4) . 73-80.

[ 8] LI R, DIAMOND SL. Detection of platelet sensitivity to
inhibitors of COX-1, P2Y,, and P2Y, using a whole blood
microfluidic flow assay [ J]. Thromb Res, 2014,133(2).
203-210.

[9] BV, T, BRE, & EEMRI KM T 407 /MR
WESRAR I 17 2 O 0 BOR [J]. iR %, 2017, 41
(7): 586-593.

[10] RAHMAN SM, HLADY V. Microfluidic assay of antiplatelet
agents for inhibition of shear-induced platelet adhesion and



432

EREMAE $£37% F3H 2022%6 A
Journal of Medical Biomechanics, Vol. 37 No.3, Jun. 2022

(11]

[12]

[13]

[14]

[15]

activation [ J]. Lab Chip, 2021, 21(1): 174-183.

LUCITT MB, O'BRIEN S, COWMAN J, et al. Assaying
the efficacy of dual-antiplatelet therapy. Use of a
controlled-shear-rate microfluidic device with a well-defined
collagen surface to track dynamic platelet adhesion [ J].
Anal Bioanal Chem, 2013, 405(14) . 4823-4834.
SORRELLS MG, NEEVES KB. Adsorption and absorption
of collagen peptides to polydimethlysiloxane and its
influence on platelet adhesion [J].
Micromachines, 2020, 11(1): 62-73.

PITTS KL, ABU-MALLOUH S, FENECH M. Contact angle
study of blood dilutions on common microchip materials
[J]. Mech Behav Biomed Mater, 2013,17. 333-336.
DONATI A, GUPTA S, REVIAKINE |. Subpopulations in
purified platelets adhering on glass [ J]. Biointerphases,
2016, 11(2): 029811-1-6.

WU Y, ZHANG M, HAUCH KD, et al. Effect of adsorbed

von Willebrand factor and fibrinogen on platelet interactions

flow assays

with synthetic materials under flow conditions [ J]. J
Biomed Mater Res A, 2008, 85(3) . 829-839.

[16]

[17]

[18]

[19]

[20]

mIRIE, AR, . = 3 Y3515 S /MR L RTER AR AL
HRATFFTEE [ J]. A F1°%, 2005, 20(4) : 256-259.
GAO ZY, YANG C, ZHUANG FY. Progress on the
mechanism of shear-induced platelet activation and
aggregation [J]. J Med Biomech, 2005, 20(4) : 256-259.
ALMOMANI T, UDAYKUMAR HS, MARSHALL JS, et al.
Micro-scale dynamic simulation of erythrocyte-platelet
interaction in blood flow [ J]. Ann Biomed Eng, 2008, 36
(6) : 905-920.

XUIE, T, AR, S B DM /MR R IEAT R i) =408
ABEEATJ ] E S A4, 2018, 26(6) : 1757-1764.
YANG Y, CHEN W, PAN Y, etal Effect of ticagrelor
versus clopidogrel on platelet reactivity measured by
thrombelastography in patients with minor stroke or TIA
[J]. Aging, 2020, 12(20) ; 20085-20094.

ANGIOLILLO DJ, FEMANDEZ-ORTIZ A, BERNARDO E,
et al. Platelet function profiles in patients with type 2
diabetes and coronary artery disease on combined aspirin
and clopidogrel treatment [ J]. Diabetes, 2005, 54 (8):
2430-2435.



