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Analysis of the Inhibitory Effect of Cordycepin on Shear-Induced Platelet Aggregation and Activation by

Microfluidic Technique

GAO Xuemei, ZHANG Tiancong, HUANG Xiaojing, HUAN Xuanrong, LI Yuan™ ( Central Laboratory, Yongchuan
Hospital of Chongqing Medical University, Chongqing 402160, China)

ABSTRACT : OBJECTIVE To observe the inhibitory effect of cordycepin on platelet aggregation and activation induced by different
shear rates. METHODS  Polydimethylsiloxane ( PDMS ) -glass microchannel chips were fabricated by soft lithography. The whole
blood of normal people anticoagulated with sodium citrate was collected and incubated with different concentrations of cordycepin in
vitro, the blood flowed through the straight microchannel or channel with 80% narrow for 150 seconds at the speed of 14.7 pL + min ™'
and 50 pL - min~' respectively. The adhesion and aggregation images of fluorescent labeled platelets on glass surface were photo-
graphed with the microscope, and the fluorescent images were analyzed with Image J. The platelet surface coverage percent was used as
a quantitative index of platelet aggregation behavior. The effect of cordycepin on platelet calcium mobilization and monocyte-platelet
aggregate( MPA') was analyzed by flow cytometry. The risk of cordycepin was assessed through test of blood coagulation.
RESULTS Cordycepin inhibits platelet aggregation and the inhibition effect is related to the shear rates. At 14.7 and 50 pL -
min "', platelet aggregation can be inhibited by cordycepin. Cordycepin inhibits platelet calcium mobilization and MPA effectively. It
has no effect on exogenous and endogenous coagulation pathways. CONCLUSION  Cordycepin can effectively inhibit shear-induced
platelet aggregation and is a potential antiplatelet drug.

KEY WORDS: platelet aggregation; microfluidic technology; shear rate; cordycepin

L /N AR FE A H S 5 L G A B N 9
Pl AEIE R AR AR R SR NS B
11 2% B9 3 4 9k 1% 95 I I, 96 1 I AS A0 TT DA fof 2T 4
BB AR LT 4 B B 3 T /N B % T g
ML 32 A 25 G B I /B . 2T 4 25 PR RO
SRR 11, 90 2% B 30T £ I /N W 45 1 4 ot — 4
TR LA o L /0N B0 8355 i I /N B PR 4 i T
WO KRS B B 5 /MR BT A R

T Y I/ A 38\ 53 W B R IR 1 (adenosine
diphosphate , ADP) Al Ifil #& 2% A2 ( thromboxane A2,
TXA2 ) S5 5 I R~ P00 FRE T A 1/ B, f 2% 58
b /R GP b/ M a 52 1A FI 4T 4 2 1 R 45 6 &k
MR R AR L I AR Y I /AR R T A Y P-
TEPER T 5 AR AN b 32 1A P- 2P R R L k-
1256 U A% A0 - /R R A 1 (MPA) | fig fiff
RAEH KA

EEWE - TR TR T & BRI E b 7 48 o i A A 50 H 9 ) (2023 GDRCO08 ) 5 T P BB} 2 B Ja 7 )1 I2% 5 F 5 A 037 ik < 300 H % )

(YISCX202204)
EEBN S, &, LR AR

rPE 242 2k 2024 4 3 55 59 55 6 )

IFFET7 1)+ 38 RO P B A 23 M 7L /A 25 0 15 Ak
WFFETT 1) - T RO 4 A BRI RAS B2 W R 5387 iR 05T

TEWAEE B, B, W, fFR A

Tel ;18983022607

Chin Pharm ], 2024 March, Vol. 59 No. 6 P4



STYLEAR NS M/ MR E RN R . EIEF A
AT, Wk b BE B D) 2R T 500 - 571, Rk
BYIRL 1000 - s~ FERGEIMEAAE T, 0 sh Bk
o A A T M I A AR B i B I A
PR BRAR AR B AR RS HH BEER AL, MR 5T )
AR BRI T o A SR AR A 1 0, B ik
U BRI T A B R BT YD e AR A B
PETU) 237 S/ AL, 8 048 P HR B B I
AR U Al A B B A S 9 1/
AR X TR LA T B A B B

HURCF I R B . BRI R i
RS RO R SRR A iE
A FEERNRLT QR St UK S5 2R EYE
PRI, o OO, 44 3B SRR, 2 B e e
R TR AE LAY o HUR R AR L I
FBERTTTT A B 25T, Bk HA U9 A I i
RO ORI VE R B S ] IR AT ADP 37
SN/ MRERAE ™ EBUA 1 F 5T R AL AE
RS2 T LA /N 8l 790 90 i /AR, Sk =2
SIPIRZS L /NG PRI % 0 B F RS A
FLR A BT UIAR G T/ IMECR S I RCR 5T . A
il RS0 BT T35 S /ISR 1 0 ol 4 X ke
PR 3677 O LB B B7F i R BT it/ MR 25 ) SR <
BRI I R B —E I E

TR B — TUAT LR SIS AL I 95 U 22 )
R ACAT LU S 80 3 3185, i m] RASR A3 5
et TR o BT AR [ 9 DI A 0 RO
SEREL S RN TR B P TR N DA - SRS
S543 %oh PR 20 TR0, o R A i 9 P 9 AR M A 2
REBR RV AR , BT L RT3 A 56 AR A0 4 I T 40 i LA
ST I/ INER B AT o AR TR R S 1
T BT 7 A6 TR A0 HC At 4 ) ol it 47 552 56 v 4
A8 H G G T TR A 37 v R B, B L O
JEUSE R B 2 11 188 W 5 B8 X T O R G S e —
SN AR AL, Al B T B 1 P Y 2 1 (47 4
AR A P25 ) UA S /MR A 266
BESR A, i IN T 3 A AN 2 2 i o i 4 R R
2, I Hoi T AR BT V)T A S i/ B R 4R 1 2 22
H AT, AR A Y 8 E S S A T AR 5O
GEIACASE T ERITR IS DN IRANYTE 5 S N 2 420
(7] B B DI ARS8 AR 20 A 17 SR R 30 I/ Al SR AR
A 0 ) 28R F 5 e e W B A 4 HL
EQONIIRAN T 0 & YD N RS € S )7 N0 i
KRR E Z S H K0

- 542

Chin Pharm J, 2024 March, Vol. 59 No. 6

1 #R57AZ%
L1 5005 0

WK (=98%, LAY ARA
#)) ; Calcein-A M ¢ 5 44 | anti-hu CD61 . anti-hu
CD41a.anti-hu CD14 ( Z£[E Intivrogen 2\ H] ) 5 iR
R B (PBS) 140 i 24 W (3£ 1E BD pharmin-
gen A ) ; Sylgard 184 & — WAL A %At ( 56 [ Dow
Corning 23] ) s HQ-6100 JE'G I (K 4L TR
BT 33 2% Hi ik 1R 4 e JD I Y 0 23 SR R4 (1
REmRERARAT) .

SHNBICAT (S5 E A ) s FM-360 2 AL (T
BB RAT]) sPDG-32G-2 45 B 5 e AL (7]
Harrick 23] ) 51390 Wi S5 TENALL 282 (P D A7 R
23] ] s RSPO1-CS X fi 7 B 25 S 22 (358 35 Ji )
HL PR BRA T 5 IXT1 818 50 BAREE ( H A
ARE 2wl T ) 5 B ] ¥ AHAIL (i 55 K Qicam 24 7))
Streampix FH S H AT (ISR Norpix 237]) o

1.2 7
1.2.1  Pifss A il s oo d /MR R 2R

AR TICAL A0 - E 3 3 R AR 000 ) it it B s Y A
B SCHIE 70 pm, 5 1 mm, K 10 mm, B 570
A% T mm, O EAR 1.5 mm,80% FeAs 1 bl A
ArFimiEs g, KB 0.5 mm, B2 4 58 200 wm,,
B B8 — F e 4B 456 ( polydimethylsiloxane, PDMS) 3
Jo LA TR 45 T Jok 1) 90 2R 40 58 s e PR 1,
LS BRAOEE HEATINEE L . R SR AT AL AT
FUIE B R A 1, S5 T DR LAL S 5
T AT PTG JE B PDMS-3 35 i
PR o VIR S PO A v BT ) 2 B I x o #) t
FHARR i solidworks BT IAAT EAS 2
12,2 IR CRAE AL SR 12 £ fd A
AL, g PR RS B ey i DT IV Lo AR 3 v 4
55, MAPRENEBEE BR 1 DA NTIRS ® T
PN SR LTS O AN T Y 6 A DR E o S (1R
IR R SHEIX . AR 4 E K ERR2E MR
AN & Be A 2 5% 2541 v , R I iy s Jt o F A 2y
B AE IR . SRR IR A I B i 3 % 3. 2%
MG IR ENHTEEE TR AT

L.2.3 (s EARMNE S /MRS Rl
& BAYHTE R ILIE 1 ~2, DL 14.7 A1 50 wL + min ™'
PR A% 38 3 P A OGAR IC A ( RPATHDLAR A $E Bk
AMAATTYIH 1000 - s~ F15000 - s™') , {i EL45 R
DU 2 [m] if P e B AR ML BRI 53 I /DN 114 26 B
RAENMOL . H Image J 434 i/ MR AL 552

Hh [ 2205 2024 4 3 H 5 59 5 6 )




Image acquisition

e acqui
and analysis

Fluorescent light source

{ |I 5
— CCD camera
= Q
(=)

data analysis process; The white clusters in the diagram are platelet bodies.
B1 fmsEsAte
Fig. 1 Microfluidic technology platform
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A - the schematic diagram of the microfluidic chip; B - the schematic diagram of the microfluidic chip used in the experiment; C - the physical image of the chip; D — the
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A - Simulation heat map of shear rate along the wall at the bottom of the chip; B — Distribution curve of shear rate corresponding to the volume flow rate at each outlet.
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Fig.2 Fluid dynamics simulation of microfluidic chip
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A —the fluorescence imaging image at the 150th second under microfluidic control, with white dots representing platelet aggregates: a — the positive control group at

14.7 pL + min ~'; b - cordycepin group at 14.7 uL - min ~!;

¢ — the positive control group at 50 wL + min ~!; d - cordycepin group at 50 wL + min ~!; B - the statistical
histogram of platelet surface coverage in each group in Figure 3A. Compared with the positive control group at 14.7 wL - min~!, VP <0.01; Compared with the positive
control group at 50 wL « min~!, 2P <0.001; C — the aggregation of platelets after shearing by Wright's staining( x 100) ; a — untreated platelets, as a negative control;

1

;¢ - cordycepin group at 14.7 pL - min~!; d - positive control group at 50 pL + min~!;

b — positive control group at 14.7 pL + min~ e — cordycepin group at
50 wL + min ~'; SIPA - shear-induced platelet aggregation.
B3 HUAARaLIMRENKEEGRFmREERT. n=55xs

Fig. 3 Fluorescence image and Wrights staining smear of shear induced platelet aggregation. n=5,x £
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A - calcium ion flow detection loop gate strategy: a — for all events of CD61-FSC on flow cytometry, circle the target cell population platelets in the P1 gate; b —to remove ad-
hesions, P2 gate circles the population of individual platelets; ¢ — the time-Fluo-4AM average fluorescence intensity plot of platelets; B — analysis of the average fluorescence
intensity of calcium ions: a —a plot of the average fluorescence intensity and time of Fluo4AM, in which 10 time windows were extracted to record the changes in the average
fluorescence intensity of Fluo4; b —a normalized graph representing the fluorescence evolution of Fluo-4, represented as the ratio of fluorescence intensity to baseline fluores-

cence at each time point after shearing; C — the comparison histogram of the ratios of each group corresponding to Fig b in Figure 4B. Compared with the positive control group

at 14.7 pL - min =, DP <0.05; Compared with the positive control group at 50 wL - min ~!, 2P <0.001.
B4 3R MRS B TR - ROE R R B B R AR E. n=5,x 55

Fig. 4 Shear-induced platelet calcium mobilization time-fluorescence flow scatter image and analysis statistical diagram. n=5,x £
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A — gate strategy for flow cytometry detection of monocyte platelet binding: a — CD14-SSA all cell events, P2 gate circled monocyte population; b — circle the proportion of
monocytes bound to platelets in the P3 gate; B — representative flow charts for each group: a — represents untreated platelets, as a negative control; b — positive control group
at 14.7 L « min ~'; ¢ - cordycepin group at 14.7 pL « min ~!'; d ~ positive control group at 50 wI. - min ~!; e — cordycepin group at 50 pL + min ~!'; C - statistical histo-
grams of the percentage results of each group of aggregates in Figure; Compared with the positive control group at 14.7 L + min ~', P <0.05; Compared with the positive
control group at 50 L « min !, 2)P <0.001.
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Fig. 5 Flow scatter plot of shear induced platelet-monocyte polymer. n=5,x s
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Tab.2 Results of the effect of cordycepin on coagulation. n =
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