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Effects of silica nanoparticles on platelets and coagulation

system
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FEE B B ARG KL (SINPs ) X 1L /NR B 5E Il 2R 58 1 5% W K 2 4
P BRE SINPs REEFCHIPLE] . ik BOKBUE 32 sh Ik i b1 TR S 3250, A
[F] ¢ f 34 3 (10,50 100,200 pg « mL~") SiNPs JEAT ULV ZE A PEVEAS o PV I 55
0 LI M S S BB 9T L M VA s v o O B e G 0 o /N A R 4 | 5 1
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SR LRI/ E TS, SINPs B E R 200 g - mL U IR
1 f R B AE %K (49. 38 £13.66) % , H 50 pg - mL ™' SiNPs BEffi P - ¥ 4%
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Abstract; Objective

nanoparticles ( SiNPs) on platelets and coagulation system, and initially

To study the effects and safety of silica

to explore the mechanism related to the procoagulation of SiNPs.
Methods
experiments to evaluate the blood safety of 10,50,100,200 pg - mL ™" of

Blood from the abdominal aorta of rats was taken for in wvitro

SiNPs. Hematological toxicity was studied using hemolysis assay and
lactate dehydrogenase assay. Platelet aggregation was detected by light
transmission aggregometry. Platelet activation was detected by platelet
surface activation receptor P — selectin. The effects of SiNPs on coagulation
were also determined by activated partial tromboplastin time ( APTT) ,
thrombin time ( TT), prothrombin time ( PT) and fibrinogen ( Fib).
Results In platelet — related studies, the max platelet aggregation was
(49.38 +13.66)% with SiNPs concentration of 200 pg - mL™' and
platelet activation occurred with 50 pg + mL™' SiNPs exposing
P —selectin. In coagulation sudies, the PT in 0.9% NaCl and 100
pg + mL~" of SiNPs were (9. 04 +0.20) and (8.36 0. 32)s,the blood
coagulation indexes were (100.00 £0.00)% and (90.06 +7.81)% ,
and the differences were statistically significant (all P < 0.05) .

Conclusion High concentrations of SiNPs can cause platelet aggregation and
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activation , shorten PT and promote blood coagulation.

Key words :silica nanoparticle ; coagulation function ; platelet ; coagulation

FH T 49 K R el 1 B i, o HL A S 24 40
B, J0 R I8 RE 0 DL IR I T R A AR
' . AR AR RE Y KR (silica nanoparticle , SiNPs ) Jg:
TEHLG K bR e TR 1 25 b ik g Ak 2 —
AH LG T HA G KA KL, SINPs B R 47 14 3RS M
AR BORAR AT, 5 T S0 . HRi, SiNPs ©
Wi T R B e a2 G
Jr U A B AT, RN I R IR YT
SiNPs A DAAE Sy 24 4386 35 R I6 97 15 I 3 Bk ok A A
P& pAs ™ . SINPs IS [RIEUR A/ IN T AR 45 1 4%
ARV A 77 A6 R 5] /N S (7] 35 A1 46 4 )
SiNPs X 2 1% B Pk S BE 1 D) B8 (1) 52 W L 45 AS A
I R Nl R =B (B B AN 1) a1 WA DY T
B /MR R BRE I 2y e S 36 55 % SiNPs #E AT 1M I AH 75
PEVPAR B9 H A LS X 0L /N K 558 1L 2y E ) 5% W) 11
287/ R o i

M5 %

1 ##

B HEPE SPF 4% SD R, Bk 4 ~ 6 S, R
it 200 ~230 g, W [ b 2 R A 52 5 S M R A R
OSHE)e BIAE VR RTIES : SCXK (51) 2021 - 0006, )
PIHVFRTIES : SYXK (3% ) 2022 - 0037, A 5240 284k
R — PR e S50 sl AR A B 2 B oAt vfe (fe 3
5 :12024040)

HE@ERXF  SINPs, W10 mg - mL™" 45
20240114, b [E R BE FE Z 9K o0 2 2082 14 A 42
it G (Tyrode” s ¥ , 1 B AL SR IERHECA
FRA AL AR AN, 18 A L R FERHCA PR A A5 &
FEHIR TR, W B 365w R i LR R BR 2 7 5 i
H — #E % (adenosine diphosphate, ADP) , Il H &
Sigma/s H] 5 APC FRICHIHT CD61 Hi ik \PE Fric 4L
CDO2P HifA, ¥ H 3£ [H Biolegend 23w ; il 44 L ) 1]
R &, W 8 5 [ VR AR A B2 ) 5 3 il DY 33 A )
A&, 3 HAS Sysmex A H]

128 DLS 42K AL B2l 5 {X NanoBrook %41, 3¢
Brookhaven /3 ] 72 i ; Agg RAMTM i/ R 454,
Z[E Helena 2y 1] ™ i ; CS2000i 4 H gl E 1M1 73 Hr1X,
HAS Sysmex 2% 7] 7 il ; HAS — 100 1 4 55 g K143,
CALBHA BR 2 777 il ; CytoFLEX SRT i 240 M4,
[ DL 5 8 20w 77 i o

2 RKWHE
2.1 MBERIE

SiNPs i Stober Jj i2: il 4 , 75§l 1 2% £ F 3 &
Sol — Gelf sz W 5E A o SiNPs DL 1.2 x10% 1 »
2.0 15 min, i 0. 9% NaCl $i% 3 1K, 4-#F 0. 9%
NaCl o, ffi o LMk B2 10 mg - mL ™' 7 43 K
Jei , B SiNPs 5 20 Wl 70 BT 28 18K 2 mL A, 1
DLS 4 K B2 1 {45 R4 4 (101. 88 +0. 45) nm,
% 47 B 48 X ( polymer dispersity index, PDI) iy
0.39 +0.03, A ( —17.07 £1.27) mV, 5k 43 L
PER 4T
2.2 In3RFEmE &R /MRS E

3. 8% PR AN R AR SD R BUM - 8hifik4x 1., LA
400 - min "B 9 min, BRI E T, B R B /N
11 3% ( platelet rich plasma, PRP) ; ¥t PRP J5 1) F 2
1L, LA 3 000 v + min "' g0 15 min, B E R I, 3545
Z I/ ( platelet poor plasma, PPP) , 7E#EFTEE
I PYIGAS I 2Z 1,4 PPPE T -20 CRAF

FEG 5 LGk A T I, 5 28 PRP LA 1 940
r - min B0 9 min, 3F TR, A RBE R, K/
WFEREZE 3 x 10° cell » mL™" [ P& 1L/ ( washed
platelets, WP) ] o #£ 54 7ER 1Ml 30 min J5 FF 4G #500 , Jf:
T4 h NS A ARG
2.3 EYREHERN

AHIFSE S BRI T SiNPs XoF 2T 200 i 0 1 M i A=
Wrae 4t o ZTANM Y 2 4 P I I SE 6, 1 1l S O TR
B2 B ZL AR A B TR R D6 %5 B (optical
density , OD ) {E{ A 4] W L 180007 o 38 2ok A0 = 375 ¥k
A A4 I /AR LR it & i (lactate dehydrogenase , LDH)
FEHCERPEA /MR EEE o

WIMEWT HEH 3. 8% FrEEIR R SD K
FUIE T 3h k4 i, 85 LA 2 500 1+ min ™' #5020 min
PALLTHAMEDTIE s B 0. 9% NaCl F1 1% Triton X — 100
3 A BRI 6T B2 R B 1 Xk B, i ACAS ] Jo o
J#(5.10.,50 100 F1 200 wg + mL~") f%) SiNPs | | i&
ZLANfarp, 78 37 C R E 1 h, KA E 5 iR &
LA 1000 v+ min~' B0 5 min, B AL _EE AR
540 nm4bASN OD {H . ¥ Il A TR 2R R T 2140 M Py
Y ML EAMEE, BO05 FIER 2R A, HAE
540 nm#b ) OD {E 45, UFE B HA REEAT VA AN , I
T L0 (%), 040 M I =

.-
min
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LDH 336" > WP 43515 10% LDH Bk
(BAPEXTBRZH ) (0. 9% NaCl (%557 X HR2H ) (SiNPs (10,
50,100,200 pg - mL™") HEMF 1 h 5, LA 1 940
v+ min~ B0 5 min, 78 490 nm ZbFABERUE OD i,
FHT PG /MR B LDH 5, FHAE T BRZE B Ay il /)y
MeRgi LDH G f i, i/l LDH BECR (% ) = (4541
Ifn/Mk LDH Bice/ i MR B LDH Siigt) x 100%
2.4 SiNPs 5 i /\ii 48 < 46
2.4.1 IM/MMEEE

FHOGEE bk A 96 FLAR AR A I SiNPs Xof IfiL /]
MR

Sebb e 1L 0. 9% NaCl Sy %t He 40, 3744 50
100,200 pg - mL~"fy SiNPs JiII A& WP 1 L 45,
WEE 5 min BRGNS EE1FE T (103 8l 25 ADP,
ISR IM/IMR R A M2, IF il sk /MR KRR

96 FLARZREE" 1 96 ST A BIIALL T 4%
4, LA WP OGBS 0% & B0GE RN 100% , %
B WP K AEFRL A3 FIHIA 0. 9% NaCl (Xf HE4H) F15.10.,
50,100 200 pg + mL ™" SiNPs, F-37 CJEIEHE 15 min, D)
650 nm AMEHZ: IS, 7E 405 nm A0 TR TG
W, SRR . I/ IMREREEHR (% ) =[ (ODy, -
OD\ypysgsg )/ (ODyp = 0D ) ] x 100%
2.4.2 HERARBAEN ZSHREXT M/ MRAETEER

5%, Ph 0.9% NaCl 2y % B 26, I A1 50, 100 ,
200 wg - mL "% SiNPs £ WP 1 37 C 5 20 min,
SRIG L IR A Pk, #64T CD61 Fil CD62P XL 8,%¢ '
Juft, FRBOEIEE 20 min, ZJFFHIMA 1% ZRKH
B 5 20 min, DA 1 940 ¢ - min "' B0 5 min, 2% F
TR, WL £ 28 vp i i L B, T 24 h 9 EALAS T .
ARG ) F A0 Ti) £ B0 ' XS B0 s, T T i /N 1%
1M 2.0 x 10* AN i /NI . ] CytExpert SRT
B B AT A A 45 R DA /N B 3R TH R TR
CD62P PHMEH R R o
2.4.3  [m#&3E# S B4 i iR Ih BE

B ARG R EN T EE I 42 LA =5 08 1 9F F5 min,
JMA AF £ 0.9% NaCl ( X} B8 24 ) A1 50, 100, 200
g + mL~" SiNPs (3 JE Hr, FEATA CaCl, #£17 % 4~ 5
I3 AR A S AR o A e K I #5E B JE B ( maximum
clot forms , MA){&, B F i A shid & 34| CK - TEG
HiZk , #K15 TEG K% KA S8,
2.5 fRSMgmThEER T

BRI MAISAR T oA a0 3 A o BB I

[i] ( activated partial tromboplastin time , APTT ) | ¢ Il i}
HHE] ( thrombin time, TT) | ¥ I i J2 B [A] ( prothrombin
time , PT) | £[- #4735 [ JR ( fibrinogen , Fib ) 45 F lid 2 1) 2%
R B AR K A%, PT IR IR i J5 s T 37 C R AR
30 min, L 0.9% NaCl 4y %f B& 40, 7 1L 3% hm A
10,50, 100 F1 200 g + mL~' f SiNPs 2 & % &
15 min, SRS 764> B ShEE A EFEAT R

thshb & mgEmHME""  LLO. 9% NaCl Jy %
M4, 50,100,200 wg - mL™" SiNPs Sy 523 41, 1t
3. 8% MR BN BT BE A2 1ML, T 37 CHEE 10 min, ST A
CaClLi#i% A2 1ML, R 55, A A A IR41 A SiNPs 52
Bt . AR5, 7837 CHEF 10 min, {2248 N
AMB4EK S mL,7E37 CY¥ & S min, ) 1 000 r - !
B0 10 min, YL EVEWE, T 540 nm A4S OD {H, 11
BT I 38 % ( blood clotting index, BCI), BCI% =
(OD 5050/ OD 5 ) x 100%
3 ritFEahiE

JH IBM SPSS Statistics 26 #F#E1T45H 0. %
UL % 5 TR, BRHRF G M55 IR SRR, JE17 B3
K& 77 2243 ¥ (analysis of variance, ANOVA) , 4752
5%, il Bonferroni #5465 ; 24 J7 22 A 555}, Fl Tamhane T,
Ko SAEABUE BE B 2 U He 5 A FF &
RS, HHES 85

min

# X

1 —HSHENEYLLeH

A3 5.10.50 100 F1200 wg - mL~" SiNPs
B £0 40 Jf 3 o 2R 43 Bl oy (0.30 £ 0.11)% .
(-0.63 £0.06)% .(4.77 £0.53)% .(15.31 £0.39) % FiI
(34.50 + 2.55)%, 4 SiNPs [ Jii & ¥k J& < 10
pg + mL 7B LD LR < 5% IO IZMREEL A
U2 A s T 24 SiNPs {9 BRI > 50 pg - mL™
I, 240 MO 38 > 5% Ay — A A RE AT DA(E 2140 i

BT, A
LDH £ % I %f I 41 10,50, 100, 200

pg - mL™" SiNPs 41 (4 1. /N e LDH B 50 3R 4 51 Ky
(10.77 £0.29)% . (11.07 £0.27)% . (11.19 £ 1.91)% .
(12.63 +3.14)% F1(23.86 +2.99)% ,200 pg + mL™'
SiNPs 41 5957 0 B4 Lo, TE e it2 B2 R A S it
FHEN(P<0.01) X540 200 ug - ml. ™" SiNPs 1] 1)
IR /IR JEE 25 4y, ELAT /MR B3
2 SiNPs 3 /MRS R 5

etk g xR ZH A 50,100,200 pg - mL~!
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SiNPs 4 % Il /bt e K B £ X o 0l h
(10.90 £6.01)% . (13.04 +6.83)% . (25.29 +12.08) %
F1(49.38 +13.66)% , %J B840 F1 200 pg - mL™'
SiNPs 4H L 4, TE G it EE R A G FE X
(P<0.001), [, AP WA T SiNPs 75 ADP
BBl 25 T I/ FE 28, % BRZH 1 50,100,200
wg - mL™" SiNPs 21 {14 1fil /)N A fie K 3 4 R 0 B ol
(86.80 +2.40)% .(87.25 £2.99)% (88.23 +2.94)% FI
(87.33 £3.25) % , 2 LM I/ MR K REE R ARG 1T+
EESRHIGFE (P >0.05)  ZRILE L,

9% FLIREE X X4 A1 5.10,50,100,200
pg - mL™" SiNPs 41 I /N B SR 4y B oA
(0.68 +4.47)% ( —3.56 £1.462)% . ( —=3.53 +1.72)% .
(2.11 £4.30)% . (4.76 +4.71)% F1(33.44 +14.05)% ,,
200 wg - mL™" SiNPs 21 5 %F B4 Ho 85, R G i 24 122
AL FE (P <0.0001)

m/hRE R X R4 A 50, 100,
200 pg - mL~" SiNPs 4131 = 2 35 CD62P 1 1fil /M
Fe A 45 50 R (2.56 £ 1.25)% . (26.97 = 15.34)% .
(90.44 +9.56)% F1(99.44 +0.77)% ., 50, 100,
200 wg - mL~" SiNPs 41 5% BRZH Fo 85, FESE it b2
A G E X (¥ P <0.01),

mi3e A E X411 50,100,200 pg - mL™'
SiNPs #H ) MA {8 4+ % K (72.72 + 1.33),
(69.68 +4.87) .(70.34 +1.41) F1(72.90 £1.60) mm, X
HEZH 1 50,100,200 wg + mL~" SiNPs 21 ) MA i [t
BTG e B2 R TG E L (3P >0.05) .

F 1 SiNPs BEILNRERIAS RAY LA (% £ 5)

80

60 —

200 pgmL!
N
c
8 40
5
5
El 100 pg'mL*
& 20
<
50 pgrmL!
0 pugrmL*!
0~ T T =
V 200 400 600 800 1000

-20

1 O He kA I A ] [ v 2 — 48 AL T 44 K KL ( SiNPs )
X I/ MR B SR AR AR T
Figure 1

Aggregation effects of different concentrations of silica

nanoparticle (SiNPs) on platelets

3 guKAF Rl RS S R M Th 8 B B0
3.1 ZmPUIRER S

SiNPs #E 1M 2y BE A Ml 45 2R WL & 1, 100, 200
pg - mL™" SiNPs 2 50 HRLUAR LL , PT ¥ 25455 (3
P<0.001) , 5 rhEim A+ 100V OV X35
AKX,
3.2 BRmiBHZRK

X HEZH F11 50,100,200 wg « mL~" SiNPs 40 /Y
g i f5 % 4 A S (100.00 = 0.00 )%
(98.86 £6.66)% .(90.06 +7.81)% F1(78.30 +4.88)% ,
100,200 pg - mL~" SiNPs 41 5 %f B 41 It %%, 76 46
e EERIAGEITFEL(H P<0.05), Bkl
FEEEE R R, KF 100 pg - mL~" [y SiNPs 1] L2
HEBE I

Table 1 Comparison of coagulation function detection results of SiNPs(x +s)

Concentration ( pg mL™") n APTT(s) PT(s) TT(s) Fib(g - L-! )
Control 8 23.14 £1.97 9.04 £0.20 43.66 +3.65 1.83 £0. 13
10 8 23.26 +1.93 8.98 £0.23 44.31 £3.33 1.82 +0.11
50 8 23.74 2. 10 8.65 +0.33 43.79 +£3.73 1.80 +0. 11
100 8 23.80 +2.06 8.36£0.32* ¢ 44.94 +3.82 1.80 £0. 11
200 8 24.45 +1.80 7.94£0.32""" 43.65 £3.24 1.77 0. 11

Control group:0. 9% NaCl; APTT; Activated partial tromboplastin time; PT; Prothrombin time; TT: Thrombin time; Fib: Fibrinogen; Compared with control

group, * * * P <0.001.

i

SiNPs U144 7 T 15 2 R, 75 24 W) 3 38 55 07
TE A A% A AT SRR N 1 SiNPs 555 (19 UK o
=4 SiNPs £ A ML GEI, 5 108 HH ) 240 A m] 3k 6

Mo S, T SO B AN 73 5375 JRAE S B, 8 af
BRI BRI, 72 SINPs 1 25 ) i dd 2 i, BF 52
H5 A0 A AR S T A, AP E R
Xt SiNPs fE MR ZR G 07 1 2 AT RGENEDTIE . 20
AR MR L/ A DA LR A T2 B, 23 ) AT
AMIFEVENT ST o 21 0 I A T R BT I 2 3 R A i
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SERIEIR , 5 SO0 M PN A P92 R R, R
ETE R P2 W 00 R R T A Sy 4 R e R v 1
BLHRRR R FIWT A R . AT W, SINPs 1] D) &
ES AN ON R N A N = I e A i
50 wg - mL™' [y SiNPs H F 1 41 M w4 M,
200 pg - mL™' iy SiNPs BEGSRYE IR ML /NI SE 4, X i
AR BEPEAE R o 0T I/ T B A 56 SE 3R BIE , 32
AN I /DN R A RN A ARSI o it /) Al 2R 4 S
BGH 2 A5k, A R AL, (H B R AT B AR
s L ARSI 1A 2R R 1) A b AHLIL /MR 7 2R
R 96 LM AR 1k AT LA W] B G ) 22 4 ke B %o i /)
UTE S ORI (WA 0 N AN 8
TERCI AR () 2 B 5, R M Rk P - R 2
PR DR, TR 3 e P — e 3 R A 1 A0 i
B H KA FE SINPs X I /MRS AL SE IR . AR SE R 45 5
0,200 pg - mL ™" A SiNPs o] LAGEIE /)M SR 4 A
fbo HFE ADP 450, SiNPs X IfiL/ )Ml SR AE 5% i)
Jo kw22 5, AT RE Y it PR SO i /) A 2R A 1 5 il
BRI sh 25T . SINPs FEIRSNAT DL PT 4%, %
B R 2R DR 1A 5 1 SD IR 6 I R G s
ASBIFSE & IR, SiNPs Ji e AE K T 50 pg - mL7 A,
2300 LI 72 406 PN ) 240 ™ A B AE T A I~ XL
W o [RIE, SiNPs 7E MLV H AR BE A T, tho T Sy HLAE 1k
175 TSRS , vl T s sy i XU

JEHT SINPs X F I 2R Ge 5% i A W92 & 1,60 nm
1) SiNPs AJ L1755 £1 40 ifd 35 190 2% 58 1) 4 i 1k 22 2 IR
( phosphatidylserine , PS) , il /& ¥ il i 4258 P8 114 1fiL /N
WAL, S ML TS B . [, SiNPs o 1] LI i 5%
Wiy IR 25 22 28 Ak, S B /MR B A4E D ERE ML
YIfeJrE , /T 100 nm [y SiNPs A DL i, 2% - APTT
IR 1 T N TE SRR AR B, S R I R T
XIU, LI 25 00 R E kN, 3 16 W 8 % > it
A, SINPs Xof 1ML % 72 46 14 52 1 1, 2 [ 42 77 2B 45 7 1
SiNPs #E MK 5 , A2 H SR 4, 15 5 400 40 Fn— 2
HOLRFEE , HoI5 DR AT REAR S P A e 0

ARSCEZMFIE T SiNPs {19 I % 4, HoAk N %
S RS R v B R /NTF 50 g - mL T AT AR Gk
I RUBS $ AR o 9 HL J=) BR 240 it 0 sl 9 T 1)
MLAFSR, 2 AH S HE il AU i AR T ik 5, HL
PLEIBFSE A 757 o

S 3k
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