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Z5: 2 dFolxe ARz B g ALgo] HEg SAlol 58 ADSE 7= AGAE At
Q3ldgt ESdlo] 3Hd ZuEIEYE(PVP) eAHd AEAS AT i mATx, 94
], HgRIRe] BAtees AAER A AU EAE E3EAYS B8 ERIsiHTh. PVP Uil 2
e Hl g Askdge] vgo| WE in vitro DE-FIAYNA 5.5 mgmL HsFdE 2 500 units/mL EERIS
g Z9] N¥Fo] 7P =A veEhden, AEMES 90% ol v AEEAS JehiATh In vivo
Sprague-Dawley(SD) rat 7FH=d 24 AFoME Uilf AAE it 7H4E S9A0 23S 2o
Ttk AsAa EENle] 3 PVP WA Ex 5 AR 8 dglA o] &-8o] 7€t

Abstract: This study develops nanofiber sheet type hemostatic agents using poly(vinyl pyrrolidone) (PVP) containing
calcium chloride and thrombin. It is supposed to have benefits, such as advanced hemostasis, biocompatibility, easy stor-
age and handling. The microstructure of nanofibers, the content of elemental compositions, and the distribution of blood
coagulation factors were confirmed by scanning electron microscopy and energy dispersive spectroscopy. The PVP nano-
fibers containing 5.5 mg/mL calcium chloride and 500 units/mL thrombin showed the highest hemostatic ability from in
vitro whole blood coagulation experiments. The nanofiber hemostatic agents showed low cytotoxicity with the cell via-
bility over 90%. In addition, nanofiber hemostatic agents reduced bleeding time and bleeding amounts compared to the
control groups as assessed via in vivo Sprague-Dawley rat liver hemorrhage model. Our PVP nanofiber sheet containing
calcium chloride and thrombin is expected to be useful in medical field as an advanced hemostatic agent.

Keywords: poly(vinyl pyrrolidone), nanofiber, calcium chloride, thrombin, hemostatic agent.
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AAYAEZ @ 2~(Surgicel®, Ethicon, USA) 5°] Ut}
< B3l AEE Ml A AR g529A
Uout, siH sk 9t heS e 558 o
Uo] ol gt TS Hekalr] el S #H el A
Ml o ARl o2 A 2AX] (Gelfoam®™, Pfizer,
USA), A&7 Z298l® E(Nasopore®, Polyganics,
Netherlands), A2}El/E &% E3E(Floseal®, Baxter, USA),
S| GFEA 2HA](MeroGel®/Meropack®, Medtronic, USA),
FHEAHEAEZ @ A W4 (Sinu-Knit, ArthroCare®, UK), &
A FEbdl 2HA](Avitene®, Davol, USA) 5°] o} =1
U ARl FEEHI e F74 A2 AdaHTE oA
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A Fe7F opd el FEle] A EA| (PVP-CaCly-thrombin)
£ AASAT Y dfe B4 1S 7,
UicAto]ze] A7AE 7= A

Al AZE o] o] mEA o
A& WEAIA FOo=2H e
gl i B uaudyd e TR ER
$-80] Ha
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A Gt A1z WER A&S o
A= AGA S Az 7180 ARgshs 29
Aol 75 Ad B3 oA, wf-g- A7kl
A A go] o, Aol Agof= npo]g 2 7
Aot HF 2 Bo] offyrh= @ o] Utk PVP-CaCl-
thrombin W= -HAIE FEj] A 8A= AAAPES 74
SHHA 71 AEUR] AT MAAZ & S Fe g 7]
SIAL, in vitro BN-SIZHFI} jn vivo TELAHS T3 A
FEA H7F 2 958 NIAZA L] A& 7HsdS Al st
A} ST

[e]
-

o
5L

A%
3

ot

7

Mg xe X

L
R

R

Al
=

PVP-CaCl,-thrombin ZALSY 2 LI-MRo| M=, v
2] FA1Z2] poly(vinyl pyrrolidone)(PVP, Mw 1300000 g/
moly> Sigma-Aldrich(USAPIA 4381t} PVP= &, ollgt
£ "¥hE, THF, chloroform, dichloromethane 2| &vj =
ol gsle] A7PIALE &AS AxT 4= glon}, FAo] v
EER 2ol FES 7P AA wxH 3do] wEA K1)

Hol YA Azxol| §olgh o & (anhydrous, 99.5%,
Ly
Daejung, Koreays SVl = |83ttt N3 ARZ AR

3l A3k (CaCl,, anhydrous, 93%)S Daejung(Korea)oll A]
TYE AlokS TR Eafale] ARESINIAL, EEH] (bovine
thrombiny> RMBIO(USA)S] A& AM-3H3th EEH 4
o] ]2 Bradford reagent= Sigma-Aldrich(USA)PIA] -
Ydote] AbEstth EER S S-S 98] AHeE
Chromogenix(USA)2] chromogenic substrates S-22382 ]|
ol o] 4 mM] stock solutions THEo] AREEIRITEH EE
Hl 2% 374 A] o] &H= tis-buffers Axst7] el 4
S EFS Dagjung(Korea)ol| Al trizma baseE Sigma-
Aldrich(USA)4l 4] 0.5M EDTA - 2Na solutionS- Welgene
(Korea)oll A1 Y4 &tod ARE-akAth. obAl E4HE Daegjung
(Korea)Ate] A &g st ARE-staith. &7 HARE-o o)
CaCLot EFHIS A5 7k CaClyt &3=Hx W&st
= G sl TRl EERle] wigdE 4 QAL EERIO]
WARGRL o ehgo] &3=A] B R CaClLét EEFVS
AEER YAl 742t Galfste] & el E Az H,
0|2 3)asle] AT CaCl, 9L 663} 264 mg/mLE
247k A el Fo] Al xsk AL, EFH 892 60004

ST
A=
[e]

24000 units/mL7} E| 5= 7}7F ARG 8] o] Azst
At} CaClel EEHIO »r= 7|0 A|HE T Y= A g
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Figure 1. Photomicrographs, fiber diameter distribution and energy dispersive spectroscopy (EDS) of the PVP nanofiber (A), PVP nanofibers
containing 5.5 mg/mL CaCl, (B), 500 units/mL thrombin (C), 5.5 mg/mL CaCl, with 500 units/ml thrombin (D), 22 mg/mL CaCl, with 500
units/mL thrombin (E), and 5.5 mg/mL CaCl, with 2000 units/mL thrombin (F), respectively. All of nanofibers were electrospun using a 10
wt% PVP-80% ethanol solution at 20 kV voltage, 15 cm tip-to-collector distance, and 2 mL/h feed rate. The insets show EDS mapping (cyan
dots: Ca; pink dots: S). The o marks in bar charts indicate 500 um in diameter distributions.

Q1 oflghE gllof] PVPE $H3] 521
7¥sto] WRIAZIHA] CaCl, &) €8] E=leH E
5 &A S HTlste] 24X]7F o WHAIA EERIS #Y
A AEA & 7Pl A&8i3th. &
80 wt% olEHE & gufE o]§3ted 10 wit% PVP 7]
WAL g (A} 5.5 mg/mL CaCl,s $-rdk= PVP A7
ARE -8-91(B), 500 units/mL EEH1-S 3H-8-a1= PVP 7|4
AHE &9(C), 83 5.5 mg/mL CaCl,, 500 units/mL E&
WS 25 $Hshs PVP A71ARE- 8-(D), CaCl7} 44)
] 22 mg/mL, EERX! 500 units/mLS $-7-3H= PVP A7
AME £A(E), EEHIC] 48191 2000 units/mL, CaCl, 5.5 mg/
S SHroke PVP A710ARS: &(F) 2+t 671419] A&
£ Azxste] ARE-stSiTh(Figure 1).
A7 A veFek 378907 5 A Eel Fa3 93
| T, JVEAS, AR, EESEE, JAH
= 9 FEo) mat dojA= vieAdfre] Al 2
A5t AR E7E Fdstal A AR 483817
< ARSI A7 S d3)e ZE
=z FA|(NORM-JECT, luer lock type, 12 mL, Air-
Tite Products Co., Inc., USAYI 21 gauge metal needleS 2
4381o] FAF7] 3 Z(syringe pump, KDS220, KD Scientific
Inc., USA)l A& 5, FA] £ J39 Alolo] <17k
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k2 20 kV, AV B3 JAT Alole] AFYE 15em, ES
By s

H
L= FA] Hazof 93] 2 mLhE IHAIZ]AL, 200 rpm
o= sdate =HFH JHdA] 1247 B 24mLE o
Fatete] WAl ES Az 25 °CollA] 2 7]AL
sk B¢ AF71E 7Sk 30% olste] FRE A6
oh A7PARE el f A E Aol 25 Fegul ot
718 AAN] Slste] JFQBlA 24x7F AT & 1B
et

LMol OMTE * HEEY. A7dApoes Az
sl el miAl e AAMAE FARAAE E] A (field
emission scanning electron microscope, FE-SEM, JSM-
6500F, JEOL, Japan)s ©]-&-t] A&t =& A Ee &
7] o] gl ogk &l B WES WAs] flsl wiEet
o] gHlel o, Al WS #Esly] Aol 15027 sputter
coater(108auto, Cressington Scientific Instruments Inc., UK)
= o83l MFgor 39 st FE-SEMe] 7154
2 10kVE st tARo|wAE ZYsiitt. Aol
A7 B AREEE A fste] ALY 7I(MT I-
solution, Image & Microscope Technology Inc., Korea)s ©]
Sslltt. WA FE-SEMS S8 Aojx v fre] oful#]
= PHA] 22O F scale bars RA3BI 72t 10071
o A2 tE 4Re) 3L ZPsked FEARL ANl
2, AAR e AgAA0l e #AH U fE 27
A0z ARst] A5 4Po) Agsict.
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PVP v froll a23he Eo-8391A] CaCl, B EEH
o] S ¢ FAEeE ERISH] 21819 energy dispersive X-
ray spectroscopy(EDS) 2 EDS mapping2 53l 7} 9149]
AEHE SN AEE 94ES A5 2 Ho=
e AT

In Vitro M8 S % (Lee-White Method, Imai-Nose
Method). 437 2 S FFiAS gzt J
FEe AR RS EHgS Wrlske A WY
oltt. WWeAl-HAIER AFAR A|gh o] FIELS +
Ast7] #18l d=5=2 423 (Korea Animal Blood Bank,
Korea)oll Al gt 7119 AES |83t AF ko] AL
SHTt. 7] APoll= oF 13%2] F-&a2A7t 23HE o] e
w, A o] WAL 15 oJUid HES Aol AR
STk Lee-White 2 HA-SIAS S5k 2o® &
2] vialE 37°C &=25z0 1027+ WAt viale] T2
=5 34 3, A1 mL)yS vialol €37, v 20% vt} vial
< 71&o o] FaLshs Al SAse 98T &
Holop* & AeMs o] A E FZIAT)7] 9

Aol 10mM CaCLE =U8H3 2, i XA 7}
A= At Sl A2 Lee-White S 2+ %

o
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o S o 1

olo] ) ol B2A) g WA AL TS0l v
B ATAE 188 A9 HeI S ATE B4

A3k D 200 uLE g ABA A =5
A 4ol WL AN EReRE 1

A AGAIE B8 AL AAIEAS] frelsde] d

200 pLE Egste] Agsict. o] W zHzte] v freict

HHSAIZRS 2, 4, 6, 8, 10, 20222 2]t I A7k

o] AH=AE A8 9o SmL AATE H7iete] gk
o

Daejung(Korea) 2 & 1027+ 278 A17|2L DS ohA] AAlF
off IAXNA S AHG H, 2715 AAst 2477
AZA AT 2§ 7} -9 FAE SAA

HET 88 ME. v EHA
o osl ¥ Ao S Sl AFAEE 2 AE
& TR IAE < 3t} Imai-NoseollA 5 mL %
ArE A7rete] GA-SankeS BAXZ ARl 5% &, &

AL Agstz GAsel ol P8 4Pt Y 45
2 AFHsa, OA AS smLE drlske] Rl AT

S4Y8A5 AF3I °1E 13 H ¥HESE &, 96 well plate
o] £88Ne B3Nt A 88 HE Y F

Zay, A|4338 A43, 20193

zl -

o JH s|EIF=RIo] W&, o] FRIZNS
readerg ©]&-3}4 540 nmol|A 9] FHEE A5t HE+
£ AT

AT HES WL d99 e € T g8l
ZHRARMAL B QAL &-aR1AY) 9ol davte] &gt 9
AT dojdth & AFoA e ARt AEZ Q.
JRIAE ek VheAlfTE AR AERQ
davke] Ay el Hadavtke] AN g s BT
F-SIA7F H7FE AL 1200 rpmOE 2
o} platelet-rich plasma(PRP)S 437, o]& WARIASIHA
AlZE ool Aol AFg-aTt. 37°C A2l 12 well
plateS ¥, 7H7te] AER Q A0l Ve G- AEE QXA A
5E A& 2emE A3t 12 well plated]l ¥l %] ¥, PRP
200 uLE 7+ AR ol =Y3FAL 37°C shaking bathel] #%]
ST 1035 73343 Fol] PBS 2 mLE =Y3ted 1% &<t
AR 9o €48 7PEA 23] MAEITE 2 F 2.5% =5
Efds| 2o 3087 IAAA o FabE s 3
A3IA713L, 50, 70, 100% ANEHE 8l 184 A&HH S
2 HAANA G5 & A0l 2487 AZRAF T AR
HAEEe =
Az S3E e o} JelE AES T

PVP-CaCly-thrombin LE=pRe| M=Z=4 EIL g9 2
AExA T APH R FFEshe o588 A AEFEH
7he ZeAolnt, AESZAHE SAAEHA IS0 10993-
5ol Al wl-2=9] Ao Z(NIH-3T3)E o831 Al
HEZR] A f A GA7E Alze] v dstd ZdollA vEhd
= AE5E BEE Hrtellnh. A@dAE 1hds] d9st
H, mpe-20] HFolH|EE 6-well platel] 2x10° cells/well &
=2 B89, 37°C, 5% CO, 3730014 24771 vl Fsisit.
24X 7k Fof] B2 NS AElte] 48417 B4 wigE &, &
NS ol&ste] Mlxo] AFH 2 S At
%, WST-1(water soluble tetrazolium salt, Daeil Lab Co.,
Korea) 84S x{2]sle] 2A17F 52t HESAIAS $, microplate
readers ©|-8314 450 nm oA FEEE SA ] A
AR (%re A=siit

SD Ratg 0|88t In Vivo 8. £ A7l Axd
A AEAY AEs H7HE Sl AP ESE outbred
male Sprague Dawley rat(85%, 250-300 g, S A0 22)S
ol g3l 7H=d Bd in vivo AFE FHSILEY =AY
2 ARt sEAEaE 93] Al B 52
of oJal] YAt FE=S Al A dFY ¢ F=
S 3235 (temperature range: 2242°C, humidity 50+5%)°]
A= AP 2-SAIZATE AR BPH-2 ol o} At

(1) SD rat2 =8 A Zoletil® 50(Virback, France)Z
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T goog BN AAE £53 F Hy 2
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B} 4HA 2 7h a1l wj|a),

Zdo] AFEE A 522 cm)E =YEte] A Po] kg
AT AT

i
:>|J—_",
e
o
Rl
i
=
i
ez
1B
tlo =
oft
i
ol
ol
&
o
T
Ach
rob
o

ZZ| & (Histology). 27N 5 A|d¥ 24| HelHo] v
2 A EGolM JHE vEY, HET 2 I
Z24317] $13Fe] hematoxylin-eosin 3 Carstair’s
shAth AF T 22 10% 243 gdoz
o} st o2 I 222 G, vief 2
T rlo]ARES o8-8 5um TR AUtk 43
2 hematoxylin-eosin 2 Carstair’s GAHOZ A &
CCD 7} 2(DS-Fi-2, Nikon, Japan)& %-2}¢t 38w 7
(Eclipse TS100, Nikon, Japan)S- 53l #2s}ich

SHEN. AN 47| ol Bk AR &
ZE 9 of(KyPlot version 2.0, KyensLab, Inc.)& AHE-sto] &
A3t 7F FRs Wt HAlE 37181909 - significance
level> parametric Student’s r-test} one-way ANOVA
(analysis of variance)?] Tukey’s AFF-HSHOZE IHHFI T
SAA frelde p<0.059] wo= st
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PVP-CaCl,-thrombin Li=d-7e| SEf ZHE XA
o AR or HEslne AAHIY ol el =
glom el ASE S A8eloF gt} EaH)|
ETE(PVP)2 AAZIEMI0] £, W 54, F54
e G998 55 2 A, =0l EelEe 784
Ao, g 84 JEAE e 9l dEeR, 5
o] dasteteE, YERRR, ollF 5 B2 #7187
Al Bal =] ofst, s, vuA], AR 3 AR
& L SERLE Pl TStk Eot PVPE FDARSRH
AiARE-e] S0 SEAkEA Aolshd -8l 9o 34
P ARSEE LA T shelH, =2 WAMIS 7
A 3l AAe] Slo] A|EAE el fel FAsE 285t
71ell A Aotk Az AolM= PVPE F9EC= 3t
= Wedie AR FARE Aol AR =N o

!
)
rr

Qi Eg= UAHRAIE A 8A19] i 633

= A FAE Az} CaClLet EERIS g5 PVP
YA /-E Axste] da835S 2 Tozm A A=
9] 71%5E FoI319i AL, PVP-CaCly-thrombin®] Wied-5 A%
Al oJHR-E 80% e WAL IR Ao =M ldst
Atk Tt AR 0~ HAXE o5 122 =i ¥
NS Bealarat sidith. e f-E Alxske el
A A7APdo] oMM e el ShEE EERIY] &
AE7t §A1E T ARl E A sk die Algte] ok
ol& Bkl 13l 3ol & He {718 SolME =4
< Al YRR &= oAlehES AEsle] M7 HARIe 24
PVP-CaCl,-thrombin WE=Ad-72 &S 2= 2T}, o235k PVP
Z 70% ollerE 8ol 717t 10 wi%Z = T WALSH
o] AxpAng o R Azke Axt, §ujrt Ho] el A
7t =2 A& BRI 4 UATH WA, 80% oleheS SulE
o]-§ AF, AEAREH o] A A= AdEjoA ATiEoR
4L Y=/E 4S F JATH PVP £99] 5=, 17t
A, AHAE B EESE wt AEWALske] mlA T

Al T AFFE Fdstal AEAE 85
Ll A8 AEs o, A2 Ay
20kV, BAFAE 15em, EE4E 2mLhZ 2435 9
WALRZAC R 10 wt% PVP AR, 5.5 mg/mL CaCl,s: 3
fr3h= 10 wt% PVP AR 500 units/mL EERIS 3
3= 10 wt% PVP WARE 9l 5.5 mg/mL CaCl,, 500 units/
mL EERS /3= 10 wt% PVP ®ARE-<l, 22 mg/mL
CaCl,, 500 units/ml EEWS E-R3l= 10 wi% PVP YA
A, 55mg/mL CaCl,, 2000 units/mL. EFVIS &3l=
10 wt% PVP WARE-H-S 717} o] &-sto] Weid-frE Alxs)
R, AAAN A2 v F2E HISATHFigure 1). 67}
A Yedfre 25 971524 AR AfuigE WAk
37, PVP ©HEHALE. A WpeAl-5¢) Hlawsle] PVP-CaCl,,
PVP-thrombin, PVP-CaCl,-thrombin W=/d-f EF H#ZF7
2 AfEE] xle]do] YeRA] 29tt. PVP-CaCly-thrombin
Uil § Al2E 98 A xS g9 5, dgzeos K
2132 el RS HARIR AL FAE FH et o
AapA WAkE=A] ERIsh] S8 %] HMARE Holet
LA A7Halele], AER 0~ BAE Mol A7t

BEAAS BEE QEA/1E B AR oA
3

2 HAAEFYEE Figure
1ol VFERARASZ, A A3 FN-Garlxfe] Sl mhE F
ZdWshs & Apol7F YERA] Tt ©]& CaCLet EEY
o] FxpgFo] 2L, v HrlEo] HAo & I FA %
= ASE ALRHY o] vieate]=e] AFHEH= 2 4
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YA 542 Yehith, 2 MERAS oRs Fo
HESIGS W, S M2s) FSIAAE WET ] A%
3 AFe] 7Fsd HOE A

Wiendfro] AlxE8 548 84 g3 EFNS
7180 2 aHgte] S wonw @] Aol 8
Ho}, A7 A A5e] EEH] %= chromogenic substrate
(S-2238, H-D-phenylalanyl-L-pipecolyl-L-arginine-p-nitroaniline
dihydrochloride)} E&®IS] REgol|l 93] A== p-
nitroaniline®] §°3%=5 785t HAEsom, A7 &
offghZol ofgt EENl &) ko] nmghs SRlskitt.

Energy Dispersive X-ray Spectroscopy(EDS) £4.
A7 MAE B3] 92 PVP, PVP-CaCl,, PVP-thrombin, PVP-
CaCl,-thrombin W=A1-f-9] A& 424371 913l EDS
128 3 tHTable 1). CaClLE 245 S, EEHIS 74
ol e ol Sl opv|ieAt F AlZEIQIF HE e
o] EAlsk= () B3l CaClLet EFHIe] Wiyt & =3
A&} ZH7ke] EATE ERleith 2 A% CaCLy E
BN HUFeIA] e 7394l Zdgolut go] YERA] 249
O} CaCLY EEHIE 371 74-foll= vehd 218 g1l
g 4 AT CaClyt 7 Yiedf+ AR Edol 2
o] °F 1.5-2.0% B%E, EFHlo] A7 vi=Alfre] 4%
Hell o] oF 0.2% A= THrEo] e Ao=E VehaL,
o] hEFo] Zsgol| Mgl A2 o= EFNIY whild

| & sk AIZHIRIF HlE e vjgo] v uf
el Zo g Alg )

ZA71%4AE B3l 92 PVP-CaCl,, PVP-thrombin, PVP-
CaCl-thrombin W26 Abol] 23t EEdlo] duh} & 7
2beo] AEA] BAE7] €18 EDS mapping 1492 13Tt
CaCllll = ZHE2 sl Ho= Ty, Egvle] o
WA ol = obu|iAt T AlZEHIQI WiE] e EA)
she 32 A5 o= gdste] Zhzke] A 2 SIS
1kt 2 A3 CaCLyt EEHlC] & o] 54 UA] %
Zh ke o] vk e ERIF = AT o= A
= &8l dAEol ARl 3T & A ¢ dvke
1S UERNAL, CaClelt EHle] 2 FAke]o] lg0 =24 A
A2 AREE o ZEF]o] ST AEES FE
s or| gt
PVP-CaCl,-thrombin LE=®2| /n Vitro EolST A3,
In virro 37PE-2 AEE FHG A eA A5} HEAT
3L 2 golo] S wzER] o] AZRS Fgste] dxAde] 7]
o2 k= Woltt 7Y UREAR] W o 2= ke A
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Figure 2. Effect of CaCl, and thrombin amounts in PVP nanofibers
on blood coagulation time tested by Lee-White method.
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Figure 4. Fibrin formation time by plasma recalcification using
PRT method.
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Table 1. Element Composition in the PVP Nanofiber Sheets Containing CaCl, and Thrombin

637

Weight% / Atomic%

Element A = o o7 = 7
C 66.39 / 71.46 57.75 1 65.22 61.49 / 66.76 58.66 / 66.11 43.34 /53.19 56.48 / 63.72
N 12.11 / 11.19 11.89 / 11.51 17.53 /16.32 11.61 / 11.22 14.79 / 15.68 14.71 / 14.23
(0] 21.50 / 17.36 25.51/21.63 20.56 / 16.75 24.78 / 20.97 27.73 /1 25.73 24.09 / 20.40
Ca - 4.85/1.64 - 454/ 1.53 13.83 /5.12 4.16 / 1.41
S - - 0.42/0.17 0.41/0.17 0.60 / 0.28 0.55/0.23
Total 100 / 100 100 / 100 100 / 100 100 / 100 100 / 100 100 / 100

“PVP nanofiber. “PVP nanofibers containing 5.5 mg/mL CaCl,. “500 units/mL thrombin. ?5.5 mg/mL. CaCl, with 500 units/mL thrombin. 222 mg/
mL CaCl, with 500 units/mL thrombin. /5.5 mg/mL CaCl, with 2000 units/mL thrombin.

Table 2. Cytotoxicity Test of the PVP Nanofiber Sheets Containing 5.5 mg/mL CaCl, and 500 units/mL Thrombin

Samples Positive control Negative control
Eluate (%) 100 50 25 100 50 25 100 50 25
Viability (%) 92 93 100 5 36 62 100 100 100
Reactivity (grade)” 1 1 0 4 3 2 0 0 0
“0; None, 1; Slight, 2; Mild, 3; Moderate, 4; Severe.
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Figure 7. Histological photomicrographs of incision sites (liver in rats) with hematoxylin-eosin (A, dark red; fibrin, pink; cytoplasm, dark
blue; nuclei) and Carstair's (B, dark red; fibrin, blue; blood platelet, bright blue; collagen, clear yellow; red blood cell) staining by treating
the PVP nanofiber containing CaCl, and thrombin-cellulose nonwoven fabric bilayer sample.
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