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[ Abstract] Objective To create a novel chitosan antibacterial hemostatic sponge (NCAHS) and to evaluate its
material and biological properties. Methods Chitosan, a polysaccharide, was used as the sponge substrate and different
proportions of sodium tripolyphosphate (STPP), glycerol, and phenol sulfonyl ethylamine were added to prepare the
sponges through the freeze-drying method. The whole-blood coagulation index (BCI) was used as the screening criterion
to determine the optimal concentrations of chitosan and the other additives and the hemostatic sponges were prepared
accordingly. Zein/calcium carbonate (Zein/CaCO,) composite microspheres loaded with ciprofloxacin hydrochloride
were prepared and added to the hemostatic sponges to obtain NCAHS. Scanning electron microscope was used to observe
the microscopic morphology and porosity of the NCAHS. The water absorption rate, in vitro antibacterial susceptibility
rate against Staphylococcus aureus (S. aureus) and Escherichia coli (E. coli), in vitro coagulation performance, and
hemocompatibility of NCAHS were examined. The coagulation performance of NCAHS was evaluated by using rabbit
liver injury and rabbit auricular artery hemorrhageear models and commercial hemostatic sponge (CHS) was used as a
control. The in vivo biocompatibility, including such aspects as cytotoxicity, skin irritation in animals, and acute in vivo
toxicity, of the NCAHS extracts was examined by using as a reference the national standards for biological evaluation of

medical devices. Results The NCAHS prepared with 1.5% chitosan (W/V), 0.01% STPP (W/V), 0% glycerol (V/V),
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0.15% phenol-sulfonyl-ethylamine (V/V), Zein and CaCO;at the mixing ratio of 5 : 1 (W/W), Zein at the final mass
concentration of 2.5 g/L, and ethanol at the final concentration of 17.5% (V/V) were fine and homogeneous, possessing a
honeycomb-like porous structure with a pore size of about 200 um. The NCAHS thus prepared had the lowest BCI value.
The water absorption ([2362.16+201.15] % vs. [1102.56£91.79]%) and in vitro coagulation performance (31.338% vs.
1.591%) of NCAHS were significantly better than those of CHS (P<0.01). Tests with the in vivo auricular artery
hemorrhage model ([36.00+13.42] s vs. [80.00+17.32] s) and rabbit liver bleeding model ([30.00+0] s vs. [70.00£17.32] s)
showed that the hemostasis time of NCAHS was significantly shorter than that of CHS (P<0.01). NCAHS had significant
inhibitory ability against S. aureus and E. coli. In addition, NCAHS showed good in vitro and in vivo biocompatibility.

Conclusion NCAHS is a composite sponge that shows excellent antimicrobial properties, hemostatic effect, and

biocompatibility. Therefore, its extensive application in clinical settings is warranted.
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TIFREL6 mgEh RN UD &, N A B AR E Le i) 7 RO T
h, $i4E0.5 hJ5 60 CTili4 h, Ea3 ¥R T4836 h, HI4 3k
1F3FINCAHS, X HR I 45 N fff FH 48 24 ek, P2 AR
6 mgERFRIF N VD B IR A SR A E LU Y 78 R T

A3 VKR 45 B 3 RN C AH S FIG IR 7 4 58 45 129 T
20 mLALFUA I (simulated body fluid, SBF) H, 1Z¥12. 5.
10, 20, 40, 60, 90, 120, 180, 240, 300 minff A HHHEL
20 pLIEW, ECORAF 8 o (0 FH Vo RO AH €835 76 43
AP A R TRV () SBE R SR FRIA TR VD B2 VR BiE, 22l
Rt 2, fii ik w25 Y AR HUNCAHSHI T 5 2k
Wt
1.2.2 NCAHS#) R AEB M AL TR
1.2.2.1 A B RAEHEA ) BIS5 1Y

A3 XFNCAHSHIXS BE MR 45 PEAT M . B84 SR Ab B,
FEA A BRSO R 296 405 1 T 25 45 4 DA B R 7
NCAHST /3 AT SR &
1.2.2.2 WK ZEKGI

Z: JESCHR BT 3 5 U — € BT NCAHS, 10 W,
% I B A 200 mLAE FEER /K HI2 3 min/5 B, T60°fmiAR}
PeI L FHE L min, BT IC AW, 00 BOKFRLU(W .~ W,)/
W, x100% 3153, B4 AE i 31 52 A TR gl (e 30k . AT
A 1| 119345 (commercial hemostatic sponge, CHS)/E A%} HE

1.2.2.3  {RSMNEE M MEREI

BCHESZ AN ARk Lk i P REAY R EE AR 44218
SCHRI 7%, KN C AHSHR S8 i R AR/ Ntk
0.1 mLAYHHEHTEE MR, FH#/10.02 mL CaCLY (0.2 mol/L),
I 5 min5, ZZ18IEEEAN A 25 mLE B 7K, BRIBEY
5 min, F/MEOEEETT545 nmAbIEWOCEEA o 25 FIRT
HRZKF0.1 mUBEETEE NI A25 mL A B 17K, M
HEA o HFLRAIBCILIA s/ A x100% 3B, HH4131F
FIRES, BRI 3V, BOFHIAE, ACHSYEAXTE,
1.2.2.4 KN IR MACRIFH

BUEAEL cm, 150.5 cm YR HIENCAHSFICHS, I
Bk RN—B DA, 0 SRR RZDAR BRI W, .
G H- Bl kA 4% i 1A% (rabbit auricular artery hemorrhage
model, RAAHM) {5 v, BU6 HUBT v 2 K4, B L
BEAL— D0 B2 R 2, 5 — M B2 X BR A K sh#
JRIEF [T, H-ARI G | T2, SR s FLIEH-3hk, A
1ML10 s/ F 20 A7 48 25 T 3 1T IV, KV 400 W 4 118 il
b, FEAETRAR D CE — b A . FH50 gk RS tELb AR o TR
A% LA, FERR 30 sWRSE H A% B, 30 55 s [ LA
RS A R W,. I AW,-W A

TEJFBUG H ML H (rabbit liver hemorrhage model,
RLHM), Ht6 FUBnvh == K A bfibl o3 24, B3, 4
SIINCAHSHICHSIEHY IR SR o B S W) R [ 5
RS K M FE . TEIE, B IPIE 0 22 it S T 4l
HA KRB A . IR — KL em,
0.5 cm Ay H, 1R IMSCRIEAT S RAAHMAH A o
1.2.2.5 HUETEREPEAT

B E4%0.5 cm. 1550.5 cm[BIHENCAHS., K {3k Eh w8
VD B 17 BME 1 14 (control sponges) . CHS, 4
LML K J5 53 B F A K H S.aureusFE. colif 15 57 F
LA [ X 3, 945 i i 20 uL K # SBEJG B F37 CHi3%
#i24 h, WENCAHSHURBOR, IR 5 #EERI NV B1Y
STRME 1 1L (control sponges) . CHS A%} HE
1.2.2.6 AWAHAPENE

MR AHZ M : 2 BRI iA Tk  E NC AHS Il i
AHZME . BUH S HTEEINL0.8 mL, I mLAE FHER KRR B
BUEARL em, 50.5 cm Y AIHIJENCAHS & T 2.0 i,
NCAHSZ FBAPEXS BRZH 53 5 A 10 mLA:= BEER K, BH
XFREZEANA10 mLZEIRK o B Bg.048 % 137 CoKirhibg
F0.5h, FEIA0.2 mLAE BB EEHLEE I, 37 C/KWET
J¥751 h, 2000 r/min#.0>5 min, B I AR M GRE
11545 nmAb IR (AVE . A HE R FA TR E 3.

WL = (A, — Api) /(A — Ap) X 100% (1)



ERE JEL O G — P 24 7o MU T L AL 40 1) o) 2 S AR RERIT 7 193

YRR VAN : 2 M b A\ RILHN [E [ A5 EGB/T 123 %it#¥sik
16886.5—2017 B Y7 d A W27 PR S 53 42 AR Sh 4 i fdi FHSPSS 18.0. GraphPad Prism 8 flExcel % B 47
FEHEIRE ) P MTTIA R INCAHS X LO29/NRUREAF AR AL SGeit2e b, s w8 Lix s Rom o AL A] F AR
BIFEPE . FH 10%M162F L (FBS) 8595 312 40, /2 Dunnett-tK 50, Z2 410 HLECR FHHANOV AT 22407,
PEBH T 10%FBS MR IR I EA TR R, DMABUIE100% . P<0.05WZERA LI X,

46.8%. 21.4%. 10% IR TR 20 M 2544 ) #m

SRR 2 M AN RALANE E R AR EGB/T
16886.10—2017C BT #RAMAE M) 2= 1T 55108055 IS 2.1 NCAHSHJ#|&

B IREBAR I WA 7 VX NCAHSHEA 7 B AR5, 2.1.1 ERABB Rt FAL R hik

Ak BRI ARSI R AR AL BCIAUAMRAR, M IR MACR A . Fesgm R 2 1) &
FEIRUEGB/T 16 886.11—2011 (B J7 # il A= W1 4 A0 46 YU R4 T B 25T, S5 3 A3, AN us i H-vl, AR5
11ER 4 4 S E IR WL TR NCAHSHAT 2tk 4 $00.15%Bh i £ . 0.01%STPP., 1.5%5c M4 A 7R

BT WEEA B AR A 25 (DD o
150 3r 3¢ 20 ¢
15
g 100 | 8 g 2+ £
@ O O C10}
<) a a a
50 + 1F
51
0 I RS S o S S Je ok 0 SRS S R 0 oS g (g o)
Q0 o0 Q0 NN o o0 o o Q0 NN o0 Q0 NN o0 Q0 Q0 NS Q0 NN Q0
MR SRR Q-@ w\% Q'):O o> Q{\% N Y QQ\% Q@:’) $ ° > ° NN
The concentration of The concentration of NN The concentration of
glycerol (V/V) etamsylatE (V/V) The concentration of STPP (W/V) chitosan (W/V)

B 1 BCH MRSt &M BIEEA (n=3)
Fig 1 The BCI results of the chitosan sponges prepared under different conditions (n=3)
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HRM, 0.5 hg i A GG A HREZS . M3FNCAHS NCAHS. il 45 FFA3NCAHSH RARSMILANE 37
Byn] B B A0 25 M AE I 2 B (112) . 7 No.1. No.2fik
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Fig 2 The drug release curves of NCAHS containing different types of 1&{(%/ " UL % ﬂj j{[ g :I(L " *"J » NCAHS E/J :J:L = 7{
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Fig 4 The micromorphology of NCAHS captured by scanning electron

microscope

TUER R AL BUAT YR IR 45 1 )2 3600 . 2 EATHOIR R
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NCAHSW /K J5 7 328 15 Y T 114 — W £ B4 25 B ) 1
AR, LB BE 5K, S ST WA Y — T 1 1 /K BEROIR A,
ATLLEIGE] T, NCAHSI K %4 (2362.16+201.15) %, B
U T-CHSIME K %(1102.56+91.79) %, 253K Giit i
(P<0.001), FKHINCAHSEA BLEFHIBIAI IS PERE
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BCIK I % B, NCAHSHEAS GEM WS i A7 1Lk, v 4
FELJC W] b L 2T A A i, 26 B /RIS i W i CHS A
WIS A 2T RS 1, 25 B KB L (1815) . CHSY R
BCIW] i K T'NCAHS(31.338% vs. 1.591%), Z 3 H 41t
27 X (P<0.001)

501 P
—
40 +
g 30 +
@}
=20t
10 +
ol e
@ NCAHS CHS

& 5 NCAHS{RSMEE M1 % RIF M

Fig 5 Evaluation of in vitro coagulation performance of NCAHS

A, The in vitro coagulation effect of NCAHS. B, The in vitro coagulation effect of CHS. C, The bar chart of BCI determination of NCAHS and CHS. n=3." P<0.0001.

2.2.4 NCAHSHK A 1k OR3P H)

W1, 7ERAAHMA, NCAHSHF 1| 1fit i 7] 55 %6 (P=
0.007) ELHi 1t B 88/ (P=0.003) . #ERLHM 1, NCAHSH}
D, 28 A G2 L (P=0.005), 1k 1L [A] 5
CHSHI24(P=0.057), NCAHSH P - I3 RAL T CHS .

# 1 NCAHSTERAAHMFIRLHM HH 1k M %R
Table 1 The hemostatic effect of NCAHS in RAAHM and RLHM

Model n NCAHS CHS P

RAAHM 6

Hemostasis time/s 36.00+13.42  80.00+17.32  0.007

Amount of bleeding/g 0.064+0.026  0.257+0.067  0.003
RLHM 3

Hemostasis time/s 30.00+0.00  70.00+17.32  0.057

Amount of bleeding/g 0.130+0.020  0.443+0.096  0.005

RAAHM: Rabbit auricular artery hemorrhage model; RLHM: Rabbit liver
hemorrhage model.

2.2.5 NCAHS#LHE HALIRM

S5R(E6) R, AR TR R I N VD B A 58 RO L 1
T4 FCHSY T WA AR, MINCAHSEA B 5 A4
R, Xt S.aureusi 3 Bl H A2 AT 14 (27.17+1.17) mm,
XTE.colit 3N TH e EAZ P34 (28.1742.48) mm, R R4
R PERE

Control'sponges 4
A -

6 NCAHSYYS.aureus ( A) FE. coli (B) #MMEEAETM
Fig 6 Evaluation of antibacterial performance of NCAHS against
S.aureus (A) and E.coli (B)
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FAMTTE: AN CAHSXF L9297/ BT 24 40 fifd 4 75
P, 255 R I, R [R R B 2 S A B O DIE 4 K F 45 P k)
M1 (P<0.01), ZHMIHG A 118 T3 U6 RZH (P< 0.01),
FERNCAHS T B i A i a5, 7T REEAT W AE A £ ik 4
s E R (7)o

skkosk ok

| ]

150 |
sk

8 [ |
5
€100} ==
=
Z
g
3 50f

Blank 10%

The concentration of leach liquor

21.4% 46.8%  100%

7 NCAHSZ 2K %1 1.929/]N LR £ 4 20 R 18 S A 3501
Fig 7 Effect of NCAHS extract on the proliferation of L929 mouse fibroblasts.

A, The optical density (OD) value of each group. B, The survival rate of each group. n =3.~ P<0.01; ~~ P<0.0001.
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