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Antibacterial Activity and Release Properties of Polyhexamethylene Biguanide Loaded Silk

Fibroin Nanoparticles
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(Department of Pharmacy ,Daping Hospital ,Army Medical University ,Chongqing ,China 400042
Abstract: Objective
silk fibroin nanoparticles (PHMB — NPs). Methods

polydispersity index(PDI),Zeta potential and drug — loading content were investigated, the morphology was observed by the scanning

To evaluate the antibacterial activity and in wvitro release properties of polyhexamethylene biguanide loaded

PHMB — NPs were prepared by self — assembly method. The particle size,

electron microscope (SEM) , the infrared spectrum was measured, the antibacterial activity was measured through the bacteriostatic
The particle sizes of PHMB — NPs were

in the range of 150 — 170 nm,the particle size distribution was concentrated,and the dispersion system was stable. It was spherical

test by the Oxford cup method and the in witro release profiles were established. Results

under the SEM and had good antibacterial activity against Escherichia coli E577. The in vitro release was mainly concentrated

within 24 h. Conclusion

The PHMB - NPs prepared by this method have good antibacterial activity, which provides an

experimental basis for further developing them into antibacterial dressings.
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Tab.1 Particle size,PDI,Zeta potential and drug — loading
content of nanoparticles (X xs,n=3)

100 nm

g. PHMB - NPs(0. 5%)

WEET #/2(nm) PDI Zeatl  HHREE(%)

SF - NPs 159.7+7.159 0.120£0.006 ~-19.0+0.306

PHMB-NPs  0.01% 159.6+4.687 0.128+0.013  45.4£0.321  2.30+0.34
0.025% 162.4+5.116 0.141£0.012  51.3+0.987  2.56+0.41
0.05% 163.7+5.021 0.090+0.015  53.3+1.530  3.25£0.2
0.1%  160.3£2.892 0.120£0.023  49.7+0.666  3.67+0.27
0.25% 153.5+8.902 0.155+0.034  48.6+0.700  5.82+0.31
0.5%  159.3£10.03 0.110£0.031  48.8+0.306  7.41+0.42
1% 169.0+9.945 0.098+0.038  46.5£0.700 11.51+0.25
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Fig.2 Fourier transform infrared spectra of nanoparticles
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3 PHMB - NPs Xt K4 & E577 B9 S ER
Fig.3 Inhibitory effect of PHMB — NPs on Escherichia coli E577
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Tab.2 Width of inhibition zone of nanoparticles against
Escherichia coli E577 (X +s,n=3)

R A i B 5% E (mm)

PHMB - NPs 1% 5.52+0.187
0.5% 2.26 +0.226
0.25% 0.39+0.185
0.1% 0
0. 05% 0
0. 025% 0
0.01% 0

SF - NPs 0
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Fig. 4 In vitro release profiles of PHMB — NPs in PBS at 37 °C (n=3)
P LA S B il

SF R T A RARE M5, B 11 E4E(350 000) |
1524 (26 000) F1 1A P25 35 PR 4 AL (140 40 28 418 .
SFE#A Silk I fisilk T 2Rk %, Silk T3 T /K,
T TCHLIN G i o S AL A AR AR S 5 Silk TR
WFK, FEAS BT &40l i R A /K B M%) SF
F5KE A DL, o] DL & g Kok, 8] SF Y
Pl A Silk T Sz ENEARHy Silk 11, A AN F oK 40
KALTF-2U SF A R AR WA AP Rl i R A A
AT 2 BRI T Ak RS
il #5122 AT W5 R W, GORIBORL BAT 5 405 FUIR YT AR OC /Y
A s R, N2y B R 23 ORI A e R L) SF
R 25 AR £ 17 3 PHMB B 99K T~

A 5% Hh SO RE BE A E T4 KR R
1% . PDIFI Zeta FLAS o 38 23 R i 2 B0, Jr A3 9 KL i g
160 nm A4, B BAT RAFAY 5008 o LAk, #E 1
#, PHMB J& , SF 181 19 FEL 57 R 17 {80728 SR TE AL Fr A 90 oK
T Zeta FLA YL XHE T SR T 20 mV, FBHGKAL
T EUAR R B A R AR 0E M ol 1 WLEE SEM E%
T R R, KRR BRI T 100 nm, 5306
AN S R AR 25 B HC K, T g S B T FHIO R EE
ASCI 2 B 8 KA 7R K S R IR A, SEM WLES TR
ST AR KT 280 T b TR IR

T 35 X HEAS [6] 90 Kok T I 20 A0 i 1 2 B, 25 5%
AN A TR R £ 28 PHMB & & i 38 hnm 4 2L & A8
A&, BHH PHMB AN 23 MUAE SF B 43 F R 5 .



20224E3 H S H %31 B S W
Vol. 31,No. 5,March 5,2022

¥ %

China Pharmaceuticals

HFRE-
Pharmacy Articles

2F HEMR I TR B 56 26 B, PHMB - NPs 76 i 2t (B
FmsT0. 2% (m / V) (¥ PHMB IR 47 k825, T
FFYARAL T A BATBUE 1 o PR, 6T PHMB — NPs
(1%,m V) ,PHMB — NPs(0.5%,m / V) ,PHMB ~ NPs
(0.25%,m [ V)3 R4 KK T BE4T PHMB F 1A S K
5, & B PHMB B 2 AL P2 24 h N, H YRR T
A PHMB & Ry, RBUVRE AR B o 3X AT fE
JER R, 24 PHMB & SRR, 217 1 HL A SF ORI 671 L (1Y
PHMB [] Fr) i FEUAH /7 A8 , (45 PHMB AE L5 iR SF
F18) SR8 TR 5 T >4 PHMIB % i 5 1), SF 3R T 1Y) 97 F,
# PHMB A1, SF 55 PHMB F) i oA ELAF AR 58 , S 2K
PHMB B i1 2

ABEFEH I # T 145 PHMB () PHMB — NPs,
5 T HPURTE ARSI E S5 R3], PHMB — NPs
HA R BT w A, J&—Fi B A R 7 8470 1
R AT TE g ik — 200 HIT ke i B 40 1 Ok AL T
SRR
S 30k
[1] XU Q, CHANG MML, ZHANG Y, et al. PDA / Cu Bioactive

Hydrogel with "Hot lons Effect" for Inhibition of Drug — Resis-
tant Bacteria and Enhancement of Infectious Skin Wound
Healing[]]. ACS Appl Mater Interfaces,2020,12(28) :31255 —
31269.

[2] ZHENG YQ, WANG D, MA LZ. Effect of Polyhexamethylene
Biguanide in Combination with Undecylenamidopropyl Betaine
or PsIG on Biofilm Clearance[J]. Int ] Mol Sci,2021,22(2) :768.

[3] ZHU K, ZHENG L, XING JW, et al. Mechanical , antibacterial,
biocompatible and microleakage evaluation of glass ionomer
cement modified by nanohydroxyapatite / polyhexamethylene
biguanide [J/ OL]. Dent Mater J, 2021 [2021 — 11 - 20].
https: // www. jstage. jst. go. jp / article / dmj / advpub / 0 / adv-
pub _ 2021 - 096/ _ article. DOI: 10. 4012 / dmj. 2021 - 096.

[4] JIN J, CHEN ZL, XIANG Y, et al. Development of a PHMB
hydrogel — modified wound scaffold dressing with antibacterial
activity[ﬂ. Wound Repair Regen, 2020, 28(4):480 — 492.

[5] DONG W, CHEN R, LIN YT, et al. A novel zinc oxide eugenol
modified by polyhexamethylene biguanide : Physical and antimi-
crobial properties[]]. Dent Mater J,2020,39(2):200 - 205.

[6] GRAY M. Context for Practice: Polyhexamethylene Biguanide
and Wound Care: Cutting — Edge Evidence[J]. ] Wound Ostomy
Continence Nurs,2018,45(5) :403 — 407.

[7] SIBBALD RG, COUTTS P, WOO KY. Reduction of bacterial
burden and pain in chronic wounds using a new polyhexameth-
ylene biguanide antimicrobial foam dressing — clinical trial
results[ J]. Adv Skin Wound Care,2011,24(2):78 - 84.

[8] GHOLIPOURMALEKABADI M, SAPRU S,SAMADIKUCHAK-
SARAEI A, et al. Silk fibroin for skin injury repair: Where do
things stand?[J]. Advanced Drug Delivery Reviews,2020,153:
28 - 53.

[9] PATIL PP,REAGAN MR,BOHARA RA. Silk fibroin and silk —
based biomaterial derivatives for ideal wound dressings [T].

Int J Biol Macromol,2020,164:4613 — 4627.

[10] AL SAQR A, WANI SUD, GANGADHARAPPA HV, et al.
Enhanced Cytotoxic Activity of Docetaxel — Loaded Silk Fibro-
in Nanoparticles against Breast Cancer Cells[J]. Polymers (Ba-
sel),2021,13(9) : 1416.

[11] HCINI K, LOZANO - PEREZ AA, LUIS CENIS J, et al.
Extraction and Encapsulation of Phenolic Compounds of Tuni-
sian Rosemary (Rosmarinus officinalis L. ) Extracts in Silk
Fibroin Nanoparticles [J]. Plants (Basel) , 2021, 10 (11) :
2312.

[12] GOU SQ, HUANG YM, WAN Y, et al. Multi — bioresponsive
silk fibroin — based nanoparticles with on — demand cytoplas-
mic drug release capacity for CD44 — targeted alleviation of
ulcerative colitis[J . Biomaterials,2019,212:39 — 54.

[13] FUYX,MA LJ,YI YP,et al. A new pleuromutilin candidate with
potent antibacterial activity against Pasteurella multocida[J].
Microb Pathog,2019,127:202 - 207.

[14] PATHADE AD,KOMMINENI N, BULBAKE U, et al. Prepara-
tion and Comparison of Oral Bioavailability for Different Nano —
formulations of Olaparib [J]. AAPS PharmSciTech, 2019,
20(7):276.

[15] CALDWELLMD. Bacteriaand Antibiotics in Wound Healing[ﬂ.
Surg Clin North Am,2020, 100(4):757 - 776.

[16] 11 Z, KNETSCH M. Antibacterial Strategies for Wound
Dressing: Preventing Infection and Stimulating Healing [J].
Current Pharmaceutical Design,2018,24(8):936 - 951.

[17] TAATIMOGHADAM M,KHOSHBAYAN A,CHEGINI Z,et al.
Bacteriophages, a New Therapeutic Solution for Inhibiting
Multidrug — Resistant Bacteria Causing Wound Infection: Lesson
from Animal Models and Clinical Trials[J]. Drug Des, Devel
Ther,2020,4:1867 - 1883.

[18] COOPER R,KIRKETERP - M@LLER K. Non — antibiotic anti-
microbial interventions and antimicrobial stewardship in
wound care[J]. Journal of Wound Care,2018,27(6):355 - 377.

[19] KIM HS, SUN X, LEE JH, et al. Advanced drug delivery sys-
tems and artificial skin grafts for skin wound healing[J]. Adv
Drug Deliv Rev,2019,146:209 - 239.

[20] MA Y, CANUP BSB, TONG X, et al. Multi - Responsive Silk
Fibroin — Based Nanoparticles for Drug Delivery [J]. Front
Chem,2020,8:585077.

[21] ZHAO Z,1.1 Y, XIE MB. Silk fibroin — based nanoparticles for
drug delivery[]]. Int J Mol Sci,2015,16(3) : 4880 — 4903.

[22] TOMEH M A, HADIANAMREI R, ZHAO X. Silk Fibroin as a
Functional Biomaterial for Drug and Gene Delivery [J]. Phar-
maceutics,2019,11(10) :494.

[23] WU DY, WEI D, DU MT, et al. Targeting Antibacterial Effect
and Promoting of Skin Wound Healing After Infected with
Methicillin — Resistant Staphylococcus aureus for the Novel
Polyvinyl Alcohol Nanoparticles [J]. Int J Nanomedicine,
2021,16:4031 - 4044.

[24] LIANG A,ZHANG M, LUO H, et al. Porous Poly (Hexameth-
ylene Biguanide) Hydrochloride Loaded Silk Fibroin Sponges
with Antibacterial Function [J]. Materials (Basel) , 2020,
13(2):85.

O 422021 = 12 - 12; 0] F118:2022 - 01 - 08)

45



