MR R 4] 2022 4F 2 A5 43 55 2 W http: //www.ajsmmu.cn
e 144 - Academic Journal of Naval Medical University, Feb. 2022, Vol. 43, No. 2

DOI: 10.16781/1.CN31-2187/R 20220068 S

RSB PSRRI R &R B RET

Roo%, EHE, BEE, K &, B B, ABR, $8E, K O, SN
TR (R RY) SH—WE BRIt RL, L 200433

(=] a6 WINPT R E R EER (HCIO ) eyl B FH T TR B P e i 2 4t Ko a4 Rk
F ik BUNR AT AEA AR R 1929 HARFN AL AHAE R MC3T3-E1 ZHjl, 43l B 28 U0 HRZH B ARV (10% .
30%. 50% £ 100% ) HCIO 4, Wit (ARIMHMIEE 5T iS00 . 20 MG 58 S50 K A AL 08 1= S IR T4 AR [ vk J& HCIO (1%
Ak BUNRZLANNE, e AR K2 . PBS HAIA[FIVEEE (10%. 30%. 50% F1100% ) HCIO ZH, 384 %5 il S50 1T
FlAS TR BE HCIO RS AR, 5 1577 4 8 (R A BR T AN R M A T, )i 128 KT B A . 10% HCIO 21 R A= 25 FH
X6 R SR T 20 T AR AR Sty 4S5 25 (X BRZH . 10% HCIO 20 . Hid: 25 BHVERT HRZH . VR 20 Fised 4 Ak S
AT R SC 5, PN E HCIO PTIRACR . 4 & IRFMSEEEFRIT 10% HCIO 417N L929 A MC3T3-E1 4l B
HIAEVRIE 8, 200 M 20 0 0 k) 2R R T R 415 1T 30%.. 50% A1 100% HCIO 2H /)N L 1929 #l MC3T3-E1 4 il To4E 745 TF
I, ARMOEETEINHI AR AIE TR T 10% HCIO 4 (P ¥9<<0.01) . £ HCIO 470N LT My 1 SEB6A4 S BT . 10%
HCIO AJ @ E Ml gl AR 1, B SR Mot S MBI BERCR . 44 IRRE (10% ) HCIO o thm, Xf& %
[ PR TRTRR 8 22 [C ST R B BRI IR T O BT . B BE A BB e kB St A v AT A sl

[k ] REGEmR; JHtEEdr; BHER; By HEIR

[FHES2EKS] R687.36 [CHiFRZR ] A [XEHS] 2097-1338(2022)02-0144-08

In vitro safety and efficacy assessment of hypochlorous acid irrigation

ZHANG Hao, ZHUANG Xin-chen, SHENG Shi-hao, ZHANG Tao, CUI Jin, ZHOU Qi-rong, PAN Si-hua, CHEN Xiao, SU J; ia-can’
Department of Traumatic Orthopaedics, The First Affiliated Hospital of Naval Medical University (Second Military Medical
University), Shanghai 200433, China

[ Abstract | Objective To evaluate the safety and antimicrobial efficacy of low concentration hypochlorous acid
(HCIO) irrigation for the prevention of open fracture infection in vitro. Methods Mouse epithelioid fibroblast cell line
L929 and osteoblast MC3T3-E1 cells were used in this study, and blank control group and HCIO groups with different
concentrations (10%, 30%, 50% and 100%) were set up. The safety of different concentrations of HCIO was evaluated by cell
colony formation test, cell proliferation test and apoptosis test in vitro. The red blood cells of mice were taken, and normal
saline group, phosphate buffered saline (PBS) group and HCIO groups with different concentrations (10%, 30%, 50% and
100%) were set up. The hemolysis risk of different concentrations of HCIO was evaluated by hemolysis test. To evaluate
the antibacterial effect of low concentration HCIO, Staphylococcus aureus and Escherichia coli were cultured in the blank
control group, 10% HCIO group and antibiotic positive control group to observe the growth of bacteria; and the blank control
group, 10% HCIO group, antibiotic positive control group, iodophor group and hydrogen peroxide group were set up for the
bacteriostatic circle experiment. Results /n vitro experiments showed that L929 and MC3T3-E1 cells had colony formation
and lower proliferation inhibition and apoptosis rates in the 10% HCIO group, while they had no colony formation but higher
proliferation inhibition and apoptosis rates in the 30%, 50% and 100% HCIO groups (all P<<0.01). The erythrocyte hemolysis
test was negative at all concentrations in HCIO group. Low concentration (10%) HCIO could significantly inhibit bacterial
growth and had the same antibacterial effect as iodophor and hydrogen peroxide. Conclusion TLow concentration (10%)
HCIO is safe and has good inhibitory effect on both Gram-positive and Gram-negative bacteria. It is a potential irrigation for
clinical treatment of open fractures, osteomyelitis and infected bone defects.
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Fig1 Colony formation of L929 and MC3T3-E1 cells stimulated by different concentrations of HC1O
A, B: Colony formation images of L929 (A) and MC3T3-E1 (B) cells after interventing with different concentrations of HCIO; C-E:
Colony numbers of L929 cells 3 d (C), 5 d (D) and 7 d (E) after HCIO stimulation; F-H: Colony numbers of MC3T3-E1 cells 3 d (F),
5d (G) and 7 d (H) after HCIO stimulation. Scale bar=100 um. "P<0.05, ~"P<<0.01. n=3, X*s. HCIO: Hypochlorous acid; CK:

Control check; CFU: Colony forming unit.
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Fig2 Proliferation and apoptosis of L929 and MC3T3-E1 cells stimulated by different concentrations of HC1O
A: Images of L929 and MC3T3-E1 cells 24 h after different concentrations of HCIO stimulation; B, C: Proliferation inhibition rates of L929
(B) and MC3T3-El (C) cells 24 h after different concentrations of HCIO stimulation; D: Flow cytometry images of L929 and MC3T3-E1
cells 24 h after HCIO treatment; E, F: Apoptotic rates of L929 (E) and MC3T3-E1 (F) cells 24 h after HCIO stimulation. Scale bar=
100 pm. “P<0.01. n=3,x+s. HCIO: Hypochlorous acid; CK: Control check; FITC: Fluorescein isothiocyanate; PI: Propidium iodide.
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Fig3 Hemolysis responses of erythrocytes to different concentrations of HCIO in mice

A:1h;B:2h; C: 3 h. HCIO: Hypochlorous acid; NS: Normal saline; PBS: Phosphate buffered saline.
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Fig 4 Inhibition of Staphylococcus aureus growth by 10% HCIO
A: Images of Staphylococcus aureus 0-72 h after 10% HCIO and vancomycin stimulation; B: Dy, of Staphylococcus aureus 0-72 h
after 10% HCIO and vancomycin stimulation; C, D: Diameter of inhibition circle of Staphylococcus aureus 24 h (C) and 48 h (D) after
10% HCIO, vancomycin, iodophor and H,0, treatment. ~“"P<<0.01 vs CK group; ““P<0.01 vs vancomycin group. n=3, x&s. HCIO:

Hypochlorous acid; CK: Control check; H,O,: Hydrogen peroxide.
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Fig 5 Inhibition of Escherichia coli growth by 10% HCIO

A: Images of Escherichia coli 0-72 h after 10% HCIO and cefoxitin sodium treatment; B: Dy, of Escherichia coli 0-72 h after 10%

HCIO and cefoxitin sodium treatment; C, D: Diameter of inhibition circle of Escherichia coli 24 h (C) and 48 h (D) after 10% HCIO,

cefoxitin sodium, iodophor and H,0, treatment. “P<<0.01 vs CK group; ““P<<0.01 vs cefoxitin sodium group. n=3, X=s. HCIO:

Hypochlorous acid; CK: Control check; H,O,: Hydrogen peroxide.
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