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[#HZE] Be #Hift—%8 A (Nitic Oxide, NO) 2 AL EE S0 K TURL (FRTFR NO ZBE 5 X 4
BRI T BRASCR R LR IR B AP . ik SRR I R AT T 3 AL B 160 14, BEHL 3
POZH < 15 DR 20 80 1, SR HITE VR XS PN B A7 T 22 A0 3 ; NO 41 80 4, SR JH NO R X N e A7 4
AEFR YRR A, SR e S 15 SR L T A A RS TR | % 2 45 22 1 X (phosphate buffered solution,
PBS) ZbBE, VE R X B, Se e AR SN2 T, A4 PN B 7 M ] {1 Bt P 26 A BEEASE A | 26 NO 2 R R b B
R PR A SR WL AE W BTl 1), R TG DAL T80T 40 NO G R 00 X A= 40y M 4 T 1 T R R , T I
PRIZ U, 38 535 43 B 175 6 I s PR PR 4 104 28 1 % B DM D 9 T8 B ATP A= o G Rl P74 NO 92 R 7 %)
WBTRIPR RO . SR B BTNER T4 A= P BRE SE 3K NO 20 RIS 0 4 A BB 2 1 o] DL 15
TEFFTR o FIIPRUETR VRS, SARIZH (4.8612.67)X106%7§ﬁ}ﬁi$fi(Colony-forming units, CFU)/mL]
He, NO 41[ (1.37+0.61)x10* CFU/mL ] A3 eI 411 (1.3120.21)x10° CFU/mL | 34 2. 35 R A% (I v A 4 e
R, P=0.009; NO £ FL AR R2H , P=0.008) , H. NO 4 Hb i PR 4 ARG , 26 1a) 22 55 G2 s L (T 0k
FIZHENOA,6=9.53,P=0.000 6). IGAIHILNGIZT 5% B A, NO AL ERTIS 43504 (8.03+1.47 ) mg/mL,
(0.50+0.37) mg/mL, 1 ¥ 7 20 Ak B AT J5 43 51 9 (8.01£1.51) mg/mL . (0.91£0.52) mg/mL, 4% £ &b 3 iif
JG b3 25 A e it 2% 3 L (P<0.01) , H NO ZH 3 A1 MR B2 B8 o I PR PN 55 43 90 48 NO 22 ¢ 371 5 3 1k
FIALFE,NO 25 7 Ve 0 241 09 T 52 A6 A A Y L N L (H NO 411 ATP ZE ¥ 2 G fE [ (78.56+42.59)RLUJ .
E A 5% B '] (0.50+0.37) me/mL ] 5 FVE T 4R [ (7.55+4.56) CFU 124 i 5K T 75 VeI 41 [ (120.80+
54.00) RLU, (0.91£0.52) mg/mL, (11.50+4.75) CFU ] , 22 F ¥ % i1 2% 2 X (P ¥<0.01) . % it
NO 22 B ] RE 1% A 2000 [k P9 B A= W B8, 2 5 PR B T 2 808, T B X B3 A8 3 1297 AR KT B
HELEE L.
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[ Abstract ]

silica nanoparticles (short for NO sustained-release agent) on endoscopic biofilm and its clinical application.

Objective To explore the cleansing effect of Nitric Oxide (NO) sustained-release

Methods A total of 160 clinical endoscopes were randomly divided into two groups: the cleansing agent
group (80 pieces, disinfected with cleansing agents), NO group (80 pieces, disinfected with NO
sustained-release agent). A biofilm model of Pseudomonas aeruginosa was constructed and used as the
control for phosphate buffered solution (PBS) treatment. A biofilm model of Pseudomonas aeruginosa on the
surface of endoscopic lumen was built first in vitro. Scanning electron microscopy was then used to observe
the microstructure of biofilm after treatment with NO sustained-release agent. Viable counting method was
used to evaluate the cleansing effect of NO sustained-release agent on biofilm. Finally, at the clinical level,
the actual disinfection effect of NO sustained-release agent on clinical endoscopy was evaluated by detecting
the protein residues, viable counting and adenosine triphosphate (ATP) biofluorescence detection. Results
The scanning electron microscopy showed that the biofilm was intact in the model group, but scattered
bacteria were observed on the biofilm surface in the NO group and the detergent group. Compared with the
model group [(4.86+2.67)x10° (colony-forming units, CFU)/mL], the standard CFUs of the NO group [(1.37+
0.61)x10*CFU/mL] and the detergent group [(1.31+0.21)x10’ CFU/mL] were significantly lower (detergent
group VS model group, P=0.009; NO group VS model group, P=0.008), and there was significant difference
between the detergent group and the model group (t=9.53, P=0.000 6). The levels of residual proteins in the
endoscopic lumens before and after the treatment were 8.03+1.47 mg/mL and 0.50+0.37 mg/mL in the NO
group, 8.01+1.51 mg/mL and 0.91+0.52 mg/mL in the detergent group with significant difference (P<0.01),
and the reduction effect of the NO group was more significant. The disinfection of NO group and cleaning
agent group was within the qualifying range, but the ATP bioluminescence value, protein residue and colony
count of NO group (78.56+42.59 RLU, 0.50+0.37 mg/mL, 7.55+4.56 CFU) were significantly lower than
those of detergent agent group (120.80+54.00 RLU, 0.91+0.52 mg/mL, 11.50+4.75 CFU, P<0.01).
Conclusion NO sustained-release agent can effectively clear endoscopic biofilm and further improve the
disinfection effect on endoscopes, which may be of great significance for improving the effects on treatment
and prognosis of patients.
[ Key words ]  Disinfection; Biofilms; Nitric oxide; Silicon dioxide; Nanotechnology
Fund program: Wenzhou Basic Scientific Research Project (Y20190068)
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MSP-28 185 7 51X Hitachi 23 7] SUS100 I 474
HL 38 fUBE . ATP 28 B K Y A Clean—TraceTM
NGi BZE AL (3M A H]) o

www . zhxhnjzz.com



PR fL 4824k 2023 4E 6 45 40 %5 6 ] Chin J Dig Endosc, June 2023, Vol. 40, No. 6

— 469 —

=k

1. FG AR S P 8 ] o {1 P 1 A A RS R - o)
#  (1~10) x10° 1 & & 1 5 7 (colony - forming
units, CFU)/mL #i £ fix 5 il 187 5 5% R 1R = )
400 mL. BRI IR FERCE UL 2 eom —EX,
JBARE b ], KB 5 25 H o TCRERAE K 2 RS M 58
SRR 2 m, PR RS S i A R S L 4 5
— i [0 35t 3 = ARORE > B G R T DA
35 r/min )% SR AEAS S P 2L 34 7~8 h/d, B 24 h
T3 400 mL 5 77 A, = MBS LA K v 2 i T R
1E37°C 535 5~7 d.,

2.NO 25 B 5 il £ I 3510« Sl £ 1 i e S 3
BELE I, T (Ar) Wik L2 BRIE I 483, IR
EI AN R 22 5 AN FR iR AR 19 NO 3% 224 1 ik b
VW3 do I ACTEBRAR A RN I NO , il 25 ik e
V5 B R E U 0 B £ R A AR R L 4CIR A
30 min, B0 UEE (5 000 rpm , 5 min) PUHE 40K FkE
FH OBV S W, BT TR AT L h 67T
20 CEE R AT

3. E A

(1) BB A RS 3aR0 « AE AR 20, SR FH A A1 P
PR W BB R ) B R AR 2% vp W (phosphate
buffered solution, PBS)ZbB /R %t BE . V& VR4,
XoF i 2% Al B A A ) AR TR SR ATV TR AR B . NO
21, KT ) gt {1 B R TR A ) AR R SR T INO 22 B R
(50 mg/L)4b 3,

(2) 115 R PN B8 8 e 0 60« e 06 B PR I AR FH o
FITH AL I B 160 14, BEAIL (B A QIR IR (5 B L 6
22 B R 80 7, B R Y 80 1 A A 53 Ah—41)
GNP, TR 80 4« W R A, SR R BRI X
BEibATIH AR AL EE ; NO 41, SR NO 28 B3It 1 e it
ITHEE A, R ERAES 2016 FER A
A& 2 5 2 kA M CR N BB VR T BE R R
FLTEYWS507-2016 (FiFRHLIE) ",

4. LTG5

(1) F 385 FL B L8 26 W LA O - i b iR 43 4L Ak
RN AEYIIR 6 h, 2 VU G £ I A FUA s A ) 51
[#] 2 VR 4 °CLE1E 1, PB4t [ 28 W, PBS 15008 3 IR, B
P15 mine FH 1% AYHEER I MR 181 7E 1~2 h, (145 [ 2
W, PBS PR 3 Uk, AEUR 15 mine B ¥k R
30% .50% .70% .80% .90% .95% .100% 1] Z. B 175
3N HEAT K Ak B A Al BE AL BE 15 ming £ S
it 1R S5 IR TR A W (12 1) 2L B 30 min, 45 418 57 1%
Fig Ab B 1~2 h, PR AS A S T A N AT T
J e B S R S OLTHT S R e S SRR

ih 5 L HEATIE 4 24 30 s, F 9 FL BT LR 3 4 A W i
T

(2) 4 BT 27 Wa )« 4% 1 3R 43 2 Ak B N 455 2 A i
6 h, JC T A BEER K op N BTN I DL S BRAS RE |
A B IR TR, FHJC B TR T B A W Rk A 2R
VUSR 2 0 E NmlH ITIe , FH TC o /RS 2 484
W25 KRB S —IF LA 5 mL PBS I
AR Y, TR TR W R, K VR O R £ 3 X A R
(10%, 100 4%, 1 000 4%, 10 000 1% , 100 000 £ ) , &
BT 4 5 B R 4 A A, ' 37°CHE 3% 48 h, 2 B
755 (CFU/mL) , I FRA B B 33 WE R 1| mL
TR VR BT LR

(3D R P B TH B SR A3 AT < 2. 5% BE B AN -
W AR VB, >R ] BCA 4 115 1512057 & (Beyotime,
POOT 1) K 26 & 1 b. B IE A6 L = B R IR 11
(ATP) 7KK« N BE 28 NO 28 B3] B3 e 77 Ak 2
HIJE AT oRAE , RO 1) PO BTG K FL A SO mL JC B
AR BREER K WSCHE T RS L 0 A g A B R K i L
AR TR, R ATP A= ) 5 e H ARG
Ab BT S B AL B ATP K SF- . A6 285 55 DA
Xt 36 B (relative light unit, RLU) &R , 14 8 & 1%
J5E bR ifE<200 RLU .

(4)TH T A48 R < R A0 15 77 B R 200 2 7
BEALCAR , AT BE AT N BT A0 20 TR S HH o e hn T3
T Ve 41T NO 2 T B AR R (T TE B4k s<
20 CFU/M HARKS H BUm R 4% BAg R =581
BB £ 100%. ) o

5.5 504« R Prism 9.0 Ge it 8044 3047 50 E
GYHT T R IEAS A3 AR T B OB wes FR , P 2H 1]
F 5 SR M ST A A o RS2 50, AN [ 2 1) 79 1 3R
PR % )7 225301 (One-way ANOVA) HH Y LSD ¥ (f%
NBEM) , P<0.05 hEFA G FE L.

# =X

LAl L LS AR WIS O . R AL BT T W
2 BRI A0 T AR W R e R RS A K R O
HIRFR(F1A) . SR L, A V50 FTNO 22
A Ak S B 2 M IR AT AN [R) R J3E FUAR , BLAR A4 I
FI ] WAL AT (1B 1C) o S UERIZ L,
NO ZH 3% 1 A B v AT o P ek 22 TR DRI 4L, 3R
AR EE 80 PE ST 4, NO T RE i IR 41 B A ) 11 1) 52
L3

2.V EIbRE R A, SCUR AL PR, 3 4L AG B v
BRI L (P>0.05) . SLHALI)S , AH H
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B1 AR (x6 000) 1AL ; IBIEVERIL ; 1C— 4tk A H

o 7 A BT, VR R ZH I NO ZH A 39 2 I 35 MR
% (3 BEFI 4H - 1=3.43, P=0.026; NO 4 : 1=4.09, P=
0.015) ., S [ (4.86+2.67)x10° CFU/mL] I,
WA 4 [ (1.3120.21) x10° CFU/mL] #il NO 41
[ (1.37+0.61)x10* CFU/mL ] f{)F- X545 i B V% 2044
FRRAR (B R 20 1 R 4, P=0.009 ; 5 U 21 e NO
24, P=0.008) , FH.NO 21 {9 - 2 4m 1 & V% 50 L i )
AR, X NO AL A PRI 4L, P4 a] F i 25 57
435 X (1=9.53,P=0.000 6) , WL 1. FHH
I PEFIZH , NO 41 FE BRI A= 1 15 v 4 B A 75 58

=3 W NN R Ep s WA OB a1/ SR A1 RS S vty

T2 3 (5.13+2.09)x10°  (4.86+2.67)x10°
TH VeI 3 (5.00+2.45)x10°  (1.31+0.21)x10™"
— A AU 3 (5.23+2.21)x10°  (1.37+0.61)x10*"

e S ARHET EE, 'P<0.01; SRR [E, "P<0.01; 5 7 ¥ I 4
It ,°P<0.01

BCNBEEAKRE . AT, E e 4
[(8.01x1.51) mg/mL ] A1 NO 4 [ (8.03+1.47) mg/mL. ]
HIFR B B M 22 L R L (1=0.12,P=0.90) ; £
NO Ve A W pE R 4] (0.91+£0.52) mg/ml. |
FINO ZH [ (0.50+0.37) mg/mL ] 5% B8 75 11 48 b BRI
i 25 9 /0 (NO 2 A 3 3i b 4b PR 5 1=39.66, P<
0.001; 5 P& A 4k A e kb P )5, 1=46.36, P<
0.000 1) ,NO AIRFARIREE K. AH LI BEARI41, NO
ZH 5% BE AR 11 10 S PR AR (NO A B 5 20 Fb 38 ok 70 b 3
Ja 4l ,1=5.62,P<0.000 1), W32, Z5F BR, ML
& 45 B 1 e 770 1 B b BRA , NO 22 F551) b BB BE %
RN B R 5% o

F2 ARGy AL A BT S N B AR B LA

FR B # H (mg/mL)
Gty % - A
b P T Qb PR
Ve 80 8.01+1.51 0.9120.52°
—fbEA 80 8.03+1.47 0.50+0.37%

1 SRR A FE AT 1L, °P<0.01; 5iF BERI4 L, " P<0.01

4. ATP K I PN B0 B 1R 00 o ATP 2 Y G ) i,
7N, T e 4 [ (120.80+£54.00) RLU] #1 NO £H
[ (78.56+42.59)RLU [V #:3&4% (RLU {H4<200) .
AH LI BRI ZH , NO ZH ATP 4 0 f4 RLU {5 B 1 B AI%
(1=5.49,P<0.01) , 5B NO ZH fit 57 72 &b 52 90 PN 5
KT

5. R & THECREM N TE RS DL TS TR
T VEFI A [ B 7% % (11.50+4.75) CFUAL T FINO 41
[ V% BB (7.5544.56) CFUAS: [TH TR A0 (HE 75
<20 CFU/MF AN BURE A% ) o A LI TR
20, NO 21 1 v B IH f BEAIG (1=5.36, P<0.01) , & I
NO R A R LN BRI . &5 87K, ATP
DA 32 R B V% 8502 A SR AN [A) =Stk A7 Iy
BEIH TR ZE IS — BB NO 4 . 1 Tis vE A 4) .
Jii K FH SPSS 10.0K5 ATP % YA M 75 %) ) ATP-RLU
TE R TE VRS 20 A B V% G T spearman AH G
G3HT, S ATP S FI R 7 B O A A7 AE o 3540 ¢
P, R B P AN ZE SRS R ST A ZE S AR &R
W ATP A= W5 61 A V&3 0 38 b ST 1A
71, BAAREUFIA NO ZH 4 T4

i

WEE BESTHOR Y R RN AL N BE B AR TE I R
SRR T N I A R . AR N B
T LA RO 3, 25k S 2, H SR 3 A
TEVETHTEMERE R, 2 5 51 K e AR , S =9 Tt
AR AT IR I PN BT R X T R
BERR G D BEBe e B H 2

PR SRR G T AN RE S IR e, B R
1T B P B A M 2 T i BB IR R, A=)
it — ELIE B, 30 1497 U8 5 3 s U e 25 Bk, D
i 225 T T B S T A UE R B TR
AW ol A 0 R R I AT B BFT B L B
A BR A 2 Al P B 25 , RS B P P
T SRR PRI PN B A I B 3 B o A T
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BURH A B ER Y o AR, BT N AR
T BRI TT 1 AR MR 2 | 4528 R O T BR AL
RAWREAIL " ABFEHET NO Z 541 H Al
FZ AW VEZ )i B, S A R 1 2 2
WAL, 5 A ) NO ZERE H LAAL AN T A )
R, BIF 5 LR A 35 A W S )3 R ASCR , DR R LA
BRI PR A B 1 2L R A (L

HERTE NO XS A B9 BARAE T, AT S T
PR A1 55 % A B A o Al I B A P A Y, R
NO G2 BRI T AL . 4 B WL 48, A
1 R] UL 5E B A A R A W IEE B, BEAS R R R S
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