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Preparation of Submicron Silver Colloid by Ultrasonic Photocatalysis and Its Bacteriostatic Properties

ZHAO Mingxing'?, YAO Wendong?, LI Fanzhu!”, ZHANG Yunfeng?, ZHANG Yu?, DONG Xianwen®(/.Zhejiang
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ABSTRACT: OBJECTIVE To study the genotoxicity, bacteriostasis and diffusion ability of submicron silver colloid.
METHODS Under the action of ultrasonic cleaner and high pressure mercury lamp, AgNO3 was used as silver source and PVP
as dispersant to prepare silver colloid in aqueous solution. TEM, UV-Vis, XRD were used for characterization and analysis.
Colloidal silver was divided into high, medium and low dose groups(500, 50, 5 mg-L™!), negative control group(stroke-
physiological saline solution) and positive control group(cyclophosphamide). The micronucleus rate of bone marrow cells in
mice was observed at the same site(femur). With oxytetracycline and fluconazole used as positive control and deionized water as
negative control, eight kinds of bacteria and fungi(Candida albicans) including Shigella castellani, Salmonella enterica,
Escherichia coli, Proteus, Staphylococcus aureus, Staphylococcus albicans, Staphylococcus lemonis and Bacillus subtilis were
tested by silver colloid. MIC was performed by constant broth dilution method. RESULTS Compared with the negative control
group, the micronucleus rate of bone marrow cells in the high and medium dose groups increased significantly, but there was no
significant difference in the low dose groups. There was a dose-response relationship between the micronucleus rate of bone
marrow cells and the concentration of silver colloid in mice. The results were positive and statistically significant. The silver
colloid showed dose-dependent genetic toxicity. The silver colloid bacteriostatic circle was found to be clearer and the
bacteriostatic effect was more thorough through the bacteriostatic circle test. MIC test showed that the minimum inhibitory
concentration of the silver colloid to Staphylococcus albicans was 0.6 mg-L™!, and to Candida albicans was 5 mg-L..
CONCLUSION The silver colloid with uniform particle size is successfully prepared. As a bacteriostatic agent, it has stable
properties and good bacteriostasis effect. However, it is not suitable for direct use in vivo because of its genotoxicity in oral
administration.

KEYWORDS: submicron silver colloid; high-efficiency bacteriostasis; genotoxicity; low diffusivity
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Fig. 1 Ultraviolet-visible spectra of submicron silver colloids
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Fig. 2 X-ray diffraction spectra of submicron silver colloids
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Fig. 3 Electron microscopy of silver particles magnified
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PR, FIOSERE R, SCRINTRORER A
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a-360 mg-L'; b-180 mg-L'; 90 mg-L'; d-45mgL!,
Fig. 5 Bacteriostatic effect of submicron silver colloids

with different concentrations on bacterial colonies
a-360 mg-L'; b-180 mg-L'; c-90 mg-L!; d-45 mg-L .
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Fig. 6 Bacteriostatic effect of positive control(left) and
negative control(right) on bacterial colonies

A 8 A A BR T HEEIRE

®1 TERENTHRARKRAES DR EFHEMZEAEHE(X L, n=5)

Tab. 1 Effect of different concentration of submicron silver colloid on micronucleus rate of bone (x % s, n=5)

PE AR e SEH peence W TEERECE
[ B 2 - 5%200 1.16+0.10 5x1 000 12 2.40+0.49
FHPESTARZE 40 mgkg"-d! 5%200 1.02+0.06 5x1 000 106 21.20£1.17Y

3 e A e 4 20 mL-kg'-d"1/500 mg-L~! 5x200 1.03+0.07 5x1 000 100 20.20+1.021
s 2 20 mL-kg™'-d"'/50 mg-L™! 5%200 1.0120.04 5%1 000 54 10.80+0.75"
IR =20 20 mL-kg™'-d""/5 mg-L™! 5%200 1.030.05 5%1 000 13 2.60+0.80
[T B 2 - 5%200 1.10+0.08 5x1 000 11 2.20+0.75
PAPEXTREZH 40 mg-kg!-d™! 5%200 0.98+0.05 5x1 000 106 21.204+1.179

Q@ FEFEA 20 mL-kg'-d"'/500 mg-L! 5%200 1.05+0.06 5x1 000 97 19.40+1.02"
s 2 20 mL-kg™'-d"'/50 mg-L™! 5%200 0.99+0.08 5%1 000 56 11.20+£0.75Y
IR 7 1t 20 20 mL-kg™'-d""/5 mg-L~! 5%200 1.030.05 5%1 000 11 2.20+0.75

T SEAEXTRAMLE, DP<0.01.
Note: Compared with the negative control group, 'P<0.01.
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Fig. 7 Contrast chart of bacteriostasis of submicron silver
colloid to bacteria

K2 TRKRETHKBRBRESTGEAKENE B A E
R n=3)
Tab.2 Experimental results of bacteriostasis circles of
Candida albicans with different concentrations of submicron
silver colloids(n=3) mm
FRPEXT IR B X iR
ROTER RS A A e
HE Hit
360 mg-L™! 180 mg-L™' 90 mg-L™' 45mg- L' 360 mg-L~! KKK
24.25+0.17 21.2540.42 15.154+0.10 13.23+0.07 23.03%0.06 AV

P
7=

AR B B 3 TR 1 B AR

<7 mm

TE: I HARRER A 3 K P B
Note: Average diameter of bacteriostasis circle was calculated by three
times.

332 MIC iK% TR b7 5 5t
[, JRIERAR, O T HEBR I OR BB AR ik
XV BRI BCRE DA B M, A I B PR AR
FigR gty T MIC k5. il il A RA

R3 TREREZHORR AT 8 Fh 40 A1 B X 4 R (n=3)

MIC X5, & IIZR RN I # A B MIC
0.6 mg-L~", XMFEFFIR ) MIC 24 0.9 mg-L~!,
T A LR B e B, 6T A P T R R 5 TR TR
R R . DR R IR SRR ) MIC
5 mg- L, v R s AR B 0 BRSO T v
100 mg-L~" 1 JRUHEME . MIC 236 15 BH IV (K 8 e
R E A BRI E A ST, B Bk e 2 H
PR A5, TR v ST AROK B A 0k T 5
B, 5 A0 kBRI PR AR
5o R
3.3.3 72h WEIE  EWASRE RIS
STV AR ORI A 0 G0 BRE M X6 1 € A BR TR AT T IR
T, A IR AR AR AR P 400 B 4 A i T SR
M B FRIAE) 24 h I, S HUEEME 100 mg L' B
SEFIEMHAT ACZRY, 5ECHHMELT
R KA A S ERE>108 CFU-mL™, 1ij 24 h iF5
WACKAR AR 5 mg- L RS B 2 J A PR R VB TS
XPHGHA TG R, I ESIRIE <3x10° CFU-mL™;
48 h B, €82 %KE <3x10° CFU-mL™'; 72 h i,
F S ER <3x107 CFU-mL~', A WL AR AR e
{ENEOE 1T S E S/ 1 IV w1 = N 2SR 7/ L8
4 g

ARG 25 A R MG HEREE P R o H, B Al
192 - Yk A 200~300 nm A1 55K AR 50K 14 I fHCK:
GUR MR . FHAR AT /N BRAEAT T HE B s, it
U2 RN T A A S R R AR 1 3 A%
BEPE, IZWIOR BRI AARSE —Fh Y LR B A 15 A8 51
Xp N S At 2 ) B TS TR I 3058 728 T EGs AL 4

Tab.3 Experimental results of bacteriostasis circles of eight bacteria with different concentration of submicron silver

colloids(n=3) mm
P R FRPEST Y FHPERT Y
S T BHOK BRI VA %) 1D T A - PR ———
360 mg-L! 180 mg-L! 90 mg-L! 45 mg-L™! 90 mg-L~! KK
B2 [CRPER I FFTA 9.00£0.04 8.30+£0.23 7.50+0.07 - 15.5+0.34 -
KIGHFE 9.94+0.06 9.0440.05 9.00+0.02 8.20£0.25  26.31+0.41 -
RG] 10.20+0.28 8.60+0.08 8.00:£0.02 7.94+0.03  17.150.10 -
PR IE 13.20+1.68 13.00+0.47 13.00+0.08 11.00£0.10  22.58+0.08 -
B2 [CHPER i B 2E AR A 14.10£0.09 12.96+0.16 9.50+0.21 9.40+0.01  27.84+0.58 -
P € 2 R T 10.00£0.27 9.700.12 9.68+0.20 8.90+0.13  26.46=1.03 -
B AR IR T 11.50+0.40 10.40+0.57 9.28+1.02 8.60+0.16  22.47+0.63 -
PR A IR T 20.9240.03 20.00£0.03 15.30£0.12 11.08£0.06  30.57+0.34 -
TE: W EABUER 3 ks P, -7 AR E AR <7 mm.
Note: The average diameter of bacteriostasis circle was calculated by three times, and “~” was <7 mm.
BRI 227 2020 4F 8 HAE 37 B 15 1) Chin J Mod Appl Pharm, 2020 August, Vol.37 No.15 -1853.
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