DHI&’Q*;’QBN}IZ] AM21Y A 23
of Korean Orthop Assoc.
Vol. 21, No. 2, April, 1986

AR F AN E o) §5t AT FFat
0 A

At o st at Ay olatstad <o)y EmAr
=Abstract=
Antibacterial Effects of Silver Electrodes Using Constant Current Electrolysis
In Ho Choi, M.D., Duk Yong Lee, M.D., and Ik Sang Kim, M.D.*

Department of Orthopedic Surgery, Department of Microbiology*, College of Medicine, Seoul National

University, Seoul, Korea

In order to investigate the mechanism of antibacterial effect of electrical stimulation on bone and
joint infection, 5, 50 and 500 zA constant currents were passed through the silver electrodes and st-
ainless electrodes on the Brain Heart Infusion agar culture plates which contained Staphylococcus au-
reus, Pseudomonas aeruginosa, and Escherichia coli. After 24 hours of incubation, the widths of inhibi-
tory zone around the electrodes were measured. The broth dilution susceptibility test was also used to
verify the antibacterial effects of electrically generated silver in the Brain Heart Infusion broth. The
results were as follows.

1. Silver anodes using constant currents manifested antibacterial effects definitely on the three bact-

erias, but stainless anodes showed none.

2. Antibacterial effects of silver anodes on the three bacterias increased in proportion to current den-

sity. However, antibacterial effects were negligible when current density was under 2 7A/mm?,

3. When current density was between 6.6 and 660 nA/mm?, there were no statistically significant

differences in the antibacterial effects among 5, 50 and 500 A constant currents.

4. The culture broth containing silver ions generated by constant current electrolysis also manifested

antibacterial effects. The retentate showed stronger antibacterial effects than the filtrate.
Form these results, following conclusions were drawh.

1. The antibacterial effect of silver electrode using constant current was due to silver ions rather

than electricity itself.

2. The substance which showed most effective antibactericity effects was silver complex larger than

2,600 m.w. and heat-unstable.
Key Words: Silver electrode, Constant current electrolysis, Antibacterial effect.

F¥el Azt shtel 44 % SES R IR I
MoB FAFge voud 24
& S5 E Aeen 2t S vhefell 4 £ 1980

19751 Brighton® 53} Dwyer' 7} £-&-3tx] 3 o] BV of] o dte] FAFYA A F2}T )7} M utsl o
oA 5~20uAS] 47T AGske] F& 4 F ool e datdow &urg 281 glony o
< Qe Bad olel AFAFH S o] g & uhlol] 23t 2| Bell7} FAEAY APddoz AR

2 =0 axE 1986\ o e sk A Aol zhed sl 4ol 2B E 4t Esbsh
2563} Yol A wslol EH DS deg Al Holch. 2elv shod zhedo] BHA g

X =2 19854 Agoistady Sald T FAA A ol o g ABHE AQlx To 2Bz
HE2 ojFojAlRd. A7t FFEAE vdeblo] ztedo] 2as & Al



4 o84 sle] gt & ATE
E7 5 w2 o7le et
A7) 9 Haasiel H3F AT+ 192511 Beattle 3}
Lewis" 7} # 22 9-f9| A-gell A7 E AH&stL
2z} A =3 v} 9lom | 19554 Rosenberg®» & 3}
1970vd Parielleux ¢} Sicard® = 38 x<ote] T F
b Aol E ke ek e wastecl. @
s 19724 Rowley®™ &= :-F7} of A-32] Al s 7| 74
ol 4 d3g Xvu|2 o3y AR AWz
o Abgsl E7MAACT sholeh. Leluh 19744
Barranco¥ & & © -‘—gl AA e A7) E 4
Zo] og ol AbH 2l WAL B A A FFE
& el = d% OM et FAekgiet. 19754
Wilson 7+ Miles®® % oo FF5td =Fs} F-&
2358 AFojARel dolu ol Ao fel
Bhe-EAlo] obd A7 2kxlw dF A Jeb 3t
et

ol sharel AAAbA S| B Esboll it A Aol Al
=)z e 74Ldl 19743 Barranco® % % Spad-
aro® % 19764 Berger*”%, 12|31 1981'd We-
bster?” 5 -2 A -2 2}83} & Fol 43 I
E3+E Jebdohn 2masich. o5& AN
3hak, 5] B3 oF 50| 2] Bof| 2}-85] o] & silver nitrate,
silver sulfadiazine %-2| -2Aja 7} & ﬂ-'rf-ij]—i uk
slekal Far AL o) ST} FL A w3
EE A3ESI Adsld FaEAA A 21L3P7]
agoleh 4arion, we ARl 458
ATl Fhe] A4 og Lol o] upEd
£% gobd oleld WAS F4Y 4 Aekw F
shodsl, 2aih obdrin AgAT Ay 2
Fo| gy x-2 ks wrEAa g3, o=
A UER oL AREd AAATE Ak
o] 7ha makHal z"5]"TT"§_—"1|--E— Vel £ 2] 5 8
o glom, & ehdasE vebie 24 A4
of kel ® 2t4dl dedA AA ot
ofoll A=tv F |AA A rhF Wiz
Fol He LETT, S5 ¥ HATE A
Zr7) 5, 50 500/,LA9] ARF AL oA
e % A, Aol AFel el oW o
FAINE ‘/}'E}'LH'C‘7]"? 4, 7 Foll g &sbA
o AE WES WL FAUA? A, FEE
£ vehie B 44 FodlAE FHem
A st 2o 49 s,

A% e

i e

oi.:rﬁ.)iﬁ_l

4l
o8
Zo

AsME ¥ Yy
L M3Ng

-183-

olehet e ArAFA, AF ¥ FHE FHI
of Ayl st

7. A7) 227] LC.(Integrated Circut) o} & 54
A8 7 A ekr) 7F Balslof A glo] WglellE BT
g} 7] 5, 50 W 500;1A.9] ¥ 82 g £
9li= Lwe Ztw glon], oA muty 2 Fol=
22l A4 AP AFE ASH R FFhe
548 zZtn o). Adoge AL 9Vl A
A 2)E AHEEHA S (Fig. 1)

L. M2 A7 8mme] £ 99.8% -2AHsilver
wire)o} 27 64mm 2| 5§ 316L 8 ld 24}
(stainless wire) & A}-&38}51¢}.

o}, 3301984 2¥He] 1985 2¥€ 7= 4
St ol A 2 8ube BN el &
A-gdgtm ozt st o) Edmde] vl T
5 77 (Staphylococcus aureus),=5(Pseudomonas
aeruginosa) @ o 2+ (Escherichia coli) & «}-&3}
oick.

2. My

b, MIMA AT A7 Bem o} 1Tem| wio}
YA wheel oF3sk §Fo] 42 3em WolxEE
st nAsdom dabe Aolel =EYAE
A 2 st teflon o & Ao 4 7o} (Fig. 2).

14 M2 3 M7|X }E: d&lol] AFRF TS

T, =57 % o7& 7z BHI(Brain Heart
Infusion)e} 2} i xjell 4 37°C, 24*1 ZbEek eokat
Z F¥E7 100/ml7t HEE 233 obS 45CE
47" A4Fs BHIgHAW o] 2 o] F3E7}
107/ml 7} 5|58 3l¢icl, T3 e T TFo] &
o 2l w ok Alell 20ml4 —‘i'—%—‘rl 4 2ol 4 Z3]
I 77 5,50 % 500pAl] A/ E25E =
71 2457 & vk 37C 87l °ﬂ'<1 24 4| 7H-%-ak

fot

"_.—-'E"'J ; o & ).
- s J
= -l T
“ m.ﬂ?ﬁ}‘ﬁ

Fig. 1. Pictorial view of constant current supp-
liers.



Fig. 2. BHI agar plates of P. aeruginosa incubated for 24 hours with 0,5, 50, and 500uA constant curr-
ents, respectively. Note the inhibition at the silver anode.
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Table 1. Bacterial growth inhibition near metal electrodes with constant current

A7}
{1 '“’3]'1: =

2 %y

Growth Inhibition Near Electrode*

Current - Corrosion
A) Electrode S. aureus P. aeruginosa E. coli

w Anode Cathode Anode Cathode Anode Cathode Anode Cathode Anode Cathode

Silver Silver 0 0 0 0 0 0 0 0

Silver Stainless 0 0 0 0 0 0 0 0

0 Stainless Stainless 0 0 0 0 0 0 0 0

Stainless Silver 0 0 0 0 0 0 0 0

Silver Silver ++ 0 + + 0 ++ 0 0 0

5 Silver Stainless 0 0 0 0 0 0 0 0

Stainless Stainless 0 0 0 0 0 0 0 0

Stainless Silver 0 0 0 0 0 0 0 0

Silver Silver ++ 0 ++ 0 ++ 0 + 0

50 Silver Stainless + 0 + 0 + 0 + 0

Stainless Stainless 0 0 0 0 0 0 + 0

Stainless Silver 0 0 0 0 0 0 + 0

Silver Silver ++ 0 + -+ 0 + + 0 + 0

500 Silver Stainless + 0 + 0 + 0 + 0

Stainless Stainless 0 0 0 0 0 0 + 0

Stainless Silver 0 0 0 0 0 0 + 0

* Inhibition was judged after 24 hours of incubation on the BHI agar plate.

0 : No inhibition
+ : Slight inhibition (< 5mm clear zone)
+ + : Strong inhibition (5—10mm clear zone)
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Table 2. Inhibitory zone of silver electrode

Current Current Density S. aureus P. aeruginosa E. coli
©A) (nA/mm?*) Anode Cathode Anode Cathode Anode Cathode
0 0 0.0%0.0* 0 0.0+0.0 0 0.0£0.0 0
5 6.6 5.6+0.8 0 16.6+1.3 0 6.4+t1.2 0
50 66.0 5.1%1.0 0 11.0+1.2 0 6.810.7 0
500 660.0 5.2%+1.2 0 10.7+0.9 0 6.41+0.7 0

* . (Mean tStandard deviation)mm, inhibitory zone width
Note : 20 different strains were tested on each bacteria.

Table 3. Effect of current density on the magnitude of inhibitory zone of silver anode

Current Electrode
Density Length S. aureus P. aeruginosa E. coli
(nA/mm?) (cm)
1 20.0 0.0+0.0* 0.0+0.0 0.0£0.0
2 10.0 1.1£1.0 3.710.8 3.5%1.3
3 6.5 3.710.8 6.51+0.7 4.6+0.8
4 5.0 4.8+0.4 10.0%0.5 6.0+0.3
7 3.3 5.31+0.7 10.710.5 6.5+0.5
20 1.0 5.610.5 10.710.2 6.5%£0.6
* (Mean +Standard deviation)mm, inhibitory zone width.
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Fig. 3. Changes in Silver concentration within Fig 4. Changes in silver concentration within
the inhibitory zone for S. aureus the inhibitory zone for P.aeruginosa
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Table 4. Inhibitory effects of silver treated borth

P. aeruginosa

E. coli

Broth Original* Retentate* Filtrate® Original Retentate Filtrate Original Retentate Filtrate

Dilution S. arueus
of
2° NG NG G NG
2 G NG G G
2-* G NG G G
2-3 G NG G G
2-* G G G G

NG : No growth G : Growth
% : Concentration of silver is 45 pg/ml.

Table 5. Effect of heat on antibacterial effects
of silver treated broth

Heat Growth

Control —

56°C, 30mm +

121°C, 10min +++
— . No growth

+ : Slightly increased turbidity after 24
hours at 37°C
+ 4+ + : Markedly increased turbidity after 24
hours at 37°C

FEE 5 50 9 500pA 8] AFekd Ele] TET
T8 355,446 3§ 51.1ug/mlo| o, H5FC 23,9,
263 2 399ug/mlo}gd oo ol AF-& 463,316
45.7 pg/ml o} ¢l v} (Fig. 3,4,5).
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NG G G NG G
NG G G NG G
NG G G NG G

G G G G G

: Concentration of silver is 400 ug/ml.
: Concentcation of silver is 2 pg/ml.
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Fig. 6. Inhibitory effects of silver treated broth.
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