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Antibacterial and Antifungal Effects of
Weak Direct Current and Silver Ions

AABBSS  TTRRAACCTT    OObb  jjeecc  ttii  vvee::  The aim of this study was to de mons tra te the an ti mic ro bi al ef fects of sil ver ano de and to
dis cuss its cli ni cal use. MMaa  ttee  rrii  aall  aanndd  MMeett  hhooddss:: Sil ver con ta i ning dres sing ma te ri als we re cut tobe used as ano dic
and cat ho dic elec tro des; on the ot her hand, for the as ses ment of the na tu ral res ponse of mic ro or ga nisms to sil ver
ions or sil ver con ta i ning formulations, sham elec tro des, which were not con nec ted with any elec tri cal cur rent so -
ur ce, we re cut and placed in Pet ri dis hes. Mic ro or ga nism con ta i ning me di a we re po u red in to the dis hes. Es-
cherichia co li, Staphylococcus au re us, Candida al bi cans, Staphylococcus epi der mi dis, Pseudomonas ae ru gi no sa,
Klebsiella pne u mo ni a e and Acinetobacter ba u man ni i we re se lec ted among the cli ni cal iso la tes of our hos pi tal. The
ou ter ends of the elec tro des we re con nec ted to a di rect cur rent (DC) so ur ce, ex cept sham elec tro des (if used).
Dif fe rent cur rent le vels and dif fe rent du ra ti ons we re exa mi na ted on dif fe rent mic ro or ga nisms for ac hi e ving a ge -
ne ral over vi ew abo ut sil ver ano de app li ca ti on. On the ot her hand, E. co li, S. au re us and C. al bi cans con ta i ning 3
Pet ri dis hes we re ab re ast con nec ted abreast and a 2.5 mic ro am pe re (µA) di rect cur rent was app li ed for 8 ho urs,
whi le pla tes we re in cu ba ted at 37oC for 24 ho urs. In hi bi ti on zo nes aro und ano de, cat ho de and sham elec tro des
we re as ses sed. RRee  ssuullttss:: In hi bi ti on zo nes we re se en aro und all ano dic elec tro des. In so me ca ses ad di ti o nal in hi bi -
ti on zo nes we re se en aro und cat ho de and/or sham elec tro des. In our se cond study, which was run with ab re ast
con nec ted Pet ri dis hes, the re was no in hi bi ti on zo ne aro und cat ho de with E. co li, but mar ked in hi bi ti on zo nes
we re present with S. au re us and C. al bi cans. Zo nes aro und sham elec tro des we re va ri ab le and re sults were at tri -
bu ted to the na tu ral response or re sis tan ce of or ga nism to sil ver ions. CCoonncclluussiioonn::  Our study suggested the an ti -
mic ro bi al ef fect of sil ver ions, and sho wed that elec tri cal cur rent app li ca ti on could chan ge this ef fect. Ano dic
cur rent in cre a ses sil ver ion li be ra ti on from sil ver con ta i ning dres sings, thus an ti mic ro bi al ef fect in cre a ses. On
the ot her hand, cat ho dic cur rent dec re a ses this li be ra ti on and the ef fect of sil ver ions dec re a ses. The re sults ob-
ta i ned from sham elec tro des were considered the na tu ral response of the or ga nism to sil ver ions.  Our re sults
sho wed that sil ver con ta i ning dres sings could be used to prevent pressure ul cers. While the addition of anodic cur-
rent increased the antimicrobial effect, the cathodic current did not have such an effect.

KKeeyy  WWoorrddss::  Silver; electrodes; pressure ulcer

ÖÖZZEETT    AAmmaaçç::  Gü müş anot uy gu la ma sı nın an ti bak te ri yel ve an tifun gal et ki le ri nin gös te ri lmesi ve kli nik te kul la nı -
la bi lir li ği nin tar tı şıl ma sı. GGee  rreeçç  vvee  YYöönn  tteemm  lleerr::  Ti ca ri ola rak te min edi len gü müş fi ber içe rik li pan su man ma ter yal -
le ri anot ve ka tot elek tro du ola rak kul la nıl mak üze re uy gun ebat lar da ke sil di; mik ro or ga niz ma la rın gü müş
iyon la rı na ve ya gü müş lü pre pa rat la ra ver di ği do ğal ce va bı de ğer len dir mek için ise elek trik akı mı nın uy gu lan ma -
ya ca ğı sham elek trot lar ha zır lan dı. Tüm elek trot lar il gi li li te ra tür ler de be lir til di ği şekil de Pet ri ku tu la rı na yer leş -
ti ril di. Ön ce ge nel bir ba kış açı sı sağ la ya bil mek için kli nik izo lat lar dan el de edi len Escherichia co li, Staphylococcus
au re us ve Candida al bi cans, Staphylococcus epi der mi dis, Pseudomonas ae ru gi no sa, Klebsiella pne u mo ni a ve
Acinetobacter ba u man ni i içe ren be si yer le ri Pet ri ku tu la rı na  dö kül dü; elek trot la rın dı şa rı da ka lan uç la rı na de ği -
şen sü re ler le ve de ği şen de ğer ler de doğ ru akım uy gu la na rak 37oC’ de in kü be edil di. Bu ça lış ma yı ta ki ben ay nı şart -
lar al tın da fark lı mik ro or ga niz ma la rın gü müş anot uy gu la ma sı na ver di ği ce va bı de ğer len dir mek için, ilk ça lış ma dan
fark lı kli nik izo lat lar dan el de edi len E. co li, S. au re us ve C. al bi cans bir bi ri ne pa ra lel bağ lan mış pet ri ku tu la rın da,
8 sa at bo yun ca 2.5 mik ro am per doğ ru akım uy gu la na rak 37oC’ de 24 sa at en kü be edil di. Enkü bas yondan son ra anot,
ka tot ve sham elek trot lar çev re sin de göz le nen in hi bis yon zon la rı de ğer len di ril di. BBuull  gguu  llaarr::  Tüm ano dik elek trot -
la rın et ra fın da mik ro or ga niz ma üre me si nin ol ma dı ğı bir in hi bis yon zo nu göz lem len di. Ba zı bak te ri ler de sham
ve/ve ya  ka tot et ra fın da da in hi bis yon zo nu ol du ğu  an cak bu nun bak te ri ye ve ya uy gu la nan akım de ğe ri ne özgül
bir so nuç ol ma dı ğı gö rül dü. Ay nı şart la rın sağ lan ma sı için bir bi ri ne pa ra lel bağ la na rak ay nı akı mın ay nı sü rey le uy -
gu lan dı ğı 2. ça lış ma mız da ise ka to dik elek trot ta, E. co li içe ren be siye rin de in hi bis yon zo nu göz lem len mez ken S.
au re us ve C. al bi cans içe ren be siyer le rin de be lir gin in hi bis yon zo nu sap tan dı. Mik ro or ga niz ma la rın sham elek -
trot la ra ver di ği ce vap ise ol duk ça de ğiş ken di ve muh te me len mik ro or ga niz ma nın gü müş iyon la rı na kar şı olan du -
yar lı lı ğı nın ger çek gös ter ge siy di. SSoo  nnuuçç::  Ça lış ma mız, gü müş iyon la rı nın bi li nen an ti bak te ri yel ve an ti fun gal
et ki le ri ni doğ ru lar ken elek trik akı mı uy gu la ma sı ile bu ce va bın na sıl de ğiş ti ri le bi le ce ği ni gös ter miş tir. Ano dik uy -
gu la ma gü müş iyon la rı nın sa lı nı mı nı ar tı ra rak an ti mik ro bi yal et ki yi ar tır mak ta, ka to dik uy gu la ma, do ğal iyon
emis yo nu nu da azal ta rak gü müş iyon la rı nın et kin li ği ni azalt mak ta dır. Sham elek trot la ra ve ri len ce vap lar ise mik -
roor ga niz ma nın gü mü şe kar şı ver di ği do ğal ce va bı yan sıt mak ta dır. Bul gu la rı mız, gü müş iyo nu içe ren ya ra ba kı mı
ürün le ri nin elek trik akı mı ol mak sı zın kli nik te ba sı ya ra la rı na kar şı kul la nı la bi le ce ği ni, ano dik akım la kom bi ne
edi le rek bu et ki nin ar tı rı la bi le ce ği ni, an cak ka to dik akı mın uy gun bir se çim ol ma dı ğı nı gös ter miş tir.  

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Gümüş; elektrot; bası yarası
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n ti bac te ri al pro per ti es of the sil ver ion ha -
ve be en fa mi li ar to many physi ci ans sin ce
BC and it has be en wi dely used, par ti cu -

larly by Avi cen na sin ce 900s AC for its an ti bac te -
ri al ef fects.1 To day, sil ver pre pa ra ti ons in
com po unds such as sil ver nit ra te, sil ver sulp ha te
and sil ver sulp ha di a zi ne are still used for burns and
der mal ul cers in par ti cu lar.2,3 App li ca ti on of elec-
tric cur rent to bi o lo gi cal tis su e has star ted to at-
tract at ten ti on sin ce 1960s. On the ot her hand, the
use of “sil ver ano de app li ca ti o n” which can be
sum ma ri zed as “com bi na ti on of sil ver ions with
elec tric cur ren t” dec re a sed du e to the in cre a sing
use of the use of an ti bi o tics.  Mo re o ver, in cre a sed
use of the an ti bi o tics brings it self the prob lem of
de ve lo ping re sis tan ce to the agents. Ho we ver, no
mic ro or ga nism has be en re por ted yet which sho -
wed re sis tan ce to the sil ver ano de app li ca ti on. Fur-
t her mo re, the mic ro or ga nisms which are re sis tant
to sil ver con ta i ning drugs can be era di ca ted with
this app li ca ti on.

The an ti mic ro bi al ef fect of the sil ver ano de ap-
p li ca ti on un der both in vit ro and in vi vo cir cums -
tan ces and re ports sug ges ted that when app li ed
pro perly it did not be ar any da ma ging ef fect aga -
inst eu kar yo te cells (ex cept for fun gi).4-7 Yet this
app li ca ti on has an ti fun gal, an ti bac te ri al, an ti tu -
mo ral, and epit he li um re pa i ring pro per ti es.3-6,8-13

Spa da ro et al re por ted that sil ver ano de tre at ment
was ef fec ti ve on Clos tri di a spe ci es. This was the
uni qe re port that dec la red its an ti-ana e ro bic ef fect.6

Ear li er, in vit ro stu di es con duc ted with the me ta lic
sil ver elec tro des and tre at ment of chro nic os te om -
ye li tis pro ved the ef fec ti ve ness of the sil ver ano de
tre at ment.5,6,9,14-16 Sil ver con ta i ning fi bers (Sil ver -
lonTM) de ve lo ped in the co ur se of ti me we re used to
tre at the chro nic der mal ul cers and de cu bi tus ul-
cers and bro ught a new di men si on to the app li ca -
ti on.5,6,11-13

De cu bi tus ul cers con ti nu e to be a prob lem for
the im mo bi le and un cons ci o us pa ti ents and so me -
ti mes ac co unt for the mor ta lity. We con duc ted a
se ri es of in vit ro app li ca ti ons which pro ved the ef-
fec ti ve ness of the sil ver ano de app li ca ti ons for both
sur gi cal in fec ti ons and de cu bi tus ul cers in our ne -
u ro sur gery cli nic.

MA TE RI AL AND MET HODS

In this study, Can di da al bi cans, Staph ylo coc cus au-
re us, Esc he ric hi a co li, Staph ylo coc cus epi der mi dis,
Pse u do mo nas ae ru gi no sa, Kleb si el la pne u mo ni a e
and Aci ne to bac ter ba u man ni i we re se lec ted du e to
the ir fre qu ency as pat ho gens in vol ved in no so co -
mi al in fec ti ons. The mic ro or ga nisms we re iso la ted
from samp les ob ta i ned from de cu bi tus ul cers in va -
ri o us cli nics of our hos pi tal. Me di a for cul tu res (Sa -
bo u ra ud’s agar and Mul ler-Hin ton agar) we re
supp li ed from the La bo ra tory of In fec ti o us Di se a -
ses. 

Ste ri le elec tro des (Sil ver lonTM, Ar gen tum Me -
di cal, deg re e of pu rity 91%, 0.5 x 12 cm) and sil ver
wi re elec tro des (deg re e of pu rity 98%, 1 mm di a -
me ter and 12 cm long) we re in ser ted in 8 cm di a -
me ter ste ri le Pet ri dis hes, last 5 cm of the elec tro des
we re kept out in or der to be ab le to apply elec tric
cur rent la ter. Whi le the me di um co o led (41oC), 2
mL of mic ro or ga nism (ran ging from 3 x 104 to 1 x
106 cfu, Tab le 1) con ta i ning stock so lu ti on was po -
u red in to the cul tu re me di um. Each mic ro or ga -
nisms ac hi e ved dif fe rent cur rent va lu es (ran ging
from 1.2 to 4.6 µA, Tab le 1) and dif fe rent ex po su -
re pe ri ods (ran ging from 15 mi nu tes to 24 ho urs,
Tab le 1). A se cond study was per for med with E. co -
li, S. au re us and C. al bi cans with ab re ast con nec ted
Pet ri dis hes to eva lu a te dif fe rent mic ro or ga nisms
with the sa me elec tri cal pa ra me ters. In the se cond
study, ste ri le elec tro des (Sil ver lonTM, Ar gen tum
Me di cal, deg re e of pu rity 91%, 0.5 x 12 cm) we re
in ser ted in 8 cm di a me ter ste ri le Pet ri dis hes; the
last 5 cm of the elec tro des we re kept out  in or der
to be ab le to apply elec tric cur rent la ter. Whi le the
cul tu re me di um co o led (41oC), 2 mL of stock so lu -
ti on con ta i ning 1 x 10 5 cfu mic ro or ga nism was po -
u red in to the cul tu re me di um and ten mi li li ters of
this was po u red  in each Pet ri dish. One sham elec-
tro de was used for each mic ro or ga nism. Then each
Pet ri dish was con nec ted with the sa me direct cur-
rent (DC) ge ne ra tor, ope ra ting with a bat tery and
a 2.5 µA DC cur rent (to tal cur rent) was app li ed for
8 ho urs (V: 1.5 volts, R: 200 ohms, A: 25. 10-6 am-
pe re, dis tan ce bet we en the elec tro des was 40 mm).

Devrim Seçinti ve ark. Enfeksiyon Hastalıkları
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Cul tu re me di um re sis tan ce was me a su red as 400
ohms. Re sults ob ta i ned at the end of the app li ca ti -
on we re shown in Tab le 2 and Fi gu re 1-4.  

The elec tro des we re kept in pla ce for the next
two we eks; no elec tric cur rent was app li ed to the
Pet ri dis hes and samp les ob ta i ned from the in hi bi -
ti on zo nes we re cul ti va ted at 5-day in ter vals.

RE SULTS

The sil ver con ta i ning dres sing ma te ri als (Sil ver -
lonTM) we re ef fec ti ve. The re sults we re shown in
Tab le 1. Zo ne width was ob ta i ned by me a su ring
only one si de of the elec tro de (the dis tan ce from
the elec tro de bo un dary to the zo ne bo un dary). Al-
t ho ugh the cur rent was ce a sed af ter 8 ho urs (in the
se cond study, Tab le 2) and not app li ed aga in, no
chan ges wer se en in the di a me ters of the zo nes for
the fol lo wing 2 we eks. No bac te ri al growth was no -
ted in the cul tu res of samp les ta ken from the zo nes
at the end of 24 ho urs for thre e cul ti va ti ons ma de
at 5-days in ter vals. No co lor chan ge oc cur red in the
agar pla tes at the end of the app li ca ti on; only a dar -
ke ning was de tec ted at the jo int pla ce of the elec-
tro des and cur rent so ur ce. 

DIS CUS SI ON

It has be en well es tab lis hed sin ce the ti me of Avi-
cen na that Sil ver ions we re an ti bac te ri al.1 In hi bi ti -
on of bac te ri al growth in res pon se to we ak
elec tri cal cur rents has be en re por ted.4–7 If a pu re
(>99.9%) sil ver wi re is con nec ted to a we ak di rect
cur rent (0.1-10 µA) in a se mi-so lid cul tu re me di -
um, a bac te ri a-fre e in hi bi ti on zo ne ap pe ars ne ar
the ano de af ter an in cu ba ti on pe ri od, but not ne ar
the cat ho de. This an ti bac te ri al ef fect per sists for at
le ast 10 we eks af ter the elec tric cur rent is cut off.7

This pro ce du re is cal led sil ver ano de tre at ment. In
the re le vant li te ra tu re, elec tri cally in du ced sil ver
ions we re shown to ha ve an ti fun gal, an ti bac te ri al

Infectious Diseases Devrim Seçinti et al

TABLE 1: Different responses given by seven different microorganisms to different current values and different durations.
Note that response was always given to the silver anode application. Zone diameter was independent from the type of the
microorganism, duration of the application or current intensity. The fact that the zones were larger in the studies run with

wire electrodes seems to be related to the degree of purity of the material (SilverlonTM has 91% purity and the anodic silver
ion concentration released from its surface is probably lower than that of the wire electrodes).

Assay
Number
1

2

3

4

5

6

7

8

9

10

11

12

13

Electrode
Type
Silverlon

Silverlon

Silverlon

Silverlon

Silver wire

Silverlon

Silverlon

Silverlon

Silverlon

Silverlon

Silver wire

Silver wire

Silver wire

Microorganism
(cfu)
A. baumannii (3 x 104)

C. albicans (2 x 105)

E. coli (1 x 106)

E. coli (5 x 105)

E. coli * (2 x 105)

E. coli + S. aureus (2 x 105 cfu)

K. pneumoniae (4 x 104)

P. aeruginosa (3 x 105)

S. aureus (1 x 106)

S. aureus (5 x 105)

S. epidermidis* (1 x 105)

S. epidermidis* (3 x 104)

S. epidermidis* (1 x 106)

Anode
5

3

5

3

6

3

3

3

4

3

4

4

5

Cathode
2

0

5

0

0

0

1

1

0

0

0

0

0

Sham
3

0

not used

0

not used

not used

2

3

not used

5

0

0

not used

Amount of 
Current (µµA)

2.8

2.0

1.6

2.2

2.6

2.0

2.0

2.5

2.0

2.0

4.6

4.6

1.1

Duration of
Current
24 hours

24 hours

3 hours

24 hours

24 hours

24 hours

24 hours

24 hours

30 minutes

24 hours

1 hour

24 hours

15 minutes

Zone Width (mm)

Zone Width (mm)
Microorganism Anode Cathode Sham
Methyciline resistant S. aureus 2.5 2.5 2.5

E. coli 3.5 0 1

C. albicans 3 1.5 0

TABLE 2: Bacterial inhibition zones near silver contain-
ing fiber (SilverlonTM) electrodes with 2.5 µA of direct

currents.
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and an ti vi ral pro per ti es, and we re fo und to be non-
al ler ge nic and non to xic to mam ma li an cells.7,14 Mi -
ni mal in hi bi tory con cen tra ti ons (MIC) and
mi ni mal bac te ri ci dal con cen tra ti ons (MBC)  of
elec tri cally in du ced sil ver ions in nut ri ent broth
(GIB CO) are ap pro xi ma tely 100 ti mes lo wer than
they are for sil ver sul fa di a zi ne.7 This study was run
with both cli ni cal iso la tes and com mer ci ally pro-
vi ded stra ins. This shows that elec tri cal po la ri za ti -
on con fers ex ten si ve bac te ri ci dal spe ci fi city on
sil ver. No ot her me tal has as strong an an ti mic ro -
bi al ef fect as ano di zed sil ver.10 The spe ci fi city of sil-
ver sug gests that elec tri city is not the key fac tor in

sil ver ano de an ti sep sis. The mec ha nism of ano dic
sil ver an ti sep sis may ori gi na te eit her from fre e sil-
ver ions scat te ring from the ano de sur fa ce to the
me di um or from the elec tri cal cur rent. It is known
that the an ti bac te ri al ef fect do es not oc cur vi a sil-
ver ion top ho re sis.7

The ide a of in ser ting sil ver elec tro des in to li v-
ing tis su e is not new in ort ho pe dics and den tistry.
Bec ker et al tre a ted in fec ted non-uni on frac tu res
with sil ver ano des. Si mi larly, Ay dın et al tre a ted in-
fec ted te eth with in ser ted sil ver ano des. In such ca -
ses the ac tu al cur rent pas ses thro ugh the tis su e and
the to tal char ge is ba sed on tis su e chan ges. In the

Devrim Seçinti ve ark. Enfeksiyon Hastalıkları

FIGURE 1: The inhibition zones are seen around anode and cathode at 2.5
microamperes and sham electrode (no current), for meticilline resistant
Staphylococcus aureus. The zone in the sham electrode is equal to that in the
anode, thus electrical stimulation may not be needed for in vivo applications.
Interestingly, the cathodic current did not restrict the diameter of the inhibition
zone. However, the anodic current did not increase the zone diameter (the
scale is 5 mm long). (S: Sham, +: Anode, - : Cathode)

FIGURE 2: The inhibition zones are seen around anode and cathode at 2,5
µA on C. albicans. There is not any zone arround sham electrode (no cur-
rent). Thus it can be speculated that this clinical isolate is resistant to silver.
The zone diameter around the anode is larger than cathode as expected. An-
odic current seems to be suitable for C. albicans, even if silver containg
preparates are ineffective  (the scale is in 5 mm long). (S: Sham, +: Anode,
- : Cathode)

FIGURE 3, 4: The inhibition zones are seen around anode and cathode at 2.5 µA on E. coli. The best respons was achieved in anodic application on E. coli (3.5
mm diameter), however there is not any inhibition arround cathode (Figure 3), but 1 mm of inhibition zone was seen arround sham electrode (Figure 4). The lack
of inhibition zone around the cathode may be due to restricted liberation of silver ions (Ag++) from the electrode surface, because of possitive load of silver ions and
negative load of  cathode. Opposite poles or loads will attract each other as expected (the scale is in 5 mm long). (S: Sham, +: Anode, - : Cathode)



li te ra tu re, the thres hold for li ving eu car yo tic cells is
gi ven as 20 µA for ac tu al cur rent and 2 C/day for
to tal char ge.4 In the pre sent study, the se elec tri cal
pa ra me ters we re ma in ta i ned to avo id ir re ver sib le
tis su e da ma ge even if it is used in mam ma li ans.

Bi o-imp lants in the hu man body act as pas si ve
sur fa ces that are pro ne to bac te ri al ad he si on and
thus, may ca u se imp lant-as so ci a ted in fec ti ons.17 In
2008, Se cin ti et al re por ted that sil ver co a ted ti ta -
ni um imp lants had sig ni fi cant bac te ri ci dal ef fect on
me ti cil li ne re sis tant S. au re us when used as ver te-
b ral imp lants in rab bits if ano di zed.18 An ti bi o tic
tre at ment of in fec ted imp lants is not sa tis fac tory
be ca u se the bi o film arc hi tec tu re pro tects the ad he -
ring or ga nisms. The MIC of an ti bi o tic ne e ded to in-
hi bit fre e-flo a ting bac te ri a was re por ted to be
ap pro xi ma tely 50-500 ti mes lo wer than that re qu -
i red for bac te ri a in a bi o film.19

Bi o films may ca u se an ti bi o tic re sis tan ce by
har bo ring pat ho ge nic mic ro or ga nisms.20 Elec tri city
has be en used to re mo ve bi o films from me di cal sur-
fa ces.21 Po or tin ga et al sta ted that it was pos sib le to
sti mu la te bac te ri al de tach ment from con duc ting
in di um tin oxi de-co a ted glass by using a 10 µA/cm2

elec tri cal cur rent.22 Si mi larly, van der Bor den et al
re por ted elec tri cal cur rent-in du ced de tach ment of
S. epi der mi dis and de tach ment of bi o film for ma ti -
ons from sur gi cal imp lants.20,23,24 Ho we ver all the -
se stu di es we re do ne un der in vit ro con di ti ons.
Thus, hig her cur rent va lu es we re used but they we -
re not su i tab le for li ving tis su es. This re sults de -
mons tra te that elec tri cal cur rent an ti sep sis is not
use ful for in vi vo app li ca ti ons if sil ver elec tro des
are not in use. Ay din et al stu di ed an ti bi o tic sen si -
ti vity af ter ex po su re of bac te ri a to a sil ver ano de.25

The re sults of the ir study pro vi ded the op por tu nity
to spe cu la te that when the sil ver con ta i ning dres s-
ing ma te ri als we re ano di zed, the an ti bi o tics be ca -
me mo re ef fec ti ve.

The mec ha nism of ac ti on of sil ver ions on bac-
te ri a can be sum ma ri zed as inac ti va ting sulfhydryl
enz ymes, com bi ning with ami no, imi da zo le, car-
boxyl and phosp ha te gro ups, inf lu en cing DNA rep -
li ca ti on and stop ping mi to sis in pro car yo tes,
af fec ting se lec ti ve per me a bi lity of cell mem bra ne,
com bi ning with tis su e pro te ins so pro te oly tic bac-

te ri a can not rep li ca te, stop ping rep li ca ti on by bin -
ding to the DNA of log pha se P. ae ru gi no sa, in hi -
bi ting oxi da ti on of glu co se, glyce rol, suc ci na te,
D-lac ta te and L-lac ta te and en do ge no us subs tra tes
of  in tact cell sus pen si ons of E. co li the reby in hi bi -
ting the res pi ra tory cha in, and in hi bi ting the β-ga -
lac to si da se enz yme, ca u sing bac te ri ci dal ef fect on
E. co li.1,4,8,25-27

In our study, S. au re us se ems to be the most
sen si ti ve mic ro or ga nism to sil ver in this app li ca ti -
on. The zo ne in the sham elec tro de is sa tisf ying and
elec tric sti mu la ti on may not be ne e ded for the in
vi vo app li ca ti ons. C. al bi cans ap pe ars to be the most
re sis tant mic ro or ga nism. The fact that the re is no
zo ne in the sham app li ca ti ons ma kes the cur rent
app li ca ti on com pul sory for in vi vo stu di es. E. co li
se ems to show in ter me di a te sen si ti vity.

The re sults to be drawn from this study are as
fol lows: Sil ver ano de app li ca ti on is bac te ri ci dal and
fun gi ci dal. If this app li ca ti on was only bac te ri os ta -
tic or fun gis ta tic, the cul tu res ob ta i ned from the in-
hi bi ti on zo ne af ter the ces sa ti on of elec tri cal
cur rent, wo uld not be ne ga ti ve. On the ot her hand,
the di a me ters of in hi bi ti on zo nes did not re du ce af -
ter 2 we eks in the se cond study; this si tu a ti on sug-
gests that the sil ver ano de is bac te ri ci dal and
fun gi ci dal. Thus, it is cle ar that, this app li ca ti on is
not bac te ri os ta tic or fun gis ta tic. The to tal cur rent
den sity app li ed to the cul tu re me di a was cal cu la -
ted as 0.72 co u lomb in the se cond study; this va lu -
e is lo wer than the do se des cri bed as harm ful for
hu man tis su es in the li te ra tu re.7

Mic ro or ga nisms that are not na tu rally sen si ti -
ve (C. al bi cans, no te that this mic ro or ga nism was
not res pon si ve to cat ho dic cur rent or sham elec tro -
des in both study 1 and study 2) or se mi-sen si ti ve
(E. co li) to sil ver un der nor mal cir cums tan ces be ca -
me sen si ti ve af ter the cur rent app li ca ti on. The re -
fo re the ef fect can not only be re la ted to the sil ver.
Ho we ver the fact that the re was no in hi bi ti on in
the stu di es app li ed to dif fe rent me tals or that the -
se me tals re qu i red hig her cur rent deg re es sug gests
that in hi bi ti on do es not only de pend on the elec tric
cur rent.9 Thus, the ef fect se ems to be re la ted with
the com bi ned ef fect of sil ver and we ak di rect cur-
rent app li ed. 
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In Tab le 1; the com pa ri son of as says 3, 4 and 5
re ve a led that the di a me ter of the in hi bi ti on zo ne
aro und the ano de was not pa ral lel to the in cre a se in
cur rent va lu e. Thre e ho urs of cur rent app li ca ti on
se e med to be bet ter than 24 ho urs cur rent app li ca -
ti on on E. co li in as say 3 ver sus as say 4, but not in
as say 3 ver sus as say 5. If as say 9 and 10 we re com-
pa red with each ot her, 30 mi nu tes of app li ca ti on
se e med to be bet ter than 24 ho urs of app li ca ti on on
S. au re us with the sa me (2.0 µA) cur rent den sity.
When as say 11, 12 and 13 we re com pa red the re
was no dif fe ren ce bet we en 1-ho ur or 24-ho ur long
app li ca ti on with 4.6 µA cur rent den sity on S. epi-
der mi dis. Ho we ver, 15 mi nu tes of 1.1 µA cur rent
app li ca ti on se e med to be a bet ter cho i ce for S. epi-
der mi dis. As say 6 de mons tra ted that this app li ca -
ti on was ef fec ti ve even when used on mi xed
bac te ri a po pu la ti on. 

P. ae ru gi no sa is known as “sil ver sen si ti ve ”,
thus, sil ver sul fa di a zi ne con ta i ning for mu la ti ons
are ha ve be en used for ye ars on burn wo unds. In
as say 8, sham elec tro de se e med to be mo re ef fec ti -
ve than cat ho de. Cat ho dic cur rent dec re a ses the li -
be ra ti on of sil ver ions from the elec tro de sur fa ce,
thus the sil ver ion con cen tra ti on aro und the cat h-
o de may be less than that for the sham elec tro des in
so me ca ses. This can exp la in the smal ler in hi bi ti on
zo ne di a me ter aro und the cat ho de than the sham.

We think the sa me si tu a ti on is pre sent in as say 7
al so for K. pne u mo ni a e. 

Ho we ver our ex pe ri en ces sho wed that the zo -
ne width did not de pend on app li ed cur rent den sity
or the kind of mic ro or ga nism and co uld not be pre-
dic ted. Furt her mo re, all the mic ro or ga nisms used
in our as says we re al ways in hi bi ted with the sil ver
ano de app li ca ti on (Tab le 1). 

We be li e ve that the app li ca ti on of cur rent is
the best ap pro ach in every ca se sin ce the app li ed
cur rent is not harm ful to nor mal tis su e. Mo re o ver,
the con duc ted stu di es de mons tra ted that the sil ver
ions, which we re sti mu la ted by elec tri city, had a
hig her pe net ra ti on depth in to the tis su e.4 This shall
en su re a mo re ef fec ti ve and mo re per ma nent an ti -
mic ro bi al ef fect. No bac te ri al re sis tan ce to sil ver
ano de tre at ment (not sil ver alo ne) has not be en re-
por ted up to da te.

Be ca u se of its wi de spec trum, low re sis tan ce
ra tes and long du ra ti on pe ri ods, we sug gest the use
of sil ver ano de tre at ment in ap prop ri a te cli ni cal ca -
ses. 
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