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Postantibiotic effects (PAE) refer to suppression of the
bacterial growth following limited periods of exposure to an
antibiotic and subsequent to the removal of the antibiotic
agent. Fusobacterium nucleatum and Porphyromonas
gingivalis are Gram-negative anaerobic bacteria associated
with several periodontal diseases. In this study,
postantibiotic effects (PAE), postantibiotic sub-MIC effect
(PA SME) and sub-MIC effect (SME) of antibiotics on E
nucleatum ATCC 25586 and P gingivalis W50 were
investigated. The PAE was induced by 10X the MIC of
antibiotic and antibiotic was eliminated by washing. The PA
SMEs were studied by addition of 0.1, 0.2 and 0.3X MICs
during the postantibiotic phase of the bacteria, and the
SMEs were studied by exposition of the bacteria to
antibiotic at the sub-MICs only. Amoxicillin, doxycycline
and tetracycline induced PAE for F, nucleatum ATCC 25586
and P gingivalis W50. But metronidazole and penicillin
induced PAE for only E nucleatum ATCC 25586.
Metronidazole and doxycycline induced PA SME and SME
for both species of anaerobic bacteria used in this study. The
PA SME values for both strains were substantially longer
than the SME values. The present study showed the
existence of PAE, PA SME and SME for various antibiotics
against K nucleatum ATCC 25586 and P. gingivalis W50.
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g 5 AE AAS s A
Al SASE7 SEETIA e B Azl &

oF#x lth(Cars and Odenholt, 1993). ©]&
Al A Ay 3 AE FAle] AAEHE anE
postantibiotic effect (PAE)2}sL S} (Zhanel er al,
1991)0)213F @AM penicillindl] =54 F=773 )
TtollA 19403 eHol) A5 BAE ok (Bigger, 1944). &
3} 203 B2 559 A (suprainhibitory antibiotic
concentration)l] =53 Aol = AlFE oHA] sub-
MICS] Al =EAHE W JeEhe Eakdl
postantibiotic sub-MIC effect (PA SME)2} dHiAle] =
=5 Ho| gl AlTE sub-MICY Aol =ZAFS
wf vehts Z39] sub-MIC effect (SME)E H1.%]3
2AtH(Odenholt et al, 1992).

PAEZ} frikEle 7142 A Algtolle] a9l
Al ofgo]l AEA R golglgoga opEe Aoz
Hir=lal 9lek(Craig and Gudmundsson, 1991). ==
oA Al = §lEl Foll Al 28-S 383
vl A|7ke) oEdte] dofur] wiioll PAEZ} viERRITE
2 4234 9loh(Craig and Gudmundsson, 1991).

Z|of| o] Folxl HokA] A7 e £ Pseudomonas
aeruginosa®t  Entrococcus  faecalis®]  sparfloxacina}
ciproxacinell 98k PAE, AlTA Alvieked 3ixlollAlA £
2|8 viridans streptococci®] benzylpenicilline] 2}t
PAE®} PA SME, SME 2|3 Streptococcus pyogenesSt
Streptococes  pneumoniae®]  vancomycin, roxithromycin,
sparfloxaine] ©]&F PA SME, SMESo] ®3 =lmglc}
(Odenholt, 2001).
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AFABE Aolpsl 2Aol FATR 77 WA AT
o] Flalel™, Fusobacterium nucleatum, Porphyromonas
gingivalise 1%k ST 2A AFAZRT Aol U=
Weldoz A 9ri(Socransky et al, 1998). A2/}
Ao clgol oahd B TR AldEe] vheddt A
Azl 2lste] PAEZL frikde] wEzlovt XA gte]
AQA el gk PAEY] = 53k Aelct

2 dollMe AFA3e] X ol dubdog AlgE=
g AE]  amoxicillin,  doxycycline, metronidazole,
penicillin L2 3L tetracyclineol] &8+ o5 Aol wH3k
PAE, PASME, SMEE ZA}s3ict.

WE U

A Wz

F. nucleatum ATCC 25586%] #l|okolli= yeast extract
5mg/ml (Difco, Detroit, MI, USA), hemin 35 ug/ml
(Sigma Chemical Co., St. Louis, MO, USA)*} menadione
10 ug/ml  (Sigma Chemicals Co.)& ¥35l= Brain
Heart Infusion broth (Difcoys prereduce A7l 3 A&
3sivt. P gingivalis W50 yeast extract 1mg/ml,
hemin 5 pg/ml®} menadione 1 pg/ml-S E3F5= pre-
reduce® trypticase soy broth (Difco)Z wieks}oloni,
Alte] wlijed2 3714 wilek7] (Bactron Anaerobic Chamber,
Sheldon Manufacturing Inc., Cornelius, Oregon., USA,
90% N,, 5% CO,, 5% H,%& |83k}

FAA HE QA FEMIC)Y &4

Amoxicillin, doxycycline, metronidazole, penicillin =
23l tetracycline (Sigma Chemical Co.)2] Al F%
5 FAs] Hske], YA stock €82 pore size”}
0.22 pm?l 3##] (Advantec MFS, Inc, Japan)l of3}
3lo] ARgsieh. HaoAlFee YA prereduced
Al e wiRloll 172 A< 3)A3le] AlE-E 5X 107 cells/
ml E7A A5 F F2] A1§3E ©]&3 macro-dilution
Weow ZAsgct. 2t A A W= 0.002 pg/
mlollA 1024 pg/mlolleh. MICE AlFe] 43S A
S

Postantibiotic phase] ' 3 Postantibiotic effect
(PAE)

Z47re] Altg Zd FA wlAlollA odo] Al Wk
A E ODg=0.1 A detstz, Zhzte] ghgals 10x
MIC F=2 #7}sled 37°CollA 2417} E<F 714 A
T g7l wjekslgdnt, dlzde 2y A gle
Al ek wix|oA 2 Aoz wjeksigich. A
A2l = PBSE 33] A3le] FYAE A3 AA6IA

th PAE 235 S5kl A A AE Ald A
A A=A e AE AR wioF wiRlo] HEsk
74 Al wledrlel wloksbe dA A7k ZbAeR Al
7 vlekee] HelEE 660 nmellA St Al
Az FAe aeja, Al ] AddE A=E ARk
dlod PAES 2AFSHGIT).

PAE=T-C

Te A vzl =29 Ade FAA7F A=A
B ARy wiRel ik wie] Al A=Al
o FH= T 50%el =ksled] 22l AlkelH,
Ce AE A=A @2 Aol =AM o
FHE el 50%e =dele A7kes e AR A
[e>

Sub-MIC effect (SME), postantibiotic sub-MIC (PA
SME)¢] &3

PA SMEZ 7ZA3s}7] $lste] 10x MIC HAAIZ A A
2g AlT-S ok & PBSE 33] AlAsle] AAE <
As AAZ T 22k AL 0.1%, 0.2%, 0.3x MIC
FEE A7 A2 vixol PAE SAHPyolA e} 7o)
wjoksled A T8 13 PA SMEE =434t

SME+ &AA19] AAz7] glo], 0.1%, 0.2x, 0.3x MIC
FEo YA EA) Slol] Al wiokshd AR FAE
8 ZA43lglen, PA SMES} SME+ ofele} 2 o
Wwow Akt

PA SME=T,,-C

Tpoe FAAE 10x MICZ A3 & FYAE AlA
skl ThA] 0.1%, 0.2x, 0.3x %2 A7} A7ke
ZF Aol wiekS o] At AJAlelA 2
F= ke 50%el =esled] dele AlZbeld, Ce
AAE A2 TR o Al AFAAM Y 3=
el 50%el =eshe Alzkew Al AR 2o AE
2 o] T A|7ke] Aol Alibelgth

SME=T,-C

o2 ol 2

T,= FUAE sub-MIC AAul AMejdt AdAd%
FAollA Hdl FH= 3 50%el| =dshed ZHzle
Al7kelm ) Ce A HEZA] 4 Alfe] A=Al
oA e F= e 50%el EEehe A7kewm At
o] A3 A AIZRE o] T A7k RpolE AlAkeRATE.

2 1

A FE (MIC)
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Table 1. Minimal inhibitory concentration determined by macro-
dilution method

F nucleatum P, gingivalis

ATCC 25586 W50
Amoxicillin 0.03125° 0.0158
Doxycycline 0.0158 0.0158
Metronidazole 0.00195 0.0625
Penicillin 0.0079 0.0079
Tetracycline 0.0158 0.03125

“ug/ml.

F nucleatum ATCC 255863} P gingivalis W50+= 9
o] odubHelA Andgt Zzke] wiAE ARESled MICE:
22435+, macro-dilution el 23+ MIC= Table 1o]]
ekt P gingivalis WS()/] amoxicliirel] T3k MIC
£ F nucleatum ATCC 255869] MIC xc} wbA| Ak
=glew P gingivalis W50 tetracycline®t metroni-
dazole®] MICE E nucleatum ATCC 255862 MIC i
ot =4 vEPdet. Doxyeycline®} penicillin®] MICE
TEolA A =

Postantibiotic phase®] -4 B Postantibiotic effect
(PAE), Sub-MIC effect (SME), postantibiotic sub-MIC
(PA SME)

FAA A T AF o] dAHeE RdEe &
ol PAEE Aol AREEl AlFE Foll weh oheksl oF
Aoz WAEI. E nucleatum ATCC 25586 10x
MICS] FAAE Al A3t 75~ doxycyclineelA 11.3
A7k} PAES 3 & 4 9%l metronidazole 9.6

A7k PAEE 2k vt E nuclearum ATCC 25586
o4l penicillin® %H#] 1.14]7k9] PAEZ f2gvH(Table
2). Doxycycline> P gingivalis W50014  6.24]7}¢]
PAEE +3tdom, metronidazole}t penicillin® P
gingivalis W50041i= PAEE fFislx| @ttt F
nucleatum ATCC 255860 ©jsl] 714 & PAEE ¥l
metronidazole?} doxycycline® tabez Z4ztel Aol
o3k PA SME®} SMES Z43}9rh(Table 3, 4). Metro-
nidazoleol] &3k PA SME®} SMEv F  nucleatum
ATCC 25586°] P gingivalis W500] ulsled AA R
o] £ &35 ¥gtH(Table 3). Metronidazole®] 73-%- F
nucleatum ATCC 25586°] 0.3x MICoA 15417k PA
SMEZ} &% 9], metronidazoleo] THsl] PAEE }
ERlZ] 52 P gingivalis W50& 0.3x MICoA 5.7A4]
7re] PA SMEZ M%ivl. PAE®} PA SME 1|5L SME
= P gingivalis W50l ¥|3ted F nucleatum ATCC
255860] o & &3S eIt Doxycycline® PAE
AN F nucleatum ATCC 25586°] © %1 &E3}E ¥3l

Table 2. PAE (hour) of antibiotics with /7 nucleatum ATCC 25586
and P, gingivalis W50

F nucleatum P, gingivalis

ATCC 25586 W50
Amoxicillin 7.0£0.3" 3.840.8
Doxycycline 113403 6.2+0.8
Metronidazole 9.6+0.6 0.020.0
Penicillin 1.1+0.1 0.0+0.0
Tetracycline 4.7+0.4 1.2+0.0

*Duration (h) of effect. Values are averages from three experi-
ments.

Table 3. PA SME and SME of metronidazole with F nucleatum
ATCC 25586 and P, gingivalis W50

F nucleatum P, gingivalis
ATCC 25586 W50
PA SME
0.1X 10.5=0.4" 3.2+0.6
0.2X 12.1+1.0 5.3+0.7
0.3X 15.0+1.4 5.7+0.1
SME
0.1X 1.8£0.8 3.0+0.8
02X 8.2+7.6 1.9+0.7
0.3X 11.8£7.1 3.7+0.1

*Duration (h) of effect. Values are averages from three experi-
ments.

Table 4. PA SME and SME of doxycycline with F nucleatum
ATCC 25586 and P, gingivalis W50

F nucleatum P, gingivalis
ATCC 25586 W50
PA SME
0.1X 9.4+0.2° 14.0+0.4
0.2X 10.1£0.4 15.0+0.3
0.3X 10.5£0.2 18.0£3.4
SME
0.1X 0.7+0.1 1.540.7
0.2X 12403 21207
0.3X 3.1£2.1 3.2+0.6

*Duration (h) of effect. Values are averages from three experi-
ments.

ul doxycyclinedll tHat PA SME: P gingivalis W50
AN F nucleatum ATCC 255860 wlsle] ZAA| s
%ith(Table 4). Metronidazoles} doxycycline =-F PA
SME’} SMEuch Adjreg 2 a3 nglon, v
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o £33 A =7t £845 PA SME % SME
= ZA A=,

A& A A2l 3 JH PAAE AASEE A

ARl Al SAEEL SEETIRRE B Ake] &

ek, ol#A FAA A T Al

T340 A= e B39l PAET A Alte] 72t

o] =3l ule} Eol3t ofdeg ehdrth (Zhanel e
al., 1991).

Odenholt-Torngvist 5 43 =2 += F4A
(suprainhibitory antibiotic concentrationyl] %% 73¥
o] i AlFg vhAl sub-MICY FAAlel =EAFS
o] Jehtbe Z99l PA SMEE @Al k23 Ao
e ATE oAl sub-MICS Al =ZAZE o
vehts &3 SME$F therky ®Budka ¢t (Odenholt
ef al, 1992). o5 A7l 9sld PA SMET SME X
o 4 FEEAA veEhs Aes Basa gl
Streptococcus gordonii®} Streptococcus sanguiss A
o2 g amoxicilline] g AFelA= F #FF =F PA
SME7} SMEXc} ©f 71 &35 Jehligith (Lee, 2000).
2 A7 AYAINE P gingivalis W50+ F nucleatum
ATCC 25586 25 PA SME7} SMERt} Alvjdoz &
£34E Jelisich, 99 7ol JaRl o7 FRe %
AAE E¥ste] ARgske 7-folle PAEe! ohokel oA
o2 o9gg vtk Buska ek (Gudmundsson er
al., 1993). F7He] FAAE Edaisie o, AAHef 34
A7k AYe PAEE w3 Ak o® 3L Axe
PAE7} Eoiue 7%= S, of Al ijtofA
= 27ke] AAIZE AYE PAEY i dox o F
7lel PAEE Heolv ASE Uch(Karlowsky er al.
1994),

FAA A2l F AE T4 AAIE Fiske Add 7
AL 2 dEA A ek 2 AWAYE A Az
7|2 FEe Slksled Aele AI7E, A o5
T4 ALt AdH R slused a7EE A7, Al
T W A7 A B2 A4l DNA A9 3 &
o] 7V53l - ez ARSI et (Li et al,. 1997). o
E  Streptococcus aureus, Escherichia coli L&]3L P
aeruginosa®] DNA 342 ciprofloxacinel] =%% Fof
3= A7) 5ol ERETT Baska Qe (Gottfredsson
et al, 1995). £ Aol amoxicillin, doxycycline,
tetracycline F nucleatum ATCC 25586, P gingivalis
W500l4 PAES fdshs Ao vepdot 38 metro-
nidazole®} penicillin® F nucleatum ATCC 255860141
2l PAEE 33l 7oz ueldrh. Metronidazoledt

o

doxycycline2 A& A3 §F 71x] F 1% EFol4]
PA SME$} SMEE -frisisict.

FAA] AT FFR le] A& AsEe] Fol
of wat A A" gl Fo] g AAe] okFE
(pharmacokinetics)? ©F3H(pharmacodynamicsyl] 43t 71
Ex)A]o] F-&3PA ARS= et A wet F, &
o o] ohE H ohel, SHof webd ¥H F
QAL A7hE FErF depR|a, oA 2 AT
Exo ¢33k FoH(Craig, 1998). A7} chokt
Z5-9 Aol d%L vH+ Aoz Hugd uel, o]
5 AT 29 A A YA R, Fofulx, A
Aol Aol glolA oleldl o AEe] Ao
#8532 glck(Odenholt, 2001). & oW 52 Aol
t5led 71 PAE T+ PASMEE sk 3PPAIE o
Auch oFEFo] 7pAE AA oy, opEe] a5 1
2 A&epia] Fakge A & 4 gl Aot &
AAE 7FdH o2 Fofd A9 dF A =7 sub-
MIC FE2 EAl5ke 7|zbo] w3 A7]A ===, PA
SMEX PAE 2t} o in-viveell 77 Adglo g o A%
3 e}t (Cars and Odenholt, 1993).

B g B3lo] xS Aol Ao deAaL §)
= P gingivalis?t F nucleatum®] Aol tgt PAE,
PA SME 18]3 SMEEZ 33 4 9lolet. AFA% A
BA AHEEE A Folx W Fojake] AAe
PAE % PASMES #4437 $isfoirle o] @2 A7}
F=]ojol & Aoz Pzt

fo oo [

ZtAtel 2

o] =g AprleAlte] Aol sl ATHIUE
(R05-2002-000-00097-0).
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