Aspoxicillin # & U'Mhi#|® postantibiotic sub-MIC effect
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Postantibiotic effect (PAE) WD #2134 3 sub-MIC O EEDIER, ¥74bb posta-
ntibiotic sub-MIC effect (PASE) % aspoxicillin 3 & U1RIC DT in vitro TRITL 72,
Aspoxicillin @ Streptococcus pneumoniae, Staphylococcus aureus, Enterococcus faecalis,
Escherichia coli i=x$3 % PASE 8 X U S. aureus =%t % temafloxacin, ciprofloxacin, tetra-
cycline, erythromycin @ PASE ¥ #XKER, WIFhoBE& Y MIC LLEOH EE TRz
ahi: PAE IO HE X, KOUEOSBOHMBADE & tb~x, sub-MIC OHIEZ IC 8T LRSS
BED, XDROEEMEMG] %32 2EMED 57, Aspoxicillin & S. preumniae, S.
aureus B L U E. coli DA EDLYE, & 52 temafloxacin & S. aureus DA S b ¥ TIT,
sub-MIC OHiEXE % PAEHIOBECEA SR LBE, VI 12 BREREFAVSRES L
Teo EHENICB T HHBHRDOHEICH T 2 FAKAPLHEREOR MR EE 2 28, PASE i1 1

2OEELRFTHIEFZ SN D,
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NREFEARFOERIREOM L, BIFAOBEMR, 30
BIR FOEREER L L THEEORIESEITR
&N Tw3, Postantibiotic effect (PAE) i3 % M
B —ERFRER S €2 %Ic B 2 2 BB OMEIRIR L
EESh, BREMREEFER T 2BOEELRTFTH S,

NEEFEARS LGS, ERICB T 5 EABE Iz
BB E O MIC LA EDBEE b & sub-MIC B H &
T30T, MICUEDHEREIC L > TEHB Sz PAERK
BOHCHT 2 sub-MIC DHIBEOIERREELERE
MoLEz o5, B PAE DO E 2 sub-MIC O E
Frso3nz e s Melans L I BRR in
vt BE U in vivo ICBWTRWH SN, ZOERIT Posta-
ntibiotic sub-MIC effect (PASE) & &ftirohn, w<D
LOWEREEOHEAE LY THS N TV 5, Odenholt
SRRYIVR=y )Y YLV FEHB SN PAEHOD
Streptococcus pyogenes HS sub-MIC DX > L R=v)
YRHL, EROBELERTEZMSHLTNEIEET
L, 5% %2 5BOEELRTFTH S IREN IS
LS, %3t o3, Bt (PB4 R D Streptococcus
SangUIs I DN TRY Y A=Y Y »THEH A PAE
BodEcnTaryorr=yv ) v OERZAN, BEx
RTHKTIRPASE @D o B, b7y AKTIR

PASE 5@ oI & 2RLEY, &1, o7
I B ko TEB a7 PAEAORBE S sub-
MICBED -7 7 5 LARICBERRESHEL THE I L T
L, PASE St B 2B CLEAEL Tw3
aJHEME 2 R L 72%, 4 13 aspoxicillin %3 Staphylococcus
aureus WXL T in vitro TPASE #7532k, &6IX%
7 AKBRERE T WA BT & MIC LUF O#E D aspoxici-
llin 5 PAE OB OHEMEMFIL T 5 L 2R L%,

AR T aspoxicillin @ PASE # Streptococcus pneumo-
niae, S. aureus, Enterococcus faecalis ¥ & U Escherichia
coli $ CHMAITTREI LT, 85I 6-7 7% LHILL
HOMBEEICOWTH PASENRED SN I E I iR
HTpHic=a—* /0 FE LT temafloxacin 8 &
U ofloxacin 2580, LBHENEAERINEEELT
tetracycline & Uf erythromycin ¥ A TEHhEH D S.
aureus W Xt3 %5 PASE % in vitro TRRETL 12,6

. #8 & F &

Btk S. pneumoniae 11D554, S. aureus 209 P JC-1,
E. faecalis ATCC 29212, E. coli NIH] JC-2 #H
RYAN

HEE: Aspoxicillin (ASPC, HJ%{Z), erythro-
mycin (EM, ¥ 7 <#), tetracycline(TC, ¥ 7=

* RERFAT)IE 2-2-50
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#), temafloxacin (TMFX, HZ3%), ofloxacin
(OFLX, H—HE) EHw,

MIC HiIE&: BBM 74 3 s (STB, S
#¥) 2HV1~5%10° cfu/ml DEEERT, w70
FA4Y a—yvayEZL DTV ITCT 16 BMERE
CEBRABTHEL 7. S. preumonice DS 1%
5%FEMLIE MM % &te STB V> 7z,

Sub-MIC OHEHK T & % WM& STB T—&H
%LU EBEHMSTB 2 AN I~5% AR
ML, 37CT1~3 ML 7o, WA (OD 620) »%
0.1~0.3 2 R L - NBUHRM OB %, HM LRE
520.005 2R3 & 5 2HFESTB THRL 7=,

ZOBEE (#1%X10°cfu/ml) % MIC D 4 {ERED
il ¥E (TMFX 8 X P OFLX i 2w T ik 2XMIC)
T3ITC, 1RMEL, HEERTLEEL L,

IR CHAAE L -8 6 ml 3%, (6,000 rpm
5min ¥R) X VEBEL, 3TCHFEBRLZSTBT
1EHEEL, Ri260ml DREL 72 STB BB L 72,
Zh%8ml FORBRECAHEL, ThThicHKE
EH5ED SN 7z sub-MIC (0.5, 0.25, 0.125, 0.0625%
MIC) ic%2 &5 cHEEEHML, UBERIC
EEBERE L7, PAE 2FX T 20 BV HE
¥ LRI CHEFE T sub-MIC DIER 2 H Tz, KNE
DB T % sub-MIC DIREEDEFERN T2 12
®», NEECHNEL EROTFHRIN2 &KL IF
RBRELSLS X HNBEBPOER % STB THR
LU, bR UCHERRIERZTTV, sub-MIC OHEE
EHRML TEERERBCHT,

EFBORE: EBBEAKIC T 10 BORBERER
ML, TATR100u TORBHT 4+ R 2 sk
i (STA, FWEZE) CTHERMLEXER Lo
MLITCT24RFAISRE, 4Lrau=——%K2
720 S. pneumoniae DB E X 5% IEB/CE M7E % & to
STB # kI, 5%BEEMm%EME 7z STA ¥ %
KEHICH T2,

WM R OB F ik MEE L b L TR0
ﬂfﬁ’ﬁ:?ﬁ&)ko

Growth Time (GT) =HIEBIAEF DL B 10 45
¥INY % 0w HE B

Postantibiotic Effect (PAE) = (Ji@&EaiLEBE D
GT) — (RANEE D GT)

Sub-MIC Effect (SE)= (FMEE D sub-MIC 7%
HET T GT) — (RALEED GT)

Postantibiotic sub-MIC Effect (PASE) = (#i&
FEHTNEE D sub-MICEETFT D GT) — (LB AT
WEED GT)

Pre-exposure Effect (PE) =PASE-SE

Sub-MIC DH#iliEDFFLEIC & D WHMTEL I
EhiBAciE, ThesDRFOHREITbRES-
7:0

. #& »

ASPC @ S. pneumonitaellD 554, E. faecalis ATCC
29212, S. aureus 209P JC-1 B XU E. coli NIH] JC-2
X35 MIC i2ENEN0.125, 4, 4, BLU2 ug/ml
T®Ho o S aureus 209 P JC-1 i+ 5 TMFX,
OFLX, TCBXUEM DO MIC izeh®h 0.25, 0.5,
0.258XU°0.25 ug/ml THo 7z,

BB DO BINMBID 5 21X ASPC TS S H
7z PAE $ic 044 % sub-MIC @ ASPC i X 2 B
HhR%E Fig. 1 iR U7z, B DME L 7 postanti-
biotic sub-MIC effect (PASE) & pre-exposure effect
(PE) % Tablel &/RL 7z,

S. pneumoniae 11D 554 i B\ THEERLROE
(Fig. 1a) ixxt3 % sub-MIC @ ASPC i X 2 %0
HBR DS o, —FH, 4MIC D ASPC T18
AL 73S PAE X 1.2 TH D, #DL &
sub-MIC D ASPC MfF#E ¥ % L EE M OMER
BEshi: (Fig.1b), 0.0625 MIC £ W5 (EREE
ETTI0ENBET 20 LHEREEMGT i3 3.7 850
IZEER L, sub-MIC #HFHET D GT & H# L -0
R4S TdH 5 PASE i3 0.9 T H - 7z, sub-MIC
DRMEEKFNC PASE bER L, 0.25MICBLU
0.5 MIC Ti%, PAESHOBE icx 2 BEEABIN
D158ME TEDSh, 0.5MIC TBA9%DE
BROMPNEBINT:, ZORFPASE 1>7.2h%
"L, %72 ASPCHiLBIz X 2 sub-MIC $HRDEE
e, ¥ %2bb PEIZ>6.9h L EHh oz,

S. aureus 209 P JC-1 iZ B\ THEERNBDOET
X3 3 sub-MIC @ ASPC i & 3 MBI R (Fig.
1c) H0.25MICUTFCidb DEDShd o1,
0.5MIC Ti2 6 R & THORBEEAREID SI T,
ZhicstlL ASPC CRIAE L 7-813 1.2h ® PAE %
AL, 0.5MIC TIRKRLBEECHT 2 LD bHEVLE
HEABED Shiz, 0.25MIC, 0.125MIC TikE
PID 1~2 BRI BEIER % 0% 5 MMM EIH R 03B 5
n7z (Fig. 1d). 0.25 MIC TizBk 80% DEXHY
BEH SN, PASE X 4.2h £ CEEL, PEi33.5h
THotz,

E. faecalis ATCC 29212 iz%t4 2 ASPC @ PAE i
0.8hTHb, RILELIEE0.5MIC ThTriE
HEABED S5h, 0.25MIC Ti21.3h ® PASE ¥
~L7: (Fig. le, f),
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Fig.1. Growth curves of non-exposed and pre-exposed
bacterial cultures in the presence of aspoxicillin at
0.0625xMIC (2), 0.125XMIC (a), 0.25XMIC (O) and
0.5xMIC (®)and control (W). Streptococcus pneumoniae 11
D554 non-exposed (a) and pre-exposed (b), Staphylococcus
aureus 209 P JC-1 non-exposed (c) and pre-exposed d),
Enterococcus faecalis ATCC 29212 non-exposed (e) and
pre-exposed (f), and Escherichia coli non-exposed (g)
and pre-exposed (h).

E. coli NIHJ JC-2 1= %43 3 ASPCOPAE @ ® 7z QL ZPER2.2h THo %, (Fig. g, h).
DoNEHo N, FIMEL HE 0.25 MIC T O S. aureus 209 P JC-1 iz} ¥ % EMHER OEMA
MET b BB HED 5 tc, PASE i3 sub-MIC % Fig. 285 U Table2 iR L 7o AR AL D - xt
DRERAENICERL, 0.5MICOE %3.1h &KL ¥ % TMFX @ sub-MIC DfFi 12 0.25 MICEAF T
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Table 1. Post-antibiotic sub-MIC effect and pre-exposure effect of aspoxicillin on Strepfococcus pneumoniae,
Staphylococcus aureus, Enterococcus faecalis and Escherichia coli

Unexposed Pre-exposured
Drop in Sub-MIC ost-  Pre-exposure
Strain bacteri:l PAE concn gr ?Wth sub-MIC grf)wth an;t,ibiotic effect
count! () (XMIC) time effect time sub-MIC ®)
(logs) ) ® ) effect (h)
S. pneumoniae 0.5 1.2 0 1.6 2.8
IID 554 0.0625 1.6 0.0 3.7 0.9 0.9
0.125 1.8 0.2 4.2 1.4 1.2
0.25 2.2 0.6 4.7 1.9 1.3
0.5 1.9 0.3 >10 >7.2 >6.9
S. aureus 0.1 1.2 0 1.6 2.8
209 P JC-1 0.0625 1.7 0.1 3.9 1.1 1.0
0.125 1.9 0.3 4.4 1.6 1.3
0.25 2.3 0.7 7.0 4.2 3.5
0.5 * *
E. faecalis 1.8 0.8 0 1.1 1.9
ATCC 29212 0.0625 1.1 0.0 2.1 0.2 0.2
0.125 1.2 0.1 2.2 0.3 0.2
0.25 1.4 0.3 3.2 1.3 1.0
0.5 * *
E. cols 1.4 0.2 0 1.6 1.7
NIHJ JC-2 0.0625 1.1 —0.5 1.9 0.2 0.7
0.125 1.6 0.0 2.4 0.7 0.7
0.25 1.4 -0.2 3.4 1.7 1.9
0.5 2.5 0.9 4.8 3.1 2.2

®Drop in bacterial count after antibiotic pre-exposure

®No growth was observed within 8 h in the presence of the sub-MIC of the antibiotic.

&, ote, BiMLEIZE D 1.5h ® PAE HBZH 5
i, BILEE IR L 0.25 8 X U00.5 MIC T#IEIc &
BIERARED Stz, 0.5MICDE EBRAT88%D
EEBENEPY LI, 0.25MICD & % PASE i32.1
h, PEiX1.2hCH-7 (Fig.2a, b),

OFLX B4, RABOHEICH L Tk TMFX &
Rtk @R ERL Tz, LBHROBICHT3ERIZ
TMFX & 0§5<, sub-MIC iz & 2 /EF#¥IR OB
BirAEH SN »- 7 (Fig. 2¢, d), TC RFHED
BMENERA%ERL, PAEX1.3h Th > 7z, sub-
MIC ic & 2 #IHIZN R IZBTAEIC & DIEE S 0.25
MIC ® TC##TT3.3h ® PASE, 2.0h @ PE 3%
»oihiz (Fig.2e, o EM 110.25 MIC ® EM %24
TFTOPE#—0.1h &/hS %R 7SN TC &
IZIZREOERI 2R L7 (Fig. 2g, h),

I & =

ASPCO3IED 7/ 7 LBHEE AKBEH N T 2
PASE & S. aureus ixt4 3 TMFX, OFLX, TC

X *EM @ PASE ##~7:, PASE £ SEDETH
5 PE i3, HiEEAIAEIC L > T sub-MIC i & 538
IR BENEIERET 50%5RT. COPER
SHARNBERLBEOHASDETIRLA YOS
CIED@E%ZEYD, Lird sub-MICOBEDOLREL
bERT2ERSED ST, LibioT, MIC
UEDHEECHAE S W8 iE, KABORNBER
BoEEH~, FUHEZED sub-MIC izt L2
BEC, LOROHMBENH 22T 2EA8HEIL
BEHLMER Tz, & 52 ASPC L S. pneumonise,
S. aureus B L U E. coli DA E&b¥, ¥1:, TMFX
& S. aureus DA E b T, sub-MIC % aiLE
BICERA S ¥ 88, MICEELREFERBEDS
iz, ZOREERLWMENFHRSERTERT
HHIEBHELMER ST, TDX D HBEERRY
EHEBHENCEC TCREM k3@ onido
7‘:0

EH sub-MIC DB I ER CALE % LZVE
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Growth curves of non-exposed and pre-exposed

cultures of Staphylococcus aureus 209 P JC-1 in the pre-
sence of the antibiotic at 0.0625XMIC (a), 0.125X
MIC (a), 0.25XMIC (O) and 0.5XMIC (@) and in the
control (m). Effect of temafloxacin on non-exposed (a)
and pre-exposed cultures (b). ofloxacin on non-exposed
(c) and pre-exposed cultures (d), tetracycline on non
-exposed (e) and pre-exposed cultures (f) and erythro-
mycin on non-exposed (g) and pre-exposed cultures (h).

BOBH L TH~RSh, BEOEL, REOHD,
BRAODET, RELOHBHERASHEESLTY
39 Ldl, —-RicHEREHERS L 8E, &
BEANZBVWTETFMICHULOBEICE S5 Eh,
Rizsub-MICiz & 533, Lids>TMICEE
DOWE THIME L 728 13 L T sub-MIC DZhR %
RHZEIEBTHD, PAE £ b&EKICBITF B

BEIARBLTWAESDLLEZIOSNS, 5H,
sub-MIC DEEIC X WV HEOMEBEL M s 3 Z
EpmEANTY, ZDL I RMRINEROREHRB
2% 5 L CEBEZRAFTHELELIZOND, K,
LR  sub-MIC % #+5 3 2 R SR W HLHE
KOWTRAEREREFOZ LB TFHEINS, ¥#
HOEWHEZE L L T teicoplanin @ E. faecalis Xt
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Table 2. Post-antibiotic sub-MIC effect and pre-exposure effect of temafloxacin, ofloxacin, tetracycline

and erythromycin on Staphylococcus aureus

Unexposed Pre-exposured
Drop in R N .
Drug bacteri.a)l PAE Sit;n]:;lc gf?wth sub-MIC growth an‘:fb:totic Pre:f)f(:ctosure
count (h) (X MIC) time effect time sub-MIC ®
(logs) (h) (h) (h) effect (h)
Temafloxacin 1.3 1.5 0 1.8 3.3
0.0625 1.8 0.0 3.6 0.3 0.3
0.125 1.9 0.1 4.0 0.7 0.6
0.25 2.7 0.9 5.4 2.1 1.2
0.5 *» *
Ofloxacin 1.4 1.5 0 1.8 3.3
0.0625 1.8 0.0 3.3 0.0 0.0
0.125 1.9 0.1 3.5 0.2 0.1
0.25 2.1 0.3 4.1 0.8 0.5
0.5 * *
Tetracycline 0.0 1.3 0 1.8 3.1
0.0625 2.1 0.3 3.4 0.3 0.0
0.125 2.3 0.5 3.9 0.8 0.3
0.25 3.1 1.3 6.4 3.3 2.0
0.5 >8.0 >6.2 >8.0 >4.9
Erythromycin -0.1 1.4 0 1.5 2.9
0.0625 1.5 0.0 3.6 0.7 0.7
0.125 2.2 0.7 4.4 1.5 0.8
0.25 4.5 3.0 5.8 2.9 —0.1
0.5 * *

*Drop in bacterial count after antibiotic pre-exposure

®No growth was observed within 8 h in the presence of the sub-MIC of the antibiotic.

3% PASE'’ ® vancomycin, roxithromycin, spar-
floxacin @ S. pyogenes ® S. pneumoniae =34+ 3
PASE' 28 in vitro CRRSIATEBY, WIFh bHE
ELHBENFRIRERL TV S,

ASPC i in vivo BEETNMZBWT in vitro TD
NEESE» I IhA UL BT R 2R
319, ASPC BREHAR=Y ) v HFTizbo &
bROUYFEMETL, MERB I CERTICET 28
BENE BT LNEORREELONTWS
230 S ER L 7 PAE IO E 2 3 3 3 sub-MIC
DRIFE S F OENIEBNRICFLS L TV 2 AEME DS
+RehbrLELIONS,

¥/, IBEROHRARECB W CIRBRSIEFLIE
L239, FHOR7I /) 7VavFRIELEE524
LFIORERFIC L 2HEHRICR7 I/ ZVavy
Flick > THER SN PAEMOKRBE T 3 6
7729 LARIOPASELEEL TWAHEEMSETL
7%, PAEMHOE IcH T+ 5 S BB EOER »H~

5L RHAREC BT 3 BRE5EFERET 2 HAN
ZIRMESEZ 5 b0k L THRKEY,
X [
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Post-antibiotic sub-MIC effects of aspoxicillin and other antibiotics

Tadahiro Oshida, Kazuo Shibata, Tadahiro Matsushita,
Motoaki Ohashi and Totarou Yamaguchi

Pharmacological Research Laboratory, Tanabe Seiyaku Co.,
Ltd., 2-2-50, Kawagishi, Toda, Saitama 335, Japan

“Post-antibiotic sub-MIC effect (PASE)"” is defined as growth suppression of a post-antibi-
otic effect (PAE) phase bacterium by the sub-MIC of an antibiotic. The PASEs of aspoxicillin
for Streptococcus pmeumoniae, Staphylococcus aureus, Enterococcus faecalis and Escherichia coli
and of temafloxacin, ofloxacin, tetracycline and erythromycin for S. aureus were investigated
in vitro. A PAE was induced by exposing strains to 2Xor 4X the MIC of the antibiotic for 1
h. After removing the antibiotic by washing the bacterial culture, the cells were exposed to
different sub-inhibitory concentrations (0.0625, 0.125, 0.25 and 0.5X the MIC) of the same
drug, and growth curves were examined later. Unexposed controls were exposed to the sub-
MICs of the antibiotic to determine their sub-MIC effects (SEs). In general, the duration of
growth suppression of pre-exposed cells was longer than that of unexposed cells. In the case
of aspoxicillin and S. pnenmoniae, S. aureus, and E. coli and of temafloxacin and S. aureus,
an initial decrease in the viable count of the pre-exposed cells was observed after exposure
to the sub-MIC. Pre-exposure to 2Xor 4X MIC of the antibiotics enhanced the susceptibility
of organisms to sub-MIC levels. Both the PASEs and the PAEs will probably affect the
optimal dosing schedules of antibiotics.



