BTN LU TOXMHMBYSERENC X 5 &M HU IR DMK T8 IR R D i 78
M1M E.coli 33X P.aeruginosa WU RIc 1)+ 2%t

M m & "
WK AR T W R RS R MR

(PR 56 422 J) 20 11 1())

AR RGWEL RGP FL L ¥L, SHEFIA LT E coli, P.acruginosa - %+ 7% ABPC,
NA, CFS, GM D iRy RN L1,

EFIME X MIC ML L, TD1, 4, 16%5% E. coli = f5inc Ak X ¥ 7= 4 ABPC,NA
it 16 MIC ©, GM iz 1 MIC Ci§2 4 L1, P aeruginosa Tt ¥ D¥EKH D 16 MIC i
ETLERIERLIN -,

6, TORBTEAREYOHRECHBICHHBEMALIE, BEROLLLFMMOBRT
¥ Zizo E.coli DiPa, GM TIXHPEEL 64 MIC TEMNMERT B, A TIE 102~102 =2 /ml
EEPTHREFTH -1 Paeruginosa (25 LTUTWLTHOEFIDBETH E.coli e+
AL OIEBELEEN - 1o

BEDZ & b6RTE MIC flix/RTHFTLMMOME, ERDOMPTHREO RS LAVURIE
Sh, BRDE L EARIUAROERLOT—FEAHULBEOBRBFDO—2 L LBbhi, X
bz, ZDETL TIIEHEMBALS E CORMALNE0T, EFABRGREDIEELLLIZEEL
bhi,

COXSIREBYFERATILICE T, MELEAOBRFRYBMNRE THRIITE, HAKEE

TIETRE L SOBB BRI EEL LRI,

BRECHIEL THEXRYBRT 28B4, XA
ZERROEREEZ T A, ThRIRT + R7ER®
minimum inhibitory concentration(MIC) o RISE 44T
kbhd, MIC oRE Iz HEEEEY 10°=/ml & 1082/
ml K AREFEEESZLSTIRED T, FHLLRE
BRREOBARSENS 10°=/ml 4 L <2 10°=/ml Ll E
RHShHEYEABHLLTH O, E X E OEK
BRE4ATHD, BRTRZIOMEMNO LB OEH,, BE
Blok#, AN &RHETHEDHRICENEL, FKAK
RUERROEERVNERPHRIEFOEERB I D L 2R
%/ {0%

ChilRFRZUARBR,KBEEECT DA, HR
TI—EHEEEROMBECHERYA—RET 18 B
EMIR T Lo Re 2540 THBOK, £ERTIR
RHRENERFOCELL, REAEERL —E Tk
O EORPEHBBIBEEL T BDTH b, ¥
EEGRENBREOTFAL, HERBELEE
WeEtT 2 BAOEMPRERNL X > L F 2o

COXS RS RBRAEL L CERTBSE
BEYAv, REBERRECHTSRENEETHBE. coli

& P.aeruginosa OEFKRSM/EER L o 2hH6D
MECRL, (FRABFORLIE 40 EEY MIC %
AL LcRECEASE, FEAEEOHRYBEL
EZ-23)iF RN

I. #H & F &

1. FEREM

MBS REBE 21X Brysox 032X » T 1952 4F
124 X ht- Turbidostat & Novick & SziLarp® (=
X o> T#iE Ehic Chemostat 2ih %,

AR THEALLEBIFEEN X hb EREKLL,
BEgL Figloks b Th B, B D Az medium
reservoir T¥ifkiEi (A Tix veal infusion broth)
NA-TEbH, EL+Er 7 (P) T culture vessel (B)
T DAL EBMICHE TIN5, vessel(B) Zik
i 100 ml ©, overflow U7:E5#hi receiver(C) ioiff
B35, vessel(B) i3 #HFI A>Tk bh, magnetic
stirrer (F) 1T X » TEEHABEBRI W 5, BBRTFIES
180 Bl J8ES LT H B, water-bath incubator(G) &
thermo-unit (H) % A\ T 37°Cicff » 7&K AS vessel
B)DA R % EFRT 50 ¥/ medium reservoir(A) i
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Fig.1 Continuous flow culture system

l I

. medium reservoir
* culture vesscl

! receiver

. glass wool filter
* T tube

: magnetic stirrer
. water bath incubator
. thermo-unit

. sampling tube

J1~5 ! clamp

REAEA LR, BEHO aeration 2 fTibh TV 5,
1 (¥ sampling tube T#H 3,

Z CIIER LTIV A% vessel (B) QBRI B
FwAROIN S Y, #HithpH LMLBTREL (oxidation
reduction potential, ORP) M JIETE 5, CDEREL
1tk RET 5 7-% medium reservoir (A) ZXLERED
veal infusion broth # Ah, ], Jo» Js AL 121°C T
20 7FEARSRBEL, 0% Ji, Js 2L % & medium
reservoir(A) D&M vessel(B) i3 2hT<
5o vessel(B) »bigAs overflow L7 L7-HMEE
BRI THREYRML, JuJen ] kA E, BRI
FIEAL, LixML%, ERIGLTERIT/L 720
J.%B <,

HEDBAL T o\ & &% 24~36 BRICFER L,
E.coli %%\ 1 P aeruginosa % vessel(B) fh~ 10?
a2/ml H L<IX 10'=/ml &7 X 58EET S, KR
20ml/hr iIZFAEILTH D, HRFPIX 20% per hour &7g
%o Tichh vessel(B) BED 20 DRWE LI Kibh
wEIGM S h, REA receiver(C) ki S h 3,

pH,ORP JUERAD pH 4 — % — L BEIXAIL - 0
PH 2 —%— M-7 L X0HABRERZHXFHN (= +
R L, FRLN. cOA—2—TFHMERH
EM 800-06 ZRita it L, &R0 pH, ORP 0%
ﬁb%gaﬁ L7

2. A, MEES LU MIC

(EREMEIREAERWREREESD Kk D E. coli
& P.aeruginosa T, HEFEIL ampicillin (ABPC),
nalidixic acid (NA), gentamicin (GM), cefsulodin
(CFS) XA\ 1co £EAID ZhHLEBEITHT% MIC »
Table 1 iR Lico MIC ORIEIL A FLEREY & 2
WK U7 EEERIT 2X1072/ml &L L, i
veal infusion agar (Difco) #{EfH L1, BHETEIZAE

—TOTMEHOOW>

Table1 MIC ( ) : MIC value after regrowth

E. cols P. aeruginosa
(ug/ml) (ug/ml)
ABPC 6.25 (12.5) | >1,000
NA 6.25 (200) 50(>1, 000)
GM 1. 56 12.5 (200)
CFS 100 3.13 (200)

MEMAKICED 10 EHREZL VPR EOREN Y]
2 to CO¥EMbIZiE heart infusion agar (Difco) ¥4
Wit MEHMENT LOXNEDRERDLBRS
Eizttot,

T

1. E.coli £ P.aeruginosa DM

TEHE 20% per hour T, culture vessel (B) Aic
medium AEMANZFHALTVZ L% 7 10:=2/ml D
E.coli, P.aeruginosa % 3|~ i@\, &B507cEN
i, pH,ORP #RH L7,

2. culture vessel RO EEAT

medium reservoir )iz NA, ABPC, GM, CFS %
100 pug/ml &7cB X 5mx 28B4 D vessel (B) ATD
BEARIE LT, ¥ 7- culture vessel PJiz NA, ABPC,
GM, CFS % 100 ug/ml 3 X7 400 ug/ml =723 X5
Rz @& D vessel (B) RBEEEILL BIE Lis,

£ 1

E. coli, P. aeruginosa H: vessel(B) T “BRE” T~
WRL XS5 IERRRE L - T4 H medium reservoir
A RiEEL L, vessel(B) HOBEMDOHEY
BRI, RMEFBRE 2R - 2EBIHTS
MIC®D 1, 4, 16f& Lic

K% 2

E. coli, P. aeruginosa »° vesselB, N TERREL
75 - TH 5 culture vessel (B) RizHigE¥rnz,
BHROMERYEFHCBREL

RINEARE TN REEITKT5 MIC D 4, 16, 64
gL Ltz OB pH & ORP DREL Tl ~10

II. & 2

FiER

1. culture vessel YD E.coli L P.aeruginosa
OWMBILFig2D L d, (21T 10~16 BRI T10' =
[ml Lis hBHRBE LD, HMIEBEND E.coli XD
{, P.aeruginosa DML E T, ORP REEOEH
C—BLTBE, EEMMT B LETT5, PH BE
HoFMZ O TERTENERL LD TIIcV,

2. culture vessel RO EIKME

medium reservoir(A) Wiz HEEY 100 ug/ml L7
5 X5z t-B4 vesselB) HOREL Fig3 nkd
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Fig.2 ——viable counts -« pH of the liquid
medium -« -ORP of the liquid medium.
Bacterial growth, pH and ORP measure-
ments in the culture vessel

Viable
oun
?R‘f) Ecoli
m
+]00 P.lli"l/\'l"l’.'(l 49
0 phi
TR I
- 100}
7
—200t102 E.coli ORD
—300l o L— Posramomes DR

Fig.3 Medium without antimicrobial drug in the
vessel was diluted with the medium contain-
ing 100 #g/ml of NA, GM, CFS or ABPC
at the rate of 20% per hour. The curves
indicate actual concentrations of drugs deter-
mined at each time points.

Concentration of antimicrobial drug in the
culture vessel

(gg/m”
100} : y
NAGMCFS
80
60
40
% \f\BPL
...... - - _--————.
0 ' ‘ ; ‘
| 1 4 3 4 (day)

2is%, NA, CFS, GM 2i3iZAEOBELLE R T
#, ABPC (2 13BSRITRESBEY R LIcE, HEEE
MET LT,

culture vessel (B) Pz £ REHTE K% 100 3 L UF 400
sgiml Lien X 5x -, vessel (B) HOXEAR
EXREY Fig. 410K L, &0 100, 400 ug/ml D
KX 6.25 ug/ml D 16, 64 fED|ET, ZOERRE
#82 One compartment model i t % MhREHS
DA — v L HEHPEMLTWB LR RLAELDTH
60

£

E.coli p% vessel HTERRMBET: » T b, me-
dium reservoir iz ABPC,NA,GM # MIC © 1, 4,
16 f5REEChnx 2B A OH B E 1k % Fig. 5~7 TR L

(pH)

Fig.4 Antimicrobial drugs (ABPC, NA, CFS or
GM) of 400 ug/ml or 100 ug/ml were added
in the culture vessel at time zero. The curve
indicate actual concentrations of drugs deter-
mined at each time points. Medium in the
vessel was diluted with fresh medium with-
out antimicrobial drugs at the rate of 20%

per hour
400 .
(g 'ml Concentration of antimicrobial drug
in the culture vessel

Dilution rate 2075

50

9 (hr.)

Fig.5 Experimental details were described in

legend to Fig. 3. Viable cell numbers of E. coli
in the culture vessel to which 1, 4 or 16
folds MIC of ampicillin was added contin-
uously

4MIC

1MIC

Viable count

16 MIC

1
4 (day)

720 ABPC & NA Dig4, 1, 4 MIC Tii—BHDHE
BRI HBH, 2~3BTHELRES, 16 MIC T'1
NA 04 3 HCE X hicth, ABPC Tii#t
+@/ml OELEE L THRIES hico GM D&k 1
MIC T2 & A LOEVREBIhL L5,

P. aeruginosa HEHRBEL>Thb, NA, CFS,
GM #xhFhn 1, 16 MIC t7c 5 X 5 medium res-
ervoir(A) X 7oA DEBEILL Fig 8~10 iR
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Fig. 6 Viable cell numbers of E.coli in the culture
vessel to which 1,4 or 16 folds MIC of nali-
dixic acid was added continuously

4MIC

S ———
a / 1MIC
10"
< 10
s
<10
N
Z 10
©
- 10°
10'
o L N 1 . RRCRUI
0 1 2 3 4 {day)

g.7 Viable cell numbers of E.coli in the cul-
ture vessel to which 1,4 or 16 folds MIC of
gentamicin was added continuously

Fi

Viable count

3 fday

Fig.8 Viable cell numbers of P.aeruginosa in
the culture vessel to which 1 or 16 folds MIC
of nalidixic acid was added continuously

LM\ 1MIC
7 \x, ,*---;Q-» B Sbeteedetedebeinie -
_ p S S LR

10 ~x )
16 MIC
\K
10" \;(\

Xy

10'. -
10°

Viable count

]
3 (day)

L7co P.aeruginosa DBE EDEFTLEIIETT S
P, BERBAVEIERACI TR, BYEDL - &
LAEXVLDIL GM THHH, NA T 16 MIC T 2

Fig.9 Viable cell numbers of P.aeruginosa in
the culture vessel to which 1 or 16 folds MIC
of gentamicin was added continuously

107

.................

Viable count
2

J
3 ‘day)

Fig. 10 Viable cell numbers of P.aeruginosa in
the culture vessel to which 1 or 16 folds MIC
of cefsulodin was added continuously

Viable count

1 64 MIC

3 day!

G- A —BELMEA Lic\ - ¥ 2-FHEERANS T TO
Ml GM 2L -t LRl COER1 THEBBELTE
72 E.coli & P.aeruginosa izxi+5%&EHD MIC
13, Tablel © ( ) WizxL7T,

ABPC @ E.coli i35 MIC iz#i2/c\ A, NA
DPFEERRIZ MIC LB LT3,

RE: 2

TR E -7 E.coli oyt L vessel (B) AT,
ABPC, NA, GM, CFS #mx =& OEHE &L Fig
11~14 TR Lk, Chb4FIOBREXHBELTRD L,
EDRETL NARIMXBEDS » & SEEHPED
NEL, BHECETHEMLE . L LEEED,
FEHFED -2 2 — i3 ABPC,CFS 04 | LH%
AL, 24~36 Rl THBHTTDO vV IR S,
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Fig.11 Viable cell numbers of E.coli in the cul-
ture vessel to which 4,16 or 64 folds MIC
of ampicillin was added at time zero. Exper-
imental details were described in legend to
Fig. 4

\

e
1MIC

105}

Viable count
—
]
2
T

Fig.12 Viable cell numbers of E.coli in the cul-
ture vessel to which 4,16 or 64 folds MIC
of nalidixic acid was added at time zero

Viable count

CFS & ABPC % l{t#1 % LERBABECED L,
HMBALS ¥ COBSRIA CFS ofsE V25, GM
DPA 64 MIC TEAMEML, 16 MIC T BB
RpFic L TRV

P.aeruginosa vzt LT GM, NA, CFS % vessel(B)
iz 7ca% Fig 15~17 TR Lic, EMEERRAET
DEEH VBT E.coli DPE X H/IEL, GM 0 64
MIC B4 CL FHMI R LRI,

CFS #x 1-BEOHEBEHVEL GM DA L th
BEENLD, BHEE CORBIZEV, cDER?2
T NA & GM %inx 7-B&D pH, ORP 0% &% Fig. 18
~19 ZR L1

Fig. 13 Viable cell numbers of E.coli in the cul-
ture vessel to which 4,16 or 64 folds MIC
of gentamicin was added at time zero

r—-—----—::;}.—.‘.—.l.'.'._..'.‘
/ o/
Jie f
y
/o
5 /16MIC
- "’
"—;’: A-“".-‘.*/
=
64MIC
JE— 1 1 ]
1 2 3 (day)

Fig. 14 Viable cell numbers of E.coli in the cul-
ture vessel to which 4,16 or 64 folds MIC
of cefsulodin was added at time zero

AMIC g
-

Viable count

1
3 (day)

TFHERTRLICL S B EAT5E ORP iz E
AL, pH 3P LF2ETL, EFROMEIC X 52352
Eo32% (W/ QRN

III. #* ®

AREATHEVHET 258, RERORL & RH
EMOERMNR BN, Thi#d s iodicdib s
BEHBEREIN, FBTIEPRYOD, FKkK Tik FreTER
51 HBERICET 5 EEHMEOEHBAFMACH VT
5o

B BB i1cix Turbidostat & Chemostat A%
HH, FBEIBELCHETELYHREIMHEL, £
RiT X - TEMORMEY RS L, MREEYTERE
CHROEBTH D, EMITIILARERIEBRHFET
BRI ECRHBIEEOREY RT, & TOHM
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Fig. 15 Viable cell numbers of P.aeruginosa in
the culture vessel to which 4,16 or 64 folds
MIC of nalidixic acid was added at time zero

| IMIC N
wh A== ===}

16

10° ,/'\ih

o /ﬁnu
éw.b/
v
210
s
o

10'

0 1 ! |

0 1 2 3 (day)

Fig. 16 Viable cell numbers of P.aeruginosa in
the culture vessel toJwhich 4,16 or 64 folds
MIC of gentamicinfwas added at time zero

Viable count

o

)
0 1 2 3 (day)

EEIREShIBELYE, MEOHEE Kok
TR Zhh, Chemostat (EHIf AKEE - R & R
FREOHE X h MEEE L MEEEY —BTROZ
ENTEB,

RBERFELTOEBERERITCAA LS &
., vessel ARBRBEIITIOCHIhD, o =T
Lo LAEERAFIIMROSZEE Y HHT 5 KRR
T, ERBROMAREX RN T2 L CHEEELVE 2
bhd, SEDORRFETIIEEN L OBHERFIT
b Do, FLLHEEEIKA LEBIh, RBEY
PHBREIN TP DT, HEROBBEETCHEIhIH
BHI WL EERBATOREDRCEVKRIRIA
BEV 2B, vessel HTHIEAHMETHHE, Mz o
EERTEThNERIND HMAEREEE L D LER

Fig. 17 Viable cell numbers of P.aeruginosa in
the culture vessel to which 4,16 or 64 folds
MIC of cefsulodin was added at time zero

Viable count

10% |

—
3 (day)

Fig. 18 The change of viable cell, pH and ORP in
the culture vessel to which 4,16 or 64 folds
MIC of nalidixic acidfwas added at time zero

“RI,\'inH.
count
(mV) pH)
t 100 19
0
R ERTTI SRR 8
_1()()-I » 164 MIC
C 116 MIC 7
7} : 4 MIC ]
—200410-1 7, ' ® ]
100" e :
- 3001 r ) ) , 16
0 0 1 2 3 4 (day)

EBHARELLNEX ORI AELSKE L, EEIANY
T3,

COHETHEREDREHEDYRE YR RE
13, AIPTIEEL 1977 £0K 24 B B AL FHEFES
FAXZHRELETRET S I CABIMTIZALAT,
B, RSO H ARSI a8l L7 F3 T cephalos-
porin REFOHED ROV THRELTVWBIT¥L
Vo BRKTIL Grasso 59 D&M 1978 £ H b,
O'Grapy LMz X HTHLEPOHEIZ L 2 ERA
1976 FEifTicbh TV 5,

EREMED E. coli RWRBIENREENILLLED
BHEEC/HM X, P aeruginosa I ABRBENIHLOK
HELELS, RBEEBREOTH/LEEL LA TV S,

FERAERIERARFORN S ABPC, NA,GM,CFS
*BATL, CFS (2% L\ cephalosporin X% ¥ # C,
P. aeruginosa =it L CHEMICHEERN S5 LR
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Fig.19 The change of viable cell, pH, ORP in the
culture vessel to which 4,16 or 64 folds MIC
of gentamicin was added at time zero
Fig.18, 19 ——viable counts
------ pH of the liquid medium
-+ -ORP of the liquid medium

Viable
ORP ¢qunt
(mV) 107 (pH)
+100 19
108
0410°
1040 RN 8
100 108 v & X :64MIC
! (WY Ot 16MIC ;
—200110 'f \ ®: 4MIC
o] - —
300 0 L 1 i 1 6
0 1 2 3 (day

T3,

ZORKE T reservoir ¥ %, vessel ¥ bt & #F x it
CORBRIZY T - T A RBEE L SN —FKTD &
FExbhd, THchbRABRAZ IS EHERC
LoTREEES RDY L, —H TR X 2 AEEE
DEMb BB, LizA- TREN ST IEETE LR
YL, REV DL USEMT2H3 T, cOREDOH
BrAEBOFRB - HTEHTELIE, BTELEL
LRVERATR, GB» 7 —FLOEENSVOBRE
BRI EEELNE, KEBED in vivo DREICEL
EWH T ENbns,

Catrer S XRME XIS €3 & BRI TR
BEA 1002 /ml DTFoBPT2ER X TV B, $1:
Hinuan'019) 3 SR eHE - X 5 RSB 801 L C, HER
HRDRPAERIBHF1IRCL L L5, FHH
bok bl 10°~10°2/ml &7 2 AFIRRBC R
5LLTW3,

EFDHEHZ MIC TREIATV % A5, minimum
bactericidal concentration(MBC) ¥ E#+2 D H s
318, LinLighih, ChiXHEEY 18 BMA—RE
T-EEEHEOHECEMIRIRERTH-T, Th
ENHT DR TER 1% 77 » 2o L L culture
vessel O IEABEH medium reservoir FJDBE &
REF Lm0k 36 BMYEL, BEERLER
BTitieh o, ¥ ABPC OHEEHETAA LR
TR, FREMT 5 L EBOCHEIET LT D
DT, FRM S 37°C TRAEFBEES L VETT
SiExHRhB, Hic MIC ¥ kDBHE LR, &
BTRAESR L L TEERVE & FHMMbHG ¥ TOR

MEeh L MEM A L OB o ENTRD,

RRLITILED 220N LARB E E coli izxf L
TE GM ML & Lk )nizigh, 1 MIC T /el
WRVU L S AL, NA, ABPC Tt 16 MIC 2 LM TH
%o ABPC & NA o MIC »% 6.25 ug/ml,GM T 1. 56
ug/ml L4 {50 0T DO A IETIE 16 (5D 100D
L&V, ¥72 ABPC,NA o) 1,4 MIC D ¥ Di@ir
T 18 WM& TRRBLIG VA Y e 0 UK B My 1 2
DI, EOHIBRMA LS, R e, Fig. 5, 6 mE,
PImie L 54, ABPC, NA Tit 16 MIC o Esilc
WS TN LR o B, 1 MIC OIS LSRRI 5
WAL S h 52+ TH 4 »%, ABPC DWB{1ii+Tiz
Fig. 3 1oL L 5 oKD E Tk E R L %
xZbh, NADBHIFHMED MIC ¥ Zhiibns
LOCHEEVAHMBETA ik 2 :EL N5, B
MBRLA T TOMMIE NA O R4, WL MIC T4
ABPCO A BRI TV 5 EBbht,

P. aeruginosa OPHEDEEMVE 12 GM T » &
LEWT, CFS, NA L#E< o THMIAIE TORSRE GM
HIThb-& bR, NA & CFS O /rixMELE LT
i X tzo

FE 2 TIREFNE LRI 10 BRE T, AEOE
WA ¥ COBREMEIA K 12 B¥EITH B = 20> Fig 18 iz
AT L5 ERBRED 1 MIC LT &7 T 2~ 3850
HEELLRD, ik Grasso LY HIEOBEHIMIL
EHmEEN 1 MIC LiFizic»Thbig- b & CEZ 1o
BIL TRNRTVW A0 izF—FKT 5,

HHEM L TERRRBICICS £ CORMIIERERAIC
Bt LcBAIREEVEBEARLR 5 A, NA & CFS
TIXHE DENTL

P.aeruginosa DHE, HERFAGNEOERRL, F
WD 2 — it E coli DBELELTVB0, EHRK
PEET &, ¥t NA,CFS HmoBS L BRI+
HHE - — viREREWA, GM OB IENMEE T
DRMELE, EEBHEATIX, EH 212 Rowe 52
ARLTV 5 X 5iC one compartment model 2 4 ¥4
L, vessel HOFIEKEBREOHBIL 1 BIBEERC & 3
OFREOHBIE - LELOND, LIch>TER2
TRPEIC R TARERFEE T L O—DLEX LR,
FREY—BTIOFRAREFKFME, S50k
¥ﬁﬂ#l’=‘] ('1/2) ’L—E&%i FJ}'LZJO

Grasso L1 E. coli i3 L TR GREFBRENF L
b, MAPEEMHEIE->TOLRENIA U TEHME
TORHENERES &L, EOBEITHME TORMIC
ENRRWELTWD, ER2IBIZOHDOFHHTHYL,
GM DFAXBRVTUI B LS —HKLTE b, cep-
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halosporin RIEFI?S 1T T/ { ABPC,NA =2\ TH A
PRz v s L Mbhte,

GrurNwoobp 52D dilution system % {fifflL, ben-
zil penicillin(PCG) & ABPC o E. coli, P. mirabilis
b N D R T s h, E. coli x5 ABPC
/7 4 MIC € rapid lysis, 1 MIC ‘C delayed lysis
AT D, AR UL - B LTV 5,

KR MY i 7L kil L, cephalo-
thin (CET) DKMl MIC [ TFizies & HOTY
WAAURA & /e B/, erythromycin (EM) Tl
WIED MIC JL Pt be»TL IR S 6 e, 12
FEH S LD G n BRI THD L LT D,

AL 52 cefatrizine (CFT) - cephalexin (CEX)
DIEN B T 5 1= E. coli NIH] JC-2 ¥k% /B
Ly RS TT 1 MIC #Fo CEX pleRMETL
M HLEIEMA eV D1 CFT (3 8 MR T L MiEIER % T
L, 4 MIC ogirTix CEX T4 8IM THEIER Y
Bt LTV %,

BARLMEDKRAMARTE L E coli ¥BEELT
BB ARE 40 BCIOMEFALHEL
RPMERVE & RPERBRE, & % Eox$2 MIC
DOBARE R L1, HERIITEHESL 16 25mg TH
Bo XDORER, KBRS EH 16 MIC izEL T3
CFT 5 Tix 8RR D R IEER B » ¥, £
FTRED LR LT CEX 5B TIZ 1 MMy
BHEMAY L Rbbhich -1,

18 25 mg DHEERITEF D 1/10~1/20 D TH %
2, REIFRREN MIC AN 16 fE& 7 » TEAHR
LTV5 SRR B ORMErSD L LT, £
820D E coli mxToHEERONEDREANILS Is
TF5L0THD (NA OBELSHL 1022 /m]l T &
TeoTW3)o

Greenwoop 5294, E. coli, P. mivabilis \=%t3 %
B-lactam FAEF|OHEBITBED 1/4 TEHELTL
b0 L2 LT Paeruginosa T3 16 MIC T,
10°=2/ml BE - LA EEAH T, B U MIC %R
TEHATLEBZ L > THRIRL Y, FRHEEbRL
ERNVEDOBELHDZ LI bbb, —F, R
HRBPIE T RPEHBREN B L BDT, VbD S
HECR LTLRBIBENH B,

PlE, BEHRRBEREL VS BHORETCRT 5RO
HEBRRERD & — ViIZOWTH~RA, ChbiE
BHLIVIERDOHRICL - TEREIhB LEL LR,
£FRE|IOMiasEERYE, (FRBRF S BbHIRET
HY, BREALOUBEXEDTELIRHNYETL LR
bhs,

Do triinrt, 1 TizAL MIC T
ABPC =D t-HENED E F, NA 2BHHh
roitE o RIMIHBEL, GM TR Hht: MIC LIFoik
ETOUHLRIe & RN X » THIHBBIC 31T 2 51
IO BDH ENHB LI, ¥t E.coli & P aeru-
ginosa (X TEREFODRLLEMZLH->TLH B
BT TRAWNCEDODD Z ENHBI LT,

2 TR HRIBIG RSB R T, L LIZER
BYgeesFrt-h oL i~ Figll, 12, 14, 15,
17 =i+ X 512, E.coli, P.aeruginosa Zxf L Tiz
GM [ &, #EAMDOIERABIFORILL AL, FM
INF 38 I PEE 1 B DRV BEVBRGR T2 - c %Ltz GM
TIfEH L H BB KD - T2,

E.coli i-xt%% 16 MIC RIED FAEMTILEL "
100a/ml BEEZM A L, TTBE L SEMMEE
Bt S Rt & A U 210 %72 E.coli izxt 5
CFS, P.aeruginosa =137 NA OEEH-HbV-HDB
MEEE VLR IEEKICH LT LEFREIZS » 724
HIFRAY T THEN DB EXTRLI

HEHEERE O BNRGET TH 2 h - EFADHE
BRICOVTORBUL, EFOMKRNEEANE, FRE
. 558 BERMEBL S HEL S THREYER
Bl Txh, BEERIETZIEFHRIOVTORR
A—THIEBELARDONIELDOTHE - LoEL
&, EAOHEDHROBMCE- - SE»>FTELE
BEL2EELLRI,

BB hYWAROBLEY S50, RIAEE
BEBHTAE T L KBERKER, REHFERZIRE
BBECREOHBERL T,

REERAOBEERE 24 BAXCEREELRAXK
THMEEF IUE 26 DAXLEFREFLTRRLY,

X [

1) KUNIN, C. M.: Detection, Prevention and Man-
agement of Urinary Tract Infections, 2nd
Ed. Lea & Febiger, Philadelphia, pp.25~27,
1974

2) RKEEHK, WFAREX: REEREIC ST EDF
&R, FEi 34 : 85~91, 1980

3) BRYSON : cited from 6)

4) NOVICK,A. & L.SZILARD : Cold Spring Har-
bor Aymp. Quart. Biol. 16 : 337~343, 1951

5) OzAWA,A. & R.FRETER: Ecological Mecha-
nism Controlling Growth of Escherichia coli
in Continuous Flow Cultures and in the
Mouse Intestine. J. Inf. Dis. 114 : 235~242,
1964

6) BEBRRNRLE: RREFL0MA4F, UHH



VOL. 30 NO. 5

CHEMOTHERAPY

507

1))

8)

)]

10)

1)

12)

13)

14)

15)

16)

R (MREMRIAE ), pp. 207~221, '78, i R
HAR

FETER, R.: In vivo and in vitro Antagonism
of Intestinal Bacteria against Shigella flex-
neri. 2. The Inhibitory Mechanism. J. Inf.
Dis. 110 : 38~46, 1962

FIREE, LWERR, EE R:EERNRB I
Simulate L 7= In vitro Model i3 5284
BoZMMEA(2), Chemotherapy 28 : 26~30,
1980

GRASSO, S.; G. MEINARDI, I. De CARVERI & V.
TAMASSIA : New in vitro Model to Study the
Effect of Antibiotic Concentration and Rate
of Elimination on Antibacterial Activity.
A.A.C. 13:570~576, 1978

O'GRADY, F. & J. H. PENNINGTON : Bacterial
Growth in an in vitro System Simulating
Conditions in the Urinary Bladder. Brit.
J. Exp. Path. 47 :152~157, 1966

O'GRADY, F.; C.L.GAucl, B.S. WATSON & B.
HAMMOND : In vitro Models Simulating Condi-
tions of Bacterial Growth in the Urinary
Tract. Urinary Tract Infection. Proceedings
of Second National Symposium Held in
London, March 1972. pp. 80~91, 1973. Oxford
University Press

BEgR, &LERF, FREX, KBEK, &7
T, RESHH: REAERRVEREMICE T
SRPOMEMAE T O\« T, H1H: 1976~1978
FOSMEAEEL 7 1 2 7 BBHILOWTo BRIT
H 26 : 1245~1261, 1980

CATTEL, W.R.; K.I.FREY, F.IL.SPIRO, J.M.
SARDESON, M. B. SUTCHIFFE & F.O’GRADY :
Effect of Diuresis and Frequent Micturition
on the Bacterial Content of Infected Urine:
A Measure of Competence of Intrinsic Hy-
drokinetic Clearance Mechanisms. Brit. J.
Urol. 42 :290~295, 1970

HINMAN, F.Jr. & C.E. Cox: The Voiding
Vesical Defence Mechanism : The Mathema-
tical Effect of Residual Urine, Voiding Inter-
val and Volume on Bacteriuria. J. Urol.
96 : 491~498, 1966
HINMAN, F.Jr.: Bacterial
Urol. 99 : 811~828, 1968
NI2HME: RIREEE > BROCERECHTS
ERNPFFE, Chemotherapy) 24 : 1668~1673,
1976

Elimination. J.

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)

LYNN, B.: Pharmaccutics of the Semi synthe-
tic Penicillins. Chemist. Druggist, 187 : 134
~136, 1967

Jacons, J.; I NATHAN, L. SUPERSTINE & T.
SACKS : Ampicillin and Curbenicillin Stability
in Commonly Used Infection Solutions. Drug
Intelligence Clin. Pharm. 4 :204~208, 1970
SAVELLO,D. R. & R.F. SHANGRAW : Stability
of Sodium Ampicillin Solutions in the Frozen
and Liquid States. Am. J. Hosp. Pharm. 28 :
754~759, 1971

ROWE, F.L. & W. MOROZOWICH : A Simple
Dilution Analog Computer for Simulation
of Drug Distribution Process. J. Pharma. Sci.
58 : 1375~1378, 1969

GREENWOOD, D. & F.O’ GRADY : Differential
Effects of Benzylpenicillin and Ampicillin on
Escherichia coli and Proteus mirabilis in
Condition Simulating those of Urinary Blad-
der. J. Inf. Dis. 122 :465~471, 1970
HKER— : LERER O RZTIE L BH RS KD
Wi, HRK &M 1:51~58, 1974
ABREYT, BERER, &FHRF, MIER X
rig ®, RAEE . £0 Cephalosporin #|
Cefatrizine (S-640P) o XA (H, Chemo-
therapy 24 : 1668~1673, 1976

HAR=, RHEAFR, KEARX BHAZ R¥
i, W B, MERE: EAVERSED
Ko B H¥ P2, Cefatrizine & Cephalexin
O SE B M BB R VAR 31T B (Lo Chemo-
therapy 28 : 115~128, 1980

GREENWOOD, D. & F.O’GRADY : Is your dosage
really necessary ? Antibiotic Dosage in Uri-
nary Infection. Brit. J. Med. 10 Sept., 665
~667, 1977

NAUMAN, P.: The Value of Antibiotic Levels
in Tissue and in Urine in the Treatment
of Urinary Tract Infections. J. Antimicrob.
Chemothera. 4:9~17, 1978

KAWADA, Y.; D.GREENWOOD, & F.O’GRADY:
Factors Affecting Antibiotic Concentrations

in Bladder Urine. Inv. Urol. 17 : 484~486,
1980
STAMY, T.A.; W.R.FAIR, M. M. TIMOTHY,

M. A. MILLER, G.MIHARA, & Y.C.LOWLEY:
Serum versus Urinary Antimicrobial Concen-
trations in Cure of Urinary Tract Infections.
N.E.J. M. 29:1159~1163, 1974



508 CHEMOTHERAPY MAY 19882

EFFECT OF ANTIBIOTICS ON THE GROWTH OF GRAM-NEGATIVE
BACTERIA IN CONTINUOUS FLOW CULTURE

I: STUDIES ON SINGLE CULTURE OF ESCHERICHIA COL!
AND PSEUDOMONAS AERUGINOSA

Kiisur Okapa
Department of Urology, School of Medicine, Tokai University

A continuous flow culture has been developed as in vitro model of bacterial growth and drug con-
centrations in the body. On the other hand, the antibiotic sensitivity of bacteria has been tested by
static culture using liquid and solid media. This study was designed to analyze the antimicrobial ac-
tivities of several antibiotics (ampicillin, nalidixic acid, cefsulodin and gentamicin) on gram-nagative
bacteria such as Escherichia coli and Pseudomonas aeruginosa,cultured by the continuous flow system.

When a portion of medium containing 16 times the MIC of the test antibiotic was introduced to
the culture vessel containing steady state bacterial cells (2x107/ml), a marked decrease in the bac-
terial cells in the culture vessel was observed. Escherichia coli was completely eradicated or reduced
to 10% to 10% per ml by 64 times MIC of gentamicin or other drugs such as nalidixic acid, ampicillin and
cefsulodin. The effect of the antibiotics in eliminating Pseudomonas aeruginosa was not as significant
as with Escherichia coli when the same antibiotic concentration was added to the reservoir medium or
introduced directly to the vessel.

We also determined the time required to attain the steady state of cell growth after drastic reduc-
tion of the cell density by introduction of antibiotics to the vessel as a one-compartment model of
drug absorption and excretion.

Our results suggest that the inhibitory effects of antibiotics on the growth of steady state gram-
negative bacteria are quite different from the effects determined by the conventional static culture.
Since the dilution rate of the drug is not proportional to the dilution rate of the cells in the culture
vessel, the results obtained from such experiments should be interpreted carefully. However, the
information obtained might provide a basis for making a time schedule for drug administrations to
patients. Thus, we believe that use of a continuous flow culture system to study the effect of anti-
microbial agents in the dynamic state is meaningful and provides important information concerning
the chemotherapy of bacterial infections.



