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b P RFRENEBE < A0 MEAHMREICEBRT 5 in vivo pharmacokinetic model %\ T,
methicillin B Staphylococcus aureus (MRSA) PP 33&%% 2%+ % vancomycin (VCM) & cefos-
elis (CFSL) OftAMBHREREL, XHEBOMETCOEHEMEE FHM L. CFSL ® 1 g 71
VCM O 250 mg HETOEMBRISH LTI RS ORKBEGETIEH O ICHBBROMMAED SN,
CFSL % 4 RH%&1TH VCM THET AL ELICRVERMRIBOONI. —F, CFSLD 1g &
VCM ® 125 mg 2 FRPEHA L 2B & 0ia#RR 12 VCM @ 500 mg BB O BBMR L A% T, %A
KD VCM % 250 mg & L7k & DH#ERFIE VCM D 500 mg B0 Fh & h#hsz, $7:, CFSL
& VCM OftH%R % flomoxef (FMOX) & VCM DB OEFNE BT 5L, RKRESBLIU 4-
lactam %17# VCM SRS OWTFhDOBEICHE VTS CFSL & VCM DHAIC & 5 GEEI RO A
Eh/z, PEOKRIZ MRSA OFRKiG#ICHITH VCM & CFSL OStADE ARSI L 2RBL

72
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Glycopeptide ZILEWE TH S vancomycin (VCM) i,
metbhicillin %% Staphylococcus aureus (MRSA) RRYfE D
B—BIREL LTI TICERRICTROVWES 25 ), &
BV TH AREHERFZT S TUk, ToHFHA%EICHE
LTCTIREL DBENLZENTWSY, MRSA #f f-lactam &
HEWRZEUCE OEMCHBELLAREBNTD S.
aureus ® VCM 28§ 2REROHUBSZD LTV
CERBFETRENTHSH, LI L, MRSA I3 5 VCM
DOEHFMBREN T, BERNICOZOHROREIE
BRTHHILNHEY ShTBY, BOLBEAMRPLEL
¥ 5% immunocompromised host ‘T MRSA REHE I 5}
LTk VCM B TOHRBPHRILTLOTFEREL R
Vo &5, MAPRABE T - 3RGREIKEL-BAD
BERORBRICERTHLEN DY, K5ROHWS L UM
HREOCE=S ) Y/ OLERSE, HEHEOME " 35
WV, FCCIhHDEMBERZ BT XL, VCM LOHHE
ErAETIMERBMAETLRATE L, B,
rifampicin®~'”, amikacin®?®, fosfomycin?**’ Lol
PFbh Tz, EEICE - T f-lactam & VCM & OfF
oLz HBEL Abhb Lk TE, —h,
cefoselis (CFSL) ix MRSA (2%t LT in vitro 8L in
vivo I2BWT, Ot 7 2 AR NEWHER imipenem
(IPM) D HOERERTEHFALATVE® ™, 0
MRSA 233 % CFSL O#wvig¥ iz MRSA OtERFT
2 PBP2 ICHTABVBARLEVEEGICHET(DHD

LEZLNTWAS®, Lz2OT, VCM . DHRIZBENT
LEEHFD B-lactam & W H CFSL DA hERV-BrH%IR
EFRIWESNELZONDS, £ZT45HE, MRSA I3 5
VCM & CFSL ORI X 2 B#BOFAEICOWT, BKT
DOFARZEDBLDIC, b MEPBERBE <Y MK
FRIZEBRT 5 in vivo pharmacokinetic model % AT,
MRSA FERR 23RBS § 5 IR R 2 RET L 720
L ¥ & F &

1. FEREHR

CFSL iI#iREMTRESIWLFEEXEZH WV, VCM
BRREGCHRESN-RRKT - IETFHENELVE
ALZbDEZHW, flomoxef (FMOX) XEHFHR
¥ XY, methicllin (DMPPC) i} Sigma & ) EhZ
NEALZbDEHW,

2. EHEHKk

EROHBES, HREE % 21T A 1992 4F 7213 1993 4
oSN -ERIR MR S. aureus 12058 B XU S.
aureus 13133 Zfi\»7:, DMPPC Wt DB%EZFiil 3
5720, BRPOEERIC 3.13 ug/ml ®» DMPPC &4
Mueller Hinton agar (MHA, Difco) TRE ¥, X
IZEHFEEA D Trypticase soy broth (TSB, BBL) ¥
7213 Brain heart infusion agar (BHI, Difco) T
L. B, EBEREICHVZHRITXTAREYIC
HTAREREEZERICA-DOEH VI,

3. MIC &

sKBEHRNIEXME 2-1-6
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HARCFEMES MY » KL, MHA 28lv5
FERXERARET MIC ZHl5E L. RERMIX TBS T
RUSEREL, BUSERMHO 100 HARMME 2 HARR
SIDEKESHER EICR S 7 THREL, 37 CICT 18
RS L. MIC REOB S 2RTEXHLTAIR
MNBREEL, 5 aUTORDNID=—DRFIZBRYEE L
A

4. b MM¥EPRBENER % = 7 R O i e i EE L AR
L 7 in vivo pharmacokinetic model {23} 5 VCM &
CFSL OftRIC & 5 MRSA MR 23S0 2 )
Rowdt

(1) EBRIM %

ICR R R (B 4~5 HM) 12H& SLC X h A
L, BBXUKRREBICER, y—YHWIILA, —
# 6 LD R, cyclophosphamide (Nakarai
Tesque) @ 200 mgkg ZBBENHELE L, £0 4 H#IC
BHIA THRISEELAEO4HIEARER 50 ul 2~
YIRSV ESY—VHKET (50 mgkg, iv.) THEAEH
L7,

(2) FHZGRLBESE

Hatano ® 3% |(Z# 1L, CFSL, FMOX ® 1 g%/
i VCM ® 500 mg %t MZ 1 BRRIARIRA AR S L
LLEIBONIMBRTOXEMBEHRBICITY ZDOM
BEBEFADTIE2IIICIIANDEEHOBRER
BIUOBRGAYrVa—NEREL, %38, CFSL,
FMOX BXTF VCM Dt i ¥ bl B i3 TR~ &
DEIHLZ. LETROON - RERSREBFOEME
16 BpfiteH & 1 BRI T 8 EBE~ Y A ICE TS
L7z &FH L5 R% Table 1 (2/5RF. VCM @ 250
mg ¥7:13 125 mg 2 & MC 1 BERGBARA AKX S L7
¥ 4 i B DI, Table 1 15RT 500 mg % 8
SL2BOENEZBRATILDOE5RD 12 $7213
V4 ZRIBRICEKE L TITo 20 72, 2 HOBRIRRICIE,
CFSL Z7-i3 FMOX 3 & ¥ VCM D4NERBAHHEIC
PVBLERVWEERZEL, ThZhoRek5RERAKT
LRREERo TS LI,

(3) HEEBOWE

Table 1. The dosing regimen for simulating human plasma concen-
trations of cefoselis (1 g, 1 h-i.v.d.), flomoxef (1 g, 1 h-

iv.d) or vancomycin (500 mg, 1 h-i.v.d.)

Time (h) . Dose (mg/kg) :
cefoselis flomoxef vancomycin

0 54.7 31.6 21.9

1 45.8 19.2 17.7

2 21.7 5.22 5.86
3 17.0 2.88 5.76
4 12.7 1.42 4.89
5 9.57 0.70 4.24
6 7.18 0.34 3.68
7 5.36 0.16 3.13

BRMADER B LU 8 R E 71k 10 B MM
£EW 6 EDBRIIALRRIESE, KMAICH LR
HLZA. BADBBABIZOWTHIERNEAREKE L
bikEYF4I XL, FhEREELTHAEARLT
KRB ERRTHACELICEIVMNENEEMEL /2
R BRUIRRIIM %7 h 10 CFU THh o7z,

(4) WERIMEHT

BRI BRI, HMMARROMNHRONS K6~
RHGHBEOMANERON B ERL /M (ALog
CFU/lung) £ LTHRMRL, EFDOMIIOWT, KHEMD
HFBZORERE —TCERIBIH L7<DH Turkey-
Kramer D& KILBTEML 7o

II. # ]

1. RAHBKRD MIC

MAH L7 S. aureus 12058 3 & ¥ S. aureus 13133
DXEHNMBZME Table 2 I2RT, DEKIZ DMPPC
X LT MIC>400 ug/ml %/~ L, DMPPC M@t
BTHo7d, VCM ISHTHBREIRE HIC0.78 ug/
ml THolto TN 2 KICBIFS CFSL D MIC i b
I 25 ug/ml T, F7: FMOX ® MIC i2 50 3 X ¥ 100
ug/ml THY, Mine HOHEr» (22 5 BRIKS KD
MIC 428175 MICw 2R T RN ZHKTH 72,

2. RURCBIFLE PP REXRBOFEE

Table 1 IZf> THREG LA L ST 2OMEHRE
BXUE MICCFSL (1g), FMOX (1g) 74k
VCM (500 mg) % 1 B¥PARMHEL =L 20 mh
BEHBZFigs. 1~3 IR T, WIhoEMIZOVT
b, YVALBITHMEFREIBBEL - FORK
PIREHB L ZIZERTIHRBE LS,

3. In vivo pharmacokinetic model {235 CFSL
& VCM OB Fi%h#

(1) CFSL OffRIZEBIT 5 VCM ORB OIS

S. aureus 12058 FFE 33 EHIH LT, VCM D500
mg, 250 mg ¥ 713 125 mg D ¥iskia#EE: VCM @ 250
mg 71X 125mg & CFSL ® 1g #MBHEA L L &
DGR 8 KB DOBRHRLHB L - KM% Fig.
412" %, CFSL® 1 g 3X U VCM @ 500 mg, 250
mg ¥7213 125 mg BHZRSHOBRBHEIIE 2,
-0.7+0.24 BXU-1.66+0.23, +0.08+0.29 % 7=
1$+0.78£0.27 Log CFU/lung T Y, 250 mg BLF®
VCM HHTIRGRBARBEOER 2RI S22 LIRT
&hho7zo =%, VCM D 250mg & CFSL ® 1g %

Table 2. MICs against 2 methicillin-resistant Staphylococcus aureus
strains

Strains MIC (ug/ml)
cefoselis  flomoxef vancomycin  methicillin
S. aureus 12058 25 50 0.78 >400
S. aureus 13133 25 100 0.78 >400

Agar dilution method, 10* CFU/spot, 37, 18 hours
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Fig. 1. Pharmacokinetics of cefoselis in an in vivo phar-

Fig.

macokinetic model simulating human plasma con-
centrations. The closed circles indicate mouse plas-
ma levels in the model. The thin line indicates the
pharmacokinetics of cefocelis in humans after a sin-
gle 1 hour-intravenous drip infusion at 1.0 g.
Symbols represent mean + S. E. for 3 to 5 mice.

100

Plasma concentration ( ug/ml)

Time (h)

2. Pharmacokinetics of flomoxef in an in vivo phar-
macokinetic model simulating human plasma con-
centrations. The closed circles indicate mouse plas-
ma levels in the model. The thin line indicates the
pharmacokinetics of flomoxef in humans after a sin-
gle 1 hour-intravenous drip infusion at 1.0 g.
Symbols represent mean + S. E. for 3 to 5 mice.

FRGERL-BEGORMERIT-2.34+0.12 Log
CFUMung T& Y, EXEHBBMOEE L) BRHRON
MAA b, VCM @ 500 mg BHEHREICHN, &9
MO ERL, 7, PEAIRED VCM % 125 mg (2
BELZBECBVTY, TOHEBRPHRIET-1.73%
0.31 Log CFU/lung T VCM @ 500 mg Hik 5K D ¢
hEA%EDRRERLL,

Fig. 3. Pharmacokinetics of vancomycin in an in vivo

pharmacokinetic model simulating human plasma
concentrations. The closed circles indicate mouse
plasma levels in the model. The thin line indicates
the pharmacokinetics of vancomycin in humans after
a single 1 hour-intravenous drip infusion at 500 mg.
Symbols represent mean + S. E. for 3 to 5 mice.

1.5

ALog CFU/lung
S
o

N

2
-2.5%- 1 NS |
:] control 77771 1 g of cefoselis alone

V777) 250 mg of vancomycin and 1 g of cefoselis

NN\ 125 mg of vancomycin and 1 g of cefoselis
XX 500 mg of vancomycin alone

- 250 mg of vancomycin alone
- 150 mg of vancomycin alone

Fig. 4. Effects of decreasing doses of vancomycin in

combination with cefoselis against murine pneumo-
nia caused by Staphylococcus aureus 12058 in an in
vivo pharmacokinetic model simulating human plas-
ma concentrations after 1 hour-intravenous drip
infusion. Bacterial suspension (0.05 ml) of S.
aureus 12058 (3.0X 107 CFU) in saline were
intranasally inoculated into the anesthetized mice.
Initial viable counts in the lung after 16 hours of
infection were 7.14+0.05 CFU/lung. Each value
indicates the mean*S. E. for 6 mice.
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S. aureus 12058 MR MER i LT, CFSL ® 1g,
BLU VCM @ 250 mg ORMYHA 7214 CFSL % 4
RHETI G % VCM 2Bt Ltk & 0mBMN
10 Rtk DB R % Fig. 51CRT, CFSLD 1g B
LU VCM D250 mg BHMBEROBMARIE £ 4,
—0.53+0.26 B XU -0.62+0.32 Log CFU/lung T,
CFSL & VCM 2 FRICHERAT A S LIk ) RO
HdsA LN (-1.59£0.10 Log CFUNung). —7,
CFSL % 4 RMEATHRE Lo®IC VCM 2HE5 LK
f, FoRRYHBRIE-2.1120.27 Log CFU/lung T,
FRGEA L D S S ICHMmE I,

(3) CFSL % 7:ix FMOX & VCM O AR RO LK

S. aureus 13133 MR} ERx LT, CFSL $/=
i FMOX ® 1g &£ VCM @ 500 mg % 7=i3 250 mg @
FIRGFAROBBY RO LY Fig. 6 1=, T,
CFSL %712 FMOX ® 1g % 2 BRI%ATHRE L #ic
VCM @ 500 mg ¥ 71 250 mg #BEBHAL-L & D
MARR% Fig. 7 iR+, VCM ® 500 mg & CFSL

1r-
05} T
0 T 7 T T § T
5 0.5 - ” §
2 l \
) -15 | \
.
-2 NN
25 L *
[___]control 1 g of cefoselis alone

V777 250 mg of vancomycin and 1 g of cefoselis
Y 250 mg of vancomycin and 1 g of cefoselis
NN\ 250 mg of vancomycin given 4 hours after

1 g of cefoselis

*giginficantly different from cefoselis or vancomycin
alone (p<0.05)

Fig. 5. Therapeutic effects of vancomycin —cefoselis
combinations against murine pneumonia caused by
Staphylococcus aureus 12058 in an in vivo pharmaco-
kinetic model simulating human plasma concentra-
tions after 1 hour-intravenous drip infusion, when
vancomycin followed cefoselis. Bacterial suspension
(0.05 ml) of S. aureus 12058 (3.1X10" CFU) in
saline were intranasally inoculated into the anes-
thetized mice. Initial viable counts in the lung after
16 hours of infection were 6.33+0.31 CFU/lung.
Each value indicates mean+S. E. for 6 mice.

¥ =i FMOX %2 WK 5 L2 AN BMHRE VCM
? 500 mg MBMEDENLHBRTHL, £4-1.70%
0.30 ¥7:1-1.04£0.28 Log CFU/lung T, VCM
500 mg WLBHRF 0> - 0.52 £0.28 Log CFU/lung (2B
M BAMA SN, RS R CFSL L DA
FMOX L DB X Y #fid oo MBS VCM D 250
mg £ DOFBEHMICBVWTYH CFSL L DUHADTTHE
VWHRIRMRER L, 7, DMPPC DOREEAEY:
HORMTIE 2 BMBEHOKHARRI R,k
FTHEAN M 128, CFSL %7212 FMOX % 2
MM SE1T8 S L7=# VCM @ 500 mg 2R L 7%
BOUBMYRERNLAKME, ThHxEAr-1.752
0.07 3L 1*-1.56+0.10 Log CFU/lung TH-7 L
22T, COEBFIZBVWTS CFSL LD BEAA
FMOX L DHRH LY LRV RERL . FHIC
VCM ¢ 250 mg & DBZHMIZBWTH CFSL L D
HAOBEHMFMOX & ) VWM RERL,

g

5 2

S /

3 /
/
g

-15 F % L ns—
2L
[ control 1 g of cefoselis alone

V777 500 mg of vancomycin and 1 g of cefoselis

Y 250 mg of vancomycin and 1 g of cefoselis
XN 500 mg of vancomycin alone

- 250 mg of vancomycin alone
- 500 mg of vancomycin and 1 g of flomoxef

- 250 mg of vancomyecin and 1 g of flomoxef
- 1 g of flomoxef alone

Fig. 6. Therapeutic effects of vancomycin — cefoselis or
vancomycin-flomoxef combinations against murine
pneumonia caused by Staphylococcus aureus 13133
in an in vivo pharmacokinetic model simulating
human plasma concentrations after 1 hour-intra-
venous drip infusion. Bacterial suspension (0.05 ml)
of 8. aureus 13133 (2.7X10" CFU) in saline were
intranasally inoculated into the anesthetized mice.
Initial viable counts in the lung after 16 hours of
infection were 6.66+0.18 CFU/lung. Each value
indicates mean+S. E. for 6 mice.
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1

NN

ALog CFU/lung
S
(5]

N
N

%

-2
[ Jeontrol 771 1 g of cefoselis alone

500 mg of vancomycin 2 hours after 1 g of cefoselis
250 mg of vancomycin 2 hours after 1 g of cefoselis
500 mg of vancomycin alone

- 250 mg of vancomycin alone

- 500 mg of vancomycin 2 hours after 1 g of flomoxef
- 250 mg of vancomycin 2 hours after 1 g of flomoxef
- 1 g of flomoxef alone

Fig. 7. Therapeutic effects of vancomycin— cefoselis or
vancomycin —flomoxef combinations against murine
pneumonia caused by Staphylococcus aureus 13133
in an in vivo pharmacokinetic model simulating
human plasma concentrations after 1 hour-intra-
venous drip infusion, when vancomycin followed
cefoselis or flomoxef. Bacterial suspension (0.05 ml)
of S. aureus 13133 (2.0X10” CFU) in saline were
intranasally inoculated into the anesthetized mice.
Initial viable counts in the lung after 16 hours of
infection were 6.29+0.20 CFU/lung. Each value
indicates mean+S. E. for 6 mice.

m. * ®

HHEAD in vitro BFHICHAT2BMEDNDE B F = v h
— K — F#iZ & 5 FICindex % BFAZIRDHERE L LT
%%%, FICindex 3P H¥EH A 3IC—ERBET 18 K
DEERL-SRE2BBELZLOTH- T, MHPRE
AN ICEATIEECORAMREZFH TSI 2
TREERHLEEZONDS, TOMELZHEL, &
VEETOBHEOTFHERZRD LD, RAFNLS
ik in vitro auto-simulation system I X 5 ffFHDOBE
EWELTVS, —F, in vivo FRBREIEICT TR
KB EBRBRERTRIF ISR TV S, BWERD
SEKRTORMBELEZ T 5121k, AABRBIIBITSE
FEBMORENKELBEL 2D, TDNTFY 7T
AREIBTH7-DIC, ReAde PP RERBZ~
Y ADMBEHBEICEBRT 5 in vivo pharmacokinetic

model® Z{EM L, MRSA®, Klebsiella pneumoniae™,

Streptococcus pneumoniae® i< Y d &Y T oie o

ZHADKRERTORBYHRICOVWTHRELTE L,
ALz, THORFICIONWT, COEFNVICBITELNH
YRR TOMMELR 2R RE L CHMTAHIL
ERBLTWVWD, 4, COFHEL2/AWT, MRSA &
Rl 3 2 VCM & CFSL OftfizowT, BEKTO
HHAME ML,

S. aureus 12058 |2 & % Pk #r i dvicxt LT CFSL
D 1g ¥AUE 7212 VCM O 250 mg BBITI3 M%) RS
bEMrLhBO O eho0iznt L, WM % R
SLABE, FAOHMBEICHXARYROEEL
BmAEd b (Fig. 5)o T OMRIX S.
aureus 13133 PR FHWERICBVTHED LN (Figs.
6,7), VCM & CFSL O#fZh#E»¢ MRSA (I L T—
BHICRDONIBRTHELELAONL, VCM &
CFSL #7562t Db 5 —D2DHKTHS VCM D
BEROBROTEEHICOVWTASE, CFSLD 1g &
VCM @ 125 mg % FEKGH L - HE& D BB R,
VCM @ 500 mg % Bk 5 L7- &L A% THY, B
AkR®D VCM % 250 mg (BT 5 & VCM @ 500 mg
DOHMBERI D LEN - BRBEHRERLL (Fig. 4)o
DT Ehrb, VCM OR5RETIFHIET, DR
EH%2BETENDE LR 2HBMBROMBE BT
XL REMEARBEE LAz, VCM IC f-lactam ZHFH
H5ZLTVCM DBEKRARZTIF22 LM TEBHIL
Rl BERLRL, WETTTTCILTALEREN
PHBENTWVS f-lactam # VCM OBHAIE LT
HwaERIKEVWEEZ LN,

VCM & CFSL OBtHMEFIIBE Lz 2 %)k BICH
Rfe5 L Db CFSL BATHEARICE ) BV HBR%
BHIEMNTEN, L7zH>T, CFSL % VCM (ZBEH
THIELWLARKOERZMFTSIC1E, CFSL &
78 VCM £ 5283 LS, RBESTLo42E
MR OMBNRBDON-Z LH S, BEREOLE
BN BET TRV EEI LN,

—%, VCM Oftf#H & LT CFSL # FMOX & 8
TaE, RB|NLCOHE 2L 5 FMOX & VCM O ff
AHRMPREINI LG4 THHRAREE /T FMOX % 2
FRRIEITOFARICBWTH, R4 D in vivo pharmaco-
kinetic model {281} 585 Tix, FMOX & VCM DO f
Ho#lAaabe k) CFSL & VCM L OftHOMAE
bEDOHHL VBN BEEHEEZ R L

VCM & CFSL i3t IcHilRRESRBEERTHLHI2HH»
POOFIOL) RHABRERIRELLT, Zh
SCOEHRDECHKEET2b0LELONE, T4
bbb, VCM IHMREFEAOESRIETH S lipid
cycle ZHET A LICX D MfREF AL ELEXELD
IZxf LT %%, B-lactam #IT& % CFSL (M iaBE & Bk
DERBEPETH 5 transpeptidation ZFHETHZ LI
IV MBBEDORSEILS L CACBROERZ L2067
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SENHONT VB, TD &) R %5 MH RIS
WS LTI DMIREERNL Y KERRWARSY,
BHINR T ¥ NS, £/, p-lactam %
FAT LA ICORHRIRAE D i < RIS 0B RN,
B-lactam (< & 2 Rl uA%E 7 55 1L > e L2 R IKOAE 7 A4 4 )1
b o 2R ICEN S AR SRS 258 & 0 AW
KERBZFA-IDEDKEL, LADSTHALY
T2 bDEEZLNE,

MRSA 1253 2 HMICBWT, VCM & CFSL %48
AT 2L THBEDNROMBAINN D & & HIZ, VCM
DERMBREEL )T L2 VCM O A MBTE
5k, EHICTTICHE IR TVWS FMOX & VCM
DML LEIZ CFSL & VCM O 8fH Asl i 7z it 4
ERELACENS, MRSA OEKBMIIBNT,
VCM & CFSL OftHOFRAEXR I LR S
A
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(CFSL)

To predict the clinical efficacy of combination therapy with vancomycin (VCM) and cefoselis

against methicillin-resistant Staphylococcus aureus (MRSA) infection, the human plasma

concentrations of CFSL and VCM after intravenous drip infusion were simulated for eight hours
in neutropenic mice by hourly subcutaneous injections of the drugs in an in vivo pharmacokinetic
model. The combination of 1g of CFSL and 250 mg of VCM augmented the therapeutic effect of
each drug when compared with monotherapy with the same doses, and higher efficacy was
obtained when VCM was given 4 hours after CFSL. The therapeutic effect of simultaneous
administration of 1 g of CFSL and 125 mg of VCM was almost equal to that of monotherapy
with 500 mg of VCM, and that of a combination of 250 mg of VCM and 1 g of CFSL was sig-
nificantly higher than the effect of 500 mg of VCM alone. CFSL-VCM was more effective than
flomoxef-VCM both when given at the same time and when VCM followed either CFSL or flomox-
ef. These results suggest that the combination of CFSL and VCM is more effective than

monotherapy with VCM against MRSA infections.



