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MRSA Z3F % vancomycin & #ti#) & D8 H
—BEHRE LU —
wm R A 8B F B K K
T- 36 K SR BE 45 65 B K % B2 M B
(P76 6B - PR7E8A229ARA)

MRSA 237 % vancomycin (VCM) & MFIOHBRMMRE, T EKEELMBHKHKBEREROE
KHR»OSMEN MRSA ORRELZAVTRE L. REMHRHEHAREEMOTREHFAD
St bEh, RMERHATIIVCM 7L ) aHEITOHHRIFTH o 2o FMIFHARKORERRIZ
VCM + arbekacin (ABK), VCM + flomoxef (FMOX), VCM + sulfamethoxazole — trimethoprim
(ST), RWT VCM + rifampicin (RFP) OMHIC# Abh, VCM &L ABKHHATH - L b RVRH
HRIBOONA, ThHEDHMRNS, VCM & ABK % 3 HMHO®RIZ, MAOYLLAI—K%5H
MR 5 35 MRSA BWEDRMAELZBEL, MAOXKYHBRE LUH~NOLE, 260, £
DEBLBRT L ENTRIENICHLTEI y PEHVWTRHLE, TORR, RERXSGROWE
HREII VCM M5B L ) ABK R SBRTHLIICHL, TOREARLRFTH o £/,
CHDEIBBRERBIFICASN S FHM L fosfomycin DA ICB W TITHREICER S h A,
piperacillin X DA TIIHEICHEL, RTHABLERLL,

Key words: MRSA, $FH%1#R, VCM, ABK, H#EHABR

Vancomycin (VCM) {2, methicillin —resistant
Staphylococcus aureus (MRSA) RERE O EE L (#RHIT
bah, EEAICHTIHBRBRVLT2THY, £0—K
ELTHENERERT ILEFERINA TS v, 40,
VCM OB ROMBEEM L LT, HMLL A MRSA
32 VCM Ml L o RIC X 2 BREHRERFT L,
X512, 9y PEHWTVCM L arbekacin (ABK) OfEH
I AREBEBRHALZ-DT, FORMEBMET S,

1. RBRE KR &

1. HEFR

1) fEA%EHA

JE D 5 H 7%, vancomycin, sulfamethoxazole—
trimethoprim & flomoxef (VCM, ST & FMOX, &
FHNKWM), arbekacin (ABK, HHRNEKRR) b
& U rifampicin (RFP, #F—BEHRN) ZEHL

2) MHEHKk

F-HE KK 2R B R E I CRAR MR O 7Rk
L 7= MRSA No. 1925 #k & No. 2421 #k% 72,

3) BEMMEHE

Minimum inhibitory concentration (MIC) %, H
AL SEHEEIC X 2B RARRED IV,
cation — adjusted Mueller — Hinton broth (CAMHB)
(Difco#) ZHVTHREL.. THbL—KEEEZ
REEAKTI0BICHRL, HEHMSHERHRIC MIC
2000 (Dynatech Product) % fi\ M (fE#: 5 X
10/ ) L, 35T, 24 ReEERKBICHE L. %

B, EXKFMEIZ, VCMiZ 16 » 5 0.25, ABK,
FMOX {2 128 75 0.06, RFP i 16 #* & 0.015, ST i
160 2* & 0.31 ug/ml & L7,

4) HRAFCHTHIBREADR

1) HABDOER

HREIZ, SEIIRLOPMELLFEIR-THE
BL7e T4bH 18 mm (HE) X 30 mm (BX) @
A#MEH %, WERHS, brain heart infusion broth
(BHB) (Difco #t) HicAh, StAEKEIEML T
35 CTREL, £REE L. TORMETIALEAR
A 2EK%E 1 ml OBRBEERKDA - LRBRENICA
h, # 60 HHRESRICTHEHELHBIC, EAKDPIE
BLTE-HBEitlTs L8 10° cfu/ml %5, &
HIC, FRRICAERKPICLI2GREZRY)ELTHEM
LT B2HBUI—FLTH 10° cfw/ml THYH, BOX
FELLTHATREAN LA ABIROL I T
ERMICHEL 2, —EROBREZLOHSHICIHR
O - -MEHR (10%ml ~ 10/ml) 22iF, —HEH
LESKEOERLEZ VY ZF7ICAN VB ITEEDR
FREZDODPLDERLTEL, 2VTKRADHEK
FRRICEEL, CORERFRBLHAOERER
RERBELBL, BREAT L. LAt TRE
BEERTH 5,

@) ERBEICHTHBEHICE 2BREHE

R L L7 MRSA No. 1925 #k& No. 2421 BRiZH§
5 VCM tf#b# (ABK, FMOX, RFP, ST) #fHT®

FENPREEAL1-8-1
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BHiX, OVCM & uHDOFEER, @ VCM 1 RME
RS, OMH 1 FRMERS VCM SO 389
COVTHRRNICRBRE DS EREN 2 XOKRMMR
REDHL, AROMKEZEERMICHELT, R
HlME RO, REHBRICHCTHEH ORBEIZ,
HHRGRT, NPREL LTHEEL) IRELLE,
F%bbH, VCM, ABK, FMOX, RFP B U'ST Dk
BEiX, th¥h 16, 4, 60, 2 B XU 40 ug/ml & L7
HHREEREZME 2V DE LA,

2. WEERR

1) ERWR

JE DB & H 72, vancomycin (VCM, HEFHBER
), arbekacin, fosfomycin (ABK, FOM, BiihBR
#M) 3 XU piperacillin (PIPC, ®IL{L%#HRY) %
Hwh, ChonoBBRWRIZENRS BLUHARS
WTFhOBAOLRFABREAAT I RYSZ)D 1 HR
BEWEA 10ml/kg L 25 L HICHMLTHRAL X,
d, B5RINMERRLL, VCM & ABK RO
ACRBALLTH/ELA, ChoBRAPOHBRYWER
DEEHIHBETH S,

2) BWBIUABELNG

BWRHAFr— VR - Y RA—BHIALRMAL, B
#-PMEL7-6 AMD SD T v bR, HERNHE:
I2& Y Table 10X HICHSTLTHALL. BT
BEDKEIX 161 75 188 g THo7zo T v MIIRE 21
5 25T, WE45 525 65%, BB TRIOH 19 K

BELASIFRRTT, W20 WS 18 - AITE 35
emDAFYLVAMYr =V 2 EMITREL, Y x
VIVBRTRABOENME NMF-R LAXREL
2 ppm MR ICMEL A KEKEEHHRNSETAR
Lto BBy —VIRNVBIURNA Y FR2EICK
DAL 7.

3) RRAE

AMOR5RIZEEARTHS VCM 40 mgkg B &
UABK 4 mg/kg L Eh 6D 10 i E L. KR
D 10 5 #iZ MRSA Bt FEDIZE A LN ERMDOERE
BEAL, EAOBBEIIHTIRIENRE->TWVD
LEXOLNRZNT, BEARTALLIBBRRE X
DEEMICERBT I LEANELTRELL, SHR
WROBSERZ, VWThLBEKEGERICZRCBR
e L. UTORMESDORMIE Table 1 ISRL 7,

(MREX% 1) VCMBXUABK 2 &MHBb LI
fAL1BIC1IET3IAMIChbAY EERSL, WM
BRBICOVTIZERES %I 1 AMEKET 5 EHR
HBMEL. WEERRRBESOBHEARERTRI,
EWYB® (ADME) 2 1 @5 L 3Er5#IC, €h
ZFhigit L7,

(RBRES1) mM%Z 3 BREAEL, TO®#IZVCM
%712 ABK # 5 H##& 5 L C, RRESOBHIC
H#NH L ADME 25 L7z CORFORKREIZOW
Tk, WTFhoBICORARESHRIC 1 ARKETIH
HARLB/EL, KERTRICHBEEZRE L,

Table 1. Experimental design

Dose (mg/kg)* No. of animals
Exp. Group . , . . .
no. no. first period | second period nephrotoxicity ADME (days)
(3 days) :T (5 days) @ | recovery a! 3 ! 8
@ |ABK4 ! - 6 | - 4 4 -
® |vCcM40 i - 6 E - 4 i 4 E -
] ] 1
| o |aee i - S e
@ |vcM 400 i - 6 ! - 4 4 -
® |ABK 4 + VCM 40 | - 6 1 6 4 4 -
© |ABK40 + VCM400 ! - 6! 8 4 1 4 -
i 1 e
@ |ABK 4 + VCM 40 i ABK 4 6 | 6 -0 =1 4
! ] ]
I ABK 4 + VCM 40 | VCM 40 6 | 6 -1 = 4
| 1 1 1
® |ABK40 + VCM400 ABK 40 6 | 6 - -1 4
' 1
® |ABK40 + VCM400 | VCM 400 6 ! 6 - E - E 4
© |ABK40 + VCM400 | VCM 400 6 1 - - - -
@ |ABK40 + VCM400 ! VCM 400 61 - 4 404
[ ] 1 |
@ |ABK40 + VCM400 | VCM 400 6 | - 5 | 5 , 5
'
i 1 1 4
—: No operation

*: Clinical dose: ABK 200 mg/man, VCM 2,000 mg/man = ABK 4 mg/kg, VCM 40 mg/kg.

@: The day after the last treatment
ABK: arbekacin, VCM: vancomycin
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(RBMX2T) WAOBKKERED 10 k% 3 HMbE
A5 L, E0®ICVCM % 5 HMRRRSE (ERHK)
LTALOhDH#MIZ, WBUERZYORRERAEHT
BILFAMLNTVS FOM - ¥ A PIPC* - D
HCIHERINDIPBTNTOVWTHML. FOM &
PIPC D5 Rz b ICRBLZHMICERT H L Sh
SHKHROY 4 R TH S 320 mgkg® &L, Th
CRFIERBOWEI LRG> O BRZERK T TER
LTHAKES L. HRESTORBRBICOVTIIR
RESOBBICHHENEL, DRBICIERELZLV
ICERE5®%IC ADME 2, FhEhRN LA, 28,
FOM & & U PIPC ##ix VCM BHL ¥ 2i2 VCM &
ABK BBOHR G HAIHBE L7,

4) R#HHH

(1) WHE: BRES E2KRENRRTORBICA
YT — VBT THREXBRD S A mES
THRIL, TORICBHmMBESETEMERHE LA, 1§
LR7-MBPISDVTIRBLICE ) M ZRIL, Mm%
FHOBUN 20y Y2 MOI—1X - 775 %HVT
Urease *+ GIDH ¥ICL YV HlIEL 7. HRICOWVWTIRE
REMEL, ToRIIHHY YREHEILV<Y) VAT
BEeLT, HEickh) HE e BE24ENL, ToM
BT AEFHERETCREL. B, WERICHL
TRYZBOKEI LM ERDAML .

(2) ADME : 4B HOMESRBWIZD>WTHERIC
VCM 72 ABK b L2 VCM & ABK Ol
ERBBIUCBNREZNE L. m¥IIHEBRYREE
5005, 1, 2 BX3 RMHEICSRK, 24 RREH%ICH
BRD S, ThEARML TANY VABIZE DRI
Lo BICDOWTIZ 24 R OR M T 05 (2 Bl 3
FEESEMULT, 0.1 MY VBEREH (pH 45 BX
U*8) THEYF A XL 900G THEELLTHR LK%
AF L L7, VCM B X F ABK DR EE i3 4 84 L Wil
BtHBICB V> Tix VCM Tit Micrococcus luteus ATCC
9341, ABK Tt Escherichia coli NIHJ. Z ARE & L
BUEWENEREICE Y, SHMHABICI Y TIZYMH
%% 5 A (Inertsil ODS—2, GL Sciences Inc.) # v
7: HPLC ¥T, VCM Ti3#/KHi2%E, ABK Tik#k
BRHFICXY, ThELSNERL . 72, mMBP
WM (BA,; RME, LT Tv:) & one-
compartment open model iZ & 5 Damping ft &
GAUSS-NEWTON ¥iC X 2B/ _F k2L Y, i
bR - TEAR (WAL ug-h-ml-', BT
AUC) R&BHEICEY, EMiTE-dalL 2,

5) #cata

EERRECOVTREOFHMELREREEL AN
L7 BHEXHICHTIREMIIOVTRERARK 4+
CEEBREED, TORLERHOAREZ%Z, ADME
CHTAREMIIOVTRBEOUBHZSRKOMELE

WELTEAF—-VYMEDARELLE, ThE¥NF-
tRBICEDMH L. WEECHTA2REMDOEH
RIBRBESITE, 29 bo 5 AMEMRSHKRT
DELER 6.256 mgkg £ BFIHFFDON ABK 4
mgkg e L. BREFITRCORXSATHES
DORBNALNLRD > - BEFOOEKARTORH 3
BMStR, 0% ABKS5 HMkBixsHE L, 27,
RRXSIDTRWEEXARMICBATIRESOOM
KERD 10 R TOWHF 3 BMBEH, £o#kIiZ VCM
%5 B ETARL LA, 28, BBREZIT
DOEPERICOVWTIR2BLYIZWADWRMILKE L
pALS
IL X B & M

1. BEBR

1) BtREHOEN BT

Table 2 i~ MRSA No. 1925 # & MRSA No. 2421 #
DEFEH KT A MIC %~ L7, MRSA No. 1925
¥ VCM, ABK, FMOX, RFP B X ¥ ST i ¥ 5
MIC i, #h¥h2, 2, 128, 4 BL1¥1.25 ug/ml TH
572. MRSA No. 2421 %® MIC i¥, Eh¥h 2, 4,
64,2 3L U 1.25 ug/ml TH o7z

2) HRBEIIHNTIHBICLIREADR

Fig. 1a# 5 1 d i MRSA No. 1925 sk DI 1253
45 VCM :fs# (ABK, FMOX, ST, RFP) D8 H
ICEABREBBRERLE CHHDORPLHLID X
2, WTFhoMAEDLETH, 2WOLHEAZ RIS
e S HBEC, BEDRG—FENTEY, VCM
L ABK DHABRDOETH - L DBVWERERIZD S
hico bbb, BUEAZERSESH D 10° cfu/ml
OWRIX, YEF 9RM#ICIZ, VCM + ABK X 107
cfu/ml 12, VCM + FMOX i 10° cfu/ml {2, VCM +
ST it 10* cfu/ml I=, VCM + RFP it 10° cfw/ml (=34
LTwih, REZHAH T, AkiTies®%, VCM %
#’H5L-HH, VCM frks#, HLEs5L0 LEn
BRI BO LNz, Fig. 2 a5 2 dIiZ MRSA
No. 2421 O ERE S35 VCM LA ofEHIC X
HBREREZR LA, MRSA No. 1925 BkERL X5
LEREABDRIBD b,

2. HEHIAR

#E, BUNBIUEHERLYLIE Tables 3, 412, ¥

Table 2. MICs of MRSA strain no. 1925 and no. 2421

No. of
strain

ABK FMOX RFP ST VCM

1925 2 128 4 1.25 2

2421 4 64 2 1.25 2

MRSA: Methicillin-resistant Staphylococcus aureus.
ABK: arbekacin, FMOX: flomoxef, RFP: rifampicin, ST:
sulfamethoxazole-trimethoprim, VCM: vancomycin
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8
7
B 6
E s
3’::4
3
2
Ld
BT 3 & @
Time (h)

—: Contrel, O: VCM, [J: ABK, @: VCM > ABK
B: ABK o VCM, A: VCM + ABK
MIC: VCM 2pg/ml, ABK 2 ug/ml

c.

Logs CFU/ml
S N W O OO N

01 3 6 9
Time (h)
—: Control, O: VCM, [I: ST, @: VCM - ST

W: ST - VCM, A: VCM + ST
MIC: VCM 2pg/ml, ST 1.25 g /ml

Logs CFU/ml
O N ®W & O d NN

<

01 3 8
Time (h)
—: Control, O: VCM, [J: FMOX, @: VCM ~ FMOX

B: FMOX - VCM, A: VCM + FMOX
MIC: VCM 2 g /ml, FMOX 1284g/ml

d.
8
7
S 8
o 5
g 4
34
2
BT 3 & 3
Time (h)

—: Control, O: VCM, [: REP, @: VCM — REP
M: REP — VCM, &: VCM + REP
MIC: VCM 2 g /ml, REP 4 ug/ml

VCM: vancomycin, ABK: arbekacin, FMOX: flomoxef, ST: sulfamethoxazole-trimethoprim, REP: rifampicin

Fig. 1a~1d. Bactericidal effects of vancomycin and other antibiotics
alone and in combination against colonies of methicillin-resistant
Staphylococcus aureus strain no. 1925.

DM IZ Table 512, 3B XU ADME OREH# R
Table 6 2R L7,

(RBREX71)

1) BERARTOBRE

1) HFHFE3HMZEEOBHOVCM ¥, ABKES
SURAHBICYEEORBAL IR TAMRARIIED
Shied o7 (Fig. 3)o LA L%, WAGARIC
BIF-RERICZ1IACTRHENRAT LEDOIFE
EREMASRL (Fig. 4).

(2) ADME: 3 E# 5% 0 & &M L DEE 5RO 2
heZiitdsL, BHNBEICIZ VCM B L ABK BiC,
BLURAGARED VCMIZ, TZhERHIMAALNT:
A, BEHOT.BXTAUCIKERAONEDP 572 ¥
7=, PFHBE® VCM & ABK DOEIZTH O BB ICH
BLT, BPNBEICE3IEELEHICABKDOET,
AUC 212 VCM ICWEH 5 R ICET, 3 mkE#ICE
ANHALN7=A, WThOE{LLBMTH -2,

2) BB 10 R TORE

(1) ®#H%: 3 HEES5OEHD VCM B HN

HROMMELACRMAE LEOENE - HE - B ¥,
HEENES L UCRBEOHR (Fig. 5), 6122
PICIZHAE~NOHMERBA D A LIz, ABKBICRF
FHRORBERBRTIHARBD O Edh o0 —H,
A OB IS AEEOMMES] & BUN B X FEOMN
BIUHNEROHMMZ & U VCM B TA LN B#
BITRICMA T2RORME LEAICTRERN, 45
CRAEGALGRE. FHRORMTOEE - BT -
B#, SBEBENSICROEIZ 1ABOKECIY
HBLZY, TOMOFEERELLREZOLRE
JUMENOMBRRBIIREL 2.

(2) ADME: Mo MBS R oMK A RRBMHEL
“HETHE, VCMBTREARES LI AUC LHIC
HERH 10 B2 RATHEECHML, Tv.bKEICE
ELftﬂ‘, ABKBIZBITA2HNREIX 4 1555, Tv:&
2I12A%, AUCKR# 105 THo 72, WEL 3
E#HxSHOEL BT AL, VCMBTRENEMEIE
LAY F, —FOBBIIHELB 2,20,
ABK B CIIBHBRE L AUC ICHmAA L, WA
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a,
84 8
7 7
g 6 8
N :
i i
34 8
21 2
0+ v v -
01 3 6 9 0
Time (h) Time (h)
—: Control, O: VCM, O0: ABK, @®: VCM - ABK —: Control, O: VCM, [0: FMOX, @: VCM " FMOX
l: ABK + VCM, A: VCM + ABK l: FMOX = VCM, A: VCM + FMOX
MIC: VCM 2ug/ml, ABK 4 ug/ml MIC: VCM 2 ug/ml, FMOX 64 g /ml
d.
8 8 ] |
7 7,
I g 6
e ;.
§n 4 :?? 4
3 34
2 24
0+—r v T v 0+— v -~ —
01 3 6 9 01 3 8 9
Time (h) Time (h)
—: Control, O: VCM, [J: ST, @: VCM > ST —: Control, O: VCM, [J: REP, @: VCM + REP
W: ST = VCM, A: VCM + ST B: REP - VCM, A: VCM + REP
MIC: VCM 2ug/ml, ST 1.25ug/ml MIC: VCM 2ug/ml, REP 2ug/ml

VCM: vancomycin, ABK: arbekacin, FMOX: flomoxef, ST: sulfamethoxazole-trimethoprim, REP: rifampicin

Fig. 2a~2d. Bactericidal effects of vancomycin and other antibiotics
alone and in combination against colonies of methicillin-resistant
Staphylococcus aureus strain no. 2421.

Table 3. Nephrotoxicity of arbekacin and/or vancomycin administered for 3 days in rats

Days 4 days (1 day after last treatment) 11 days (8 days after last treatment)
Body BUN Kidney weight | Histo- Body BUN Kidney weight | Histo-
Group (mg/kg) weight pathological | weight pathological
no- (g) (mgrdl) | (g) (%) |meanscore® | (g) (mgidl) | (g) (%) | mean score
) ABK 4 206.67 2158 1.858 0.8994 0 (6 - - - - -
356 (6) | 242 (6) | 0.080 (6) | 0.0415 (6)
0] VCM 40 212.00 21.70 1.963 0.9268 0 (8 - - - - _
910 (6) [ 119 (6) | 0.201 (6) [0.0493 (6)
® ABK 40 200,67 24,68 1.800 0.8959 0 (6 - - - - _
561 (6) | 2.79 (6) | 0.174 (6) [0.0664 (6)
® VCM 400 195.00° | 26.77°* | 2.028 1.0401°* 33 (6) - - - - -
669 (6) | 221 (6) | 0.198 (6) [ 0.0940 (6)
® ABK 4 + VCM 40| 21258 23.38 1.897 0.8953 0 (6) |27917 24.02 2.552 0.9159 0.2 (6)
751 (12)| 3.27 (6) | 0.126 (6) |0.0297 (6) 941 (6)| 2.41(6) | 0.122 (6) | 0.0712 (6)
® ABK 40 + VCM 400 189.00** | 33.72°* | 2.088 1.1025** 52 (6) |[22150°* |29.98° | 2417 1.0934 ** 3.7 (6)
792 (12)| 4.01 (6) | 0.231 (6) {0.1250 (6) 17.56 (6) | 6.08(6) | 0.217 (6) | 0.0882 (6)

Each value represents mean £ SD. *: p<0.05, ** p<0.01 (F-ﬁ test). *:Each value represents the figure calculated from the following
equation. Value = (Sum of the grades in Table 5)/(Number of animals in corresponding group)

BLEIBE D VCM & ABK i3 ¥ & 3 B 5% 0MICE  Shkd o7y, ABK OMESL LU 3 ERE#HOTH
Babhlrdhol. COFABOMLEEMBESHRD BEL Tv:BLUMEZSHO AUC IZi3Emd LI
BLEHETHE VCM ICRAERLARARICI DERZA EREA A SN,



912

HE{LERELIBE

OCT.1995

Table 4. Nephrotoxicity of arbekacin or vancomycin administered for § days in rats after 3 days treatment with arbekacin and vancomycin

Days 9 days (1 day after last treatment) 16 days (8 days after last treatment)
Body BUN Kidney weight | Histo- Body BUN Kidney weight | Histo-
nG:O“p Dose (mg/kg) weight pathological | weight pathologi
) (g) (mg/dl) (g) (%) |mean score® | (g) (mg/dl) (g) (%) | mean score*
@ ABK 4 + VCM 40 © ABK 4 | 28500 0.6 2386 0.6093 0 (8 308.67 U0 2596 0.8415 ()]
18.00 (1) 191 (8) | 0.228 (6) | 0.0525 (6) 16.66 () | 1.84 (6) 0.179 (6) | 0.0532 (6)
ABK 4 + VCM 40 © VCM 40 | 266.08 2295° 2398 0.9053 0 (6 308.50 UM 217 0.8885 03 (6
1231 (12)| 220 (6) | 0187 (8) | 0.0269 (6) 10.07 (6) | 503 (8) | 0.202 (6) | 0.0756 (6)
@ ABK40 + VCM400 © ABK 40 21383 25.30 247 11328 46 (6) 26487 | 23.00 2.750 1.0787 ¢ 30 (6
1876 (12)| 5.05 (6) | 0.109 (6) | 0.1434 (6) 1494 (6) | 858 (6) | 0262 (6) | 0.0843 (6)
@@ ABK40 + VCM400 © VCM400 | 19042° 33.63° 2.783 14077 63 (8) 28.17° 4042 3228 1.5868 82 (6
2999 (12) 740 (6) | 0618 (6) | 0.3888 (6) 6425 (6) | 23.05 (6) 0423 (6) | 0.7167 (6)
@ ABK40 + VCM400 © VCM400 | 20250 45.98 3.180 1.6606 66 (6 - - - - -
2025 (8) | 30.15 (8) | 1.086 (6) | 0.8008 (8)
@ ABK40 + VCM400 + FOM320 | 28133 %488 2233 0.9681 18 (8 - - - - -
© VCM400 + FOM320 10.05 (6) 195 (6) | 0227 (6) | 0.1000 (6)
@ ABK40 + VCM400 + PIPC320 | 16650 18150 6.600 9.3604 15 (2 - - - - -
oVCM400 + PIPC320 212 (2) | 5643 (2) | 0.849 (2) | 04668 (2)
Each value represents mean * SD. *: p< 0.05, °* p< 0.01 (F-ttest). *:Each value represents the figure calculated from the following

equation. Value = (Sum of the grades in Table 5)/(Number of animals in corresponding group)

Table 5. Histopathologic findings in kidneys of rats administered with arbekacin, vancomycin, fosfomycin and piperacillin

Group no. PO® ® ® & & 0r®® ® @ ® ® O © 6~ o~
No.ofanimals|6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 2 4
Fingdings Grade 0 00010010120123 0 0 001012010123P01230123 0101230123
-eosinophilic granules 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 2 4
in tubular epithelium
-degeneration/n is/desq tion |6 6 6 6 6 6 51 6 6 6 6 6 6 6 6 321 561 42 11 4
of tubular epithelium
-calcification 6 6 6 6 6 6 ¢ 6 6 6 6 6 6 6 6 42 6 6 11 211
-basophilic change 6 6 6 66 51 ¢ 2316 6 6 51 33 6 51 321 31215 2 4
of tubular epithelium
-urinary cast 6 6 6 6 6 6 24 6 6 6 6 6 6 6 231 321 6 2 4
-tubular dilatation 6 6 6 6 6 6 24 15 6 6 6 6 15 6 51 321 411 6 2 4
-interstitial cell infiltration 6 6 6 42 6 6 24 6 6 6 6 6 51 6 6 6 42 24 2 13
-nephroblastoma 6 6 6 6 6 6 6 6 6 6 6 6 6 6 5 16 6 6 2 4
-papillary necrosis 6 6 6 6 6 6 ¢ 6 6 6 6 516 6 6 6 6 6 2 4

Group no.: O; ABK 4, @; VCM 40, @ ABK 40, @; VCM 400, ®; ABK 4 + VCM 40, ®; ABK 40 + VCM 400 (D~®:; 3 days treatment)
@; ABK 4 + VCM 40cDABK 4, ®; ABK 4 + VCM 40=DVCM 40, @; ABK 40 + VCM 400=>ABK 40, @; ABK 40 + VCM 400<>VCM
400 (@~QD; ABK or VCM administered in rats after 3 days treatment of ABK and VCM)
@; ABK 40 + VCM 400=)VCM 400, @; ABK 40 + VCM 400 + FOM 3205VCM 400 + FOM 320, @3; ABK 40 + VCM 400 + PIPC
320=PVCM 400 + PIPC 320 (@2, @; FOM or PIPC administered in rats of @)

Grade: 0; no remarkable change, 1; slight, 2; mild, 3; moderate, P; present (grade 4)

R: recovery for 1 week after last treatment

ABK: arbekacin, VCM: vancomycin, FOM: fosfomycin, PIPC: piperacillin

FREX4 1)

1) EBKRARTORE

(1) H#M: VCM B X U ABK #k#x 5B IcHHEN
ERBRTARRRIBZD O dh o708, KERTRIC
1 VCM R 5B ICoARME LEOFEEEZ(L
(Fig. 6) L BIEDEER (Fig. 7) 2%, & 1HAICHE
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Table 6. Kidney concentrations, pharmacokinetic parameters of arbekacin and vancomyein, and effeets of fosfomycin and piperacillin on

nephrotoxicity in male rats

i

- . Area under the plasma
Elimination half-life ,
concentration versus time curve

h AUCO o (ug-heml )
days days
1 3 8 1 3 8
AR 0130 167 1 0%
0087201 00LL8Ch 00619 Cl 0 2hL
).H48 0.499 167.3 61.8
00399 (4) 00377 (4) [ 4.06(4) 4.39 (1)
KU 003 120 (N
OO Ch 0056601 Losanon NGO
)34 0.845 4,830 670
4.16 (4) 0.241 (4) 3,040 (4) 301 (4)
‘n 160 0.391 0185 S 101 5
| O 1h5ch 00177 1 0070 1 0909t O 0H39 1 0791 1
10.h32 0.532 48.7" 69.0"
0.0935 (4)  0.0887 (4) 127 (4) 2.01(4)
10160 03941 31 101
0108 00477 1 0759 1 0.539 4
10.532 0.532 0.499 48.7" 69.0" 71.2°
0.0935(4)  0.0887(4) 0.114 (4) 12.7 (4) 2.01(4) 12.7(4)
R 1.63 0.593 - Rk 915 90 2
0740 1) 0382 ¢ 00764 1 306 ¢H o 118
2.64 4.07 11,710 1,490
1.17 (4) 4.50 (4) 500 (4) 1,230 (4)
226 163 BERE 915
0740 4 (0.382 00 306 04 Haoh
2.64 4.07 1.88 ‘1,71() 1,490 3,710
1.17 (4) 4.50 (4) 1.39) | 500 4) 1,230 (4)  2,510(4)
0433 0470 50.6 15.8
00751 ¢H 00270 (h 11604 28204
0.615" 0.639 0.600 1,080 923 1,060
0.0654 (4)  0.0740(4)  0.101 (4) | 267 (4) 64.1(4) 247 (4)
288 495 # Hs 1.240° #
1015 BNG 5 (2) 260 (5 215 (50 2
5.68 9.18 8.66 7,800' 19,900 * 24,000
2.66 (5) 6.31(5) @2 3,240 (5) 6,220 (5) (2)

Kidney concentration
(1 g/g-tissue)
T days
Group Dose (mg/kg) '
no.
1 3! H*
® ABK4 by SO
17 1eh 33T 0h
@ VCM 40 19.9 IR
1.87 () 6.81 (1)
3* ABK 40 196 308
288 0h IR
1 VCM 400 1.340 808
631 (4 247 (1
©® ABK 4 +VCM 40 ABK 4 15 502 2ae
S AL ch B62 00 2720
220 44.6* 155
6.29 (4) 5.48 (4) 0971 (4)
&» ABK 4 +VCM 40 VCM 40 1l 502 Ho 2
S4hch 362 04 673 0h
22.0 44.6* 69.0"
6.29 (4) 5.48 (4) 3.73(4)
&9 ABK 40 +VCM 400> ABK 40 | 527 617 280
114 0 18804 Hh3 eh
732 1,070 231
267 (4) 514 (4) 206 (4)
©10 ABK40 +VCM 400 2 n27 617 154
VCM 400 114 ¢4 1884 816041
732 1,070 1,720
267 (4) 514 (4) 944 (4)
161 317 689
L2 ABK 40 +VCM 400 +FOM 320 26.0 (4 105 (4 21904
© + VCM 400 + FOM 320 353" 700 * 1,130 *
112 (4) 195 (4) 204 (4)
705 548 146.0
13 ABK 40 +VCM 400 +PIPC 320 17815 D1 (2
© +VCM 400 +PIPC 320 2,620 6.880 " 7,610
1,030 (5) 703 (4) (2)

Each value represents mean + SD (lower row), (
ng/ml.

): number of rats. Shaded parts are expressed as VCM value. #: plasma levels of 0.7 ~ 3

' first administration period during the first 3 days; intravenous administration of ABK and/or VCM.

»: gsecond administration period during additional 5 days intravenous administration of ABK or VCM.

Significantly different from the first day (%), administration of ABK or VCM (a), groups ®, 10 (b), the 3rd day (c).
Statistical analysis was performed by Student’s and Welch—Aspin’s t—tests.

ABK: arbekacin, VCM: vancomycin, FOM: fosfomycin, PIPC: piperacillin
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Fig. 3. Kidney treated with arbekacin 4 mg/kg for
3 days (No. 101).

No pathological change.
HE stain. X 100

: -~ Vo o, L N * R

Fig. 4. Kidney treated with arbekacin 4 mg +
vancomycin 40 mg/kg for 3 days and 7 days
recovery (No. 119).
Note basophilic change of tubular epithelium.
HE stain. X 100

M) o . < 4 12

ey treated

Fig. 5. Kidn with vancomycin 400
mg/kg for 3 days (No. 209).

Degeneration, desquamation and basophilic
change of tubular epithelium and tubular
dilatation are seen.

HE stain. X 100

Fig. 6. Kidney treated with arbekacin 4 mg+
vancomycin (VCM) 40 mg/kg for 3 days, VCM
40 mg/kg for the following 5 days and 7 days
recovery (No. 144).
Note basophilic change of tubular epithelium.

; B 2 . ST |
Fig. 7. Kidney treated with arbekacin 4 mg+
vancomycin (VCM) 40 mg/kg for 3 days, VCM
40 mg/kg for the following 5 days and 7 days
recovery (No. 144).
Note tubular necrosis of renal pelvis.
HE stain. X 100

2 ’ - A f' \
Fig. 8. Kidney treated with arbekacin 40 mg+
vancomycin (VCM) 400 mg/kg for 3 days and
VCM 400 mg/kg for the following 5 days (No.
237).

Urinaly casts are seen.

He stain. X 100
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vancomycin (VCM) 400 mg/kg for 3 days, VCM
400 mg/kg for the following 5 days and 7 days
recovery (No. 243).

Tubular dilatation and necrosis of epithelium are
remarkable.

HE stain. X 40

Fig. 10.
vancomycin (VCM) 400 mg + fosfomycin (FOM)
320 mg/kg for 3 days and VCM 400 mg +
FOM 320 mg/kg for the following 5 days (No.
413).

Slight cell infiltration remains.
HE stain. X 100

hi-. —7%, PIPC BtAIBICEBIT 5 VCM OERHRE,
Tv:3 X F AUC % 6 U2 ABK @ AUC i2i, wTh
OWERRICBNTHRERMEZ LRILDLEZED
EmdiASh, ABK BBERESROMPEPICHRBS
hiz.
m. # -4

VCM B: U ABK i3, —20H&BEICE-TW5
MRSA R¥HE IS L CTHRLERTH S "2, MRSA
23 LT VCM idMIAuRE & R B EMEH @, ABK I3&H
ARHEEEA» ICLY, ThERHENERRAT S,

VCM iZ MRSA 23 L T MIC %R $ 2%, Ak
MOBRBHIFEECEL, L2rLBREICKELLRE

2f .\x R VR R g
Fig. 11. Kidney treated with arbekacin 40 mg+
vancomycin (VCM) 400 mg + piperacillin
(PIPC) 320 mg/kg for 3 days and VCM 400
mg + PIPC 320 mg/kg for the following 5 days
(No. 421).
Note degeneration, necrosis, desquamation, and
basophilic change of tubular epithelium, and
interstitial cell infiltration.
HE stain. X 100

ABK+VCM (3BM) - VCM (5BM) .

L ad &

SV CM+FOM (5BM) |

- ABK+VCM+FOM (3BM)

«VCM+PIPC (5BM)

+VCM+P | PC (3EM)

Fig. 12. .7 Gross findings of the kidneys.
Note enlargement and discoloration.
HE stain. X 100

f5H B X U post antibiotic effect (PAE) # & X7, £
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RFP L ORKHHICL D, BhABEHRIEALR,
ZOBREFRIZVCM & ABK L DPHIZH o & 38 <
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B bz, VCM L ABK OFEHTH - & it
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ROBHNRE, Ty.BLUCAUC IXEEMBEHEWRICT
My, ¥EEDIHLICHM SN, ZOFRIE FOM
AWH OENKRE, 5 VCM oMbk 5iIc B8
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VLB RETH, RO, ABKBXUYYY)anR
754 FRAEYWEORME LEMB~DOIR Y AL %
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mg/kg ZHANT, FHEMEIFAICLY 4 HHE
BS54 2L ALN5HHHE X, PIPC @ 320 mg/kg
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Activities of vancomycin and other antibiotics combinations against methicillin-
resistant Staphylococcus aureus

— Bactericidal effects and renal toxicity —
Kohki Takahashi and Harushige Kanno
Department of Laboratory Medicine, Chiba University Hospital, 1-8—1, Inohana, Chuo-ku, Chiba 260, Japan

The effects of vancomycin (VCM) and other antibiotics, both alone and in combination, against
colonies of methicillin-resistant Staphylococcus aureus (MRSA) in cotton suture were investigated.
The simultaneous combination of VCM and arbekacin (ABK), VCM and flomoxef (FMOX), VCM
and sulfamethoxazole-trimethoprim (ST), and VCM and rifampicin (RFP) showed marked
bactericidal activity. Of these four combinations, VCM and ABK showed the greatest bactericidal
activity. When VCM in combination was given with a time lag, more favourable results were
obtained when other antibiotics were given first than when VCM was given first. An animal study
employing a rat model was conducted on the pharmacokinetics of ABK and VCM, influences of the
drugs on the kidney, and the possibility of alleviation of renal toxicity, supposing a 3-day
combination therapy of VCM + ABK for treatment of MRSA infection followed by 5-day therapy
with either of the two drugs. The renal toxicity was apparently lower in the ABK group than in
the VCM group, and recovery of the renal condition was also more favourable in ABK group. Such
renal toxicity as was shown in the study was alleviated when fosfomicin was combined, while the
renal toxicity worsened and some deaths occurred when piperacillin was combined.



