Vancomycin 34 B B4 1203 % piperacillin DERIERA
—7 YR ICBIT L ERRN—

A BRY RR KTV FN OBCV-RE A
WoE M0 E FTSHERY - D MY - RE AT

* = BV mKE/ARY

VB UL TR S ARSI
DR FERRAR IR PR

e lA::tis o

(PR 64 1A 17 HRAT - 642 A 23 HRA)
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Vancomycin (VCM) % methicillin-resistant Sta-
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ELERERTWwWSY, ZORIEAL L THEREENASh
TBY, ZOHRERIRS~IRBELRES N TR,
B ERECEREEE 2O BRF AV IR, BE
HOFHCEREEL I LEHRDH S,

& % & + i piperacillin (PIPC) iZ cephaloridine
(CER), gentamicin (GM), cisplatin (CDDP) FHFHM
DEER*BH T 2EA»D S Z L 2HMERTED T
3™, 4E, VCM FREOBHEMR AT 5 PIPC D&
FERIZOVTYH FEBO TR L LD TEZORBREHSE
T3,
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BEpaEomE Y4 ¥ JLil7 <2, ~vv
—, #%E2.4~3.7kg) REALL. BHWIER 23
+2°C, &R, 40~60%, H&HH; 6: 00~18: 00 A LH8A,
BEE% 10 EU E/BRICERE L AEETY VY ¥H
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2. (ERXHA

VCM (EB/ s> a~A v o aiEimER, EFER
E#) BLUPIPC (=¥ by Y > ® EifbeI%
) EHEMAL

3. VCM k2 BH#HOFERFEL PIPC DS
B

VCM 058137 4 ¥ i HEBIRNKE S CBEN
PFRLELBLLUTCTFHRAROK R D S 300 mg/
kgiZFZEL 2o £ b TIXVCM i 2 g/man/day,
PIPC i3 2~4 g/man/day w6 3 2 & & D,
VCM & PIPC OEEFRAELLIZ L1256 11212k %,
4E VCM % 300mg/kgic L7z &b, PIPCDO
BHER%300mg/kg £ 600mg/kg & S ICERED
80mg/kg DIAB L, PIPCHic& %2 Na
DEERH51:122.2% NaClB#® (PIPC 600
mg/kg ZAEBRIBEWICERE L IR L A€ VD NaCl
BH) 2RSS L7, VCM dEstRARE K 3%
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Rl THRE1kg 4D 10ml %2, PIPC 34&HA
HETHREDRE B L THE 1 kg 4D 5ml %,
ENBNAYTIVT7 40T — (FLIZ0.22um) THR
BEEL %, EMBIKRNICREL 2, PIPCL
VCM O F# X PIPC ¥ 5%, 7 Hic VCM 2 %
NENEHNRESS 5ml TREL 7,

4. PIPC ORBIEROKRN Sk
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BL-EfEErAvTROL, BUN (vv7—¥
AV RT72/=NEE), JVPF=y (Yv7xi)
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2) RRE

B3R SR 24 B, BeStk 24 KW, V¥ RAA
#r—YIcAh, URFBRERIL 2. RiZKE
(ml/24h) %#HEL, &L (1,500 rpm X5 min) %,
rBEEAWTRY VIR (Fkikgd), 7v7F
=y (*Yy7=zi), RE2% (yv7—+ «GLDH-
NH: &), B-v4707uv/) >~ (EIAgk, =%FMH
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85 24 BERIIC 3B E R bV E Y — VB
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HE 81 THEBFIRE 21T- 2. HBEORET
REEORE* {BECHMEL (X270, s
ShznddD, R37 L20%UTDA70 itk
DHESNDLHD, AT 2,0%UTFTDR7 0 it
ftossND LD, Aa7 3;50% U EDA 70
ZDHr5N3 b D), EREOFHR 27 TRLT,
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BOBIZOWTRIINVI—VTPZLTER, FRXAITA
M _EREE, Quetol 812 AED%E, iYL -
IV LA _EREEREL, EFEMENEE
{To e,
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1) Mk

VCM & PIPC ® 300 mg/kg ¥ #F ¥ L Bk 5
BLUBRABREL, &5 1, 2, 4, 6, 24 B¥fI%ICE
MERIRE DML, Mo VCM 8 X Uf PIPC %
HPLC (K> 7; Tosoh %! CCPE, UV #&Hi#: Tosoh

B4 UV 8011, 7—# {L# %M, Shimazu ¥ 7 o+ } <
v 7 C-R6A) %2 Av, TROKGETHMEL iz, EE
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% v K =100: 10: 20: 870, PIPCHMEIC X7 £ b=}
Y IMEER: ITMBEBR D Y X F T & 2 k=220
10:20: 750 2 A L 7z, TEHA & b BMHEOHE %
1.3ml/min & L, UV 220nm TERICTHEL 2,
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VCM 300 mg/kg #3448 & & fF PIPC 300 mg/kg
EOHBARORSEE, S 6 MKk E T, BIURS
6BEMID S 24 B & TOBRIERB L UBKRO
RERBHT—TNVTEML:bDERDbETHHL
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VCM 300 mg/kg Bi#18¥ 5 &£ Uf PIPC 300 mg/kg
EDHABOKRS U4 FMEBEOB LB LEE LHE
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1. VCM ZFREM®#Etticnt+ 5 PIPC OBEIEA

BUN tlip 7 v7F=> DR % Fig. 1 KR T,
VCM 300 mg/kg Bi3#Tit BUN, Zv7F=v0
¥R FRABA SN, PIPC @ 600, 300, 80
mg/kg BERAKETIR, ZhoD ERSHS LICEMRS
h, BREREFREALCHETH > 7. 2.2%NaCl $H
BTRr I EERESMERSA S I-b, HiEiE
BERsonZdoT,

RREDOER % Table 1 27T, RPEY VIEE
D5/ E5HiHIZ VCM 300 mg/kg BMEE T
BED3.6fETHY, PIPCHREABCRINBEDLT
EThotee RP7Vv7F =, REZRIHRR
VCM B#ciinBeic k< T{EE%2RL, PIPC
BHRBETCRINBERLEBE TH - I, HOREFREL
ST RBEKEOE#HSAE L, —EDERIIRALN
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BERIZ VCM 300 mg/keg BiIhEE T & 21800
DBED ShizHs, PIPC @ 600, 300, 80 mg/kg #tH
BT, MiNkashihoiz, BORRBHBRETE



VOL. 42 NO. 6

Piperacillin OW¥4EBK A O XM

701

BUN

[ Before
8 24h after

VCM  2.2%NaCl PIPC 600 PIPC 300 PIPC 80
(alone) +VCM +VCM  +VCM  +VCM

VCM: vancomycin, PIPC: piperacillin

Fig. 1.

Creatinine

O Before
@ 24h after

PIPC 80
+VCM

VCM  2.2% NaCl PIPC 600 PIC 300

(alone) +VCM  +VCM  +VCM

Effect of piperacillin against the nephrotoxicity of vancomycin in rab-

bits. Rabbits received vancomycin alone, vancomycin in combination with
2.2% NaCl solution (2.2% NaCl+VCM), and vancomycin in combination

with piperacillin (PIPC+VCM).

Piperacillin (600,

300, 80mg/kg) was

intravenously administered, and then vancomycin (300 mg/kg) was immedi-
ately intravenously administered. BUN and creatinine were measured be-
fore and 24h after administration. Values are expressed as the mean+
standard deviation of 3 to 4 rabbits. Significantly different from the group
given VCM alone by Student’s T-test: *%, p<0.01

VCM 300 mg/kg BB R B EERI N BELEER
2 5 BEALIELR I 2 1) TH 2 B B REHAR SR AL A AE
LTwi, PIPC ffH#E T2 80 mg/kg BED 1/4 Bl
FAROELBBEE A S hi-08, LS 600,
300, 80mg/kg EHtA L -Blic RRE RBEE IR
hotz,

HREIREDORSR % Table 2127 %, VCM 300
mg/kg BHMBEOB C FERMAE LK OBELEE
(R271.0) &, FERMAEEDCLR L HTHRAE
D, EEEROHTHRATEOHRLEE (A3 7
2.0~3.0) icBEah:, PIPCHHH T2 80 mg/
kg D 1/4 Bl BE L HBEOEIAH 5 iz ds,
LS D 600, 300, 80 mg/kg EHEAL 12BN IZR
HIBBIhzh»-7- (Fig.2),

BoEFHEMBHBEE TS T VCM 300 mg/kg
BMPEC, EMRME LR CRIFEOBE, 714
V—AD¥, BEBBADIEIEEs T (Fig
3)o PIPC @ 300 mg/kg HERAEE T, EMIRME L
ROZE(LZ VCM BB R T EETH - T2,
RERE, RORME, MERCIFCREIBESL
otz

2. VCM O#NEIfEIZ 5 L i2T PIPC D&

VCM & PIPC ® 300 mg/kg ¥ T £ i &
UHEBRrS L 7:880 VCM 3 X U PIPC If1 i B it

B#% Fig. 4 WR¥, VCM BB CREBEREAI
B L o0, PIPCHFREED® VCM BE X #HMEEIC
~ELHEB L 7, VCM E5hEETi3 PIPC BB ICH
~, MEEFRROERERSL SN,

VCM O RBHEfEDOFER % Table 3R~ ¥, #&
5 0~24 Bf O R B HEM 313 VCM B IHEEH8 47 .6+
4.9%, PIPC StHIBEHS 48.846. 1% CRBOMICEIX
Ao dhoted, 0~68MH Tz VCM 8 S ¥
(34.5+7.2%) DFH, PIPC H+RRE (42.3+£7.2%)
X DEEETL,

BORBELHEARNDO VCMBEOKR % Fig.51C
AT, HE T VCM B FhEEss197.2+57.4 ug/g,
PIPC fERE0S 77.5+44 . 4 ug/g TH Y, BE TS
TEEH 348.5+118.9 ng/g, GFFABELS54.9+9.2 ug/g
Thh, FHE, WEELHAROHSEMEEEL DEY
fEERLI,

I, # =

VCM 12 MRSA BREICEZ S EBA L LTIELE
HAaEhTwas, ZOEBWERO 1 DBRESMO N
TEY, FEEHRECEREREL2FOBHECAVS
BRCREBRBLETHE, BIMERTH S v b,
4R, 7HFIZEWT VCM OEE#IRNE5I1C &
D BERBARMBE EROEN, B, BER Y ORME
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Table 1., Urinalysis in rabbits given vancomycin alone and in combination with piperacillin
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before: before administration. after: after 24 h. A/B: after/before ratio.

Significantly different from VCM group *: p<0.05, * *: p<0.01

VCM: vancomycin, PIPC: piperacillin

WEBHBEND I EBWESNTVLSY,

—7%TPIPC iz iz CER, GM, CDDPBERH O ¥
BHELBETAERANHLIILEVYY, Ty M ER
VIR TED T 5™, CER ZREBIRXIC &
> GEURMELERICRDAThI- % ¥, RAERA
DHLMOHEe L IIThbhik kI L3R EE LBET 5
t#renTn3'?, PIPCDO CER REEEHSTr
1%, PIPCHABFORER B & UK+ CER RE»
CER BMMB L L TERICEAPL TV LH S,
5 & EA RMEE £ &K ~D CER 0BT 2% T
Bl:HEHIOENATVWE?, GMZ L7 s /W&
RAECHRN S Lk, REELRCRDALA,
4V —4LDY VEER LS L, phospholipase d
EEEETsZLicED, VUVEREXERET AL
BbhTvw3'™'%, PIPCOGM BEHEHBF I
BAMBOSR L D, GM MMk & S REAERE
f 5 DMEDHRENHELFLOSATWVLS?, &1
CDDP R M B EMH N T 5 PIPC DBRKBFICD
WTiR, THZEABE{HLHLEIR>TELY, §
BElOERIBZEARDE > X VCM DB HERHIIHNL T
PIPC #t CER, GM, CDDP Z#XM4BEME T 50D
LEROYMBERTHLE S PRET B 20KTo 12

7Y FICVCM D 300mg/keg (KA E*2g/
man/day & L7:B&# 8 55 K) 2O
IRA/S L 25, BUN, mpr7v7F=rn%
i ERB L UBEROHMNNSS Sh, HBEFENICE
BEERAE LK oS HRRE R, KERAT
BEDIIR L TR O, £AEROHTFHEAE
DERLBEE BB XN, BENBRE CILIARME
ELRCEGSBEEIN, RRETRRGT VT
Fov, RREZXIMBOBLBH SN, ThiX
BUN, M7 v7F =& HBELEELTH
D, BREEOETSFRaINL, tHoRREERIZD
WT ik, ERMOERIMNA S { —EDHEARAShE
holz,

—7 VCM i PIPC @ 600, 300, 80 mg/kg %#fH
‘5T ZhoDELRHESHIIBH I, ¥
BIRMEREOFTMCIRT Y VIEE2BEL 208, 7
Y XDEHBERTHTH > - -8 E&/BERHLT
FEL L 25, VCM izt cmL, PIPC A
CIVEEIhIAEAEAS NI, OO VCM
HMBEOBNME I PIPCHERIVEMETHY,
VCM OB~ OERBED Shi-, 72 VCM 8
MEOMmFEEEH PIPC HRAREL D SETHBL, ¥
KEBRHOER DA SNT-DI3, BEENETHER
TVCM OB » 6 Dt SMEl s -0 L EXS
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Table 2, Histological toxicity scores in rabbits given vancomycin alone and in combination with piperacillin
or sodium chloride

Toxicity mean score® after dosing with (mg/kg)

VCM(300)  2.2%NaCl  PIPC(600)  PIPC(300) PIPC(80)
alone +VCM(300) +VCM(300) +VCM(300) +VCM(300)

Renal morphology

Tubular necrosis 1.0 1.0 0 0 0

Tubular dilatation 3.0 2.0 0 0 0.3
Hyaline cast formation in the tubules 3.0 2.0 0 0 0.3
Hyaline cast formation in the collecting duct 2.0 2.0 0 0 0.3

» Mean score of three to four rabbits
VCM: vancomycin, PIPC: piperacillin

Table 3. Urinary excretion of vancomycin after intravenous administration
at a dose of 300 mg/kg of vancomycin alone or in combination
with 300 mg/kg of piperacillin (3 rabbits)

Exp. group Urinary excretion (%)
(mg/kg) 0—6v 6—24 total
VCM 300 34.5+7.2% 13.0+6.2 47.6+4.9
PIPC 300
+VCM 300 42.3%+2.3 6.6+3.8 48.816.1

* Time after administration (h)
® Meanztstandard deviation
VCM: vancomycin, PIPC: piperacillin

B AN L}

Fig. 2. Light micrograph of rabbit kidney. Rabbits received
300 mg/kg of vancomycin alone (A) or in combination
with 80 mg/kg of piperacillin (B). Renal tissue speci-
mens were obtained 24h after administration of
vancomycin. X137



CHEMOTHERAPY

JUNE 190984

Fig.

Fig.

3. Electron micrograph of proximal tubular
epithelium from a rabbit that received 300
mg/kg of vancomycin alone. Double staining
with uranyl acetate and lead citrate (Bar=5

um). X3,360
1,000
E 100} N
@ VCM (alone)
b
g N
E
=
& 10F
VCM (+PIPC)
PIPC (alone)
PIPC (+VCM)
1 L 1 1 I J
12 4 6 8 24
Time (hours)

VCM: vancomycin, PIPC: piperacillin

4. Serum levels of vancomycin and
piperacillin after intravenous administration

to rabbits at a dose of 300 mg/kg in combina-

tion or alone.

Symbols: @, levels of vancomycin alone; a,
levels of vancomycin in combination with
piperacillin; O, levels of piperacillin alone;
A, levels of piperacillin in combination with
vancomycin. Values are expressed as the
meantstandard deviation of 3 to 6 rabbits.

500r  mvcM (alone)

O VCM (+PIPC)
4001

3001

Level of VCM (sg/g)

Medulla
VCM: vancomycin, PIPC: piperacillin

Cortex

Fig.5. Effect of piperacillin on renal cortex
and medulla levels of vancomycin at 24h
after its administration in rabbits. Rabbits
received an intravenous dose of 300 mg/kg
of piperacillin and then received an intravenous
dose of 300 mg/kg of vancomycin. Values
are expressed as the mean+tstandard devia-
tion of 3 rabbits.

hi:, 8 VCM, PIPC Lt % 20 mg/kg OHAKRS
CHEDMTREREECEELRZURELWILLD
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LbEHEBANOVCM 0ER/ERT 5 Z L BEETDH
L ErRRTN3BYE,
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Protective effect of pipercillin against nephrotoxicity of vancomycin in rabbits

Akio Nagai, Mineko Nagasawa, Yasuhito Kawamura, Takuya Kodama,
Hisashi Yamada, Shinzaburou Minami, Yasuo Watanabe
and Hirokazu Narita
Research Laboratory, Toyama Chemical Co., Ltd.,
2-4-1 Shimo-okui, Toyama-city, Toyama 930, Japan

Mitsuo Ogi
Central Clinical Laboratory, Tokyo Women's Medical College

Kihachiro Shimizu
The Kitasato Institute

The protective effect of piperacillin against the nephrotoxicity of vancomycin was examined
in rabbits. Nephrotoxicity was induced by the intravenous administration of vancomycin at a
dose of 300 mg/kg (body weight). Piperacillin was intravenously administered at a dose of
600, 300 and 80 mg/kg (body weight) and immediately followed by the administration of
vancomycin. Rabbits receiving vancomycin (300 mg/kg) showed elevation of blood urea
nitrogen and creatinine concentration, and showed an increase in kidney weight in
comparison with controls at 24h after vancomycin dosing. Histological, slight tubular
necrosis, severe tubular dilatation and severe hyaline cast formation were seen. Electron
microscopically, degenerative features were observed in the proximal tubular epithelium.
However, piperacillin (600, 300 and 80 mg/kg) significantly reduced these toxicological
parameters. Although the administration of vancomycin slightly elevated the excretion of
urinary phospholipids, elevation was prevented by the administration of piperacillin. These
results suggest that piperacillin may have a protective effect against the nephrotoxicity of
vancomycin in rabbits.



