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1. GEREHR

Cefazolin (CEZ, i iR ¥ &), ceftriaxone (CTRX,
[{& T v & a), cefuzonam (CZON, (L1&Vv 5
—), ceftizoxime (CZX, iR ¥ &) & & Uceft-
azidime (CAZ, B&x757V) 2Hw/s,

2. ALY

SD&7 v . i, 6HEER\,

3. AR

G ER 4> Wt D Klebstella pneumoniae B -54 % F3 \»
1:

4. EBHBKRT v b OTER

(1) HBROF/M

K. pneumoniae B-54 % Trypticase Soy agar
(BBL) #IE#g#T 37°C, 20 BFAISR L ok EHRE
AiZ 1x10°CFU/ml £ 2% & S B S €12,

(2) RRAE

EiEM % € 7V A 13, Bakker-Woundenberg 57
OFEIZIZYECLUAT O E {ER L 2o RY M2V
Y —NVTHREBEL7: 7 v b OREBEM A EFYIFEL T
SELXBHLE, SRERCR)ZFVUFa—T%
BAL CRBRE®0.1ml, 1x10°CFU 2% AL, 48
BRI R L, 27, BEMAEF VB, K
BTOSy PCEFVA LEROEK ZEANICHE
AL, 0BMBCERLI, ZOBREFICBITSE
BRI 2 EBERDOBEIC L DL 2,

(3) RENEBORE

EEAC, RMBGESE—H3EDT v b D%
J|EAICHERL, £R10ml 2MZTKRY bo v kE
TFA Y —THEIC LR, £ERTHEE 10 FHRL,
Z® 1ml 28 Y Trypticase Soy agar TER L 7z,
IrPCT—RERETER AN cau=—%2h VML,
ffids7z D DEBHREKRD I,

5. EHO®REHE

(1) Bolus #iF

BEF e EBAEAKCBEE, BBIREY 20mg/5
ml/kg DIRERICTH S REITHEL /2,

(2) mrgkeE

Sy bOKRBBRICR)ZFLyFa—T2FEA
L, 4v7a—Yav®Ry7%2AWT1.5ml/h D&
BT 3 BRI ATERME L foo MEPBREN—FL VI
ELLRBFOREFOBENEL S L5, UTD
e 5B E2FR L 12, CEZ;20 mg/kg/h, CTRX;
10 mg/kg/h, CZON; 35 mg/kg/h, CZX; 75 mg/kg/
h, CAZ; 35 mg/kg/h,

6. Bioassay iz & % EHE

ZXRFIOME AT OMREE B L U EAL,
Disc (TOYO, Thin 8 M/M DIA) Hic& D #EL
fco T % b B, CEZ, CZON i3 Bacillus subtilis
ATCC 6633 ¥REMEL, 7 x Bl (R)R7
F0.5%, Ax*203%, 7= 8F+bY T4
0.8%, WX 1.0%) T, CTRX, CZX, CAZ i} Es
cherichia coli ATCC 39188, Nutrient agar (Difco)
EllWTERERIEL 20

7. HiNBI I EOME

(1) M s & CRiPIRE O ME

KERRIAR 2 M7 L Tl 2 RIRL, HMMBGES ¥
ot I L 72, Bolus® it 0 8 & 13, CEZ,
CZON, CZX 5 S UCAZic 2w TR EFBR 5%
0.25, 0.5, 1.0, 1.58MB1c, CTRX iZDWLTi3%
K 5% 0.25, 1.0, 2.0, 3.0 MBI #h T hillX
BIUREEML 7, AEMEOEREIE, ENRESH
HEmMEPRES—FE X2 1 BB L 5 2AT
Ufe 3B w3 & M2 L 7o, ISR
12, 3.000Xg T105ME0LL THSh -2 WER
¥ U, Mg CrERL S ic X D bioassay &k
THEL T, MNBER, MlgH-h 1/I15MY Y
e pH7.0) 22mIMATHY borkEY
FAY-THEIF A XL T-%10,000Xg T 10 535&
LLTBshtEEZAERRLEL, BEES R}
L CER L 7oz & D bioassay i THIEL
7o ERT v F BIXUBEREETVBIZOVTR
kOB KD Tz, BEMELET VA TBRAR
BETHRELELDI 2B, BRAEEELE(ES
ATWBDIXL, E¥LBbh 385k THS
BHY, PR TE DT, M LRERIE
EDOWLWTHREEXKRD T,

HARBEORIEICB VTR, MELLREERLT
LR Eh2MBERLCBRET LI LRTE
¥, CORAMBOFELHBT LI LI TERY,
T, YVTPYAMAESOEVE® XY, TF
2 Za > (Ortho Diagnostic Systems) ##&Ef& L
ThHtEY 22—+ LEB I UClIBFO~ES/OE R
2REL, BrEY A — b EEImipcgzhnsl
WRERD, —BS5EDT v MIZOVTHELLE
R, B LOESDOEMBNIS LS 1DT, UTEF
TEGFEEH, KRICX VHRBRESFEIEL

Co=(Cu—VeXxCsg) X3
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Ce: M AW E
Ve (P9l R RZE):
E¥Z v +;0.044£0.004 ml
B 7NV A (Fi£#);0.031+0.003 ml
BRE7FNVA (JKHE);0.016%0.002 ml
BHE 7V B;0.041£0.004 ml
(2) HMRBITE
FNEBE & A ®E D AUC (area under the
concentration-time curve) HtERKHBITEE L 72,
Bolus ## ¥ % o 1% + #& B AUC & two - compart-
ment model 2 & 0, MANEE AUC RBILRE %]
tr one-compartment model = & Y f#&47 L, NON-
LIN 7o 7&K, AFEBTEOHEZ, @M
BPBEN—EELR-o IBHEELOBREERT L
3EFMB  TO AUC 2 E&EC L VKD T2,
8. MAEAHESES L UMD HEHEEE ORE
HELRAMABEC L DREL 72, 1/15M Y >~ B#E
EE (pH7.0) THREHFID 300 pg/ml A= FARL,
RABEBIBZELE 7y VB IBTE2REL ITCT1HE
4 v FaxR—b L7, ZORIGK % visking F 2 —
7 (8/32, =XHHME) T Ah, 1,000xg T 30533
L 7- %@ PR % bioassay E CTHIE L 72, Bt
BEE2X, B LTMEORLY XY v EEHER
PHOTEKOBRER® L (EBonEZ Y LT,
KAWLV EEELEEHL 2,

gaE (0 =""

MEDEEREBRE X, EFAaTHONMEY 7
WD E, FRIBROBHETHEL 720

9. FREABFIRET

EE, BEETIVA (BE 48 ERHIE), BEETL
B (BRH 20 BFfER) O/ 7 v F 2 RIMEBZE S & THf
EHEEL, 100%FErL< ) Y CRBEREECHK Y,
N7 4 CEBL, 270b—LATHBYIF 21EK
Lize NThFo >y 24y U RBEBEMBEHE T

27,

%100

II. # 3
1. MEEAREEE
Tablel KEEBRTHEAL L7z 2H0DZ v M
Bty 2#4% %R, CEZ, CTRX, CZON i3>
ThHLOUUEDBEEEERLIZDIEXL,
CZX, CAZ 3 0% LU T OEVWEEEETHD, TTK
MEINTOIEREL BB LIERNESNT,
2. BREBEOXE
Y7 z AFIDOBERS LEGR 5, =y ) v
5207/ EEEOBETOERKS & A TEF

Table 1, Serum protein binding rates
of cephem antibiotics in rats

Drug % bound
Cefazolin 91.9£3.0
Ceftriaxone 90.7£3.0
Cefuzonam 92.310.1
Ceftizoxime 25.8+8.8
Ceftazidime 21.3%+2.7

The percentage of binding to rat
serum at a concentration of 30
ug/ml  was determined by the
ultrafiltration method. Each value
represents the mean + standard
deviation of 2 determinations.

E & TREBIERNOEABITICB LIZTMBEES
REDEENRLL I EMRESNTEBY, KE5#EC
&0 €7z ARIOMNBITHCB L IZTIEEARSS
DHEELRRDIIEMNEZON, £2T, 7v b
B IHID 20 mg/kg % bolus THpHE L 72 1% O FEBLBLH
MBAOBITR L, AfMEEC L 0 mhiBE s —E
VARWICR S IDIREETOBATER L #LE& L 72,

Table2 27779 & 9 & bolus # % » CZX, CAZ
DBITRM22U4~2T%T H > Dz L, CEZ,
CTRX, CZON OBITERIZ 16~20%THH, P&
WEMICH > b DDKEEED SN o T, —
i, mEEHEC LD BREAOMEDEE 2 IZIZERFD
L ARIVICHERF & § 124K BE T, CEZ, CTRX, CZON
DEITEIL8~11% & %2 D, bolus DEFERF D 1/2
WAL, Linl, CZX, CAZ OBITEIZ 25~
21% L MEET TCEEBAONLE Lo, LED XD
W, BOBESEOE V7 « AKICEZ, CTRX B &
Uf CZON DIEBBIHHBAN OBITRIZ, KEHEW
o THECHEESNLY, hh BHEXOEL
CZXBIUCAZTIRIZEAERELERZ TSI,

3. BEYREBTHCB LR TMEEOESOEE

PLED &S5z, CEZ, CTRX 8X U CZON Ti3 4
TE#E L1358 CIMEEA/ES 0 E U CIERRG AT
BAOBITENMET L2DOT, KRIZ, SHEHEROE
FEHOBRRERBITHICB LR TMEEABESDEE
2EEEBYOSHE LKL 12,

Fig. 17y FORMAETVOERFES & UK
BB OMNERROHBE R T, 7 v FOKERITK
VxFrvrFa—TRHEAL, 1X10°CFU D K.
preumoniae B-54 % BHE ¥ TIER L L EEMA €
TNVATIE, BRE1HZBLODMYZDH#H1%x10°CFU
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Table 2. Effect of serum protein binding on the penetration of cephem antibiotics into the lungs of uninfected rats
after intravenous bolus injection or drip infusion

iv bolus" drip infusion®
Drug serum” lung® penetration® Serum lung  penetration®

Co tp(@ tn (8 AUCicw Cmm  tis  AUCo-a rate AUC,., AUC,, rate

(g/m) () (h (geh/mD Gg/m) (h)  (ug-h/g) (%) (gh/m) Gghg )

Cefazolin 118.2 0.15 0.42 59.3 17.7 0.43 11.8 19.9 145.3 14.3 9.8
Ceftriaxone 116.2 0.31 0.72 108.4 13.5 0.86 17.4 16.1 112.2 9.4 8.4
Cefuzonam  82.0 0.36 0.39 45.5 155 0.33 8.1 17.8 115.5  13.2 11.4
Ceftizoxime 60.4 0.18 0.2l 17.9  13.1  0.20 4.3 24.0 129.9 324 24.9
Ceftazidime 87.0 0.26  0.27 33.4 158 0.37 9.1 27.2 116.3  31.3 26.9

" Drugs were given at a dose of 20 mg/kg.

» Drugs were given at a dose of 20 mg/kg/h for cefazolin, 10 mg/kg/h for ceftriaxone, 35 mg/kg/h for cefuzonam,
75 mg/kg/h for ceftizoxime, and 35 mg/kg/h for ceftazidime.

» The serum concentration-time data were fitted to a two—compartment model.

9 The lung level-time data were fitted to a single-compartment model.

8 Penetration rate (%) = (AUC of lung level/AUC of serum level) X100

101 B#UZ 1/100 25 1/1,000 TH o 1z, FREDOREE
model A BrBLWTLETNVADABBROBEIERTSH
8l ZEBbNI:DT, KIZIDI k2 REBARENCE
ZLt, EES v b, LETNVABLUFBOKME
61 HEiA@E % Fig. 2R T. E7VA TREERFD
RS, MFTK, [ELES LUK ERORS
HUBESE, BRORMEBBH o, LEZMHRAGEE
LTwiz, —Fh, F LB TCREICIER LRE
BE-THD, FHROBEE T LT 5 HROMRE
BEDH SN,

PEDE S CEROBEDORR S 2ODETVER
ALT, SEROMRBITHEERIL . TOER%E
Table 3 o R T, EEMBET VA, BERRETV
BouFhicswTh, MEEAKAIEOR CEZ,
CTRX, CZON OftiRBTERR, E¥7 v FOBEL
EHREICEORESEDEY CZX, CAZ L biEWER
whotle LOL, EFVAIKBWTCZX, CAZD
FNBITENER 7 v F OBRSLIZIREZ THH 1O
witL, CEZ, CTRX, CZON 0#BfT®¥i3Zh¥th
1.74%, 1.56&, 1.6 tRBL %, —%, =7FNVB
KBWTE, WTFhOERIZOWTHETVATR
stk SRS LABTED LREED S P2
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EEMAETVAKLBLT, IEEAKAEORY
EHOMNBITES, EE7 v  BIUBRET VB

ir model B

Log of viable cells (CIFU/lung)
~
T
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Time after infection (day)

Fig. 1. Viable cell counts in the lungs of rats with
pneumonia induced by Klebsiella pneumoniae
B-54. Model A: The trachea was intubated
and the lung was inoculated with 0.1ml of a
saline suspension of K. pneumoniae B-54
containing 1x10® CFU. Model B: Rats were
inoculated intranasally with 0.1 ml of a saline
supension of K. pneumoniae B-54 containing
1x 108 CFU. Each value represents the mean+
standard deviation of 3 rats.

OESREEN, 4 HECBWT HIZIZEIFOHEHLS
BEEnlz, —H, EFVALEIZEEROHE2EA

Bt s ¢ CERLBEMAT T VB TR, BR1
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TRAARPEH L, ZOKR% Table4 7T
CZX,CAZ OBITHRREE I v bickkrzhTh 1.2
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Fig. 2. Micrographs of lungs of rats with pneumonia induced by Klebsiella pneumoniae B-54.
Left, uninfected rats; Middle, infected rats (mode! A); Right, infected rats (model B) (HE

stain, X 40)

Table 3. Effect of serum protein binding on the penetration of cephem antibiotics into the lungs of rats with
pneumonia induced by Klebsiella pneumoniae after drip infusion

Infected rats (model A)?

Infected rats (model B)® Uninfected rats

Drug" Serum lung penetration Serum lung penetration penetration

AUC, AUC,_; rate AUC,_, AUC,_, rate rate

(ug-h/ml)  (ug-h/g) (%) (ug-h/mD)  (ug-h/g) (%) (%)
Cefazolin 97.9 16.7 17.1 96.5 10.1 10.5 9.8
Ceftriaxone 110.3 13.6 12.3 137.7 9.1 6.6 8.4
Cefuzonam 122.2 22.5 18.4 121.6 16.9 13.9 11.4
Ceftizoxime 107.7 26.0 24.1 115.5 30.6 26.5 24.9
Ceftazidime 83.8 26.3 31.4 104.6 25.4 24.3 26.9

Y The dose of each drug was the same as in Table 1.

2 Drugs were given 48 h after inoculation of 1X10® CFU of K. pneumoniae B-54 into the lung via a tube inserted

into the trachea.

* Drugs were given 20 h after intranasal inoculation of 1xX10® CFU of K. pneumoniae B-54.

& 13D LEETHo7-DIcHL, KFHERBLAD
CEZ, CTRX, CZON o BfTE Rk Zzh T h 2.1,
2.21%, 2.1f5wc LR L, ffi€tE L LTk 7 Table
SOERBLIVEBRE Koo, ET VA DRBRPIRE
NDBITE, TTNVADOMEE~NDRITE, 7L
B OIfi&E~OBTEREZEET7 v PDBE% 100 £ L
THMETEDLT £ Fig.30 &k 5% 5, CZX,
CAZ iz th~, CEZ, CTRX, CZON iZEFEME 7 v

MCBWIBTENE £ Z L8N ER 512,
MEDOFERL D, MEEOMNBITHICE X240
BEABSEOREL, BROBECLI-THLELS
ZEBREENT,

4. IMEDTEHHEEE L NBEITER & OBR

M AR W L D) RIEEBITESERS NS
ZESMEINT VLA DT, MEhERAERED
AUCE L N EE DO AUCEDOBFE 2T~ 1z,
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J v b Ic B K| 20 mg/kg % bolus THEL BB D B8 Infection foci in the lungs (model A)
SR % Fig. 4 R T, MM total WIT & FHFME & 250 B Whols lonss (mode) B)

DN RIS AR 8 5 EMBER AL, T#O © Whole lungs (uninfected)

AR DSER D S L7z DIt L, LEMEA M & [N

W ORI I3 5 BRI DWW T A 5 &AM IR 200
Londots, Lrl, BAEEROH: CZON,
CEZ 1 & Uf CTRX D i o e 1A WIS & fii P9 8k &
DRI BRI 23 &5 1, FIRROBRSY, BEAM
BROEVCZIX BLUCAZOBEICbED SN,
E¥Zy b, HEHF QMM total #WEE LT IZEF
R BRI S Et L AONGY ) A OAs Tt
B % Fig. 5WR¥, Bolus T L - B& L IRz
D, MEH total WA & AP & M IZFEBIME I3

Relative penetration rate (%)

50
Table 4. Effect of serum protein binding on the
penetration of cephem antibiotics into the
infection foci of the lungs of rats with

pneumonia (model A) induced by Klebstella 0 CEZ CTRX CZON _ CZX CAZ

pneumoniae after drip infusion CEZ, cefazolin; CTRX, ceftriaxone;

CZON, cefuzonam; CZX, ceftizoxime;

serum lung penetration CAZ ceftazidime.
Drug AUC,_, AUC,_, rate

(ug-h/m)  (ug-h/g) (%) Fig. 3. Effect of serum protein binding on pene-
tration of cephem antibiotics into the lungs of
Cefazolin 97.9 20.3 20.7 rats with pneumonia induced by Klebsiella
Ceftriaxone 110.3 19.8 18.0 pneumoniae B-54 or uninfected rats after drip
Cefuzonam 122.2 29.5 24.1 infusion. Relative penetration rate (%)=
Ceftizoxime 107.7 32.7 30.4 (penetration rate in rats with pneumonia/pen-

Ceftazidime 83.8 29.8 35.5 etration rate in uninfected rats) x 100

The experimental conditions were the same as
described in Table 3.

5 20 Total o~ 20 Free
= = *CTRX
2 s
3 < *CEZ
2 2 10F eCAZ
] & *CZON
2 3
s S sf
o %) ¢ CZX
=} =]
< <
A S - J 1 1 J
0 30 60 90 120 0 10 20 30
AUC of total serum levels (ug-h/ml) AUC of free serum levels (xg-h/ml)

CEZ, cefazolin; CTRX, ceftriaxone, CZON, cefuzonam; CZX, ceftizoxime;
CAZ, ceftazidime.
Fig. 4. Relationship between total or free serum levels and lung
levels of the cephem antibiotics in uninfected rats after a single
intravenous dose of 20 mg/kg.
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AUC of total serum levels (ug+-h/ml)

AUC of free serum levels (ug-h/ml)

CEZ, cefazolin;, CTRX, ceftriaxone; CZON, cefuzonam; CZX, ceftizoxime;

CAZ, ceftazidime.

Fig. 5. Relationship between total or free serum levels and lung
levels of the cephem antibiotics in uninfected rats after drip
infusion. Drugs were given at a dose of 20 mg/kg/h for cef-
azolin, 10 mg/kg/h for ceftriaxone, 35mg/kg/h for cef-
uzonam, 75mg/kg/h for ceftizoxime and 35mg/kg/h for

ceftazidime.

B ohieholz, —F, MFPERERE LIHAR
BrolfrEAs s L, MEPEEEBED EFCH>
THREES LR T 2ERABED o, HLEEDHE
s oNnl, Larl, FAME2HBIERLERZS
BRI s b3 L5, CZX, CAZ pMmEH
Tk AUC {13 CEZ, CTRX, CZON &9 4
WEEVIK ST, MNBE AUCHEIZF3IFHIC
L%, MEORMICELAIBEFRIIED Shkd oz,
IhoDERL Y, MABITHIRLT U b MEFPE
BMABEDATREEINE D TIRE VI LIRS
iz,
1. =

HEEDORPIE I T 2B R 3B 2 DERIC &
SThEASh3H, #20RTHELBENT 208N
ERIREANOBITH SRV EERRFTHE LE
2oh3, MEEAESRIENE X VEREEOR
BEEZBLRTILBHONTEY, HIEEDR
PRI > THERRFTH S, —MICHHER
EROAHEEE 2R LYY, REED L UHEER
T M OHMBBREEICL > THESNS LE
Z6NTWVLBHD, L8> T, BHEEFEDOFWE
FE VAN REEZIENL D L FRIN DD,
B2 0BT T VTR SNIERLT LS > TW
Tz ELaes o EEER T BV C b Wise?” 3HER L
TWBEIRZEDE I MBI, —EORERIE
LTwin, Z#id, RERB L UHEERTHECS X
T MEELAESORECO VT, FRThLS

HER DERZRGEORVICE > THERNERSLILE
BEsH2 EBbih s, LicdioT, REHRBLUHE
BBRTHCB IR TIHEEAGBESOEE, EBEH
WKEoTEDEIERENSLE2BELLICTHI L
BEETHIEEZONS,

72z, SEFELIEY 7 2 5% (CEZ, CTRX,
CZON, CZX, CAZ) @7 v MRBITHICE LI2Y
MEEGEESOEEICOWT, (V&5 DOBIE, (2)
B DEEE L Ok, (3)MmEhERERE - OBF
D3 DODBHEL SR I,

 THRELEOEBICOLTRA LI, BEES X<
Huwonb&HTH5 20 mg/kg O bolus #ix T i3,
o R BABEOREIZD oz, 22T
WICETEHEIC L 2RETEITo 1o BEFOKRER %
[l—& L1-BE, METRES—ELVRVICEL 2K
DREFIOBBEICEBEL DY, ZOBEDERVLHE
TRICEET IS 2ERL, R~ BEEHDH
DOBITHDZER*IETIHNT, R5BE2R/BL T
FIZRIZEOMBERBE L 25 &5 L, METERE
B—EBVRNVIR N T ABRHE TCOBITELAIE
LR, HorREBEARBAOZE Do, #
Ex0fE L T, HERSE & EREE TIIR
EEBITHCBLZTEARSOREVNRLY, &5
RFERDLICLEDBOEESEROHOWEROBITELEL
BRI OBITRICIHE T ZEBMES N T E2S, =
hit, BEXR0EVERIZMENBEDBITIZE
B, LS RABITTNRIEREIIS WEWIHEIZLS D
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DEEZOSNTVD, & 7oA & 5 BN T i
B EHH I S MBI MR C LA
THEOD, RROBME—BL I, ULOB#EY,
Mg REH—EDORETHY L ooH 5B E, M
W A3 — S W AR 7 AL N R & PR BV i
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EFFECT OF SERUM PROTEIN BINDING OF CEPHEM ANTIBIOTICS ON
THEIR PENETRATION INTO THE LUNGS OF RATS

Shuichi Tawara, Satoru Matsumoto, Yoshimi Matsumoto
and Toshiaki Kamimura
New Drug Research Laboratories, Fujisawa ’harmaceutical Co., Ltd.,
2-1-6 Kashima, Yodogawa-ku, Osaka 532, Japan

Sachiko Goto
Department of Microbiology, Toho University School of Medicine

The effect of serum protein binding of cephem antibiotics on their penetration into the lungs of rats
was investigated from the following aspects: (1) Effect of administration method, (2) Penetration
into the lungs of rats with pneumonia, (3) Relationship between lung tissue levels and free serum
levels.

(1) The penetration rates of cefazolin, ceftriaxon and cefuzonam, which had high protein
binding after a bolus intravenous injection into normal rats, were slightly lower than those of
ceftizoxime and ceftazidime. But there were no marked differences. On the other hand, the
penetration rates of the antibiotics with high protein binding after a continuous drip infusion were 1/
2 to 1/3 of those of the antibiotics with low protein binding.

(2) In the rats with pneumonia induced by Klebsiella pneumoniae, the penetration rates of the
antibiotics with high protein binding were also lower after a continuous drip infusion, but their
penetration rates were 1.5 to 2 times higher in the rats with severe pneumonia than in the normal
rats. The penetration rates of the antibiotics with low protein binding in the infected rats, however,
were not significantly different from those in the normal rats.

(3) The antibiotic concentrations in the lung tissue after a bolus intravenous injection in the
normal rats did not correlate with the free serum levels, but some correlation was seen after a
continuous drip infusion.

These results show that protein binding is an important factor for penetration of cephem antibi-
otics into the lung but the effect depends on some experimental conditions such as serum half life,
equilibrium between serum levels and lung levels, or severity of infection, and suggest that these
factors should be taken into consideration in addition to free serum levels in evaluation of penetrabil-
ity of cephem antibiotics into the lung.



