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EUeR A NG ) FER/NR S K UFHAERICE TS
TEMEOFANBEIZ DWW T

SRAFEFHNEHFME (EE 280 KD
m B #H &
(PR3 4 4 H23E ()

INEBREROFAEMEREEICDOWT, BMOAHAREEMERENTER L > TRTL, Y18
REBREORIER s RAL . 6 AOEERE/NE, 5 20BHE/NE BHMES~T8%), 11R0FE
I8 (4= TFRHMAE 1220~3900g, A% 2 ~28H) &xf&e L, b 75 <4 ¥ (tobramycin, TOB) ¥ &7 7
'Y v (cefazolin, CEZ) RIFHES#OMBETREOHR LV EYWERE/ ST A -5 2RO ERETIH
{k&EH7-» TOB 2.0mg B & U* CEZ 25mg 2ZNZNISHCERBEL . MR- FERT
13 CEZ 30mg %3043 THEL &, T05 5 7T4iE4] 24 % TOB 2.5mg 2EBCEKELL.
TOB D447 (distribution volume at the steady state per body weight, Vdss/BW) I3 R ¥/
B, EENEBS L UHERTZE L EN263, 176, 450ml/kg T, B L2 HHEROBYEEETH
D, R ARMCHEEAEREOSVHERTEABARIERBICHBL TREVERTH L. —7
CEZ O HAEMIT+n+h133, 121, 28lml/kg TH Y, DS ERRCRETEEI NSO
2, FERTRERERNED2. 1ETH-72. TOB D27 V7 7 A (total body clearance per
body weight, CLtot/ BW) i3 ¥ A& /N E, BN RE L UHERTENENL. 82, 1.49,
1.00ml/min/kg, CEZ Ti%1.02, 0.96, 0.80ml/min/kg & WOEBRTH-7-. ¥ CEZ OMBEELRE
SEL AR N R/ NES X UFAERTERENTS.1%, 80.7%, 45. 1% THAR THREICE
¢ (AEELKED o7, EEEARNRTIRA—NET TOB & CEZ OFEHD DHAAEROE
(Vdss/BW)ros— (Vdss/BW)ee, & TOB DEE B 72 ) DAFETE (Vdss/BW)ros & D] W B HEBE RS
Bent. 7 TOB DBATER (Vdss)ros R MIKIS R (extracellular water volume, Vecw) (ZFFIE
LTwi ot (Vdss)res(l)=Vecw=0.261xBW(kg) £ LTREH S I LW TE 7. CEZ TO#5%
FABOTFHARRMEEARSELEERL T, (VdSS)CEZ<1):O.3XVeCW+0-052XBw(kg):O.BXOAZG].
X BW(kg)+0.052 X BW(kg) &= ->72. —HEENE TR REN K E L, TOB & CEZ DR
BoORICEEAR/NETED s LD R HEBRRERD sk, £ C THMBRETRTS:
DICIEIEE A~ B S EE L, BAKE (ideal body weight, IBW) » ERAE (actual body
weight, BW) & L LT % 72Tz, (Vdss)rod1)=0.261 X { IBM(kg)+0 . 4 X [BW(kg}— IBW
(kg)]}, (Vdss)eez(1)=0.3% [predicted Vdss of TOB (1] +0.052 X BW(kg)=0.3%0.261 x {IBW(kg)+
0.4x [BW(kg)—IBW(kg)]} +0.052 X BW(kg). LEOFRRCE > TREL ~ A mERL FP O MmE
RREOHE L DR SN AEEROMIZERGEEsE s . —F, HiERO CEZ DR K
OFROTHI10, ZOBICEEOEENIZKE s iENEE s CEZ O B R ) 4 3 (unbound
fraction of drug, fp) DEEES*EEL T fp 2 FEOV L2 L TRORZRD 1. Vdss/
BW=AR:Vecw/BW+(1—AR):Vp/BW+(1—AR) (Vecw/BW~-Vp/BW)+fp. ZI7T AR (3 FE#MHIE
LT LTS Rk (interstitial-to-serum albumin concentration ratio), Vp & AN YE T (serum
volume) TH 5 . EIC fp OEEEEHOBERZREL L 22, FEFGHEYLEYRHT LTI VD%

Abbreviations : AR, interstitial-to-serum albumin concentration ratio; AUC, area under the
serum concentration versus time curve; BSA, body surface area; BW, actual body weight;
CEZ, cefazolin; Cf, free concentration; CLcr/ BW, creatinine clearance per body weight ;
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FHERERBEOAENE L UELENRME LT

BIEELTED, The2EE L RBYREN LK
Lo2b5b. F/NRRHES TR, BEOEFENK
i, BEMERNEBOL P ERICEET S Z &
REWPORELBYBELHET 2 LTCEERELH
L0 —BIT/NR TR BT D D DR
mE, FMEHEERVBIZELDoNBERETHD,
FORDCRERBM LSO HEBRITO - DTS
LERMBERCETOLRFNEZ NS . LHLEY
FREOBEZCRIZTHRESEHI N TW L EZ S
{BohTBD, BRTHNEERBRED - DDE
VEEZCEM T SN EBRERIFIELALEILIEN
T,

MEOEBEBENEMEEROEBIIDEELL, 2
NETIEHSHW T LR > B S, RHH
B, £8, BEHENCEFOHLLDOL LTIEESN
3L ol. ZOBmEFAVAILICL-THER
DBRFEOWRE, RPRKSHER, REEET, FEBEL
CRERLILINREREREN ARG L2 E8Bbh
5.

FE@mEHOLBYERTTESE T o AKY >~
RMEMETHBE 7 7Y > (cefazolin, CEZ) DiE
RERIC B 2 IIMEED, M RES L VMEE
HESFROEMICI-TEIDZLE#BALTL
5%,

—AT7I/ 7V ar FRRAMERNBEEA L 36
BET, MBRFCIRTRTEHENSIFCHEEL, &
TS RBBRO MBI A EANE & A XL T Al
BABBZOL ONFHAEMERTEL TS, £728
WERIEEE S, DB CREEEvEEN
PRESN T2, JEREEA T IR O 21& b
RELBRBUIDHTHHEBRSBL LY, PEAOE
CIBBEIC R BENANHD, RATHS &8

BERORFEN L ENTOLREEYTH 2w,

HB B EBRREA THENBIE S BT & < RS
ENTWw2 CEZ 73 /7Y av FRRENE DS
ThF7J <4 ¥ (tobramycin, TOB) %3EA T, E#
HEU/NES, BH/NBYE X UHE R~ TEY * B
KHREL, TOBROMBETBEOHBIC L > TEYE
B S5 A =5 KRB DTRORENE b KRNI E
Ban B RN~ gB8Te s, FciasgiE
AT 508N, MEYINEEALORSRE, B
FUERHERESRE R SR ~08H 0 Loz
R0 iBHEDRd, dRNTOSMRERRR—T
BEWZ ENREINT L E", 2 Z cR—EEKI
B AWEMORNGERLEL, NEEFABRED
ROOBBEBROMIIERAT. I5RXENSEL L
CEDOSHEERO T RS, B oRL2EY
OFIE#KSEDOEEOEREENE L.

MERE & UFE

I.x %

1. HREERE/NEEE

LA 77— 7 VRED 120 I SR EEZEA BIR
FRIZABRRL , BEBRORBETFHO - DIZHAME O
RELBELZ6H/ (BR2E, LR4KZ, £33~
12F) g e L. BEREFREOESRS BRI
X2 REMRAE 245> TV 523, R BIF Tl
BEMRBICEFE IS, FERRBIEETHSWE X
URENVEBI 207, FFNETREDCLLZE
WEIERED & -1, FUEPER 5% 082
B 72 MARAREUZ 7z - T3, ARBOBEE T XTD
BEOWBECHHLTZORELZB TV AL, MHHRBIE
ODEBB LY 7L 7F = 7Y 7 5> A (creatinine
clearance per body weight, CLcr/BW) ##& 112% &
Btz WRBRO CLer/BW 133 X TIEREHN TE

CLtot/ BW, total body clearance per body weight; Ct, total concentration; fp, unbound
fraction of drug; HPLC, high-performance liquid chromatography; IBW, ideal body weight ;
Kp.dis, tissue-to-serum concentration ratio in the corresponding disposing organ ; MRT, mean
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BEECEEDOH2ER VLo, BHEL L UM
A& (ideal body weight, IBW) 2 HE r EHIAKE
(actual body weight, BW) iz & » TIEMEOEH / &
IS LMRREEILTRS, HRERBTANTEHE
WBLUTTH ol (FH—-7.5%). & :EREHE (body
surface area, BSA) R EHBEB I USREEH /€
572 HTROTRD, 6HOFHE0.81m* T
Hotz.

2. MBE/NEEE

BER/NEEEO R B 5 & DFAE & MR\ R
EHEL, B2iEEHi. IO 1ZOTREL
[gH 7 — 7 VEEERZT 57O ABEL 2 B
NETHREZOBRTFHODICHEMBEORE L ),
BErL7. Nol 3 4 OBRIIEEICLD BMMEMRE
cZlah, BEDLD CENBRENEFRR AR
FTHo7z. Nod L4 3WNERTHZ. Nos 0HEE

Table 1. Characteristics of the standard-weight children
1 3y F 91 13.4 14.0 - 5.3 0.61 1.87
2 4y 3m M 101 16.9 16.0 + 5.7 0.72 1.73
3 5y 11Im F 104 13.8 16.0 —13.5 0.65 1.42
4 6y F 110 16.0 18.2 -12.3 0.73 1.84
5 9y 4m F 136 27.8 31.0 — 9.8 1.01 1.88
6 12y 3m M 139 29.9 32.2 - — 9.8 1.12 -
Mean 6y 10m 114 19.6 21.2 - 7.5 0.81 1.75
SD 3y b5m 20 7.3 8.2 7.1 0.21 0.19

IBW, ideal body weight; BSA, body surface area; CLcr/BW, ceatinine clearance per

body weight; y, years; m, months,

Tabl 2. Characteristics of the obese children

Height  Weight IBW Degree of BSA CLcr/BW

No. Age Sex  “(m) (kg) (kg) obesity (%) (m2) (ml/min/kg)
Obese children

1 ly 10m M 91 22.4 13.0 +61 0.72 2.93

2 6y 4m F 117 27.2 20.7 +30 0.92 1.20

3 8y 4m M 143 60.6 35.5 +71 1.48 2.00

4 8y 4m M 142 63.0 35.0 +78 1.50 2.25

5 9y 4m M 117 37.8 21.0 +75 1.06 1.49
Mean 6y 10m 122 42.2 25.0 +63 1.14 1.97
SD 3y 20 16.8 9.9 18 0.35 0.68
Standard-weight children (n=6)
Mean 6y 10m 114 19.6 21.2 - 7.5 0.81 1.75
SD 3y 5m 20 7.3 8.2 7.1 0.21 0.19

IBW, ideal body weight; BSA, body surface area; CLcr/BW, creatinine clearance per

body weight; y, years; m, months.

residence time; TOB, tobramycin : ti/2, half life of the terminal phase; Vecw, exracellular
water volume; Vecw/ BW, extracellular water volume per body weight; Vdss/BW,
distribution volume at the steady state per body weight ; Vdss/IBW, distribution volume at
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BEREFRNVE Y DORIBIC L 2EHE D DITHH 2
EHEErEL TR, NREBEOHECIERBOBS
PHACHBEL, BT > TREZOEELBTL
3. /EIZTLE>TEBLULIEMEE, 30~70%
(F963%) TH -7z TN HEMTH 2 Z & LSk
SERERBIFTHY, T3 CREYERKIGE R
wlEIZRPoT.

3. FERRE
AINRIPRFEOFEREFEEE ICNES I,
MIMEDH 2 VIR Z DD DICHENE D M %0
By LLFERNE (BR8A, LIR3EL) £#35kL L:.
HRRBEII30~4008, £HHK2~288, £THEE
1220~3900g T, MBEHRE D FHIE I3, creatinine
0.64mg/d], GOT60U, GPT6.8U Th-7:. #hFh
ODFERDTF = 2RI CE LD, 1ILO3BTH
it CEZ izfinz T TOB & A L 72 (No.1~7). #ikD
PRI HzoTH, TRTOWMECHENERED N
ELARBROBERHHELI- LT, 20RELET
wa.

. 7afta—n

1. EMEE

1) EueikRy & U/
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Vy xrF Yarvy, HE) AEALAES 4
YEERLL. 2 CEZ, v 77 AV (BR, X
) 25mg/kg #3053 13 T EHBEL , BIEKRT105H
itk (CEZ BiEBIia184043%) X v TOB, + 75+
v (HEEFE, KR) 2.0mg/kg »FIIEIC3043 TR L
7o, REBIMFEGRNRBCIRAGE S EEL L
72t JERANEHCIREHGE L BEKE O FiE 3
briBE L CRERBTPHRE L. EMIIENERS
K (KR, ®H) T 20~30ml 272 3 & 5 12 EREC &R
L, A>¥7a~-YarRy7, STC~-521 (Fi%®,
BN 2ALTEESREL:. BARBCEYORE
BRWE S ICHERTHRL 25 I EBREK (KIF)
TREEEEVRL.

2) AR

KIDTRTOF LR CEZ 30mg/kg %3050 13
TEEBEL, 2055 74 (BENo1~T7) i3
T LR, TOB 2.5mg/kg D305 I E RS %
Bt L7, WEROEYS 5% 7 R o (KF) TEE
FRL, FECHBL Uho 0 —7 o —SIREBES
(FLE) ENLTLEXRERICBRESNE L3104
¥7a—=YariRry7, STC-521 (FAE) #HVT
BEL.

FEHIVREFOBIRICY 2V LB (V3> 2. IR
Table 3. Characteristics of the neonates
GW BW at birth Day after BW  Alb L bil . NEFA
No. Sex (yiel) (@) birthday) ()  (g/d) (mg/an L BIVAL iR
1 M 39 3900 13 3769 4.7 3.23 0.081 0.65
2 M 3l 1220 28 1700 5.2 5.31 0.238 0.23
3 M 30 1702 2 1650 3.2 8.09 0.298 0.17
4 M 39 3400 5 3250 4.5 12.77 0.335 1.34
5 M 34 2320 10 2068 3.0 14.24 0.560 0.12
6 M 33 1960 9 1849 4.2 10.67 0.300 0.41
7 F 40 3340 7 3050 4.0 6.62 0.195 0.42
8 F 34 1400 10 1530 2.6 14.67 0.456 0.27
9 M 35 3044 14 2950 3.6 14.07 0.481 0.13
0 M 35 1966 3 1800 3.4 9.35 0.325 0.76
11 F 31 1344 3 1238 4.0 10.23 0.302 -
Mean 35 2327 9.5 2259 3.9 9.93 0.325 0.45
SD 3.4 942 7.4 839 0.78 3.84 0.135 0.38

GW, gestational week : BW, body weight; Alb, serum albumin concentration; Lbil, serum
indirect (unconjugated) bilirubin concentration ; Lbil/Alb, the molar ratio of indirect bilirubin

to albumin; NEFA, nonesterified fatty acids.
-

the steady state per ideal body weight ; Vis, interstitial fluid volume ; Vis,dis, interstitial fluid
volume of one of the disposing organs; Visnon, inerstitial fluid volume of one of the
non-disposing organs ; Vp, serum volume ; Vt,dis, volume of one of the disposing organs
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1) BEHEGRRIS & ARG/ N AR
ERNLRO 2T O CEYHES A > izl
W, BRIMO 7 H OERRES & FH R L 72 . SRIMEFE
ik, CEZ #:5Bd#4%30, 50, 70, 90, 110, 130, 160,
190, 220, 2804k L7z. #-C TOB £#5581k%10,
30, 50, 70, 90, 120, 150, 180, 24043@ TOB o
HREPFRBCHET 2 2 L8 TE . MEBRREIR
~ARY F YT A URNE, BR) RERELLABERER
ATEREL, RREMRHEE THIREBOBR LK T
7. BRMOBEIZIEY v P A EEEAD R AL
FICEBLL. 2OLS L THRIRE N M IE
3000rpm, L0AfLELGL CHEESEEL, 2756 i1c%
VBEORHERTI D, B3I —20CTHEREL
2HLRCHEL. TOB DFFZAANDODRE R
DT RTOBMER Y T ABRBRAVE» o7z,

2) FERE

HMBZEERHEICLD, TOBOHF 5 A~DORE
BHfeDICY VA BE LT LVEFYET Y —
(FVE) BEWTT> . HIMEHIZ, CEZ #55E
%30, 60, 90, 120, 240, 480, 7203 L7z. - T
TOB #5BA%:% 0, 30, 60, 90, 210, 450, 6904D
TOB OIEFRERRFCHEST 2 2 L8 TEL. #
WEpnf-MTEELMBFEROLBEL, 2B
200CCHEREL 2 HURZHEL /2.

HRIEER/ Sy 7, UD-PS (%) VT,
CEZ B 5B 12RMETCOLDOEEDI:.

M. EHBREONE

1. CEZ

CEZ omE@EX, BERE 7 o< 57 4 —
(High-performance liquid chromatography, HPLC) iz
SVHIELR. 50l ¥ > 7VIMME 2 pHT . 4FR Y
B EIR (sodium phosphate buffer) 501, R Uf X
F/=n100u] E#iz2.2ml KY) 7L > BEBRE
(Costar #£, Cambridge, K[E) 1 AtL, 30B#ERL ,
LMK OTRTHEL B, SEMEERLE,
MR-15A (b § —¥ 4 2—, BH) ¢ 12000rpm, 304>
M, 4°CORBTELLE. ZOBKLTREHLE
EBEET7 4Ly —, TM—2 GEERE, X)) THA
L, 20151 % HPLC BIERWEALN:. X¥ 7k
TRI-ROTER (B#&4%, &) 2 AV TH&EL. 5ml/
min 2L 7. BEMEIR, 0.0IMEF7 > =7 A%
WML710%7 2 b= VBB, &7 L538HES
B4 7 4, x —BondapakC—18 (Waters #, Milford,
KE) 2HERALE. Rz UV #t%, UVIDEC-
100—VI (H&433) 2HWT, BEEE 270nm & L
2. F—FEix, DS—L300 (HA&3%) TH-72.

REREERT 572012, CEZ 2 BEHRICERLE
SEDWE U T AEHEWS0u 1127 5 > 7 DI 2z |
WERAE & IR BfE21T>C HPLC iEA L. &
#eyix CEZ MEE 5~2004 g/ml OECEEH =
L, MEREEREIE r=0.999TH - 7.
2. TOB
TOB DIMEBEE L, BRI RESE, TDX (54 +
Ay b, HR) WEoTHEL::. §XTOH> 70
22wl 3EDHEERT, ZOFHE % EYERE
FREITIC AW,
IV. CEZ ntiEZEB&ESEORE
CEZ oMBEEABEEOWE T, ROERNEBE
TiTo7. CEZ #5% 2 ~4FECER I L mE
CEZ #P (total concentration, Ct) 0.5~1.0ml %,
Centrifree MPS devices (Amicon #t, Beverly, #*
E) Q% ¥ 7AFERICEAL, 3TPCT202M 1 v %2
R— L. ZFO%, 37C, 2400g TT7 M, EHE
KR-702 (7 ®%, RE) TELLRZ. BEFD
CEZ ¥ % HPLC THIE L, #HHY CEZ B
(free concentration, Cf) ¥ L 7. MEEAOESE
(protein binding ratio) ¥ (Ct-Cf)/Ct & b R, kR
CEZ 4% (unbound fraction of CEZ, fp) %# Cf/Ct
EL7z.
V. EYEEFBNT
EVBREROMBEFRELI D £ — X ¥ MR
(model-independent moment analysis) % Fi\» T Y8
BENER 2T, MEXEYWEETER (area
under the serum concentration versus time curve,
AUC) MK EEEREH W3 EBAR (trapezoidal
rule) I &k o TR 7. FEHERFR (mean residence
time, MRT), E#IREIC BT 2 EEDH 72 D OHFER
(distribution volume at the steady state per body
weight, Vdss/BW), B X UMEED D DK I VT 7
> A (total body clearance per body weight, CLtot/
BW) it Yamaoka &, B X U Benet &z kb i#
NTWBHBRCETH TR L 222, L BEYIN
SO EEBETHE L2720, MRT EERHO
1/2 (BEBRTIFLD) 2ELEIORLETHEL, U
ToRIZ & 5T Vdss/BW %R 72>,

Vdss/BW = (CLtot/BW)-(MRTinf—t/2)

MRTinf dEREEERTo7c L &0 MRT T, ti3#
ERREERL T3,
V1. ¥EEHEARE
BonlEEE B L CEWE, EEREETT
L, BEERt -BREICLVHEELS. psS0.052H
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Fig.1. The time profiles of the serum tobramy-
cin concentration in the six standard-weight
children. The antibiotics at 2mg/kg was
administered intravenously by drip infusions
over 30 min, which had been started at time 0.
The concentration was plotted in a logarithmic
scale: O, 1; @, 2; A, 3; A, 4;([,5; B, 6
Detailed pharmacokinetic parameters are listed
in Table 4.

TOB o 3 H 88 (half life of the terminal phase,
t1/2) LMFEPBEOHR 2 — 2V MR T2 Z &
CEoTHOSNIEWEE/ S —£x—%, MRT,
Vdss/BW, CLtot/BW % % & &7z, t1/2 12805 5153
SOEHEIZH D (FH1335), MRT, Vdss/BW 5 & Uf
CLtot/BW DE9{EiE, #h £ 1485, 263ml/kg,

E 1000':
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Fig. 2. The time profiles of the serum cefazolin
concentration in the six standard-weight child-
ren. The antibiotics at 25mg/kg was adminis-
tered intravenously by drip infusions over 30
min, which had been started at time 0. The
concentration was plotted in a loganthmic
scale: O, 1@, 2;2, 3;Aa, 40, 5;M, 6.
Detailed phammacokinetic parameters are listed
in Table 5.

Table 4. Pharmacokinetic parameters of tobramycin after an intravenous
administration at 2.0 mg/kg in standard-weight children

No. tin MRT Vdss/BW  Vdss/IBW Total Vdss  CLtot/BW
(min) (min) (ml/kg) (ml/kg) ) (ml/min/kg)
1 80 115 251 240 3.36 2.18
2 85 120 212 224 3.58 1.77
3 153 201 261 225 3.60 1.30
4 140 169 335 295 5.36 1.98
5 111 142 261 234 7.26 1.84
6 108 140 259 240 7.74 1.85
Mean 113 148 263 243 5.15 1.82
SD 29 32 40 26 1.96 0.29

tis2, half-life of the terminal phase; MRT, mean residence time; Vdss/BW, dis-
tribution volume per body weight; Vdss/IBW, distribution volume per ideal body
weight; CLtot/BW, total body clearance per body weight.
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Table 5. Pharmacokinetic parameters of cefazoline after an intravenous
administration at 25mg/kg in standard-weight children

No. tis2 MRT Vdss/BW Vdss/IBW Total Vdss  CLtot/BW Protein

(min)  (min) (ml/kg) (ml/kg) (1) (ml/min/kg)  binding(%)

1 68 106 119 114 1.59 1.12 82.3

2 78 118 120 127 2.03 1.02 75.0

3 137 192 142 123 1.96 0.74 79.7

4 103 138 156 137 2.50 1.13 79.7

5 91 124 134 120 3.73 1.08 -

6 77 120 124 115 3.71 1.03 77.7
Mean 92 133 133 123 2.59 1.02 78.1
SD 25 31 15 9 0.92 0.14 2.5

t12, half-life of the terminal phase; MRT, mean residence time; Vdss/BW, distribu-
tion volume per body weight; Vdss/IBW, distribution volume per ideal body weight;
CLtot/BW, total body clearance per body weight.
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Fig.3. The time profiles of the serum tobramy-
cin concentration in the five obese children.
The antibiotics at 2mg/ kg was administered
intravenouslty by drip infusions over 30 min,
which had been started at time 0. The con-
centration was plotted in a logarithmic scale:
0,1;@, 2; A, 3; A, 4; 0, 5. Detailed
pharmacokinetic parameters are listed in Table
6.

1.82ml/min/kg TIXBRIZ & 2 REBICIFIZ—HL T
V) e T

CEZ #uEMmtonETEBEOEL 2N 2, ¥
MBS A— 7 B X UMEEAKEE (protein
binding ratio) % 5 2R L7z, t1/2 13685513740
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Fig.4. The time profiles of the serum cefazolin
concentration in the five obese children. The
antibiotics at 25mg/ kg was administered
intravenously by drip infusions over 30 min,
which had been started at time 0. The concen-
tration was plotted in a logarithmic scale: O,
1;@®,2; A, 3; A, 4; [, 5. Detaliled phar-
macokinetic parameters are listed in Table 7.

Mick D (F9243), MRT, Vdss/BW, CLtot/BW &
EEEE 2 h 7 h1334, 133ml/kg, 1.02m)/min/kg

Thote. £7: CEZ OIBEEEOHAEIL, 75.005

82.3% DHEEIZH > 7z (FH978.1%).
TOB ® CLtot/BW i3 %8B A D CLer/BW (¥5)




MNRBES BT 2

TEMEDERBEEI DT 533

Table 6. Pharmacokinetic parameters of tobramycin after an intravenous
administration at 2.0 mg/kg in obese children

No tie MRT Vdss/BW  Vdss/IBW Total Vdss  CLtot/BW
: (min) (min) (ml/kg) (ml/kg) 1) (ml/min/kg)
Obese children
1 74 90 165 285 3.70 1.83
2 125 149 205 270 5.58 1.38
3 120 142 177 302 10.73 1.25
4 101 136 195 351 12.29 1.43
5 81 87 136 245 5.14 1.55
Mean 100 121 176 291 7.49 1.49
SD 23 30 27 40 3.78 0.22
Standard-weight children (n= §)
Mean 113 148 263 243 5.15 1.82
SD 29 32 40 26 1.96 0.29

tis2, half-life of the terminal phase; MRT, mean residence time; Vdss/BW,

distribution volume per body weight ;

Vdss/IBW, distribution volume per ideal

body weight; CLtot/BW, total body clearance per body weight.

Table 7. Pharmacokinetic parameters of cefazoline after an intravenous
administration at 25mg/kg in obese children

N tip MRT  Vdss/BW Vdss/IBW Total Vdss CLtot/BW Protein
0. (min)  (min) (ml/kg) (ml/kg) (1) (ml/min/kg)  binding(%)
Obese children
1 97 113 135 233 3.02 1.20 -
2 95 132 121 159 3.29 0.92 ~
3 103 134 124 212 7.51 0.93 80
4 127 156 132 238 8.32 0.85 83
5 76 101 91 164 3.45 0.91 79
Mean 100 127 121 201 5.12 0.96 80.7
SD 18 21 17 37 2.57 0.14 2.1
Standard weight children (n=6)
Mean 92 133 133 123 2.59 1.02 78.1
SD 25 31 15 9 0.92 0.14 2.5

t1s2, half-life of the terminal phase; MRT,

mean residence time; Vdss/BW, distribu-

tion volume per body weight; Vdss/IBW, distribution volume per ideal body weight :
CLtot/BW, total body clearance per body weight.

L.75ml/min/kg) 121Z1Z% L7 DIz L, CEZ ©
CLtot/BW 14 CLcr/BW DE0% TH -7 (R, £
4BLUES5). TOB 0ESH 1D @ﬁ?ﬁ@%ﬁ
(Vdss/BW)ro &, 2 ADERIEE, BW oRC
(VdSS/BW)TOB 0.261XBW 0 fHBIRER 21§ 5 12
(r=0.944). %7 TOB » Vdss/ BW o ¥ £ & i3
CEZ oy 25T - 72 .

II. BEwmRE

K 3 13 Em/ N 5 400 TOB i 41 ¥ o) iR SRy
a7 71270y b LD THS. 622
DMEFEEOHBLE— XL MW T 22812k -
TROINTEYHE NS A — % t1/2, MRT, Vdss/
BW, Vdss/IBW, CLtot/BW % & & 60, RHER R/ )\
Y6 B TEE £ EEEL 72 t1/2 44, T4 5 1255 (oF
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Fig.5. The typical time profiles of the serum cefazolin (30mg/ kg) and tobramycin (2.5mg/ kg)
concentration in the three neonates. The antibiotics were administered intravenously by drip infusions
over 30 min, which had been srarted at time 0. The concentration was plotted in a logarithmic scale.
The patient numbers correspond to those shown in Table 3: O, cefazolin ; ®, tobramycin.

Table 8. Pharmacokinetic parameters of cefazolin (after an intravenous administation at
30mg/kg) and tobramycin (after an intravenous administration at 2.5mg/kg) in

neonates
Cefazolin Tobramycin
No. "Vdss/BW MRT  CLtot/BW ¢ Vdss/BW  MRT  CLtot/BW
(ml/kg) {min) (ml/min/kg) p (ml/kg) (min) (ml/min/kg)
1 222 202 1.10 0.26 472 384 1.23
2 278 317 0.88 0.49 452 422 1.07
3 337 604 0.56 0.73 433 562 0.77
4 268 281 0.95 0.50 384 372 1.03
5 373 487 0.77 0.83 541 660 0.82
6 275 418 0.66 0.55 449 488 0.92
7 212 214 0.99 0.34 416 358 1.16
8 243 310 0.78 0.44 - - -
9 274 286 0.96 0.59 — - -
10 328 543 0.60 0.64 — - -
11 284 534 0.53 0.67 - — -
Mean 281 382 0.80 0.55 450 464 00
SD 49 142 0.19 0.17 49 113 0.17
Standard-weight children (n=6)
Mean 133 133 1.02 0.22 263 148 1.82
SD 15 31 0.14 0.03 40 32 0.29

Vdss/BW, distribution volume per body weight; MRT, mean residence time; CLtot/BW,
total body clearance per body weight; fp, unbound fraction of cefazolin.
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#1004r) OEEBETREEAI/ BB L O XK s 2BV
o7z, CLtot/BW DFH{E1.49ml/min/kg 1348
#KE/NEEED CLtot/BW (F491.82ml/min/kg)
DALY, TOEFEETCRR» 5. —F, B
MNEEED Vdss/BW 1, 176ml/kg THEXEER/NED
¥y 263ml/kg L D BEEI/INES o7 (p<0.05).

E#/NERO CEZ 5% omiEBEDOEL K
4, BYEEAS A - BLUNBEEABSR S5
TR U T, t1/2 13762 51274 (FH1004Y), MEE
BEEERTI0 583% DHEIC H > T, EHAER/NR
B8, £720EM/NERO Vdss/BW 8 X
U CLtot/BW DFEME,Zh#h 121ml/kg, 0.96
ml/min/kg THEHREFENEFE ORIz EERZ L 2
hodz.

F2WRLI& 512, Cler/BW gl ik iR /N
R#1.97ml/min/kg T, EREI RO ZyHE
1.75ml/min/kg & Y K &v3»s, TOB @ CLtot/BW It
PR/ NRRE TR R BN BB X D H20% /0 <
CEZ @ CLtot/BW TIIFBIZIZ—HL2ETH -
7z, E1EW/ANED TOB o Vdss/ BW 12 CEZ 0
1L5ETH D, BEERNERTOZDEL D /IS o
Iz,

M. $r4ERe

o BEPHERL2EL-8%F Nol, 2, 30
CEZ % & Uf TOB #& 5% 0 I 78 il £ D RS ISl %
AR 7 7tk L 0ThH 3. £813 CEZ
& TOB O EWERE <> x—% , MRT, Vdss/BW,
CLtot/BW » fp ##B#® HFER) Tz o, [
—SMHTIT - AR D FR B 6 20 FHE b Hhi
LebDTHSB. MRT 132024 56045 & A = 7 {B4K
ENdHoTns, FEIE 382313 4 IR D P {E1334) &
DYRESHEREL T/, Vdss/BW 13, CEZ #3212
» 5 373ml/kg (B 281ml/kg), TOB T3847» o
S41ml/kg (F#7 450ml/kg) OBBEIZH D, W b &
REXV K& o7, CLtot/BW 1k CEZ 0.80ml/
min/kg, TOB 1.00ml/min/kg TH 7. fp 120.26H
D0.83LIEB IS DE Nk E NS w8, FD¥EHE
0.551, MBEMOERIT (FHH0.22)", il R

(F40.19)" B & UBLA (EHE0.11)® DHENE & L
BLT, HEIZKED 70,

x =
—RIZ, ARERE s MBS FO R TIER &
BRI Y G TSR T2 LD TELDET AL
TIVERBL TR WBEBEOEN S TFOLT H
5.METAT I L DEEESHIFE A CRD SN

TOB T, MEMN & MMM 0 YD 1613 EHR
BTHY, - THIARESEE0 L ODBM L L
TOMBERERDB I N TEZM™, —F MEKRIC
FETBEWAFD B~ BTLT S v kS
LTw3 CEZ Tit, #MUTH 3450 1~240
RYDFO B MER % Bl L TMEN & AR
ZHEITERLTW AT &40 Z0BE, M
BEB:MEOCT V7 &~ EH (nterstitial-to-
albumin concentration ratio, AR) # X UFIFBERIS Y43
Z (unbound fraction of drug, fp) iz X - T HAE S HE4E
DRI EERPET 5909, Fiz CEZ Tk E
SIS (PG E BB T OMBA~DRA S 28 b 5
N3 - DIEMUMK I EARHL (tissue-to-serum concent-
ration ratio in the corresponding disposing organ,
Kpdis) K& <D, HAEROFRHCH 7 »Tid
IO ERET S Z LIZTE i arm-s

BEDZedn, EMCRDRAENS Z LA
AR OABHL, ZZTTAT > L DAEES
TO2EMOEEREI BT 2 0hEH 72 D OIHERKIL
ROR > TERBETE 3.

Vdss/BW={Vp+ S Vis,non«
[AR+(1—AR)+fp]+ = Kp,dis+ Vt,dis}/BW (1)

Vp, Visnon, Vtdis B FhF N BMBEARE (serum
volume), ZEVIFEM KIEER O MBEIE A (interstitial
fluid volume of one of the non-dispos-ing organs), %
Y RIEE D & (volume of one of the disposing
organs) # R L T2, ZOXRDOHE 1 HITME 2 >~
W= AL NDGEBRTH L. B2 HII YL
ROMEBMRPOLFAERETL TH D, BB
DEBREMDE (fp) LT7ALT I eFEE LTV
EYAE 1-PD W AR 2R L ELO O &,

Vis,non OO TH 3. 5 3T EYIEEER O

DHERT, BB 0 Kp Bz 20EHERL2 b
DOMMTH S .

TOB i3, MPEHT7 L7 3> eiEEeET (fp=1),
EMEBIC L - TERIREE COEDMH LI~ D 3
BISKRLT TH2 Z e nBHEIN T B 2 L
S RKEHLDOMMEREIAVEVERD X S 12
REb s emTE%.

(Vdss/BW)ros = (Vp+ 3 Vis,non)/BW

=Vecw/BW (2)

(Vdss/BW)1es 5 & U Vecw/BW (extracellular water
volume per body weight) 2 #h Zh{EEH 72 D O
TOB OMEMEUEDL: L OB BRE*»EL T
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w3, TabbZ0RiE TOB 04HmERIHRATR
Bi—HToILRERLTWVS. RLWARLI6HK
oiEReAR/NAED TOB @ Vdss/BW ik, EEh T
WANEOHFANERICFIFELWERTH o 2.
—%, CEZ O5FHER (Vdss/BW)eee 2 FHIT 2R
PR HEREZRWREREL LT, RBID &
SWKERT 5.

(Vdss/BW)cez =
R.Vecw/BW + = Kp,dis* Vt,dis/ BW (3)

R ={Vp+ = Vis,non*
[AR+(1—AR)-fp]}/Vecw (4)

iz TOB & CEZ OFEH7: ) DHFBFROER
RREPEDRDLICRETES.

(Vdss/BW) o — (Vdss/BW)cez =
(1—R)+(Vdss/BW)1os — = Kp,dis+ Vt,dis/BW  (5)

BEXOEBRONREZ 7 6 ROFEEEIHNRED
TOB & CEZ @ Vdss/BW ZRGENCRA L T % DBEE
(TOB & CEZ 04 HAHEDE L TOB O3 HAER L
OB®%) 2E6w R L. MHFICE Y=-52.2+
0.694X, r=0.97, p<0.010fEREEEATEDH SN T2,

IO EIEEAR/NBIZB LTI TOB 8LV

300}

(ml/kg)

200

100

(Vdss/BW)tob - (Vdss/BW)cez

T T v T
0 100 200 300 400

(Vdss/BW)tob (ml/kg)

Fig.6. Correlation between (Vdss/ BW)tob—
(Vdss/ BW)cez and (Vdss/ BW)tob in the six
standard-weight children. The regression
equation and the coefficient of correlation are
Y=-52.2+0.694X, r=0.97, p<0.01, respec-
tively.

CEZ oS HAEROBGEE L, Z0MBRARED BE
EREETLILEERLTVWS. M6 L0 EsNT
YYIE (=52.2ml/kg) i3, R(G)D —Kp,dis-Vt,dis/
BW icH¥ L 5 v b TOHREME (74.9ml/kg) 12EH-
LTCw39,

B-5 75 ARENE TR & BT3Bk
(carrier-mediated transport systems) (T & - THH& iz
WbAZN*® U FyF 4 v (ligandin) &V 3k
HOMBERBED LBIBEL TV 20k, §
WER TR L BT Kpdis ERRELEVS 2
LHEEINTHLE®, s —HARXOFHERT
i, FfE e [PH] THEE#L 72 TOB #304R41 ~
Far—varLTHHllER~D TOB OEbDAii
Fooenigrol. BEOERL VK6 D YYAHMNE
T4 (52.2ml/kg) ik CEZ O %YiH ks (R B
B ~OSHERBRLTWALEZ SN,

RA)TEZL 2RI, RATI0.6®, Syt %
FoTDERTH0.6LEHENTWBY. Lal,
B2OBRETIIEG6 OES (0.694) & D FHEGR/NE
DOREIFOILREEL SN, RAL/NRTOZODE
Vit AR, fp, ¥ X UIMEER L MEMREOLEZE
HTaomd Lz,

- T, BiE#z TOB & CEZ DEHER/NEDR
AEERIR2DOEREL2AOVROXNTFHTEZL
BTED.

(Vdss)ros(1)=Vecw =0.261 X BW(kg) (6)

(Vdss)cez (1)
=0.3X [predicted Vdss of TOB (1)]
+0.052 x BW(kg)
=0.3XVecw +0.052 X BW(kg)
=0.3%0.261 X BW(kg)+0.052x BW(kg) M

ROOEVES & UHE2EE = 2 h CEZ Ofifis#
M SN ERBRAOSEERICHY T 5. BOHE
ED60% % L o 5 MHBISHEAE ~ 0 534 IR RIS IR £
DbOOEFEE L BEBASREBIZLDRE(EHTS
ENFREENDH, B O0%DOEDHEBERAND
BRI SNOBEERITZ L.

WICEBORR L2 -7 5 LORBH/NEOEYBE
28T A — F R AR LR RN REE b HEERET L, R6NDE
b IR NAOTEYOSHREEO TR ERAL.
£6 7 CIRENED TOB @ Vdss/BW i3 A
INBORIET% TH > DR L, CEZ TIRIEZEEFL
byo e % P ERH/NE T (Vdss/ BW)ros —(Vdss/
BW)ewr & (Vdss/BW)ros O N 13, EHEERINRTA




NERHRIRC B I 2 EMEORNEEEIZ DT

SN HEBERAMR (M 6) BRED S odz. ZHULHE
B L 2 EESH D OMBMEEDE L Ligd o
HEUNEOBERZEZ R 20 L DL T o LR
ahb.

Hull & Sarubbiid 7 3 / 7'V o v FRAEDE DK%
Bkl - T, BIEEE (ideal body weight, IBW) %
HEECBREREPRET L ILEERBIBL T3 52,
KA DERTIEER/NEO TOB OEEEESL 2D
AHEM (distribution volume at the steady state
per ideal body weight, Vdss/IBW) (286 R/NR oD
YO EE—BU Aol (R6). FLEHNRD
BW & total Vdss Oz & RV HBARERII RO s hie
holz. REBLIUVT TRENN L D1 TOB, CEZ D
wFhy, BHE/NRED Vdss/IBW (348 ¥ (A B\ B o
Vdss/BW kD RK&» o7,

IRESMEBICFTE T DML IR E X, = ORI
BUSHBRABBEOKNIIK E bR T VB,
Schwartz &%, EHBEOSHER L R 2181
it BW Tiz% < IBW s E (BW-IBW) @
WHEMZIDDERVZONRYTH L LIREL T
W3e RLDERIZE->TELN TOB OEWE
R85 A —2% ik Blouin?% % Schwartz® & DR &E{E 12

Table 9.
volume in obese children
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HERL-BLTwaZens, ERERMNRD S
FEBRTRRG), (Do BW 0E% [IBW+0.4X
(BW—IBW)] B4 T, BN ROBRIHERD
FRlERHAT. A(@B), OFFhzh TOB £ CEZ DJE
WANRIC BT 2B HEEEARLAFARNTH 2.

(Vdss)zos(1) =0.261 % {IBW(kg)
+0.4 X [BW(kg)-IBW(kg)]}  (8)
(Vdss)er (1)
=0.3 X [predicted Vdss of TOB(1)]
+0.052 X BW(kg)
=0.3x0.261x{IBW(kg)-+0.4

X [BW(kg) —IBW(kg)]} +0.052X BW(kg) (9)

# 9 I ERM/NRO BRI HER & PHAREROM
FERLZLDTHS. MHERORBEL D T, B
Rifi< AOERIkE, BIEFEEL Zh2ARE), (70
HTEIHL-TFRIMEEL, MEZRKE), OWRAL-TFH
AT L. AR EFHT 211 TOB TizE
HEES CEZ CRERAFEZRVTIREL oI
LORELBENELS. - TREB/NROTWEYD
SREEETHT22012R3ROB L V0N ETLD

Relationship between the predicted and the observed values of distribution

Distribution volume (1)

Patient e
Drug Predicted based on
No. Observed
Bwa IBWbP Eq(8) or (9) ¢
TOB 1 3.70 5.85 ( 58.0) 3.39 (- 8.3) 4.37 ( 18.1)
2 5.58 7.10 ( 27.2) 5.40 (- 3.2) 6.08 ( 9.0)
3 10.73 15.82 ( 47.4) 9.27 (—=13.7) 11.89 ( 10.8)
4 12.29 16.44 ( 33.8) 9.14 (—25.7) 12.09 (—~ 1.6)
5 5.14 9.87 ( 91.9) 5.48 ( 6.6) 7.23 ( 40.7)
Mean ( 51.7) (— 8.8) ( 15.4)
CEZ 1 3.02 2.27 (—24.7) 1.79 (—40.9) 2.49 (—17.6)
2 3.29 3.09 (— 6.1) 2.75 (—16.4) 3.25 (= 1.2)
3 7.51 6.37 (—15.2) 5.07 (—32.6) 6.74 (—10.3)
4 8.32 6.96 (—16.3) 5.51 (—33.8) 6.92 (—16.8)
5 3.45 3.51 (. 1.7) 2.63 (—=23.7) 4.15 ( 20.3)
Mean (—12.1) (—29.5) (= 5.1)

a Predicted Vdss
Predicted Vdss
b Predicted Vdss
Predicted Vdss
¢ Predicted Vdss
Predicted Vdss

of tobramycin=0.261 x BW.

of cefazolin=0.3x(observed Vdss of tobramycin)+0.052x BW.
of tobramycin=0.261 x IBW.

of cefazolin=0.3 x (observed Vdss of tobramycin)+0.052xIBW.
of tobramycin by Eq. (8); see the text.

of cefazolin by Eq. (9); see the text.

d Percentage difference between observed and predicted values in parentheses.
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Nho L bEEBLELERDbRS.

B 7 e El R TiR6), (%, BihRTRr
KB, OB WTFRHL CEZ £ TOBOAHRBEE
MMAEYBERSHROMEREEOH L DRI EH
OHAFEREOEHEERERLLDOTHS. ZOK
RT & 2 I FHME & ERAME R & —BL Tz,

E7-3R06), (7), (8), O&AVwBZ ik >T TOB
t CEZ O HAERsEH/NNE L FRERNET YR
PIESTLBADEVD T L REBET 2 I LNTE
3. 7o & 20, EARKE S 25kg OIER/NE CREIGE
40kg) DHEE H 72 b DIAAAERKIE TOB Ti& 202ml/
kg. CEZ Tizll2ml/kgTh D, BAHKE 25kg DIE
¥ER/NR LD TOB Ti323%, CEZ TU%IHER
BANESRBZENTHIENS.

—%, FERzBELTCRRE—EETE TOB &
CEZ OAHFEROMICEK 6 TREN & 5 % HEHE
BENZ LK (r=0.55, p>0.05), ERIRTEIL s
ARAEROTFAREFOEEEE TSI LI TEY

Observed Vdss (I) _
2 2 2 2 " =

N
1

0 Y T T T T T 1
0 2 4 6 8 10 12 14

Predicted Vdss (I)

Fig.7. Correlation between the predicted and
the observed volume of distribution at steady
state of tobramycin and cefazolin in obese
children. The predicted values are obtained by
eq (8) and (9): O, tobramycin; @, cefazolin.
The correlation is significant (r=0.956, p<
0.001). The solid line is drawn with slope equal
to 1.0. The observed values and the predicted
values from eq (6) and (7) in standard-weight
children are also presented: X, tobramycin; +,
cefazolin.

V. FREIERT L) CFERPREO A B Y
TR ABEOHRIEHOBCY VE VIERE 2y
(T Y L {E3.23~14.6Tmg/d), 201w
CEZ QM TT7 A7 v EORBERCEEINEL,
CEZ D fp DIES DENKREVER L7 (£8).
ZZTETHSICHRFERIELD CEZ OAHER
LEMR CEZ 2FEOBEERLE. WEZIE r=
0.939, p<0.001DFEBERERA B D, HHEEE (£8)
OEE272, YHIR132%B. TRiEBIOKBRELY
FEWRD CEZ 03 HERE fp DECKE { BErg
FErEIORD.

wiz CEZ OAMAER e fp OBREERN TSR
L, fp 2020 %KE LT CEZ OAMERE*ER
LEFERCOWTRES L. FERTIIEYERE
BOMBEPICAD 2t CEZ OB IZBAFRICHE T
BLEERLS ZEENEWDT, FHROR)EXRD
kORI TES.

Vdss/BW = {Vp+Vise[AR+(1—AR)-fp]}/BW (i)

Vis= 2 Vis,non+ = Vis,dis [ih]

Z Z T Vp, Vis (interstitial fluid volume), Visnon,

500 1
400 1
300 1

2001

100

Vdss of CEZ (ml/kg)

0 T T v T T )
0.0 0.2 0.4 0.6 0.8 1.0

Unbound Fraction of CEZ

Fig.8. Correlation between the volume of distribu-
tion at steady state per body weight and the
unbound fraction of cefazolin in the serum in
neonates. The solid line represents the linear
regression curve and the dotted line represents
the prediction curve obtained by eq (12) in the
text.
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Visdis (interstitial fluid volume of one of the
disposing organs) i Z N Z NARMIE A, BHEBRMK
8, BEWIEHAREES L CEYMHREBORBMEE
EELTVS. MIEAEHEOAR (extracellular water
volume, Vecw) i Vp & Vis OFITH 20T, R0t
KDELICERTE 5.

Vdss/BW=AR-Vecw/BW+(1—AR)-Vp/BW
+(1—-AR) (Vecw/BW—Vp/BW)-fp (12)

FE£RD Vecew/BW B L U Vp/BW iz h#h
400ml/kg, 40ml/kg TH 3 Z L3> T 289, AR
CELTEFERTOREEI L. 22 THRATD
HEHEO.JPWHETIHDLREL, RIMYTRALT
CEZ OHAERERBL 2 FHR 27 TH 8 OBMH
RL7z. 2 OFR, WREE1LE O K HAEOHEEE
R & fp BREE U7 TR (B X AHRE (R
0.959CHEC LSS LTz, $7-EERTIE TOB®
AREROEERVTRMNB L U0)IzL >T CEZ 0
AEEREFH T L8 CE DT, XWO
Vecw 284X AD TOB 053 1AHK L CEZ @ fp %
RALT CEZ OSHFERETFHL .

500

g

=

E

S

N 301 270
o

o

N 200 170
[

~

0

3 1001

>

Unbound Fraction of CEZ
Fig.9. Influence of the changes in the extra-
cellular water volume per body weight (Vecw/
BW) on the volume of distribution at ateady
state per body weight of cefazolin (Vdss/ BW).
The numbers next to each line represent the
* values of Vecw/BW : 400, 270 and 170 ml/ kg
correspond to the Vecw/BW values of neonates

{1-30 day of age), children and adults, respec-
tively.

Vdss/BW=AR-(Vdss/BW)ros+ (1~ AR)- Vp/BW
+(1— AR) [(VdSS/BW)TOB_ VD/BW:]' fp (13)

ZD &SI L T (Vdss/BW)ros® FiV> T3R8 72 CEZ D
DHERO FAME : RREDO M & HEBE%$0.891D
THEEFRED 5.

91IxRWEA VTR CEZ OAHEERD FHl
B &R CEZ 3% - 0BREHER, MR, BA
FNENEDOTHEL2b D TH 2. Fris-Hansen
BOBEEREIEURED 4 B EEEEFZEDb L LN
L, MEEAMREEIR E L b WS 3 e H§ELT
W3 ZZT, Weber 50OE# 12k D Vecw/BW %
HER, N, BATZEIRZN400, 270, 170ml/kg &
REL? &5i2 AR %0.3, Vp/BW % 40ml/kg & L
THRMARAL CEZ @ fp 248k LT CEZ k&
LV OSHRRERE -2, ZORICEY, Fis
WHAD & 512 Vecw/BW 2B ICA S WS I
CEZ O fp B ZDOFHAWMORKL v RIZTHEIZ
FERWKREVD, RAWCERBIZ LT85T, Veew/
BW p/N& o TwE, 72 2 fph3 051, 00K
ERECEMLAEELTY CEZ OSHERO FHIZ
M BEOHBBINEL BT BLWVD I EHHH
3.
WICHERD CEZ D fp DEEZEC DL TORKRE ®
THLHRMEIN fp ELFEAREYLE YT L

1.0 1

Unbound Fraction of CEZ

0.0 T T T e

Unconjugated BIl./Alb.

Fig.10. Correlation between the unbound fraction
of cefazolin and the molar ratios of unconju-
gated bilirubin to albumin in the serum in
neonates.
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TEyDELEEOBFRERLE. TORMRT LD
CEFARMTER ZORENEOEE Y L E Y MED 2
H, TOREIZL-T, FEABEIALESHT LT
SYOELMHBIRELESD Wb b ST,
CEZ @ fp HIZHEN L A FELEAAEEL T3,
E->TEEBOET CEZ 04HEBRFRABLZ TR
B2 OBEOMBEELLERED D bFITEFHEY L E
CIMET L7 3 v E NS CEZ O fpfEicRb 3 &
WIS LR AL BbNG. F-ME7LVT S0 L0
ST rEEAAHEYLES E CEZ OBFLv RV
TOFACHEL THRECRESLETH S0, ZOH
BILEBTATE v EHEAL T RwIFEEHE Y L
FrBEODLARIEREOREBRE2ED LI 2R
DY HERANODEARAROBVERORSICEL
TR+ EERPLETHS .
#® Ef

ERaR R BHARBIUREREBI S
TOB & CEZ OENENE 2 LERETL , SHER TR
ROFERERAUTORR LB

1. TOB O@EH 12 ) OFHERO T Bk
B/NR, BEE/ANR, AR TERLEN263, 176, 450
ml/kg, CEZ T3 #hZh133, 121, 28lml/kg TH -
7z
2. CEZ 0 mEEHEAFIISEGTI/NE, B/
B, FERTEALENTS.1%, 80.7%, 45.1%TH >
fo. FrERTEEES CEZ SRIFEEAHEY LY
URTALT I DEMBIC L FEEL.

3. TOB QOARARII M2 ADMIgNEE
ZOLDTHH I e HERA L RREOMHEREIC X DL
BHani.

4. CEZ OAREROFANC Bz - Tid, EYHE
R B 2 MENAOEAA L MBEH L OFSHE
DEEEE2EE L RN 2 AR, B E
BIUFEREFNFNICDOWLTERL, WLy EH
Ee & <HERLT.

PEoBEsmRERws I Lickh, EENEKED
Z L WhRRMES TO CEZ & TOB o¥IE 5 & %
By D, A oResmMEBELBIEHET S
TENTES,

E:] i

Bagzdizhizy, HiEH, HREEE £ L BES
O SEBCLrSBERLET. $RAEECHEET
B & L SIRAEN BREER SN R, FREE
EH¥US, B USRAERFRNAZHET BEEICES
BILAL LT ET. & BAREO I PERREFIRAM

BOBIRE & o7 2 L2 BT 2. ARLOEE 1813
FEFMEYERAES, AREYEEESE -HELy s
U HKAREF K%L (JUC Pharm Sci 87) 2% L+

X 78

1) Friis-Hansen, B.: Body water compartments
in children: Changes during growth and related
changes in body composition. Pediatrics, 28, 169-181
(1961).

2) Lesser, G. T. & Markofsky, J.: Body water
compartments with human aging using fat-free
mass as the reference standard. Am. J. Physiol,
236, R215-R220 (1979).

3) Weber, W. W. & Cohen, N. S.: Aging
effects and drugs in man. /» J. R. Gillette & J. R.
Mitchell (eds.), Handbook of Experimental Pharma-
cology, Vol. XXVIl/ 3, Concepts in Biochemical
Pharmacology, 1st ed. p213-233, Springer-Verlag,
Berlin, 1975.

4) Morselli, P. L., Franco-Morselli R. &
Bossi, L.: Clinical pharmacokinetics in newboms
and infants. Clin. Pharmacokinet., 5, 485-527 (1980).
5) Tsuji, A., Yoshikawa, T., Nishide, K,
Kimura, M., Nakashima, E.,
Terasaki, T., Miyamoto, E., Nightingale, C. H. &
Yamana, T.: Physiologically based pharmacokinetic

Minami, H.,

model for @ -lactam antibiotics I : Tissue distribu-
tion and elimination in rats. J. Pharm. Sci, 72,
1239-1252 (1983).

6) Tsuji, A., Nishide, K.,
Nakashima, E., Trasaki, T. & Yamana, T.:
Physiologically based pharmacokinetic model for

Minami, H,

cefazokin in rabbits and its preliminary extrapolation
to man. Drug Metab. Dispos., 13, 729-739 (1985).
7} Terasaki, T., Imaeda, N., Nishide, K. &
Tsuji, A.: Age-related change of cefazolin binding
to rat serum proteins and its relation to the molar
ratio of free fatty acid to serum albumin. J. Phar
macobio-Dyn., 9, 81-87 (1986).

8) Tsuji, A., Terasaki, T.,
Nishide, K. & Nakashima, E.: Effect of extra
cellular water volume on the distribution kinetics of

Imaeda, N.,

B -lactam antibiotics as a function of age. J
Pharmacobio-Dyn., 8, 167-174 (1985).

9) French, M. A., Cerra, F. B., Plaut, M. E.
& Schentag, J. J.: Amikacin and gentamicin




MNERSI C B U B HAEMEORNEEE: O T 541

accumulation pharmacokinetics and nephrotoxicity in
critically ill patients. Antimicrob. Agents Chemo-
ther., 19, 147-152 (1981).

10) Morse, W. I. & Soeldner, J. S.: The compo-
sition of adipose tissue and the nonadipose body of
obese and nonobese man. Metabolism, 12, 99-107
(1963).

11) Sarubbi, F. A, & Hull, J. H.: Amicacin serum
concentrations : Prediction of levels and dosage
guidelines. Ann. Intern. Med., 89, 612-618 (1978).
12) Blouin, R. A., Mann, H. J., Griffen, W. O.,
Bauer, L. A. & Record, K. E.: Tobramycin
pharmacokinetics in morbidly obese patients. Clin.
Pharmacol. Ther., 26, 508-512 (1979).

13) Counts, G. W., Blair, A. D., Wagner, K. F.
& Turck, M. : Gentamicin and tobramycin kinetics.
Clin. Pharmacol. Ther., 31, 662-668 (1982).

14) Bauer, L. A., Drew Edwards, W. A.,
Dellinger, E. P. & Simmonowitz, D. A.: Influence
of weight on aminoglycoside pharmacokinetics in
normal weight and morbidly obese patients. Eur. J.
Clin. Pharmacol., 24, 643-647 (1983).

15) Koshida, R., Nakashima, E., Ichimura, F.,
Nakano, 0., Watanabe, R., Taniguchi, N. &
Tsuji, A.:
cefazolin and tobramycin in children. J. Pharma-
cobio-Dyn., 10, 436-442 (1987).

16) Koshida, R., Nakashima, E., Taniguchi, N.,
Tsuji, A., Benet, L. Z. & Ichimura, F.: Prediction
of the distribution volumes of cefazolin and tobra-

Comparative distribution kinetics of

mycin in obese children based on physiological
pharmacokinetic concepts. Pharm. Res., 6, 486-491
(1989).

17)  Deguchi, Y., Koshida, R., Nakashima, E.,
Watanabe, R., Taniguchi, N., Ichimura, F. &
Tsuji, A.: Interindividual changes in volume of
distribution of cefazolin in newbomn infants and its
prediction based on physiological pharmacokinetic
concepts. J. Pharm. Sci., 77, 674-678 (1988).

18) Wenk, M., Vozeh, S. & Follath, F.: Serum
level monitoring of antibacterial drugs. A review.
Clin. Pharmacokinet., 9, 475-492 (1984).

19) Nightingale, €. H., Greene, D. S. &
 Quintilliani, R.: Pharmacokinetics and clinical use
of cephalosporin antibiotics. J. Pharm. Sci.,, 64,

1899-1927 (1975).

20) Pechre, J. C. & Dugal, R.: Clinical Phar
macokinetics of aminoglycoside antibiotics. Clin.
Pharmacokinet., 4, 170-199 (1979). .
21) Kato, S., Nakahara, S., Adachi, K., Sai, Y.,
Tsujino, G. & Yabuuchi, H.: Nomogram for
evaluation of body weight during growth. Shonika
Rinsho, 31, 689-692 (1978).

22) Haycoch, G. B., Chir, B., Schwartz, G. J.
& Wisotsky, D. H.: Geometric method for mea-
suring body surface area: A height-weight formula
validated in infants, children, and adults. J. Pedi
atr., 93, 62-66 (1978).

23) Yamaoka, K., Nakagawa, T. & Uno, T.:

Statistical moments in pharmacokinetics. J. Pharm-
acokinet. Biopharm., 6, 547-557 (1978),

24) Benet, L. Z. & Galeazzi, R. L.: Noncom-
partmental determination of the steady-state volume
of distribution. J. Pharm. Sci., 68, 1071-1074 (1979).
25) Gibaldi, M. & Perrier, D.: Pharmacokinetics,
2nd ed., p409-417, Mercial Dekker, New York, 1982.
26) Lee, C. 8., Brater, D. C., Gambertoglio, J.
G. & Benet, L. Z.: Disposition kinetics of etham-
butol in man. Pharmacokinet. Biopharm., 8, 335-346
(1980).

27) Hoecker, J. L., Pickering, L. K., Swaney,
J., Kramer, W. G., Eys, J. V., Feldman, S. &
Kohl, S.: Clinical Pharmacology of tobramycin in
children. J. Infect. Dis.,, 137, 592-596 (1978).

28) Toyonaga, Y., Kurose, Y. & Hori, M.:

Fundamental and clinical studies on tobramycin by
intravenous drip infusion. Jpn. ], Antibiot., 34,

1436-1446 (1981).

29) Ohashi, K., Tsunoo, M. & Tsuneoka, K.:

Pharmacokinetics and protein binding of cefazolin
and cephalothin in patients with cirrhosis. J.
Antimicrob. Chemother., 17, 347-351 (1986).

30) Yamada, H., Ichihashi, T. & Kinoshita,
H.: Absorption, excretion, distribution and metabo-
lism of tobramycin II. Studies using “C-labeled
tobramycin. Chemotherapy, 23, 900-907 (1975).

31) McNamara, P. J., Gibaldi, M. & Stoeckel,
K.: Fraction unbound in interstitial fluid. J. Pharm.
Sci,, 72, 834-836 (1983).

32) McNamara, P. J., Gibaldi, M. & Stoeckel,
K.: Volume of distribution terms for a drug
(ceftriaxone)  exhibiting concentration-dependent



542 &

protein binding. 1 Theoretical considerations. Eur.
J. Clin. pharmacol,, 25, 399-405 (1983).

33) McNamara, P. J., Gibaldi, M. & Stoeckel,
K.: Volume of distribution terms for a drug
(ceftriaxone) exhibiting concentration-dependent
protein binding II. Physiological significance. Eur. J.
Clin. Pharmacol., 25, 407-412 (1983).

34) Inui, K., Okano, T., Takano, M., Kitazawa,
S. & Hori, R.:
amino-cephalosporins by brush border membrane

Carrier-mediated transport of

vesicles isolated from rat kidney cortex. Biochem.
Pharmacol., 32, 621-636 (1983).

35) Inui, K., Okano, T., Takano, M., Saite, H.
& Hori, R.: Carrier-mediated transport of cepha-
lexin via the dipeptide transport system in rat renal
brush-border membrane vesicles. Biochem. Biophys.
Acta, 769, 449-454 (1984).

36) Terasaki, T., Tamai, I, Takanosu, K.,
Nakashima, E. & Tsuji, A.: Kinetic evidence for a
common transport route of benzylpenicillin and
probenecid by freshly prepared hepatocytes in rats.
Influence of sodium ion, organic anions, amino acids
and peptides on benzylpenicillin uptake. J. Pharma-
cobio-Dyn., 9, 18-28 (1986).

37) Tsuji, A., Terasaki, T., Tamai, I,
Nakashima, E. & Takanosu, K.: A carmrier-
mediated transport system for benzylpenicillin in
isolated hepatocytes. J. Pharm. Pharmacol,, 37, 55-57
(1985).

38) Tsuji, A. Terasaki, T., Takanosu, K.,

Tamai, I. & Nakashima, E.: Uptake of benzyl
penicillin, cefpiramide and cefazolin by freshly
prepared rat hepatocytes. Biochem. Phrmacol, 35,
151-158 (1986).

39) Yamada, H., Yoshida, T., Hirano, K,
Kimura, Y., Ichihashi, T., Dohi, M., Konaka, J.
& Katagiri, K.: Absorption, excrition, distribution
and metabolism of tobramycin [. Distribution and
excretion in rats, and metabolism in rats and human
volunteers. Chemotherapy, 23, 894-899 (1975).

40) Kirsch, R., Fleischner, G., Kamisaka, K. &
Arias, M. I.: Structural and functional studies of
ligandin, a major renal organic anion-binding
protein. J. Clin. Invest. 55, 1009-1019 (1975).

41) Kornguth, M. L., Monson, R. A. & Kunin,
C. M.: Binding of antibiotics of a soluble protein
from rat liver. J. Infect. Dis., 129, 552-558 (1974).
42) Hull, J. H. & Sarubbi, F. A.: Gentamicin
serum concentrations: Pharmacokinetic predictions.
Ann. Intemn. Med., 85, 183-189 (1976).

43) Schwartz, S. N., Pazin, G. J., Lyon, J. A,,
Ho, M. & Pasculle, A. W.: A controlled investiga-
tion of the pharmacokinetics of gentamicin and
tobramycin in obese subjects. J. Infect. Dis,, 138,
499-505 (1978).

44) Walker, P. C.: Neonatal bilirubin toxicity. A
review of kemicterus and the implications of
drug-induced bilirubin displacement. Clin. Phar-
macokinet., 13, 26-50 (1987).

Comparative Pharmacokinetics of Antibiotics in Standard-Weight Children, Obese

Children and Neonates

Rie Koshida, Department of Pediatrics, School of Medicine, Kanazawa

University, Kanazawa 920—J. Juzen Med Soc., 100, 526 —543 (1991)
Key words antibiofics, pharmacokinetics, distribution volume, obese children, neonates
Abstract

In order to determine the appropriate loading dose of antibiotics in standard-weight children,
obese children and neonates, prediction of the volume of distribution in these children was attempted
based on physiological pharmacokinetic concepts. Tobramycin (TOB) and cefazolin (CEZ) were
given to six standard-weight children, five obese children (the degree of obesity ranged from 30 to
78%) and eleven neonates (aged 2 to 28 days, the birth weight ranged from 1220 to 3900 g). Serum
concentration-time data after intravenous drip infusions of both drugs were analyzed on the basis of
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noncompartmental analysis. Each child received a single 25 mg/kg dose of cefazolin and 2.0 mg/kg
of tobramycin over 30 min by constant intravenous drip infusion. All ueonates veceived 30 mg/kg of
cefazolin over 30 min by intravenous drip infusion and subsequently seven of them were given 2.5
mg/kg of tobramycin in an identical manner. The volume of distribution at steady state per body
weight (Vdss/BW) of tobramycin of standard-weight children, obese children and neonates were 263,
176 and 450 ml/kg, respectively. Vdss/BW of tobramycin in obese children was significantly less
than that in standard-weight children and in neonates, whose extracellular water volume (Vecw) are
relatively large, Vdss/BW of tobramycin was larger than that in older children. Vdss/BW of cefa-
zolin in standard-weight children, obese children and neonates were 133, 121 and 281 ml/kg, respec-
tively. A large decrease Vdss/BW of cefazolin influenced by obesity was not observed, whereas
Vdss/BW of cefazolin in neonates was 1.7 times as large as that in standard-weight children. The
total body clearance per body weight (CLtot/BW) of tobramycin were 1.82, 1.49 and 1.00 ml/min/kg
in standard-weight children, obese children and neonates, respectively and CLtot/BW of cefazolin
were 1.02, 0.94 and 0.80 ml/min/kg, respectively. The protein binding ratio of cefazolin were 78.1,
80.7 and 45.1% in standard-weight children, obese children and neonates, respectively. In neonates it
was significantly smaller than in the children, and the inter-individual variation was large. In the
standard-weight children, the differences of Vdss/BW obtained in the same child for tobramycin and
cefazolin [(Vdss/BW)ToB— (Vdss/BW)CEZ] were plotted against the value of Vdss/BW of
tobramycin [(Vdss/BW)TOB] and gave a linear regression line (r=0.971). Because the magnitude of
the distribution volume (Vdss) of tobramycin could be interpreted as corresponding to the extracellu-
lar water volume (Vecw), the total distribution volume of tobramycin could be expressed as follows:
(Vdss) ToB(1)=Vecw=0.261 XBW (kg). For cefazolin, the extracellular water space accounts for
about 60% of the total distribution volume and the remaining 40% of the total Vdss of cefazolin, was
considered to be accounted for by the disposing organs. The total distribution volume of cefazolin
was predicted by using following equation: (Vdss)cEz(1)=0.3 X Vecw+0.052 X BW (kg)=0.3X
0.261 XBW (kg)+0.052XBW (kg). The equation to express the difference of Vdss between cefa-
zolin and tobramycin obtained in standard-weight children failed in obese children, suggesting that
there is a large decrease in the extracellular water space in obese children exceeding the inter-individ-
ual variations in standard-weight children. To predict the total Vdss of both antibiotics by consider-
ing the extracellular water content in adipose tissue, the following modified equations on the basis of
ideal body weight (IBW) and actual body weight (BW) were presented. (Vdss)ToB(1)=0.261 X {IBW
(kg)+0.4 X [BW (kg)—IBW(kg)]} and (Vdss)cEz(1)=0.3 X [predicted Vdss of TOB(1)]+0.052 X
BW(kg)=0.3X0.261 X {IBW(kg)+0.4[BW(kg)—IBW(kg)]} +0.052 X BW(kg) In neonates, the
Vdss/BW value for cefazolin was characterized by both large extracellular water volume and a
remarkable change in fp, and could be predicted as a function of fp as follows: Vdss/BW=AR X
Vecw/BW +(1— AR) X Vp/BW +(1—AR)(Vecw/BW — Vp/BW) X fp. Moreover, inter-individual
changes in the unconjugated bilirubin to albumin molar ratio were predominantly responsible for the
individual variation in the fp values of cefazolin in neonates.



