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Mechanisms of the disposition of a weak basic drug
in rats with chemical liver injury
—The influence of plasma «,—acid glycoprotein concentration—

Narumi SUGIHARA and Koji FURUNO

ABSTRACT

There has been little information on the disposition of weak
basic drugs in either patients or experimental model animals
with hepatic disease. We have investigated the last few years
the influence of liver ihjury on plasma pharmaco- kinetic and
physiological parameters for quinidine in carbon tetrachloride
—intoxicated rats. The systematic analysis on the alteration of
such parameters for quinidine revealed that the increase in the
plasma protein binding of the drug as well as the reduction of
liver functions played the important role in the drug
disposition. The increased protein binding of the drug in the
blood was attributed to the rise in the plasma aacid
glycoprotein concentration, which has been found to occur as
an acute phase reaction in response to various pathophysio—
logical conditions. Lastly, the sole effect of the elevation of
the plasma concentration of a,-acid glycoprotein on the
disposition of quinidine was also studied in turpentine—treated
rats without any hepatic dysfunction.

[IFL&HIZ])

BRI B0 2 BYEE. BYL MBI o R BRI EET A b,
REROEYBBIEFRCERKBERE S EFRIRICLEDL T, £ 0EYH
RBOMEREEERBYCE W TERENRTE Y, B4 DEBERCRT A EYHBET 5



BRIKREFS LRV LRV, ZORRBRLD, EERCKT 2 ¥YBEY. KECH
THEBPRT A2 —RESEEMBL, TRHLES I LIEYREOTHEBVWTLE
ALE#RE 52560 ELbN5,

BRI, EHORE - by on & £ 0, bk, MEERATEAROBEE>TWS
&, EYoENBREETIRIEELRSREL K> TW5, T FRAERICE VT
. FIREE OETPPEDRBEOE T INL, MPEABEARCEEELEB L, X
YOLENBRBLEKBEILT I EHBELLR S,

PR 350 2 EMBRBCE LT, BEEY TR HENE < 0BENSH51Y, 0
KEREHE LT, FREBEDETR IS 27YV 75V ADOEA, RUMBERAERESER
DB L B HRBOMAER BT DB, B, FHEROBACEL TR, ¥77
L b I VEFEES o FioBid Bphenytoin? it D\WTh Ey FHIAHE N L X T 5,

—F BHAMEYCE LT, FREBRREOMEEAERSSRCHET 5 EREE D
BH00, —EDRBIBLATELT, BAROWMELITET LV - AR T 5EE
BREZRTWEO0BRTH 25D, 1o, FEEBHYEFARE VTS, FEEHE
EMOERBBL IR L85 T, ReBMD EZATRRERERTLRG, —
BEHEEEEYI, IFCBCTHECHERYOEFTELE TH 5albumin®
lipoproteini 5 &3 5 fib. %I a—acid glycoprotein& H\WEHIERZ b > TRALTW 3
ZERMLRT WA, F i, SEEMHEMIT. PHEOBEEYC N, FOMAREB
THEREL . FORBSTRIBBRETE LVERTTZLAELATHAEY Y, =
B, BEEEEY OGN, ik, BEEHOZTHhDLIKECRESTED, I
KARCEG 5 FEEANEYOAHNBHRBOB L DLW THRFATHZ L&, BRE»SLLHE
RiEMRAEEX6b0EExbRD,

BORER4 OFRE TR, EROFFEEERILAWE LT AV S RT W 5 E{LRE
PRAVCCEYHEREE T V2R L. 55HEESEEY TH 5 quinidineDERNEI X #iE
Lo £ LT ZOMABHRBORIOER L L THBERVMBEEAEG SR 2 FOE
BB 2L T, ARTCBVWTIE. ZhbOFERZHOLRFEENEY OKNEEE
BOBERC DWW THEIHT 5,

1. ME{LRRFEEET LICHH B quinidined kA ERE'®

1 — 1. QuinidineBEIFEHRGE®OMmMATHK

Fig. IZ EH R OPELKETBEE S v b icquinidine % #E L IcBEO Mk h 5 3K
YO LB TH o Quinidined MEEH 213 biexponential curve TR EN S & & 7 b
T ORAREBI2-a v R— b AV P ETAERAVCENTH LN TE S, 2-a V8= 2
VIETFNER MFRASTEYELELCEHE R AZDOETOMALRD 2V~ b



8.0f
= 4.0
8
S 200 i\f\:\!\
=
: ]
.‘g 1.0¢ %\n \f . central k12 peripheral
g . \n\ LV, Z compartment . d compartment
g n\ injection
g 0.5 3 Ve ‘_"kz Ve
1
: T~
£ 0.25}
8 ke
[y
0.1 L R R .
0 30 60 9% 120
Time (min) FIG. 2. 2-Compartment Model

Fig. 1. Disappearance of Quinidine from Plasma after In-
travenous Administration
Quinidine sulfate was injected at a dose of 12.5 mg/kg
as quinidine base. Each point represents the mean + S.E.
of 6 animals. O, control; ®, CCl-intoxicated.

Table I . Pharmacokinetic Parameters of Quinidine after Intravenous Administration

Control Ccl,

A (pg/ml) 1.90 = 0.11 3.50 + 0.43%
B (ug/ml) 1.44 + 0.07 2.52 + 0.289
« (min~') 0.225 *+ 0.026 0.268 * 0.056

B (min-"') 0.0124 = 0.0008 0.0058 + 0.0012%
k,, (min~") 0.104 *+ 0.013 0.152 + 0.045
ky, (min~') 0.107 *+ 0.015 0.108 + 0.012
kg (min~") 0.0269 * 0.0017 0.0133 * 0.0020%
V. (I/kg) 3.79 = 0.11 2.10 * 0.13%
Vy (7kg) 7.60 £ 0.33 4.89 + 0.64%
AUC (ug-min/ml) 131.4 = 9.4 481.2 + 75
CL,, (ml/min/kg) 101.7 £ 7.2 27.5 + 3.3%

The drug concentrations in plasma from an individual animal were fitted to the equation C,= Ae™** + Be™
by non-linear least squares regression. Values are the means + S.E. of 6 animals.a) p<0.01,5)p<0.001.
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Vas = Dose(A/ a2 + B/ BY /(A a + B/ B)?2 ooeerreemnannnnn (5)
Thbb, MECKREFEERCEVWTE, IF 2 5 DquinidineDiERIZE L <BE L,
B BT 5 X B ML controlfliic b X T102%+ AUCIZ266% ML, £H 27 VT 5V R
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o £ZTy THADDRIA—Z—DEH LILERCOWTUTRMHL TR S,
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Table II.Tissue to Plasma Partition Coefficient(K, ..) of Quinidine in

Various Tissues
Control ccl, Change (%)?
Lung 73.1 + 3.2 49.5 *+ 4.0% 32
Spleen 260 % 13 17.4 + 0.8% 33
Heart 1.1 =2 11 7.4 £ 0.3 34
Kidney 289 * 15 17.7 £ 0.9% 39
Liver 264 x 23 15.2 + 0.8 42
R, 1.55 + 0.02 1.25 *+ 0.05% 20

The plasma concentration of quinidine at the steady state condition was 1.08 =+
0.04 ¢g/ml in control and 0.15 *+ 0.05 zg/ml in CCl-treated rats. Values are the
means *+ S.E. of four to eight animals.a) p<0.01,6) $p<0.001. ¢/ Blood-plasma
concentration ratio. d) % = {(control — CCL)/control} X 100.
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Fig.3 Schehematic Diagram of Well-Stirred Model
Q:blood flow rate, C,:drug concentration in TRBESNSHICETAHEE DI, AT
arterial plasma, C,:drug concentration in
venous plasma, CLy.intrinsic clearance, & RS X v9EEXRT D, £OHC,
---- tdrug concentration in capillary, R
" idrug concentration in tissue. EC, DI BEENEL S, ABO M %
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K, = C./Cy - e (6)
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Vi = V, /(1 — Hematocrit) -« eeeeerereersenens (15)

Vo, = 44 - (body weight, kg)

Hematocrit = 0.42
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Table Il . Hepatic Blood Flow(HBF) , Hepatic Extraction Ratio(HER) and Metabolic
Activity in the Liver(MA) '

Control , CCls Change(%)>’
HBF?? 1.11 + 0.07 0.59 + 0.08¢’ 47
HER®® 0.527 + 0.011 0.228 + 0.035¢’ 57
MA®’ 13.6 + 0.2 2.21 £ 0.17¢ 84

a) Hepqtic blood flow (ml/min/g) was determined by using hydrogen monitor.

b) Hepatic extracction ratios were calculated from the equation:

HER = (C,—Co«: Where Ci,:quinidine concentration in jugular

vein;C..: quinidine concentration in hepatic vein. c¢) Metabolic

activity for quinidine was measured by using 9,000 x g supernatant of

liver homogenates. The activity(ng/mg protein) was expressed as the

amount of quinidine metabolized per mg protein for 10 min of incubation.

Values are the means = S.E. of 4 to 5 animals. d) p<0.001.

e) % ={(control - CCL} x 100.
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E = (Ca — Cv)/ca ............................................. (17)
C.3E#IRPEYBE(Cy) CRFHRTEVBE(C.MEZRALTRDLN S,
TablelliZiR Lz & 5 P =RIT, controlBfT0.527, FFEEERT0.228TH v, AL
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ZhHDERIC X - TEDS hlzcontrolff & MR ALKRITEER O MEE (Qu) & FF
HHEERE)OEEY. 16)XfA LTH S i quinidineDfF2 V 75 ¥ XX, control®f
T22.0\ MEALREFFREERT5.7 ml/min/kg& 7k 0 MELREFEEHOF 2 V7 5
Y A%\ controlBIZ L RT74% WA LT oo —F7+ quinidinefER O M+ Sk iR b
LbEbhIcMm#fEs V7 T Y A(CLia) ik controlfif €102, P{LRREFFEEER ©27.5ml/
min/kgTH >7c(Tablel)o ZNDODERRETE S ZLILYRDLLMI VT TV
A&\ control#T65.8, MHE(LREFHEER T 22.0 ml/min/kg TH D\ LK RIF
BEHOLMZ V7T F v R, control I HERTETRTWA LT, Thbb, DR,
VERIT, MECREFEEHCRTEF 2V 75 v 2ROBAERTA%) EL LT3,
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PE{LRRITREE € 7 VIt BT, SFHEEMREY TH % quinidine DT AR (Vas) B8
ZLEATH0R, ML MBRC BT 2R YO TERB (K E) BT 5D TH
B e Lot CORER. BERYOSHERESTFEERCIHATI LS
MR L RNBHRERTH B, * T EELREFESE £ 5 2 HB13 % quinidine
DK, EDOWA DER I DWW TR L TR %,
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K, = C//C,

— (Cft+Cbt)/(Cfv+va) .............................. (19)
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K, = (Cf'/Cf")+{Cf'/(Cf" + Cb¥)}+(1 + Cbt/Cft) --eeeree (20)
(Cft/CfV) i3y BBROMBEIOPHOZER XA EYABE R RTIOTH 0. HEHEY
DFBERADEH>ERTZENTE B,

Cft/Cfv — (1 + 10pKa—pHi) / (1 + lopKa—pHv) .................. (21)
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1+Cbt/Cft=1+nKP/(1+K'Cft) ........................... (22)
2T niIBATALOY. KT AEH. PRREHE ¥ fidphospholipid s & D ki
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Table V. Binding Ratios(k, ¢z) of Quinidine in Vitroin
Various Tissue Homogenates -

Control CCl4
Lung AT 1.0 34.8 + 4.6
Spleen 18.3 =+ 0.5 17.8 =+ 0.6
Heart 14.3 + 0.7 16.4 + 0.8
Kidney 17.4 + 0.4 18.7 £ 0.9 -
Liver 19.2 + 1.3 19.8 + 0.6

The binding of quiniding in tissue homogenates was determined
by the method of equilibrium dialysis. Values are the means
+ S.E of 4 to 8 animals.

Hanano b 12, Bt R34 T b 5 barbiturates® ethoxybenzamide®™ % adria—
mycin® O in viwo S\ ROFFHEEMED T H 5 quinidine™ O—FMMH . 4
#homogenate~DEMKEAERI L FHTE L Z E2HEL TV 3, 2T, MHEILR
FHEZETFTAVRCETAK ERAVOERZ2HBRFH T 5 D, Hfhomogenate~ D
quinidine® invitro &EF R T Tc, WRALRFR 5240 MBI HB %M L. controlB¥
LR, Eb4EEDOPH 7.00 %K buffer CHlkhomogenate B # 1FH L 12,
Quinidine D ## homogenate &R, FEENETB IR 5 %o Ko fvirolds KA



K-> THHEEh S,

Koptviwo = Ct / Cf

=(Cb+ Cf) / Cf

=14 deCaan /Cf-eeeeeeeeermseresmneneennee (25)
Z Z T, Cty Cf. Cbix. #h¥h quinidine DL total BE ., FEHEATBE. RUE
SRIBERYFRT, dRFRBEE S, Cqa XFH TR homogenate FDFESEY quinidine B
E#%ET, TableNiRL7c & 5 i fithomogenate~DquinidineDREHFAHRIFH < £
DAt D&% homogenate~Dquinidine DFEF R BRIEA LETH > 2o T7b D, ML

| RFEFFEEF OHEM homogenate~ Dquinidine D5 & idcontrolffHE &L O THEELESR

R ET, OELREFEEE F A BT 5quinidineDK B DEA L. EYOHEGE~ DS
EWMET Lickd TRt EBBhEt o,
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LR RFEE £ S I B 5 quinidine DK HEOMA X, M DacidosisiCiBH T
B52LbF2bh%, $7bb, quinidine®pK,#8.6, HMMIPIDHIZT7.0THRMAIC &
LEALI IS ERET S & (LR FFREERFIC BT 5320 542% DK EOEA T,
CHEAM»S, HEEHOMBPHL0.180H0.25EK FT 5 Z & THMEEI NS, £ T, qui
nidine DK, DA 3 M #E DacidosisiC AT 5 H D H & 5 b FEERH O MKRpHO &b
RN, BERR, ERAROpHER Y o, MEILREIFEER O MifEpH27.36
T\ controlBf7.39L FERZRRD LN o, TORELY, FFEEHCET 3K,
fEORAE. MBOPHOBILIL X B (D TRItVWEEL bR D,
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Table V. Plasma Free Fraction(f,) of Quinidine

Control CCls Change (%)

fo 0.315 + 0.016 0.207 + 0.011» 34

The plasma protein binding of quiniding was measured by the method of
ultrafiltration. Values are the means + S.E. of 5 animals. a) p<0.01.
b) Calculated by the equation: % ={(control — CCL)/control} x 100.

K% XT3 E=2FB0ERIEYOMPEEAEREEOEITH S, 7 v +MHf
iquinidinelEE 5, 14 g/mIOEHRBEIER L. TAEIRL 0 MK *E L, 5B
EUEEYOMPEABEESERIL, pHOMERZKEL 5T 52 &b, RMMEODHEE *
#x % 128, phosphate buffer TM#MDPHZ 7. 4ITHE L FE?HE:@%%K S OBIE L,



Table VIiZiR Lz & % 2y controlBfiZ £\ » Tquinidine® Mg IERS &84 (fp) 120. 315
THhoico —F WEILRFEFEERCE VT, quinidine®f, X, controlfHEICH~XT
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EF R BT 5 quinidine DK, ER OV 4 DA, EYOMBEABE AR LA CER
T5ZEDRHEDE 5T,

3. MELRFEFEEEFLCK T2 BEEMEYONERTOERAEEAKOERD .
Bl Lo, R LR R E € 7 /v T Dquinidine D BB (Vass) DFWAE,
YWOMPEABERBAEDO LA I BIDOTHH T LA LEsTz, Thid, BREEYD
MFRAERARSIFREERFCHED TS EEh TV D oL ENBIRRER TS 5, 5
HEMEIEYIE, albumin®, lipoproteinit AT 5@ H\ a ;-acid glycoprotein (AGP)
CEWEMMES S > TEAT S LML TWL A2 o —acid glycoproteinid, %
EMRARIEE LT, FRTARS W aisERaERO—EThb 5%, s
Bz BTty M8 Dalbumin®lipoproteini@ B A T % D LA3D | M o~
acid glycoproteiniBEE XM ARIEENBEL NS, Z 2T, MELREITEE <
FARED % quinidineDMPEBEM AR LADOEREZ LM T 51D, FHEEAER
¥ D in vitro MR AERE AR & M4 a -acid glycoproteiniBfE & DRARI DWW TR %,
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Fig.4. Binding of Various Drugs to the Proteins from the

Control and CCL-Intoxicated Rats
Animals were sacrificed 24 h after the injection. Plasma samples containing each
drug at a concentration of 1 £ g/ml were ul trafilrated. Plasma free fractions of
the drug were expressed as rations of the amount of drug in the filtrate to the total
amount of drug. Values are the means & S.E. of 6 to 9 animals. Signicantly
different from control; a) p<0.01 QN, quinidine; SA, salicylic

acid £, control; E&,CCL,.



PAEALRRIFEE S v b B3 5 quinidined MR A EF A E %in vitrok B\ THRE
Lico PEALIRFR 524RMR D 7 » + M8 ~quinidine &% U'propranoclol %\ % 7zt &
L TREEY TH Bsalicylic acid%, RYREVBF41peg/mlEicd XOEML,

controlF X U BEER O A EY D MEHIERE SR SR () 2 AR, Fig 4R Liz &>
i\ Salicylic aciddf, iU {LR FKIFEER CliXcontrol DX Wi e XT71%#n L e,
CORFIIE U BHEYTH Sphenytoin MR A EEN, H5 7 by 3 vFEE
59 NEBWTHAD L&V STthob DHED & —H T 5, FEEROBUENOELE
BARBAOREEE LT, albumin®lipoprotein’s & o M2 A EBRE ORA I L |
bilirubin®free fatty acids’s EHREBREGWE OMBHBREMMOILD EFHB T hTW
5379 BEHIRY L 3B, 53EHEMEY TS 5 quinidine R propranolol Of , it
PR AL R RITRE ERE Tl control B D £ Wit kX2 h £ h30KX U41% 84 L1zo Quinidin
eD invitro TO L, invw BT A ELRABREDLDTH -7z (TableV),

3—-2. B2aOmMBEEAHDOERE

Table VI. The Plasma Concentrations of Total Proteins, Albumin, Lipoproteins and
a —Acid Glycoprotein (AGP) in Control and CCL-Intoxicated Rats

Concentration (mg/ml plasma)

Constituent Control CCl4
Total proteins 73.2 + 1.34 70.2 + 1.13
Albumin 41.7 = 0.7 40.6 = 0.7
Lipoproteins 1.21 + 0.073 0.62 + 0.042*°
AGP 0.168 + 0.012 0.460 + 0.025*°

Animals were sacrificed 24 h after the injection. Values are the means + S.
E. of 6 to 9 animals. Significantly different from control; a) p<0.0001.

TableVIid. controlf¥X& UM LR RIFREERE DM total protein, albumin, lipo—
protein R O e 1—acid glycoprotein RE DRIFEETH %o Total proteinf i albuminiR
EEiX\ control B & M LR RIFEEMRB THBRE%R R S iuh - Iz, Lipoproteini#
X PSS LREEER CliXcontrolBHMED RSB Lo a1—Acid glycoproteini
EElX. controlBTi2168 £ g/mlTHh - 1o At P LR BFFREER Tk, #2. 7450460 g/
ml M Ui, Fig.5id, PR FEH SR B0 5 M4 a ;-acid glycoproteiniB £ &
GPTORKE AR L bDTH B, MIEFD a-acid glycoproteiniBEiZ, ALK
FB5-24R5 IR TcontrolfED2. 765 . 48RRI TIR4.8E I LA L. £ OBEKREA Lo
—J\v GPTUV_AL, BEURRBCREELZTR L. DE4GHME TERCHED L,
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Fig.5 Changes in the Plasma Concentrations of a,—Acid Glycoprotein(AGP)
and GPT in the Rat after the CCL—Intoxication
Animal were sacrificed at definite times after the injection. Values arethe
means + S.E. of 6 to 8 animals. The AGP level; O, control group; @, CCL group.
The GPT levels (A) were expressed as rations of the plassma concenrations in the
CCl~intoxicated rats to those in normal rats.
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Fig.6. Relationship between the Ratios of Bound to Free Fraction of Propranolol
and the Concentration of @ —Acid Glycoprotein (AGP) in the Plasma from Rats

Animals were sacrificed at various intervals after the injection. O, control group;
@, CCL GROUP. Regressin liney = 13.95 x + 0.415; r = 0.978; p<0.001.

M4 a1-acid glycoprotein REDEE L FHFEEMEYOMBEOBERBARLE LY
R RIiET, MPFPORYIKRAC L >TERESh S,
Cp = Ci + CoAP 4 CuAlb - CuLIP oo (26)
22Ty CHRMEFOBEHEYBE. Co T, CLAPRUC, ™2 EhEh, a;-acid
glycoprotein, albumin® L < {Xlipoprotein~D & FREWRE #FK T LangmuirOx



RS & BYoMmBERAE~OFE AR, MVFERCE V- TRAR I > TEREN D,
Ci = TN K PGy creerrrenerrrnmmrnnssnnemiie i 27)
2T miy KiRUPRMRFEAFIOKABUOR. HEERRVCEABRRERXERT,
R->TENREERT S &,
Cp, /Ct =1+ Zn;K;P;

(Cp — Cs) / Cs = bound / free = Zn;K;Pjwereeeereeeeees (28)
®- T EYomPRAERE L MPERAHRE & OHBIX. M bound/free. B
WM EAEREZ L > THRLDA L,

Fig.6 &\ MFILRFEHEE 7 v + MR BT, prbpranololﬂ)bound/free%ﬁﬁﬂi o
[M# a ;—acid glycoprotein BE Z M & Dplot LI DTH %, Zh b Dplotid, B
F¥r = 0.978DEHZ M A /R L\ propranolol D M#FHE HEA & & M a —acid glycoprotein
REISVHBEMR2ET5 LRI, D EORENMD, MELREFEEE T LVIC
BO 55 EENEY O MBMEOERESREMOEARERIT, M5 a-acid glycoprotein
BEOHMTHLEELDIhD, T, b PEBVT, FFHRBIRALERTI &R X
nah, MELREFEED &> rERRFEERCEVTh, FFRARCET S ar-
acid glycoprotein D4 AR L TV 5 & & IZHBRE,

4. BROEXYHFEEETILICET 2BEEMEPONFEREAEZLY

a1-Acid glycoprotein(AGP) 2, SMHIREEAEHO—ETHH, M. Va2 —<
FHEBAER. KB ODHREEROE R EDORBER VT, TOMFHRETEL <HmMT
5, FFEEEDOE, KM a-acid glycoproteinBDBTH 5 Z &b b, FDRBF:
HPIRIBIC & > TI#f a1—acid glycoprotein@fE X B LB T 553, T bbb, mif
ai-acid glycoproteiniREE X\ BEDOHEES 5 WIIFFEEBRETRIBYTHLENT
VBRI 5 Ay A AV ARFREBRE TR ERT ARESD SO, 1o, BY
EREBWTL, 537 v 33 VHEEESTL 'C“‘Gi‘ M#E a —acid glycoproteini#E i
ETT5EREDD T8, Hid Lk, MEREFESE 54 T2, Mg
# o 1-acid glycoproteiniBEE b NS 5 & & M Lz, Z Ok, FFEARKCET %
14 o 1—acid glycoprotein BEDEBICBET 2 HERP <, T —FK LI BEAE
BRTWEL, ‘

2Tk B4 DEYHFEEE TV RFR L. ZoMmfd a—acid glycoproteiniz
R Ualbumin RE DX B Z R~ 5 LIt F5HEMIEY TH 5 Propranolol D M#EE A
BREA®R L M a—acid glycoprotein EEE & ORI DWW T~ %,



4 —1. MFEEEREOEE)

FFREERERED & L. MELKRE(CCL, 1ml/kg) Dfftic, galactosamin (GalN, 500
mg/kg)+ ethionine(EN, 800mg/kg). N-nitrosodimethylamine(NDA, 50mg/kg)
allyl alcohol(AOH, 50mg/kg). acetaminohen(AA, 900mg/kg)\ & %\ {Zbromobenzene
(BB, 1ml/kg) % i\ %, N-Nitrosodimethylamine, acetaminophenX U"bromobenzene
RBERTHEVELZE S L, ethioninelZFEE* R IMFIERITELHBEIN TS
BEBERAVI, EYBREHOMBGPTER., 3 h { control FHE I X TR B Hn
LTk, FEERER IR, &4 OFBEEE 7 VB TGPTHEICKA & K H
AD b,
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Fig.7 Relative Plasma Concentrations of Total Protein, Albumin and a,—
Acid Glycoprotein (AGP) in Several Models of Chemically-Induced Liver Injury

The relative concentrion (%) were calculated from the equation:
9%=1{(P-—P.) /P.}x 100 where P, is the Plasma protein in the rats with
chemically-induced hepatic injury and P. is the plasma protein concentration in the
control rats. Values are the means & S.E. of 4 to 10 animals. Significantly
different from control; a) p<0.01. GaIN, Ethionine;
NDA, N—mtrosodlmethylamme ; AOH, allyl alcohol; AA, acetaxmnophen BB, bromobenzene.

[, total protrein; ,albumin; % ,AGP.



Control B0 M thtotal protein, albumin, K ¥ ai-acid glycoproteini@Eit, %h
£h76.9, 37.2R10.137meg/mlTH - ko Fig. 73\ ThEXhOFEEROMBEELE
BE% . controlBED b DEILY TR LT\ 5, Galactosamine# 5-F D Ifi#f a ~acid
glycoprotein ¥ i3 control BB It Lt <45 % BWA Lico & DFERIZ. MonnetH™® 0t
E—BLTW3B, }RBAK, MiE{LRFE. acetaminophen, N-nitroso—dimethylamine,
allyl alcohol X O*bromobenzene ® # 5-# CiX. M a,-acid glycoprotein Z%E [
control F{EIC L XTHL LML TE D, TOEMBIL, ThXh, 244, 188, 166,
122 K11 92% TH - co —F+ ethionine® F-HED M8 a ;—acid glycoproteiniREE i3 A

Table VI.  Classification of Several Different Models of Chemically-
Induced Liver Injury

Category 1 AGP T, Albumin — CCls, Acetaminophen,
Bromobenzene

Category 2 AGP 1, Albumin | N-Nitrosodimethyiamine,
- Allyl alcohol

Category 3 AGP —, - Albumin — Ethionine

Category 4 AGP !, Albumin | Galactosamine

BRELHRBD LRI, > T, A
M#Ealbumin¥BE X, allyl alcohol, galactosamine. X U*N-nitrosodimethylamine#¥
ERR BT, controlfliC b _ZEhZEh, 23, 20K U11%WA Lico ¥, Mi#ftotal
protein¥®F£ %, allyl alcohol. galactosamine & U*N-nitrosodimethylamine#5-# iz ¥
WTiE, albuminBEOBACHIE LT, £hZh, 23, 1TRU8KEA Lico MEALR
. acetaminophen U'bromobenzene¥ 5-#f o M #f #total protein & Ufalbumin#EE &
BB EAEBRRD LN ol - T fERLIE4 DEYHFEEZEETVIZ, £
DMFEELABEBEDOEEDE VA D, a;-acid glycoproteinl@E D LN % d O
(category 1 ). ai—acid glycoproteiniBE A3 L, albuminBE RT3 30D
(categoryll), ai-acid glycoprotein@BE . albuminBE & b ELLEVI D
(categorylll). KU a;-acid glycoproteiniB . albuminiB2E & A TH LD

(categoryV) DU 553 5 Z & H T & % (TableVl),

4 — 2. FHEEEHE &M% ay—acid glycoproteiniz BEDRIfR

RS € 7 Ve 850 5 M8 a-acid glycoproteinREEDOHMOIRN & LT B
MBEEZECO EHVC R AREERIEEELDN S, 22T\ B4OFEEETIVES
W T a—acid glycoproteiniBE D& . HHRREEORE & /v 5 MFHGPTH N
& DHBIMZ TN, MEEHOEEE TV DcategoryDFh LIFEEEREN &L LT,
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Fig.8 The Plasma Concentrations of a —Acid Glycoprotein(AGP) and GPT in the Rats
Treated with Various Doses of CCL, Allyl alcohol, Galactosamine or Ethionine

Animals were sacrificed 24 after the injection of hepatotoxin. Various are the

means * S.E. of 7 to 8 animals. 0, AGP level;®, GPT level. GaIN, galactosamine;

EN, ethionine; AOCH, allyl alcohol.
FhEh, ME/LREK, allyl alcohol, galactosamine& fethionine% #{R L. Fig.8%.
o5 B cxt L Tt o a,—acid glycoprotein #E & GPTEH » #flic plot L 7z
M LR FEHE O MAEF a —acid glycoprotein BE L, HEEOHIME & bie. GPTHEH
DEREBEFTLTHEM LI, L Lichb, allyl alcohol R BTk, GPTV
VP ERT B AT by MEEH @ -acid glycoprotein BEDHIMHRD bt F iy
MR K, allyl alcohol® 58 & . ERLHEEORETIX, M+ a,-acid
glycoproteini B 133 {ETF Lo —7F . galactosamine#¥ 5B Tl M+ a ;—acid
glycoproteinifB i3, WK AHEBEEVTIMWINT S Lixhl, FEEOE®EE &
@k EA Lz, T\ ethionine® S8 B\ Tik, M2+ a,-acid glycoproteini@
EORBLRELIBD O h oo L EORERML, FEEEEEYR ST rER W
T, M a—acid glycoproteiniRE D LA, FEZEORE LIHEB L2 LARE
hiz,

4—- 3. MPEFATEESELMIF «—acid glycoproteinfREE & DIERY
M#¥albumin & ai—acid glycoprotein BEOEE AN SFEEMEYOMMPEAERE SR
CRIETHERIMET 510, MFEAEEE & propranclol MR R A E &4 » AR,
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Fig.9 Relationships between the Bound to Free Fraction of Propranolol and
the Concentrations of a,—Acid Glycoprotein (AGP) or Albumin in the Plasma
from Control and Several Different Models of Chemically-Induced Liver Injury

The same plasma samples as those shown in Fig.7 were sudjected to the experiments.
o, control;a, galactosamine;®, ethinonine; , N-nitrosodimethylamine;o, allyl
alcohol;®, CCL; , acetaminophen; , bromobenzene. Regression line for a ~caid
glycoproteiny = 11.90 x + 0.714; r = 0.940; p<0.0001.

4« ORYUITES € 7 VTP~ 7o Fig.9id. propranolold M#E HE# &1 % bou
nd/free T& L= b O Z{EEhic. albumin®d % W3 a —acid glycoprotein I & » §ilc &
Dplot L# & DTH %, Propranolold M4 EEK A 3. albumini & ORI (2 AHE]
HERET, —H. aacid glycoproteiniRfE & DI iZAHBIFREr=0.940TE B
HER L. LEOEEMS, 4 0XYHITFEEE T LI BV T\ propranolol d [ #f
EHERARIZ. aracid glycoproteiniE2fE DL B kK & < S Z1F. —Jalbumini@
EOBREBCIIFEL B EAETT RN EBRHHE LI,

5. Baracid glycoproteinfIFET L (FLE VS S 1) (st Bquinidined ik
PENRE)

iR & 5w, MELREFEE Tk, M0 a—acid glycoprotein (AGP)
BEDL LHAT 5T LKLY, quinidine FOFFEEMTEY O MFEAEMS SRS HMT 5
TERHB LT, ¥ REABRRBAROBEMT, ME{LREFBEE €T VBT, quinid
ineD AR (Vass) #WA L. EiZplasma total body clearance (CL o ) R TH KB E EH
Ka) DB IHEZRELTVEEELDR, L Lkdd, MELREFEEE
TAEEWTIE, quinidineDEHNEBELOBERE LT, MBEAEEEGROMIMNOM
w, FFRBE. FORECZELVERIIESEB LA TRAED VL, #- T,
quinidine® M4 HE A HE GROWMI BIETERY O BNE B~ DF B O\ THMK
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Table VII. Physiological Parameters in Turpentine Oil-Treated Ras

Contrbl

Turpentine?’
16h 48 h
GPT(Earmen unit) 19.5 + 1.0 - 20.6 + 1.01 18.6 + 1.3
Albumin(eg/ul) 37.2 + 1.2 38.6 + 0.7 39.4 £+ 0.5
AGP(mg/nl) 0.142 + 0.011 0.466 + 0.045"° 2.18 + 0,13
HBF(ml/min/g)®’ 1.11 £+ 0.07 — 1.13 + 0.10
f,°? 0.332 + 0.009 0.234 + 0.020°° 0.079 + 0.006"’
Rp?’ 150 + 0.02 1.19 + 0.03" 0.704 £ 0.020"

a) Determined at 16 h and 48 h after the injection of turpentine oil at a dose of

0.5 ml per 100g body weight .

b) Hepatic blood flow was measured hydrogen gas

clearance method. ¢) Free fraction of quinidine in the plasma. The concentration
of quinidine in plasma was 1 ¢ g/ml. d) Blood-to plasma concentration ratio.
Significantly different from the control group, e) p<0 01, f) p<0.001. Values are

the means + S.E. of 4 to 6 animals.-

FUEVHES v PETHRSE L, 16, 48KH#HI (LI#l6h-7 L ¥ v, 48h-F L
¥ VB L FT) MmifFdalbumin® @ -acid glycoproteini#f. quinidine® IMm#ErhIERE 4
RIRY 53R (f,) R OUMK — MARF S EEH (Ry) & DIHFB#EEZR T S 0L L TMIEGPT
EFFMEE % TableMlic; RLTW5%, FLEVHEBESHEOFMEER OGPTEIL,
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FIg.10 Relationship between the Ratio of the Bound
to Free Fraction of Quinidine and the Plasma
a~Acid Glycoprotein (AGP) Corncentration in Rats

“ Contro(o),16 . h— (a) and 48 h-(®) turpentine -
oil-treated rats. The line represents regression line
(r = 0.987,p<0.001) . :

controlfffH & LR THEBERE
fERED b hishotce fE-T,
FUVEVHEEGLLE-TT v b
CHEEREEZ A THEwE
EDHEEIND, —7, fifa
1—acid glycoprotein X, 1
6h-K U48h-7 L v ‘/ﬁf\ z
hZ hcontrol B{EDFI3E K U
IS Uiz LA L, M
#fthalbumin B E L control F



EEHERTHBCE Lich oz, 16h-RU48h-7 L ¥ YA L, M quinidineiR
21 p g/mlOEERRBCHE L 14 K13 5 quinidinedDf, X, Th£h0.23440.079
TH Y. controlBHH & H~RT30% KR V76% WA Lz, Fig.10id, quinidinedMEAE
At % bound/free TFR Lic b D% MEHC, M4 a-acid glycoprotein BE % Bl &
DplotLizd D TH %, ZhbDploth by HBIREIr=0.98741% 5 h. quinidined M
EHERS &M «—acid glycoproteiniBE DRI, IR EEBEM RS 5 = &4
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Fig.11 Disappearance of Quinidine from Plasma after Intravenous Injection
in Control(A) and Turpentine Oil-Treated(B) Rats

Quinidine aulfate was injected at a dose of 3.0(¢), 7.0(a) or 12.5(® or ©) mg/kg as
quinidine base . Each point represent the mean + S.E. of 4to 6 animals. (¢ae):
48 h—turpentine oil-treated rats, (0) : 16 h—turpentine oil-treated rats.

Quinidine#control R V' 7 V ¥ v HICHHE L 2BED. quinidine DR R MR FIRE %

Fig. 11IKR LT3, 7 VEVHIE W TE, quinidined MAFFRET - ThoRks
BBV Thcontrolf it bR THE KV & 7oy M#fH S Dquinidine DIERDBELRRD b
his Control, ¥ V¥ vE & K. quinidine® M H» H D H kit biexponential curve
TR &, two compartment modeliZ &t - T L -pharmacokinetics parameter®
TableX /R LT\ 5, ControlfRU'T L ¥ VHDORHIX T X TDquinidinel@ & i H1
T—ETHY. CLERyVENSEH LALLHEMIKE 7 VT 5 v ZA(CLp)X, #5EOHM
EEBEERBA LT oo & Dfkquinidine D I8 rh 22 8) D dose-dependencyid
SAAE (V. ) kdose—dependency @D b h i\ Z & & ., FFie B3 % quinidine D ¥4
KFOER, FIBKaOBWIIEBEDEELBNS, CLyid. 7V ¥ VHE TldcontrolB¥
e~ & 93 Ly dose-dependencyZ R L1z, 48h-7 L ¥ VEIL BT 5CLyIX, 5B



Table I{. Pharmacokinetic Parameters of
Quinidine after Intravenous Administration

Control 48 h-Turpentine 16 h-Turpentine
3.0mg/kg 7.0mg/kg 12.5mg/kg 3.0mg/kg 7.0mg/kg 12.5mg/kg 12.5mg/kg
A (ug/ml) 1.09 1.26 2030 2417 4.59%5 7.0550 2860
+0.21 +0.05 +0.19 +0.10 +0.20 +0.67 £0.16
B (ug/ml) 0.232 0.560° 1290 1140 27750 64540 T 1790
-, +£0.013 +0.015 +0.11 +0.04 $0.20 4045 +0.03
a (min~") 0.223 0.178 0.186 0.253 0.158% 0.163% 0.144
‘ +0.016 +0011 40027 +0016 £0.022 +0.028 0.0
B (min~?) 0.0148 0.0131 0.0126 0.02445 0.01319 0.00978¢ ioﬁo?gw
- +0.0007 +0.0003 +0.0006 +0.0006 +0.0006 +0.00044 +0.0002
k5 (min=1) o121 0.0908 0.0856 0.117 0.0722 0.0696° 0.0685
L +0.010 +0.0079 +0.0116 +0.010 +0.0112 +0.0144 +0.0212
ks, (min=Y) 0.0698 0.0640 0.0837 0.0982 0.0687 0.0839 0.0621
. +0.0076 $0.0043 +0.0189 +0.0082 +0.0112 +0.0147 +0.0147
ky (min~?) 0.0476 0.0363° 0.0291 0.0629" 0.0304¢%/? 0.0191¢5 002320
+£0.0012 +0.0009 +0.0011 +0.0022 10.0004 +0.0006 +0.0002
v, (1/kg) 341 386 380 0.845 0.9577 0.943 270"
+0.18 +0.11 £0.16 +0.021 +0.042 +0.063 $0.11
Ve (1/k8) :.;g 9.32 797% 1.847 1987 165" 5.599
£0. +0.29 £036 . +006 £0.12 0.06 X
AUC (ug-min/ml) 18.7 . 5029 1149 56.70 24140 1709‘-" :g:lsn
) +0.7 +1.3 +3 +0.7 +9 +43 +9.
CL, (mi/min/kg) 162 1402 1109 53.01 210 17.9%0 626"
. 6 *4 +4 +0.7 %11 L1 +29
CL, (ml/min/kg) 108 9329 73.49 7530 41.3%0 25440 5269
+4 +3.6 +3.6 +1.0 1S +1.5 +24

The values except CL; were estimated from concentration. The value of CL,was calculat
ed by the equation:CLy=CL,/R,
Valuees are the means + S.E. of 4 to 6 animals. Significantly different from a dose of 3.
Oomg/kg. a) p<0.05, b) $<0.01, ¢) p<0.001.Significantly different from the the contr
od at each dose d) <0.05,¢) p<0.01, ) p<0.001.

3.0\ 7.5\ 12.5mg/kgit B\ T\ controlFfE & L XTERE N30, 56, 65% WA L7z,
FUEVHEHERCRT A 0HERIL. SREEBT—EDERXRLILIDD, control‘
BCHNTRIBRETLEZEND, TLEVYRRBTACL, OB, HHEENV.)
EHEEEER (ka) DT A— 2 —DBWARC LB EDHBA LI, i, ®5EE12.5
mg/kgDquinidineD 5 AT (Vas) 13y 16h-K048hF L ¥ VB T, control#ffl
EHRTENRENIETINTA Lico DV DIWANT, MEAREFEEE T viICB T
B8R L B, MR+ a—acid glycoprotein BE DM L 2f, DWW L 5D EE
2bhb,

5—3. FFhEEOF/ V770 RCEZDRE

5y MCEBWT, quinidineit iz & A LB CRBBESN LD Z L d, BEHESE
DquinidineDCLbOBAE 27 V7 7 Vv ADRPIC LD b DEFZ LB B, FF7 V7T
5 v 2. well-stirred modelicf > &\ (16)X5 TR L1z & 5 AFILHE & 34 D FFhil i
OFE LTRENS, TableWl iR Lz & 5 e, FFIFER. 7L vlsopEsiE
EREBTI I oTo 2Ty quinidinedfF7 V7 5 Y ABA DL 5 ~HOBERTH S
FrHh = % control X U'48h-7 L ¥ v FE THEB Lo Fig. 12 L2 & 5 I\ control X
U7 Ve VHl#EE by quinidineD FF R MR E OB WEIRE Lico, Th



Hepatic Extraction Ratio
[—]
on
P4
(<]
]
®
(<]

. © o° %
@ [}
° L] ) 000 °° ° :
025t < ® .
e
0% 05 10 15 20 25

"Blood Conmcentration (pg/ml)

Fig.12 Hepatic Extration Ratio as a Function of Blood Concentration of
Quindine in Control and 48 h-Turpentine Oil-Treated Rats

The hepatic extraction ratio was determined in control(0) and 48 h-turpentine oil~
treated (®) rats under the steady state blood concentration of quinidine ranging from
0.5t02.3 pg/ml.
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Table X . Tiésue to Plasma Plasma Partition Coefficients (K,;,,ivo) of Quinidine

in Various Tissues in Control and Turpentine Qil-Treated Rats

16 b-Turpentine

Control 48 h-Turpentine

: (changeX)*’ (changeX)*’
Limg 73.5 + 4.6 49.2 = 5.7( 33 )» 14.8 + 2.4( 80 )
Kidney 29.5 + 1.6 20.2 + 2.0( 32 )» 5.63 + 0.22( 81 )=
Spleen 24,7 + 0.5 17.8 + 1.2( 28 )*? 5.92 £ 0.66( 76 )’
‘Liver 24.5 + 1.3 14.9 + 1.2( 39 ) 5.59 + 0.44( 77 )*°
Beart 9.88 + 0.43 7.02 + 0.72( 29 )»? 1.98 + 0.29( 80 )=’

Values are the means + S.E. of 5t0 6 animals. a) Calculated by the

equation: % = {(Kpinconro ~Kopintumentiney/xD i CONtrol) o,

b)p<0.01, ¢) p<0.001.
FUE YRR EG 5 Ve DRI, MBS TORPCERT S 0LEL LR, £
Wf, DEB RS HERE Vas)) C K ERPELE 2D L, B, L& (K,) &
OBEFREH ULMERXH 50, FB., EYoOMMST &, L OB SW TR L
WERX D oTo £ T Ty controlé16h—, 48h-F VE VR BT AE4D 5 v DK,
fE & f,fE % plot L TH#E OB 2 F <1, Fig. 13ART & 2y BE LicT R TOMM
CEWT, KfEsf,ofcid, BERa2@saWHEERZRD bR, TOTZ L, TV
E YRS &5 BRBOKHEOBA B, 0P L->TOEE R EINTLLDOT
BHIEERLTWS, T CRFig.10TR L &>, controlRU'T L ¥ V#EHIKET

Tissue to Plasma Partition Coefficient

Plasma Free Fraction

Fig.13 Relationship between the Tissue to Platition Coefficient (K,)
and the Plasma Free Fraction of Quinidine -

Control(©), 16 h—(a) and 48 h— (®) turpentine oil-treated rats. Each line
represents the regression line (r = 0.970—-0.982, p<0.001).
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