£ 89k=5}5|X|, The Journal of Applied Pharmacology 1, 50-57(1993)

=4 =2 S0| OtM|Eoo|EH | chAlet v O|xl= HE

ub| - MFE - HERH - HHE - UEH
FYRAJRATY SHF

Effect of Hepatotoxicants on the Biliary and Urinary
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Abstract—This study characterized the effect of liver injury produced by hepatotoxicants on the biliary and
urinary excretion of acetaminophen(AA) metabolites. Liver damage was produced in male S.-D. rats, 24 hr
after dosing with carbon tetrachloride(CCl, 0.75 ml/kg, ip) or thioacetamide(TA, 200 mg/kg, #p), or 16 hr after
administration of cadmium chloride(CdCl,, 3.9 mg/kg, iw). Liver damage without renal injury was “confirmed
by measuring serum enzymes, creatinine and BUN levels as well as by histopathological examination. AA
and its metabolites were measured for 3 hr by HPLC in rats injected iv with 1 mmol/kg of AA. The excreted
amounts of AA-glucuronide into bile were reduced to 60~70% of control rats by hepatotoxicants, but did
not change urinary excretion of AA-glucuronide and AA-sulfate. Treatments with CCL, CdCl; and TA decreased
the total (biliary plus urinary) excretion of thioethers of AA(30—50% of control), suggesting that these toxicants
decrease cytochrome P-450-mediated toxification of AA. However, treatments of CdCly and TA markedly enhan-
ced the excretion of AA-mercapturate into urine. Thus, CdCl; and TA not only influence the formation of
AA-glutathione, but may also alter the excretory routes (i.¢. bile and urine) for the elimination of AA-metabolite.
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nylglycine, AA-cysteine ™ AA-mercapturateZ} ¥eo]
2 A7 e dchl(Gregus 5, 1988). o}jela] o)zlsl
thicether A E2] 253 =& 53 wAd=ke oA
Eolu| % 2] toxic activation-S whed g}z oelx ¢}
(Madhu 5, 1988). o]gtd)] ofM|Eoln| izl #H =4 4
At7)o) glucuronidatione)i}d sulfatione] = = ¢l
o] A9 =3 B4R WAHA ¥F vlE kvl BES
3 Wi

EFE] AME F4EE oz S o8 dla)
o] F53E7E sk FEHE|E shed, o|g
HAbE-2] o2 Zholl A el B TEAE
AEo] deA X, F4E dogle 7Add dAL
chekgl Ao Heid o) AERNELES Z4xAe
EAA 7T B el AN AT FE At 7]
FE GFA)1Z1cHDigell# Heimberg, 1968 ; Thorgreis-
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son 5, 1976 ; Gregus 5, 1982). 24| £AFA] phase
19] BjEAel A £4:9 cytochrome P-4502) <k=}
24 9] W3le o5 & 424 gloh L 92 carbon tet-
rachloride(CCly)+= cytochrome P-450 enzyme systemel]
2)&)] free radical-2- A&}t free radicale] =|Zwuhg-
W3 AA cytochrome P-450-2 ¥ 33 <12 microsomal
enzyme 52| &4-& WA Ak o Davis 5, 1971).
o2} w37} x] 2 phase Il Bt AAE 5415
2)sted WE=e] B uge] ¢leh(Gregus 5, 1982 ; Des-
mond %, 1981).

ANE 78 45 R dAE 92 5 )
Agt), Fo wjd ARE 2o} gFe X, ZHA| ol 4]
AL kB2 canaliculus® v7bE HEoE WA E T,
sinusoid® v}7}H central veind 3] AR 1A
A4E F9ete] =82 g™ ko 25 F ovE
WA E s EEAY R B4 =) s
8o 484 gle=dl, AAYARA 2] 7% glutathione
¥iHl= gtEo 2 sl mercapturate A=
2 wld "} Glucuronide 342 A ko) G502
dses Axrl vesky, sulfate THAE= =2 oA
HE o] dFoE wjAdse Rt 953 WeHGre-
gus -5, 1988). CCLE 7}5A-& st 7%, 355 B8
AA2} T | AHA 9] v AdFFe] FFadtelE KTl gl
(Loeser®} Siegers, 1985), k2 33 FAAQ hAt
A&l wjdzkel] thsteds Rislelzl ulzl giek Sulfa-
tion®] 7% AAS] F-=3 dfirle] BAFle F3 vbS
Qv sulfate LA = dfF-Fo] =2 wjdEERE G534
=E 5T wAdRE 25 FA &8k 7o) AAY
WA IAH W dA R v)A]E o9 F3& ATk
ol 88t whyela) Atz ddh

AFA A= CClL o]9o FARL7He] 2 75
17 2] thioacetamide(TA)#} cadmium chloride(CdCly)
2 ZEAdube fsle] AARl 7 tiARAlY) net B
229 wid=a g FEE SAs

SR

Al2f

CCl, CdCl,, TA % AA2 Sigma Chemical Co.(St.
Louis, MO, USA)dlA F-gistglon], 29 EHEL
reagent grade= Al&3}gich
AHES

Male Sprague-Dawley rats2 SRR 7A03Y A%
FA A Eofitel, 8~105 270~300g A9 EE&
Al el AMshgdc) ASEAL 2% 231 2T, 4% 55+
0% 1247 712 ke ulte] F9lon, A&
AEst s TR TEshdch

CCL¥E 0.75mi/kg, TAE 200 mg/kgd 244]71H el
Bk, CdChe 39 mg/kgs 16417240 melA

Wo g Fodle] R4S fbstedct. CCliw corn oil 2
5mi/kge] HEZ2 34sig e, TAY CdCh= =44
ol 2mi/kg?) FER zA| gt ARk

EZ sodium pentobarbital(50 mg/kg, ip)E. v} A
71 AeolA 7593} -2 polyethylene tubing(PE-
500 A2l cannulationdbsl i, EHEokAdg A7)
slod Whe xZAFHT 71T FXE Aste] V|@E
A7Y&l3aL, rectal probe thermister7} &# heating
lampE AR&3le] A& FAA1Zwh 10% mannitol £
Aol =9l AA 150 mg/kgs HEAR R Fojgh £ 3
A7 Eqr dA Aziwpe}d 7358 E&] heparinized
tubeel] Peof-& A slz, Qg @21 Eppendorf tubeel
452 Ptk v WS sty A F skl e, 20
Hult} 5% mannitol £H-& AFWoR FoJsie] kg
fRFHeE AFA|RA] Hlg who} ARRol A 30%7H
ulx] & 4,000 rpmS B PAEE]E] serum-& F2gh
¥, A @ A3 FA7|(Technicon RA-XT)E At
23} alanine aminotransferase(ALT), aspartate ami-
notransferase(AST), blood urea nitrogen(BUN) %
creatinine$ A3ty 57 AFFAS FEAEE
GopE ik =3t Age] B & ) AAE w oo
Z4 xEulo] 1A A}l % mlelay A 2] Ele] hematoxi-
lin¥} eosin®2 JAF Fstdn|Gslelr ZAHAE
stk

AFE dY ¢ 253 wE HPLCE ©)£3}e] Howie
519779 whyeR AA9} I WApAE EAsigch
AAe}l 1 A A|EL Cp-uBondapak reverse phase
column(30 cm X 3.9 mm, Waters Associates, Boston,
MA)eg Felstgich B4 columnsd HIEs7] 4
uCorasil(Waters)Z #3213} precolumn-g AH&-3teich 1.5
ml/min®] F&o 2 Z/vghZ/ZAKv v v/900: 60 :
1)¢] 2948 2}23}9d.2, UV spectrophotometer®. 254
nmol A EFFEF A ste] Ak hAAL] EE
F491 AA-glucuronide, AA-sulfate & AA-mercapturate:
Dr. M. Gemborys(McNeil Consumer Products Co., Fort
Washington, PA)24-8], AA-glutathione-2 Dr. B. Laute-
rberg(Houston, TX)Z¥-8 Ajguigic) gk AAS
ARg-3te] whEglow oAb EE 1019 v Aleks}
gk ko 252 50ul, P2 5o el 2 FAF
% AAReE ASHE HPLC AlEs ARg-slglow,
B Awme —45C WEr|e Bdstgc)

AAe] A7bo)| w2 H% 5% 9] pharmacokinetic para-
meters= RSTRIP computer program(Fox2} Lamson,
1986)2 AHE-3lo] A4bsisith. AAS] Azt wE HE
Fey vhg whAale oEdh
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22 Fsledc). BAx]2] = one-way analysis of variance
(ANOVA)$} Duncan’s multiple range test & AA|3}M%
o, p<0.05¢ 7% F9Ade] vk wA s

HEdn

QubHe T MEHTASS EAG FUT Bt o]
U gekelt A7) Folshe A ARFAE 8
o). BAReAE o] 241 A9 o =elnlxA
WAkl mlAE AEE dolrels B0 ARFA]
SR e FEZ ey on], EAXNEL serum

Table I. Levels of serum enzymes, creatinine and BUN in
rats treated with toxicants®’

Treatment ALT AST Creatinine BUN
({U/L) U/L) (mg/dl)  (mg/dl)

Control 55+ 0.7 1710+ 274 075012 23.7+£33

CCl, 683+ 193.0* 4960.0+ 417.2* 050+ 0.06 23.3+ 2.7

CdCl, 1149+ 32.5*  290.0+ 63.5* 0.63£0.11 27522
TA 317+ 434" 470.0£600* 1.10£0.11 238+t11

?Rats were treated with CCL(0.75 ml/kg, ip, 24 hr), CdCl(3.9
mg/kg, iv, 16 hr) or TA(200 mg/kg, p, 24 hr), before injection
of AA(150 mg/ke, iv).

?Values represent means *+ SE. of four to six rats.

An asterisk denotes a statistically significant difference from con-
trol at p<0.05.
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enzyme levelsS A5t 7k} 278 ZA HALE
3t} 7+=A 9 2| Fel ALTS) ASTS] 34 2w, CCL,
TA, CdCl; AAFNM= 2ol vd] f4 A
714 & F lsith AREAXTZ EA5 creati-
nines} BUN-2 SAE2 HXF 257} gl 273} 2jo|7}
Sl Table I). =& 7J+} A3 CCL A= 2
ezl ule} 7o) centrilobular zones)] EA1Z 2 2 bal-
loon cell2 & = UL, Aol A 53 o)A S
LAY = fsich

HEz2TH SA4EE FodFor G5 £ AA YA}
ASe) wiAd=-g =43 A7-E Fig. 13} Table 1Tl v}
el gick Fig 12 A7kl ulE @Fo =z AA oAb
29 wl|Ad=ke Jepd Zo]y, Table I 347 F<t

Fo=2 WA= A Y] kS vlehd Aotk ©Ee)
A $E5= TA T4 dlazv) vlwsie] §-24
WA sl

Glucuronide EFA= 274 3475 PHEo
B uld=Ee AA tiAbAl e 47%E 2R sk=d|(Table 1D,
308 Axd wdgke] H A o) g A)7ke] 2]
ufz} ZhAashe okAkS B ¢ ohFig. 1). CCL, CdCl, 2 TA
AATANN 2F 27w} vlaste] G5-g 53 glu-
curonide 349 vl dzko] {2 AA ZF2sbdtHTa-
ble II). Glutathione E3}A|¥E= f2Fo4 gZoz v
AEl= AA A 9] 40% AEE 2R sh=d)], R A7)
Ax dEFEY SAFH T4 @A) 2L o)
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Fig. 1. Effect of hepatotoxicants on biliary excretion of AA and its metabolites. Rats were treated with CCl,(0.75 mi/kg, ip,
24 hr), CACly(3.9 mg/kg, iv, 16 hr)," or TA(200 mg/kg, ip, 24 hr) before injection of AA(150 mg/kg, ). Symbols represent means
+ SE of four to six rats. An asterisk denotes a significant difference from the control group at p<0.05.
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Table II. Effect of hepatotoxicants on the cumulative biliary excretion of AA and its metabolites %

Biliary excretion

Treatment Bile flow AA-glucuronide AA-sulfate AA-glutathione AA Total
H/kg/min pmol/kg

Control 86.0+ 82 1110+ 74 219+ 36 90.6+ 132 10.2£ 0.8 233.81+ 231

ccy 72.1* 6.6 659+ 8.1* 19.7£ 2.0 22,3 4.5* 116+t 1.1 1195+ 13.3*

CdCl, 8691t 7.1 786% 116 172+ 3.1 3851+ 64* 99+ 08 1442+ 19.3*

TA 554+ 72* 634t 12.1* 11.0+ 2.0 154+ 4.4* 9311 99,1+ 16.7*

¢ Rats were treated with CCL(0.75 mi/kg, ip, 24 hr), CdCl(3.9 mg/kg, iv, 16 hr) or TA(200 mg/kg, ip, 24 hr), before injection of AA(150

meg/ky, ).
®Values represent means * SE. of four to six rats.

An asterisk denotes a statistically significant difference from' control at p<0.05.

A A = G ok(Fig. 1). 3417 B-<t9] wiAd=k= CCL} CdCly
2 TA FojFolA 2tz 2F 25%, 40% L 20%2
45t el(Table II). Sulfate E3#+ glucuronide %
A} glutathione E§FA ¢} v wste] A2 ofo] hF
o2 wid=ges, CCLet CACL T dE=vt
zZolg HolA ¢hgtert TAFAFNAE FAUA
W ko] ZFas i ci(Table ). wWidsE A glucu-
ronide E3A 9t fAFslchFig. 1). AAE AL )
25 VER I Al s S Bglen, wlde
A APZE Ateldl Zol7t ik EE5S 4 W)
A= F3 g)2}A1Q) glucuronide E 349} glutathione
EFA v AstE AT 3X7F Tk @RS
2 wdEE 5A4EA FodFdi R dz2T
H]&] 40~60%A % Zraslgdch(Table ID).

o4 EA" YalA o= sulfate EFA 9} glucuro-
nide E3HA7} 70% o]Ate)ar, AA9} A=Fe] mercaptu-
rate E3H7) 9}t ik mannitold Fojdle] #
Aed BE FHED FoATdA hERTFRY 40%
Ax7l ZrlstegcHTable III). Sulfate EHA= F=
2w A== 40~60% Alo]o] HdAE el
A8 Zraslgow, EAEA FHT ti2Fed MY
A zko] f-ARSF tHFig. 2). Glucuronide ¥gA= =&
A EE ok gEo 2wl E o] AL vlsglean,
A7kl wel AAF wjdeke] Zr)beled 608 Aol
iAo =dElgch =3 nE ¥3 widake CCL,
CdCl, % TA FoTeA 25 W zlo]7F gsdch
(Table III). AA= 3A17F F9te] kgko] SAEA Fo
oA &2 f294 slE #ke]7) glsen, A7t
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Fig. 2. Effect of hepatotoxicants on uriary excretion of AA and its metabolites. Rats were treated with CCL(0.75 mi/kg, ip,
24 hr), CdCly3.9 mg/kg, iv, 16 hr), or TA(200 mg/kg, ip, 24 hr) before injection of AA(150 mg/kg, iv). Symbols represent means
+SE of four to six rats. An asterisk denotes a significant difference from the control group at p<0.05
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Table III. Effect of hepatotoxicants on the cumulative urinary excretion of AA and its metabolites

Urinary excretion

Treatment Urine flow AA-glucuronide AA-sulfate AA-mercapturate AA Total
H/kg/min pmol/kg

Control 50.6% 2.0 98,9+ 13.0 160.3+ 17.7 70£11 352+ 117 30041478

CClL, 72.1+ 5.3* 111.2+ 8.3 203.8+ 16.3 9.7+09 500+ 7.6 374.6% 26.1

CdCl, 70.3%+ 5.8* 1125+ 134 184.1+ 12,6 14.8+ 2.5* 64.2+ 9.8 3756+ 342

TA 69.9+ 6.3* 869+ 148 152.0% 19.2 12.9+ 2.1* 399+78 29161 41.0

¢Rats were treated with CCL(0.75 mi/kg, ip, 24 hr), CdCl(3.9 mg/kg, iv, 16 hr) or TA(200 mg/kg, ip, 24 hr), before injection of AA(150

mg/kg, 1v).
?Values represent means + SE. of four to six rats.

An asterisk denotes a statistically significant difference from control at p<0.05.

w2 sk 7)o FAERY FATNAN T2 ke
E7b wjdEgd ot foAUE Aol gl Gluta-
thione E§ 2] ) A2 mercapturate E8A| = A
o2 wjd=AgE TA Fo73 CdCL FAFAAM d=
9] of 207} WAH ik (Table IID). 347k SaF 3
w4 abA o] Fake- CCL, CdClL R TA FT 25
27 F94 olE JAolrt glgdcKTable IID). ket
gE5od 3A17F ok Wl AA S g B,
Zajdare Fojil AAQ 40~60% AHxelvHTable IV).
EAEA FoiFda] Wz=TH wlasie] AA thapA 9
FojAdeke ZA oh2A] ¢gket, thicether EFA=
#AA A 7rAstenh =31 thioether EFA Y] wjd=k
el AHEEE OB A F9A4 e S o
A ekghel

Fig 3= )17}l a2} o8] AA} glucuronide X
FA 2 sulfate E3HA 2] FEE 23 Azfelr} Sul-
fate E£3}A ¢} glucuronide &A1 ¥= Fxi= 40%
Ax7AA F7pEd7l A3 ZAasct. AR
A FolM dzTic o 28 4% F i vehygoew,
TA FojFelA "¥F9 glucuronide EFA e} sulfate
EgHA7E dzFRo f994 A FUhskich. AAS)
A7rell w2 HFE 59 pharmacokinetic parameter—
diexponential equation® 2 F3dlgjom, AAL] 93 4t
A7 BAEA FATdAM oA ole W) gldddd

(Table V). Z2lu} wbe2% A5 k) CCLSH TA 5o
FolA 824 A 4askgdz CCl, CdCL = TA
B LA AUCE #9040 glAl =713k total
clearancew ZrAxstion, ¥ 2442 f-4qle W

7h ehdA] shshe,

.

EAEAA s zlo] &A=, 7% WIkE ¢
sted AAS] At Wl AR gEkg v]A 4 glch
o] A#dAe Hxd CClL, TA @ CACLE ZHEAS
Trste] AAS] wirbel wilAd Ao ojudr F gL A
A 7V AAS 2 HAMAEY widEs) 35 E
E3lo] ool w1z} s)gdc)

CCl, TA 2 CdClL, Axlg]ld 2)sled 7} A4
W3lEl 78 thioethers E£34 9] v Adake] 30~55%7]4
Zrastgele  7Zo]ui(Table IV). Thioethers EFlE
cytochrome P-450¢] 2j3] A=+ N-acetylp-benzo-
quinoneimines} ¥k-g-3lo] AAFHDZE o) o|F EA
E4o] cytochrome P-450% E@A43lsi7 v} 373l
N-acetyl-p-benzoquinoneimine 2] AAdo] oA|=lo] glu-
tathione ¥ AAle] 714=H Ao 2 QA=) CCL=
cytochrome P-450¢ 3|8l R o2 & otax] glom,
TA¥E microsomal sulfoxidationel] 23 ZAsl=cla

Table IV, Effect of hepatotoxicants on the total excretion (Biliary plus urinary) of AA and its metabolites %

Excretion

Treatment AA-glucuronide AA-sulfate AA-thicethers AA Total
umol/kg

Control 2031+ 21.1 193.6+ 135 97.6%+ 136 454+ 124 526.7+ 76.1

cCl, 178.0+ 17.8 225.7419.0 314+ 52* 6421 88 499.3%+ 43,6

CdCl, 191.0+ 214 201.3% 149 533+ 7.8* 784+ 113 519.8+ 50.7

TA 150.2+ 22.2 163.0% 20.2 283+ 52* 491+ 838 390.8% 50.8

= Rats were treated with CCL(0.75 ml/kg, ip, 24 hr), CdCL(3.9 mg/kg, iv, 16 hr) or TA(200 mg/ke, ip, 24 hr), before injection of AA(150

mg/kg, ).
*Values represent means * SE. of four to six rats.

An asterisk denotes a statistically significant difference from control at p<0.05.
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382 ¢l o Z membraned HEA|A cytochrome P-
4502) Al 43S vw]A g v levi, 1987). Thioe-
thers E3319] wjdgke] 7r4%t Y28 cytochrome
P-4508] odeolel|x EgHA| o] AFH <3 glutathione]
QA Bt A4 W) AFEW glutathiones]
Z}4, 1= glutathione-S-transferase] &A1 W 5lol] 2]t
A& ALAT 5 dev), o3 Yee2 glutathione

CONCENTRATION OF AA IN BLOOD (nmol/ml)

MINUTES

Fig. 3. Effect of hepatotoxicants on blood toncentration of
AA and its metabolites. Rats were treated with CCly(0.75
mi/kg, ip, 24 hr), CdCl(3.9 mg/kg, iv, 16 hr), or TA(200 mg
/kg, ip, 24 hr) before injection of AA(150 mg/kg, iv). Symbols
represent means * SE of four to six rats. An asterisk deno-
tes a significant difference from the control group at p<0.05.
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E3A9] wjAdgke] A4t AAY] {57 AR Q
N-acetyl-p-benzoquinoneimine®] F5-31==] F-3ls] A
| o} thiol3} WHE3te AEFHo] F7HE o ok
Thioethers Eg&A|2] wjdsfF Fraed] AEEHE o2 o
Al S F7Fs Ve ggrend, AAS] HE 44 &
=7} BAEA Fodtel A FrAastgem cytochrome P-
450¢] Fg¢) GSH X§A 9] Q&S] o8 Ags
e OB thioethers EgHAle] widake] kv
5 %1-& cytochrome P-450¢ 2]k N-acetyl-p-ben-
zoquinoneimine ¥ AJAjo] FFAE uFo|at ALEETh
TA¢} CdCl; Fo]3tel|A] thicethers E§A|¢) Fu]4d
e ZrAslg] 2v; AA-mercapturate EgHA 2] w2
A Zrystgle). weba] @Ee 2] glutathione ¥
Ao wjdake] Fhidhe FHUQe AR QA%
Aog A=A, dEeze] wAd 94 F4E B
e Aoz A7Eh TA Tl @5 2w
=7 dazdiel Weked), @ Ev7) gAaFH &G
2o WAtA Y Fv) o] AR AJoerw P74
T stk ey 2 Beleh giAbH ) s Ry
e el Ag fAe dside GEHA vk BA
wrl =3 CCL, CdCl, ¥ TA Fofios BF ke
WASE7l FrbEgles, dAAY Fuldakd] dijt
g 3 vl Adeke) v)$e) glucuronide E3A|1} sulfate
Z3A, AA 2 AR SR 2y v}
10% Z=nte] Z7}=]9ic). Mercapturate E3HAl= o
Zg-ol| 4 9] thiOétf{erS XA 9] Fvl o) gl v]-go)
7%H) W3 B4 FoTe e 30~-45%4) &2
Z7F= %lci(Table m, IV). oj=ba] el A=l GSH
ZEAE CCl, CdCl; ¥ TA o8 7hsalA] tffo @
olg e o WAdEs R} W Wi &
2 wjAdEe A2l 2ok 4 5 Uk \
Sulfation AA2] &%l A} 429 sh}E AAE F
of me} fALAH R P]%"] A =g e A
T F 7% 79 sulfate EFAZ 90% o] o] vt
(Galinsky¢} Levy, 1981). Sulfation& Km} Vma;g?]-
Zhol oWt o 2 A T3E I FEFEI} HE5F v
¥ R sulfate THAI} YAHE AoE LA
slck. web g HErt ¥ A% sulfate LA )

Table V. Pharmacokinetic parameters® following Intravenous Administration of \AA lmmol/kg“

Control cc, CdCl, TA
Elinination rate constant, k(min-1) 0.0093+ 0.0007 0.0057% 0.0034* 0.0075% 0.0041 0.0047+ 0.0032*
Biological half-life, t;z*(min) 107.5%+ 1.63 108.8+ 21.1 133.3+65.8 2128+ 15.7
Area under curve, 0 to infinity(umol.min/m/)  111.8+ 44 197.6x 604* 181.9+ 21.4* 287.6+ 56.3*
Total body clearance, CLT*(ml/min/kg) 8.74+ 0.07 3.68% 0.54* 5.11+ 1.09* 2.46% (,34*
Volume of distribution, Vd*(mi/kg) 960.0+ 11.7 912.6+ 32.0 802.2% 70.0

7213+ 1341

?Values are mean + SD of four to six rats.
* Harmonic mean.
¢SD was obtained by a jackknife technique.



