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Abstract-The isolated. perfused rat liver metabolized paracetamol to @ucuronide. sulphate and 

glutathione conjugates. Sulphate conjugation was the preferred route ot mctaholism at the drug 
concentrations studied. but formation of glutathione conjugate hecame increasingly prominent at higher 

paracetamol concentrations. Sulphate cnnjugation was saturated at a paracetamol concentration in the 
perfusatc of 5 mM. while formation of glucuronide or glutathione conjugates was not yet saturated at 
10 mM. The sulphatc conjugate was predominantly excreted into the perfusate whereas the excretion 

pattern for the glucuronide and glutathione conjugates changed with time. Initially. both these conjugates 

were almost exclusively excreted in the hilt. after 90 min perfusion mainly into the perlusate. Preformed 
paracetamol conjugates were not transferred from perfusate to hilt hy the isolated perfused liver. 

Freshly isolated intestinal cells rapidly converted paracctamol-S-glutathione to paracetamol-S-c~steinc 

which was slowly acetylated to the N-acetylcvsteine derivative. Methionine stimulated. and serine.horate 
inhihited. the breakdown of paracetamol-S-glutathione hy intestinal cells. indicating the involvcmrnt 

of y-glutamyltranspeptidase in the reaction. Biliary paracctamol-S-glutathione was metabolized similarly 

by the small intestine it1 rim: the subsequent appearance of the cystcine conjugate in plasma revealed 
that breakdown 01 the glutathione conjuyte occurred before or during passage through the intestinal 
wall. Direct absorption of paracetamol-J-c~stcine from the intestinal lumen to the portal blood was 
verified hy mstillation of this dcriwtivc in the intestinal lumen irz sirrr. Analysis of plasma also indicated 
entcrohepatic circulation and reabsorption of biliary paracetamot and paracetamol filucuronlde from 
the intcsiinal lumen 

Paracetamol (N-acetyl-para-aminophenol) is a 

widely used analgesic and antipyretic drug. In thera- 
peutic usage paracetamol is considered nontoxic 
but when taken in overdose it produces liver damage 
in man [ 11 and various animal species [Z-4]. Para- 
cetamol is primarily metabolized in the liver by con- 
jugation with glucuronic acid and sulphate but may 
also undergo cytochrome P-450dependent N- 
hydroxylation [3, 41. The N-hydroxy derivative can 
subsequently dehydrate spontaneously to yield acet- 
amidoquinone. which is believed to be the toxic 
species of the drug 1-l. -51. The reactive metabolitc 
is trapped by conjugation with glutathione (GSH). 
which may lead to depletion of hepatic GSH followed 
by covalent binding of the electrophilic metabolite 
to critical cellular macromolecules; this effect is con- 
sidered to bc the ultimate cause of cell damage 
[4,6,7]. 

In our laboratory paracetamol metabolism has 
been studied with suspensions of freshly isolated cells 
from rat liver and kidney [8, Y]. In liver cells three 
major metabolites are formed. the glucuronide. sul- 
phate and glutathione conjugates. Paracetamol-S- 
glutathione is rapidly metabolized by isolated kidney 
cells to paracetamol-S-cysteine which is slowly ace- 
tylated to the N-acetylcysteine derivative. Removal 
of the y-glutamyl group from paracetamol-S-gluta- 
thione is catalyzed by y-glutamyltranspeptidase and 

that of the glycyl residue by a particulate peptidase 

WI. 
Glucuronide and glutathione conjugates of various 

drugs are known to appear at high concentrations 
in bile. However, in viva paracetamol metabolites 
are almost quantitatively eliminated in the urine [6], 
suggesting that the bulk of the liver metabolites are 
excreted into the blood, or that a reabsorption of 
biliary metabolites from the intestine occurs. Most 
investigations of metabolism and toxicity of para- 
cetamol have been performed in viva and thus do 
not provide information relating to this problem. 
The isolated perfused liver offers an in viva-like 
model in which the distribution of a drug between 
perfusate and bile may easily be followed. 

In the present study we have used the isolated 
perfused rat liver to investigate the metabolism of 
paracetamol and the distribution of paracetamol 
metabolites between perfusate and bile. The role of 
the small intestine in the metabolism of paracetamol 
and biliary paracetamol metabolites in the rat has 
been studied in the small intestine in sitar and with 
isolated intestinal cells. The results support a pre- 
dominant role of the liver in overall paracetamol 
metabolism and indicate that although high metab- 
elite concentrations do occur in bile, the bulk of 
metabolites are released into the perfusate. The 
small intestine appears to play a minor role in the 
total metabolism of paracetamol but is active in the 
further metabolism of the glutathione conjugate. 
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MATERIALS AND RIETHODS 

Animuls arzd chemicak. Male Sprague-Dawle\ 

rats weighing 18(~?50 g were maintained on pelleted 
food (Anticimex avelsfoder R?. Astra. Siidert:ilje. 
Sweden) and tap water ad lib. Paracetamol-S-c!s- 
teine was a generous gift from Sterling-Winthrop. 
Newcastle, England. Paracetamol and other chem- 
icals were obtained from local commercial sources. 

Isolated, perfused liiw. Ether anaesthctired irats 
were given 1000 IE heparin in a tail vein. The 
abdominal cavity was opened by a midventral inci- 
sion, the bile duct isolated and a catheter (Intramedic 
polyethylene tubins PE 10. inner dia. 0.X mm. outer 
dia. 0.61 mm) was mtroduced. pushed up to the li\w 
hilus and secured with a ligature. Bile immediately 
started to drip out of the distal tip of the catheter. 
and was collected as “blank”. A conical-tipped probe 
cannula was inserted into the portal \ein and secured 
in place with a ligature close to the liver hilus. Per- 
fusion was started with the liver in situ using moditicd 
Krebs-Henseleit buffer. pH 7.1. containing ?S mM 
Hepes (N-Z-hydroxyethylpiperazine-N’-2_ethanc- 
suifonic acid) and 2Y bovine serum albumin. The 
buffer was oxygenated (Y5c/, 02, j’i CO:) and maiii- 
tained at 37°C. As soon as the cannula had hecn 

inserted, the liver was dissected free and placed on 
a plastic grid in a glass chamber. The perfusate was 
allowed to drain freely from the hcpatic vein back 
to the reservoir; thus we had a closed recirculating 
system with separate collection of bile. The llo\v of 
perfusate through the liver was kept at about 
15 mlimin and the perfusion pressure at 20 cm f120. 
Bile flow was 600?50 plihr during the experimrnts. 
As soon as the surgical procedure W:I\ completed 

and bile flow stabilized (IO-25 min). drug (paracc- 
tamol or preformed conjugates) was added to the 
perfusate and immediately mixed. From thih time 
point samples were taken from perfusate and bile 
every 15 min. The samples were deprotcinizcd by 
dilution with 3 N perchloric acid ( 1: I .5). centrifuged 
and the supernatant was analyzed by high perform- 
ance liquid chromatography (HPLC). C‘onjugatex of 
paracetamol were obtained by incubating hepato- 
cytes from phenobarbital pretreated rats with 5 mM 
paracetamol dissolved in the modified Kreb-I Icn- 
seleit buffer. Hepatocytes were isolated according 
to the procedure of Mold& (‘t al. [I I]. 

Closed intestinal .segment in situ. Ether anaesthr- 
tized rats were given 1000 IE heparin in ;I tail vein. 
The abdominal cavity was opened by a mid\~entral 
incision. A 12-15 cm segment of the gut distal of the 
pyloric sphincter was flushed with Krcbs-flenxeleit 
buffer, pH 7.4. filled with 2 ml of paracctwmol. par- 
acetamol-S-cysteine or preformed paracetamol con- 
jugates in buffer. and closed by two ligatures tied 
at both ends. Great care was taken to avoid com- 
promising the blood vessels. In the experiments 
where paracetamol-S-cysteine was instilled in the 
intestinal lumen. the renal vessels were ligated to 
avoid any metabolic interference from the kidneys. 
The bile duct was cannulated and the bile collected 
as well. Samples were taken from the intestinal 
lumen, portal and caval veins by needle puncture 
with a syringe after 1.S min. The samples \vert‘ 
deproteinized by dilution (I : 1 .S) with 3 N perchloric 

acid, centrifuged and the \upcrnatant ;IYWI cd 1)~ 

I IPLC 
Prc~prrrrrtior2 o/’ i.\c~lcric~ti ciltc~5titrtrl cf~ll\. Inte\tin;il 

cells were isolated according lo the method of Stohs 
ctrrl. [ 12) as modified by Grafstriim V( tri. 1 II. L~IIIoLI\ 
mucosa from ii 40 cm small intestinal \cgmcnt ,uc’- 
ceeding pylorus. uxs incubated for IO miii ;I[ 37” in 
a Hank’s medium also containing -l mX1 C‘a<‘l_. 
35 mM NaHCO:, 5 mM glucow. 25 IIT hep;lrin ml. 
(1. IO’; collagrnase and O.OOr’; h!,aluroiiid;l~~. ~l-hc 
resulting cell suspension was \\x\herl tu ICC’ V, ith <I 
Krebs medium supplcmcnfed ivith IS mhl f lepc~_ 
5 mM glucose. 75 IU heparin ml and 5011 II: pen- 
cillin/nYl. gSf” c of the freshly ~solatcd cc’II\ c~cludcd 
trypan hluc anti NADf 1. i’iilhilit! U:;15 unch;lngc~cl 
during _ 2-1 hr after cell isolation uhcn tbc intc\tlnal 
cells were kept at -I”(‘ in the ~upplementetl Krcb\ 
medium. 

,&SUJ. Metabolites of paracetamol \+t’rt’ .m;~l\./t~l 
by HPLC as described by MoldCus [#I. Sep;rr;ition 
ot the metabolitc+ was achieved on ;I rc\er\ctl pha\c 
p-Bondapak C-IS col~min (Water\ Associate\. inc.. . 
Massachusetts. L:.S.A.) attached to ;I Spectra Pb\\- 
its model 3100 liquid chromarogr~lpti cquippetl \vith 
a variable UV detector and ;I Spectra Ph\\ic\ S\ \tcm 
I integrator. Quantifcation 01’ the metltholit& \-vii\ 
accomplished using paracctamol as :I \tand,lrd \incc 
the molar extinction cocflicicnt\ of’ the mctabolitc\ 
and paracetamol arc e\seiiliall!, the same II;. l-11 

(a) Bile (a 1 Perfusote 
6 50 
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Paracetnmol 
concentration 

____- 

ImM 

5mM 

- 

Paracctamol 
sulphate 14.50 7x 1.30 

Paracetamol 

giucuronido IO.20 It( ‘7.50 

Par~IcctiiIlltrl-S- 

glutathione 2.10 4 I.40 
Total 56.80 IO0 5.30 

* The isolated liver was perfused for 40’ with different conccntratlow of paracetamol. Bile v,as wllccted 
during the experiment. Bile and pcrfusate were analyzed for p:lracctamol mctaholitcs hy IIPLC‘. For further 

details see Materials and Methods. 
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When paracctamol was dissolved in Krebs-tien- 
srleit buffer. pH 7.4. and recirculated through the 
isolated rat liver. free ~~aracetam(~l as well as con- 
jugated metahoiites were found in both bile and 
perfusate. Figure 1 shows the total amount of par- 
acetamol metabolites excreted from the liver via the 
bile duct and the hepatic vein, respectively. 

The perfused rat liver metabolized paracctamol 
to glucuronide. sulphate and glutathionc conjugate 
(Fig. I. Table 1). The formation of all con.jugates 
increased with increasing paracctamol concentration 
and at all concentrations the sulphate conjugate was 
the major metabolite (Table 1). The sulphate con- 
jugate was predominantly excreted into the perfusatc 
whereas the excretion pattern for the glucuronidc 
and ~lutathion~ conjugate changed with time (Fig. 
1). Initially these conjugates were almost cxclusivciy 
excreted in bile and for up to 30 min of perfusion 
only very small amounts of these metabolites were 
found in the perfusate. At this time there was a rapid 
increase in excretion of both the glucuronide and 
glutathione conjugates into the perfusatc and at 
91) min this was the major route of excretion for these 
conjugates (Table 1). Even though at this time the 
bulk of metabolites was excreted into the perfusate 
the concentration was lOO_IOOO-fold higher in the 
bile. 

Distribution of preformed paracetamcrl metab- 
elites between perfusate and bile was investigated 
by perfusion of the isolated liver with paracetamol 
and paracet~~mol conjugates produced in isolated 
liver cells (Fig. 2). Perfusion with a mixture of pre- 
formed conjugates, containing only 0.10 mM free 

Bile 
1 300 r Perfusate 

I&-&x--.-c x-x I 1 j / I 
30 60 90 30 60 90 

min min 

Fig. 2. Total paracetamol conjugate contents in bile and 
in perfusate recirculated through an isolated rat liver. The 
perfusate contained preformed conjugatca. manufactured 
by incubating isolated hcpatocytes from phenoharhital- 
treated rats with 5 mM paracetamol for 7 hr. Diagrams 
show one experiment typical of the three performed. 

A -A. paracetamol sulphate; X- x. paraccta- 

mol glucuronide; w, paracetrtmol-S-glutathione; 

= -m. paracetamol. 



paracetamol, showed that paracetamol-S-glutathi- 
one and paracetamol glucuronide were excreted into 
the bile only to a very slight degree. The concentra- 
tion of these mctaholitcs in the pcrfusate hardly 
changed during 90 min perfusion. Pnracctamol sul- 
phate appeared in the bile in someivhat higher con- 
centration than the other mutaholites. hut the con- 
centration of paracetamol sulphate in the pcrfusate 
was unchanged. Free paracetamol in the pcrfusate 
decreased linearly with time. This tiecreabc was only 
partly explained by biliary excretion of sulphatc coil- 
jugate. accounting for 60 per cent of the total iocs, 
indicating that the remaining 4) per ccw of the 
conjugate formed were released into the perfusatc. 

Mc~ab~~~jsrn of par~icet~~l?~ol conjugatcx. prc- 
formed by incul~at~~lg paracetamol with hcp;itocytcs 
isolated trom phenobarbital prctrcated rats was 
studied with a suspension of isolated intestinal cells. 
Paracetamol-S-glutathione was rapidly converted to 
paracetamol-S-cybteine by intestinal cells (Fig. 3). 
No paracetamol-.S-c~stcinyl~l~cinu was detected. 
indicating a rapid hydrolysis of this intermediate. 
The cysteine conjugate was then :~cetylated at a low 
rate (approximatei\: 0.03 nmolc per IO“ cells and 
min) to paracetaniol-.F-~icet~ic~stcinc. The total of 
the three suffhydrl;i conjugates wa:, essentially con- 
stant during the incttbation. ~il[lic~ltiilg ~t(~icllioilletric 
conversion of the GSH ~t)r~,iLI~~it~ to the cy,stcine and 
~‘-acetylcysteine derivatives. The illet~ib(~il~lil of free 
paracetamol by the isolated intestinal ceils con- 
tributed minimall> to the lot;rl concentratictn of 
sulfhydryl conjugates [I.?]. 

Methionine at ;I concentration of 1 mM stimulated 
by almost 50 per cent the conversion of paracetan~ol- 
$glutathione to paracet:imol-,)-cysteine (Fig. 3). In 
contrast. serine.boratc. ;I specific inhibitor of y-glu- 
tamyltranspeptidasc [ 151, iJc:ll’l!’ corJJp]ctc]! hlwked 

the metabolism of the glutathione conjugate b> 
intestinal cells, which confirms the role ot the y- 
glutamyltranspep~idas~ in the reaction sequence. 

Paracetamol was instilled in the intestinal segment 
ia siru and samptes were taken after 15 min from the 
intestinal Iumcn. portal and cavai veins and from the 
separately colkctcd bile: the distribution c)f pwl- 

cetamol metabolites i\ shown in I‘;lhlc 2. Giucurctn- 
ide and a+hatc con jugatca appeared both in the 

gut lumen and in pIa&. A small proportion of the 
absorbed paracetamol W;IS prohabl~ conjugated with 
glucuronic acicl or- sulphate during the passage 

‘c---+------.__ 
- -.-, 

30 60 120 

DlI” 

through the intestinal wall as has hwn pt~cv~~l~~i~ 

described [lb]. However. the major part of Thor 
metabolites seemed to be circulating liver metab- 

elites, indicated by the high concrntratiorl of COW 
jugates in the caval vein. The luminal Fluid ct)rhiGc‘ti 
onlv to a minor part of glucuronidc mrl sulphatc 
conjugates. No paracctamol-.C-glutathic,nc or p;tr:t- 
cetamol-S-cysteine was detected in the IntcGiriat 
lumen or plasma. The major biiiary metabolitc \V:I\ 
the sulphate conjugate which \vac present at tv.ice 
the concentration of the glucur~~ni~ie. P~nc~tamcti- 
~-glutathione accounted for only I per cent of hiliar! 
paracetamol metabolitcs. 

The isolated livers of tive rats were perfused with 
5 mM paracetamol and the bile was collected, poole~i 
and diluted IO-fold with Krebs-lienseleit buffer. The 
biliary paracetamol metabolite solution ~‘a’r thctl 
instilled in the closed intestinal segment. ‘fhc di+ 
tribution of paracetamol metabolites in the intestinal 



Paracetamol metabolism in liver and intestine 

Table 3. Percentual distribution of paracetamol metaboiites in intestinal k~men, bile and phsllla 

after instillation of biliary paraeetamoi metabolites into the small intestine” 

lntest~nal 
lumen 

Plasma 

Bile Portal \‘e,” Caval vein 
Metabolites 0 min 15 min G-15 min 15 min I? min 

.ll_l- 

Paracetamol 27.X 10.0 0.5 3 x ,5 12.1 
Paracetamol glucuronide 41.9 56.1 28.6 35.3 32 Ii 
Paracetamol sulphate 9.2 12.7 64.0 21.8 ii.6 
Paracetamol-.~-glutathione 1x.2 4.0 5 .o <I.0 < 1 .o 
P~~r~icetamt~i-~-cysteine 2.9 17.2 1 .o 4.5 7.0 

Total 100.0 100.0 100.0 lW.(i 1011.0 
_I_ 

* The instilled solution of biliary paracetamol metabolites contained hXf) ~.LM paracetamol. 
1025 @4 paracetamol glucuronide conjugate. 225 gM par~~cct~lrn~~l suiphatc coniugate. 445 _thl 
oardcetamol-S-elutathione and 72 uM paracctatnol-S-cysteinc. For further details SW Tahlc 3 and 
baterials and I?ethods. 
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lumen and in portal plasma is given in Table 3. 
Paracetamol was more easily absorbed than the glu- 
curonide or sulphate conjugates as suggested by a 
decreased concentration of paracetamol, and an 
increased proportion of glucuronide and sulphate 
conjugates, in the int~stiliai lumen after 15 min. 
However. the major change in the intralum~nal 
distribution of metabolites was the conversion 
of paracetamol-S-glutathione to paracetamol-S-cys- 
teine. The cysteine conjugate. but only trace 
amounts of the ~lutathi~~ne conjugate. was found in 
plasma, which Indicates that paracetamol-~-gluta~ 
thione is metabolized to the cysteine derivative 
before or during the passage through the intestinal 
wall. The major metabolite in plasma was the glu- 
curonide. The increased proportion of this metab- 
olite in plasma suggests a direct uptake of the biliaq 
paracetamol glucuronide in addition to a small pro- 
duction of gtucuronide conjugate by the intestinal 
epithelial cells. 

Instillation of paracetamol-S-cysteine into the 
closed intestinal segment in situ resulted in a direct 
uptake of this conjugate which appeared in portal 
plasma and in bile (Table 4). After 15 min the con- 
centration was 11 FM in both portal and caval plasma 
and 30 FM in bile. Paracetamol-S-acetylcysteine was 

Table 4. Concentrations of paracetamol-S-cysteine and its 
acctylated mctabolite in intestine. plasma and bile after 
instillation of cysteine&paracetamol into the small 

intestine* 

paracetamol-.Y- paracetamol-S- 
cysteioe acetylcysteine 

Source ii*M) (cLM) 

Intestinal lumen+ 2310 20 
Plasma* 11 not detected 
BileS 30 6 

* Paracetamol-S-cysteinc. at a c~~nc~ntration of 1.6 mM. 
was instilled into the closed small inte&al segment in sifzr 
after the renal vessels had been ligated and the bile duct 
cannulated. One experiment typical of the three performed. 

t Samples were taken 15 min after instillation of cysteine- 
S-paracetamol in the intestinal lumen. The same concen- 
tration of cysteine-S-paracetamol wab observed in caval 
and portal plasma. 

$ Rile was collected for 1.5 min. 

not detected in plasma although present in 
the intestinal lumen and in bile (Table 4). Assuming 
a plasma volume of 7 ml (in a 200 p rat), the uptake 
of paracetamol-S-cysteine from the intestine may be 
calculated to approximately 81) nmoles of cysteine 
conjugate in 15 min. Since bile Row was ~150 ~1 in 
1.5 min. only 5-6 nmoles were taken up by the liver 
and excreted in bile. 

Metabolism of paracetamol was studied in the iso- 
lated, perfused rat liver at 1. 5 anti 10 mM drug 
concentrations in the perfusate. A therapeutic dose 
(0.6-l g) in man leads to a drug concentration of l- 
2 mM in portal plasma. A concentration of 10 mM 
thus represents an overdose which, however, did not 
damage the isolated perfused liver in regards to the 
investigated drug metabolic functions. 

Our findings of suiphate, glucuronide and gluta- 
thione conjugates as the main metabolites of para- 
cetamol confirms clinical-pharmacological studies 
I.51 as well as results obtained with isolated hepa- 
tocytes [S]. Paracetamol-~-cyst~ine was not detected 
in the perfusate, but inconstantly at low concentra- 
tions in the bile. 

Under our experimental conditions. overall 
metabolism of paracetamol appeared to be linear up 
to a drug concentration of 5 mM in the perfusate. 
The total amount of conjugates formed was close to 
S-fold higher with 5 mM than with I mM paraccta- 
mol. A further increase in drug concentration to 
lOmM, however, resulted in only 50 per cent 
increase in total amount of metabolites excreted; the 
sulphate conjugate increased by only 17 per cent, 
the glucuronide conjugate by 111 per cent and the 
~lutathione conjugate by 373 per cent. Thus. sul- 
phate conjugation appeared to become saturated. 
In isolated hepatocytes saturation of the sulphate 
conjugation system occurs already at a paracetamol 
concentration of 1 mM; glucuronidation becomes 
saturated at 5 mM, whereas GSH conjugation is not 
saturated even at 25 mM paracetamol concentration 
[S]. Under our experimental conditions we were not 
able to saturate either glucuronidation or GSH con- 
jugation in the perfused liver. This difference may 



reflect an uneven distributi~3n of p~~r~~cet~~rn(31 
between the individual hepatocytes in the intact liver. 

Even though the hulk of the paracetamc~l crmju- 
gates was recovered in the recirculating perfusatc 
after 90 min of perfusion (cf. Table 1). initiali! the 
glucuronide and plutathione conjupatcs QYTC’ mainly 
excreted in bile (cf. Fig. I ). The reason tor this 
chary in excretion pattern with time 1s not clear but 
a toxic effect of paracetamol on hiliarv oscretion 
may have been a coiitribLit~3r~ factor. I\ 13rc~l(~t~liii~~ilt 
excretion of the plutathionc conjugate into bik 
would be in agreement with the ohscrvation of 
Wahlkinder and Sies that the S-plutnthlonc con- 
jugate of I-chlort3-7.~-tlinitr(3bc~lzc~~c formed in the 
perfused liver is exclusively excreted in the bile 

1171. 
On some occasions we saw a transient decrease 

in bile flow, but this was atways accompanied by an 
increase in biliarv ~ne~~~bt~iite cctnceiltr;iticrns. denctt- 

ing that bile tlow was not a limiting factor for con- 

jugate excretion in the bile. Wahlliinder and Sies 

recently reported that bile Row NTIS stimulated during 
biliary excretion trf a S-glutathionc conjugate of I- 

chloro-Z.j-dinitrobenzeile in the isolated pet-fused 
liver [ 171. In contrast to them \ve obscrvccl no stimu- 

lation of bile tlow even at the highest rate of para- 
cet~lmol-S-giut~rthionc formation and cucrction. 

The partiti(~ii hetwccn the ht’patic vc’nou~ and 
Mary routes of cxcrction varied between the con- 
jugates. Parncetamoi sulphate \\‘a~ mainly cscrrted 
in the pert&ate and only to ;I \‘cr!’ small extent in 
bile. Glucur(~tli~ic and ~lltt~~thi~)13c conjugatss 
appeared at much higher c~3nceti~r~iti~3lls in blk. as 
compared to the sulphatc co17jugate. but still the 
hepatic vein was the 1nain outflow route for all three 
metabolites. The excretion rates acre lincar In prr- 
fusate as well as in hilt for a11 three conjugate\ ;tnd 
the relative pr~3p(3rti~3ns remained constant in per- 
fusate and in bile. However. the pattern of’ conju- 
gates varied with initial paracctamol concentration. 

At increasing paracetamoi concentration sulphatc 

conjugation plaved a less ~3roiiiincnt roic. whereas 
GSf f conjugation hrcamc qu;mtitnti\el~ iwi-t’ 
important. 

Perfusion of the isolated liver with a medium con- 

taining pr~f~~rnie~i p~~r~~cct~~iii~~l corljuyatra. in adtii- 
tion to a very low concentration of free drug. shctwed 

that the conjugates were not absorbed. This w;~s 
most likely due to their low lipid soluhilit!,. The onl! 
conjugate that appeared in bile under these condi- 
tians was p~~ra~~t~lti~oi sulphatc. Thk may bc sur- 
prising. since the sulphnte conjugate is the least 
prominent of the biliary. paracctamol mctaholites 
(cf. Table 1). However. III similarit\; to the results 
obtained when paracetamol was inatilit‘d in the 
intestinal lumen (cf. Table 3). it has been shown that 
at very low paracetamoi conccntrationr (in the 

micromolar rang!). the sulphatc conjugate is the 
main metabotitc m bile as welt as in hepatic venous 
blood, indicatill~ ;I prckrencc for this metabolic 
pathway [IX]. The unchanged concentrations of &I- 
curonide andglutathione co~iju~atca in the prrfusate. 
their absence in bile, and the Ilnear decrease of free 
paracetamol in the perfusate suggest that additional 
synthesis of par~~cet~~tn(3i sulphatc w;t\ responsible 
for the appearance of this mctahoiitc in hilt. 
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flora [25,26], since very little paracetamol is excreted Il. P. Mold&s, J. Hligberg and S. Orrenius. Meth. in 

in faeces [27]. Enzym. 51. 60 (lY7X). 
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