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Abstract-The stabilities of several drug oxidation and conjugation pathways in human adult hepatocytes 
have been investigated during 72 hr culture. Cytochrome P-450-dependent mixed function oxidase 
was measured by the 0-dealkylations of ethoxyresorufin (EROD), pentoxyresorufin (PROD) and 
benzyloxyresorufin (BROD), which are probes for different isozymes of cytochrome P-450 in the rat. 
EROD declined to 64% of initial fresh ceil values after 72 hr in culture, whereas PROD increased to 
162% and BROD remained relatively constant. Addition -of phenobarbitone to the culture medium 
selectively increased PROD to a greater extent than EROD and did not affect BROD. NADPH- 
cytochrome c reductase and NADH-cytochrome b5 reductase were markedly labile during culture, 
declining to 32% and 22% of fresh cell values respectively. Epoxide hydrolase (EH) showed a large 
transient increase (2-5-fold) in enzyme activity 24 hr after culture, declining to fresh cell values by 48 hr. 
UDP-glucuronyltransferase (GT) activity towards phenolphthalein and 1-naphthol also increased (2-3- 
fold) during the 72 hr of culture, the greater and more rapid increase being observed with phenolphthalein 
glucuronidation. Sulphotransferase activity declined rapidly within 24 hr of culture, whereas reduced 
glutathione (GSH) levels and GSH conjugation were maintained at fresh cell values for 72 hr. 

Many carcinogens and cytotoxic xenobiotics are acti- 
vated and detoxified by cytochrome P-450-depen- 
dent mixed function oxidation (MFO)§ and con- 
jugation with glucuronic acid, sulphate and reduced 
glutathione (GSH). The extent of carcinogenicity 
and cytotoxicity depends on the balance between 
these activation and detoxification processes. The 
information available for the carcinogenic and cyto- 
toxic potential of xenobiotics in man is usually 
obtained through extrapolation from animal studies. 
However, there is increasing evidence that the 
metabolism of xenobiotics in human tissue is dif- 
ferent from that in animals [l], so it is essential to 
develop systems that can be used to measure the 
metabolism and to predict the toxicity of xenobiotics 
in man. Cell cultures from human tissues provide a 
system for studying human xenobiotic metabolism 
and mechanisms of cytotoxicity and carcinogenesis 
under defined conditions in vitro. 

Primary cultures of hepatic parenchymal cells iso- 
lated from experimental animals have become an 
established method for such studies [2,3]. However, 
a major problem inherent with cultured hepatocytes 

5 Abbreviations used: EROD. ethoxvresorufin O- 
deethylation; PROD, pentoxyres&utin d-dealkylation; 
BROD, benzvloxvresorufin 0-dealkvlation: CDNB. l- 
chloro-2,4-dinitrodenzene; h4F0, m>xed function ox;- 
dase; HBSS, Hank’s balanced salt solution; HEPES, 4-(2- 
hydroxyethyl)-1-piperazine ethanesulfonic acid; GSH, re- 
duced glutathione; GT, UDP-glucuronyltransferase; EH, 
epoxide hydrolase. 

is the instability of a number of specific functions [4]. 
For example MFO activity declines to low levels 
within the first 24-48 hr of culture [3,5]. Primary 
cultures of human hepatocytes have been reported 
to maintain the concentration of cytochrome P-450 
more effectively than cultures of rodent hepatocytes 
[6], but there is little information available on the 
maintenance of the enzymic functions of cytochrome 
P-450 or on the activity of conjugation reactions 
during culture. In this paper the activities of three 
reactions catalysed by cytochrome P-450 and the 
activities of three conjugation reactions are described 
during primary culture of human adult hepatocytes. 

MFO activity was measured using three hom- 
ologous substrates, ethoxy- and pentoxy- and 
benzyloxy- resorufin, which identify the MFO 
activity of different isozymes of rat liver cytochrome 
P-450 [7]. UDP-Glucuronyltransferase (GT) activity 
was measured using 1-naphthol and phenol- 
phthalein, which are preferential substrates for 
the 3-methylcholanthrene-inducible and phenobar- 
bitone-inducible transferases respectively in rats [8]. 
Glutathione conjugation was investigated using l- 
chloro-2,4_dinitrobenzene (CDNB), which is a sub- 
strate for at least three different isozymes of cytosolic 
glutathione-S-transferase in human liver [9]. 

MATERIALS 

Hydrocortisone-21-succinate, 5-aminolaevulinic 
acid, NADH, NADPH, isocitric acid, isocitrate 

2311 



2312 M. H. GRANT er al. 

dehydrogenase, cytochrome c, Lubrol PX, bovine 
serum albumin (Fraction V) and reduced glutathione 
were all obtained from Sigma. Foetal calf serum 
was from Flow Laboratories and collagenase from 
Boehringer Mannheim. Resorufin, ethoxy-, pent- 
oxy- and benzyloxy-resorufin were synthesised as 
described by Burke and Mayer (lo]. Phenanthrene- 
9, IO-oxide and phenanthrene-9, IO-dihydrodiol 
were prepared as previously described [ 111. 

METHODS 

1. Preparation of hepatocytes. Liver samples were 
obtained from renal transplant donors. Immediately 
after removal of the kidneys the liver was excised 
into ice-cold 0.9% NaCl and within 30-45 min of 
removal from the body a section (approx. 50 g) was 
cut off, such that it had only one cut surface. The 
section was perfused at 37” via four cannulae of 
differing external diameter inserted into suitable ves- 
sels, with Hank’s balanced salt solution (HBSS) con- 
taining 1% w/v bovine serum albumin, 0.6mM 
EGTA and 12.5 mM 4-(2-hydroxyethyl)-l-pipera- 
zine ethanesulfonic acid (HEPES). One litre of this 
solution was perfused at 20 ml/min without recir- 
culation. A second solution of HBSS containing 
12.5 mM HEPES, 1.25 g/l collagenase and 4 mM 
calcium chloride was perfused and recirculated for 
45 min. The sample was transferred into a Petri dish 
and the cells were dispersed into HBSS containing 
12.5mM HEPES. The suspension was filtered, 
allowed to sediment on ice under 95%Oz/5%COz, 
and washed twice by sedimentation in the same 
HBSS buffer. Viability was assessed by Trypan Blue 
exclusion. 

2. Culture of hepatocytes. Cells were seeded in 
1Ocm Falcon Petri dishes at a concentration of 
3 x lo6 viable cells in 10ml of modified Earle’s 
medium [12] supplemented with lU/l insulin, lo-(’ M 
hydrocortisone-21-succinate, 10m6 M 5-aminolaevu- 
linic acid, 5% (v/v) foetal calf serum, 2.5pg/ml 
fungizone, 100 U/ml penicillin and 100 pg/ml strep 
tomycin. The culture medium was changed 4-6 hr 
after seeding, and then daily. When sodium pheno- 
barbitone (2 mM) was added to the medium, it was 
added daily after 24 hr in culture, and the medium 
was renewed every 24 hr. 

3. Analytical methods. The measurements of cyto- 
chromes P-450 and bs, EROD, PROD, BROD, EH 
and the cytochrome reductases in freshly isolated 
and cultured cells were carried out using whole cell 
homogenates, prepared as previously described for 
rat hepatocytes (131. Homogenates were stored at 
-80” for up to one month until analysis. The con- 
centration of cytochrome P-450 was measured spec- 
trophotometrically [14] by the difference spectrum 
between carbon monoxide-treated, dithionite- 
reduced homogenate and carbon monoxide-treated 
homogenate [15] using a Varian Cary 219 spec- 
trophotometer. Cytochrome bs content and the 
activities of NADH-cytochrome b5 reductase and 
NADPH-cytochrome c reductase. were measured as 
described by Falcon and co-workers [16]. The 
EROD, PROD and BROD reactions were measured 
using 5 PM substrate concentrations in 0.1 M sodium 

phosphate buffer, pH7.6, as previously described 
P31. 

EH was measured in ceil homogenates using 20 PM 
phenanthrene-9, lO-oxide and enzyme activity was 
quantified by direct fluorimetric detection of the 
phenanthrene-9, lO-dihydrodiol formed [ 171. Reac- 
tions containing 0.5 ml cell homogenate were carried 
out in 15 mM Tris buffer, pH 8.7, in air in round- 
bottomed tubes at 37” under yellow light. The fluor- 
escence intensity of the reaction mixture was read at 
timed intervals at an excitation wavelength of 270 nm 
and an emission wavelength of 320nm, and cali- 
brated with authentic phenanthrene-9,10- 
dihydrodiol. 

GT and glutathione-S-transferase activities were 
measured at timed intervals using whole cells. Incu- 
bations were carried out at 37” in HBSS, pH7.4, 
containing 12.5 mM HEPES, in 25 ml conical flasks 
with suspensions of fresh cells (lo6 viable cells/ml) 
or in the Petri dishes with cultured cells. GT was 
measured using 1OO~M I-naphthol or phenol- 
phthalein and the reactions terminated by the 
addition of 2 vol. of ice-cold methanol. Cell proteins 
were removed by centrifugation and the glucuronic 
acid conjugates formed were separated from the 
parent drugs by reversed phase ion-pair high pressure 
liquid chromatography and quantified by U.V. 
absorbance [18]. The glutathione conjugation of 
5OpM CDNB was measured by direct spectro- 
photometry and quantified using a molar extinction 
coefficient of 9.6 mM-‘cm-’ at 340 nm [9]. Reactions 
were terminated by rapid centrifugation (10,OOOg 
for 2-3 min) and the absorbance of the supernatant 
read immediately. Reduced glutathione (GSH) con- 
centrations were measured fluorimetrically by the 
method of Hissin and Hilf [19] and cell protein was 
determined as described by Lowry and co-workers 
PI. 

RESULTS 

The information available on the kidney donor 
patients is shown in Table 1. 

Cell yield varied greatly between livers (Table 2) 
and the viability of the preparations improved from 
65 to 93% with experience. Attachment of cells to 
the plastic Petri dishes was between 37 and 69% after 
24 hr in culture. Between 24 and 48 hr all the cultures 
showed a slight loss of protein (30% maximum loss), 
but, thereafter the culture system appeared to stabil- 
ise and very few cells were lost during medium 
changes. 

Table 3 shows the activity of the MFO system in 
liver samples A to D during the first 72 hr in culture. 
Cells from sample E were used to compare control 
and phenobarbitone-treated cultures and where the 
number of cultured cells available was limited not all 
procedures were carried out on every sample. EROD 
was the most active reaction studied, but appeared 
to be the least stable in culture. The greatest inter- 
individual difference in fresh cell activities was seen 
with PROD (lO-fold variation), largely due to sample 
D having a 5-lo-fold higher PROD activity than the 
other three samples. It should be noted that (i) 
patient D was female, whereas A, B and C were 
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Table 1. Histories of kidney donor patients from whom livers were obtained 

Liver Patient Drug Cause of Other relevant 
sample age Sex treatment death information 

A 25 M Pancuronium Subarachnoid No further details 
Heparin haemorrhage known 

B 19 M Heparin Road traffic Known to be a 
Pancuronium accident non-smoker, did 

not drink alcohol 

C 51 M Dopamine Subarachnoid Occasional smoker 
Pancuronium haemorrhage 

D 49 F Heparin Head injury Therapeutic blood 
Dopamine concentrations of 
Alcuronium amitriptyline and 

trifluoperaxine on 
admission 

E 29 F Heparin Road traffic No further details 
Mannitol accident known 
Betamethasone 
Methylprednisolone 
Nalbuphine 
Droperidol 

All the patients had normal hepatic and renal function on admission, making previous heavy 
alcohol intake unlikely. Drugs named in the “Drug treatment” column were administered in the 
hospital prior to trans lantation surgery. Only patient D was known to be receiving drugs 
(amitriptyline 100 mg P day and trifluoperaxine 15 mg/day) immediately prior to admission, as 
indicated under “other relevant information”. 

Table 2. Experimental parameters for freshly isolated human liver cells 

Liver sample A B C D E 

Yield (X 106 cells) 630 333 138 493 
Viability (% excluding 

331 

Trypan Blue) 65 72 75 93 92 

mg protein/lo6 cells 1.16 1.54 1.51 1.52 1.31 

Cytochrome P-450 
content (nmol/mg 
protein) 0.09 0.12 0.08 0.05 0.13 

Attachment in 
primary culture 
after 24 hr (%) 47 69 37 60 54 

The characteristics of five human hepatocyte preparations A-E are shown. 
Yield: Total number of hepatocytes recovered freshly from each liver. 
Viability: percentage of each sample of freshly isolated hepatocytes that excluded Trypan blue. 
Protein: Total protein content of homogenates of lo6 hepatocytes per ml. 
Cytochrome P-450: Qtochrome P-450 content per mg total hepatocyte homogenate protein. 
Attachment: Percentage of each samule of freshly isolated hepatocytes that attached to culture 
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male, and (ii) this was the only patient known to be 
receiving chronic drug therapy (amitriptyline and 
trifluoperazine) prior to hospital admission. An 
effect of these drugs on hepatic drug metabolism 
cannot be discounted. Since EROD and PROD are 
selectively induced in rats in uiuo by 3-methyl- 
cholanthrene and phenobarbitone respectively [7], 
the ratio of EROD/PROD was calculated for each 
preparation as an index of equivalent changes in 
cytochrome P-450 occurring during culture. There 
was a lo-fold difference in the EROD/PROD ratio 
between different fresh cell preparations (Table 3). 

In samples A-C the ratio fell during culture due to 
both a decrease in EROD and an increase in PROD. 
The EROD/BROD ratio, however, was relatively 
constant between individual fresh cell preparations 
(3.6 to 1.9) and remained constant during culture. 

Table 4 shows that, in contrast to the MFO activi- 
ties, NADPH-cytochrome c- and NADH- 
cytochrome b5 reductase activities dropped to 
approx. 25% of fresh cell values by 72 hr, while 
cytochrome b5 content declined to approx. 50% of 
fresh cell values within 48 hr of culture. Cytochrome 
P-450 levels in fresh cells (Table 2) were within the 
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Table 3. Mixed function oxidase activities of hepatocytes 
during culture 

(i) Ethoxyresorufin OAdeethylay activityC(EROD) 
Liver sample 
Fresh cells (27.19) (20.90) (16.46) (28.;) 
24 hr culture 
48 hr culture 

‘35% ’ ‘76% ’ ‘86% ’ ‘71% ’ 
65% 65% 70% 66% 

72 hr culture 84% 40% 69% N.D. 

(ii) Benzyloxyresorufin 0-debenzylation activity 
(BROD) 
Liver sample 
Fresh cells (7.4, (9.& (8.;) (IO.& 
24 hr culture 
48 hr culture 

il% ’ l&s/, ’ li7% ’ i45% 
97% 84% 110% 82% 

72 hr culture 105% 88% 136% N.D. 

(iii) Pentoxvresorufin 0-depentvlation activity (PROD) 
Liver sampie 
Fresh cells 
24 hr culture 67%’ 136% ’ 75%’ 88%’ 
48 hr culture 
72 hr culture 

161% 127% 173% N.D. 
132% 182% 173% N.D. 

(iv) The ratio of EROD : PROD activities 
Liver sample A B C D 
Fresh cells 82.4 95.4 23.2 7.94 
24 hr culture 43.3 53.3 26.8 6.42 
48 hr culture 33.2 45.3 9.3 N.D. 
72 hr culture 52.3 21.2 9.3 N.D. 

The values are means of duplicate measurements with 
hepatocytes from liver samples A-D. Variation between 
duplicates was less than 5%. Fresh cell values in par- 
entheses are enzyme activities (pmol resorufin produced/ 
min/mg total cell homogenate protein), whereas values for 
24-72 hr cultures are percentages of the fresh cell activities. 
N.D.-not determined. Hepatocyte cultures and enzyme 
activity measurements were carried out as described in the 
Methods. 

range reported for human hepatocytes: 32-166 pmol/ 
mg cell protein [21]. The total number of hepatocytes 
obtained from each liver was insufficient to permit 
cytochrome P-450 measurements in cultured hepa- 
tocytes [ 131. 

Liver sample A B C D 

Fresh cells (67.16) (40.30) (48.80) (137.36) 
24 hr culture 524% 197% 238% 627% 
48 hr culture 100% 96% N.D. 114% 
72 hr culture N.D. 104% 120% N.D. 

Values are means of duplicate measurements with hepa- 

EH activity increased between 2- and 6-fold after 
24 hr in culture (Table 5), but the effect was transient 
in all the cultures and the activity returned to fresh 
cell levels by 48 hr in culture. 

Table 6 shows that the activity of GT increased 
with time in culture, particularly with respect to the 
glucuronidation of phenolphthalein. l-Naphthol was 
also converted to its sulphate conjugate in fresh cells 
(Cfold less sulphation than glucuronidation in all 
preparations), but this reaction was not detectable 
in cultured hepatocytes. Phenolphthalein was not 
sulphated to a significant extent even in fresh cells. 
Intracellular GSH content and the GSH conjugation 
of CDNB were stable during the first 3 days of culture 
(Table 7). 

tocytes from liver samples A-D. Variation between dupli- 
cates was less than 5%. Fresh cell values in parentheses 
are enzyme activies ( pmol/min/mg total cell homogenate 
protein), whereas values for 24-72 hr cultures are per- 
centages of the fresh cell activities. N.D.-not determined. 
Hepatocyte cultures and enzyme activity measurements 
were as described in the Methods. 

effect on BROD (Fig. 1). There was a 5-fold increase 
in EH activity in this sample during 96 hr culture 
under control conditions, which was partially pre- 
vented by the presence of phenobarbitone. 

DISCUSSION 

Phenobarbitone (2 mM) was added to hepatocytes The availability of stable cultures of human adult 
from a fifth liver sample (E) after 24 hr in culture hepatocytes would permit the characterisation of 
and the activity of the MFO system was investigated human liver drug metabolism and toxicity profiles to 
in control and phenobarbitone treated cultures. be carried out in vitro, before administering drugs 
After 96 hr in culture (72 hr of phenobarbitone to man. Most of the published work on the stability 
exposure), the results indicated that both PROD and of enzymes in cultured hepatocytes has been carried 
EROD were increased by the phenobarbitone (2.2- out using rat hepatocytes. Compared with cultures 
and 1.6-fold respectively), whereas there was no from rodent liver, human adult hepatocytes have 

Table 4. Cytochrome reductase activities and cytochrome 
bs content of hepatocytes during culture 

(i) NADPH-cytochrome c reductase (nmol/min/mg 
protein) 
Liver sample 
Fresh cells 
24 hr culture 

(;3+) (y;F) (22$6) (l$) 

48 hr culture 32; 23; 24; 18; 
72 hr culture 50% 30% 16% N.D. 

(ii) NADH-cytochrome b5 reductase (pmol/min/mg 
protein) 
Liver sample 
Fresh cells 
24 hr culture 

$$t) &$6) $OCl7) $;2) 

48 hr culture 4; 37; 37; 19; 
72 hr culture 17% 30% 18% N.D. 

(iii) Cytochrome b5 content (nmol/mg protein) 
Liver sample 
Fresh cells 
24 hr culture 

&) $30) (OC26) NfD. 

67; 
39% 63% N.D. 

48 hr culture 42% 58% N.D. 

Values are means of duplicate measurements with hepa- 
tocytes from liver samples A-D. Variation between dupli- 
cates was less than 10%. Fresh cell values in parentheses 
are enzyme activities or cytochrome content (per mg total 
cell homogenate protein), whereas values for 24-72 hr cul- 
tures are percentages of the fresh cell activities (or cyto- 
chrome content). N.D.-not determined. Hepatocyte cul- 
tures and enzyme measurements were as described in the 
Methods. 

Table 5. Epoxide hydrolase activity of hepatocytes during 
culture 
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Table 6. UDP-Glucuronyltransferase activity of hepa- 
tocytes during culture 

Liver sample A B C D 

(i) Phenolphthalein glucuronyltransferase 
Fresh cells 
24 hr culture 
48 hr culture 
72 hr culture N.D. 295% 133% N.D. 

(ii~,,‘hN$thol glucuronyltransferase 

24 hr culture 
48 hr culture 
72 hr culture 116% 146% 230% N.D. 

Values are means of duplicate measurements with hepa- 
tocytes from liver samples A-D. Variation between dupli- 
cates was less than 5%. Fresh cell values in parentheses 
are enzyme activities (nmol/min/mg total cell homogenate 
protein), whereas values for 24-72 hr cultures are per- 
centages of the fresh cell activities. N.D.-not determined. 
Hepatocyte cultures and enzyme activity measurements 
were as described in the Methods. 

Table 7. Reduced glutathione content and glutathione 
transferase activity of hepatocytes during culture 

(i) GSH content (nmz/mg prop) 
Liver sample 
Fresh cells 
24 hr culture 

(2;;;) (;;9;) @8&j) NfD. 

48 hr culture 94; 107; 
N.D. 

92; N.D. 
72 hr culture 116% 89% N.D. N.D. 

(ii) Glutathione transferase activity with CDNB (nmol/ 
min/mg protein) 
Liver sample 
Fresh cells 
24 hr culture 

$33) :;;;) N;. 
119% N.D. 

48 hr culture 154% 141; N.D. 
72 hr culture 128% 119% N.D. 100% 

Values are means of duplicate measurements with hep- 
tocytes from liver samples A-D. Variation between dupli- 
cates was less than 5%. Fresh cell values in parentheses 
are enzyme activities or GSH content (per mg total cell 
homogenate protein), whereas values for 24-72 hr cultures 
are percentages of the fresh cell activities or GSH content. 
N.D.-not determined. Hepatocyte cultures and deter- 
mination of enzyme activity and GSH content were as 
described in the Methods. CDNB, chlorodinitrobenzene. 

been reported to maintain drug metabolising 
enzymes to a greater extent during culture [6]. It is 
of interest to compare the maintenance of MFO and 
conjugation reactions obtained in human hepatocyte 
cultures in the present study with that obtained in 
similar studies carried out in this laboratory using 
male Sprague-Dawley rats (23-251. Although 
Sprague-Dawley is a strain much used for drug 
metabolism and toxicity studies, there are marked 
strain differences in the stability of drug metabolizing 
enzymes in cultured rat hepatocytes [24,25]. 

A major difference between human and rat cul- 
tured hepatocytes is the markedly greater lability of 
the NADPH-cytochrome c reductase and NADH- 
cytochrome b5 reductase in human hepatocytes. 
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Fig. 1. Apparent phenobarbitone induction of alkoxy- 
resorufin 0-dealkylase activities during hepatocyte culture 
from liver sample E cultured either in normal medium (Cl) 
or in medium containing 2mM phenobarbitone (IB), as 
defined in the Methods. Each bar represents the mean 
result for duplicate plates cultured for 96 hr. PROD- 
pentoxyresorufin 0-depentylase activity. EROD-ethoxy- 
resorufin 0-deethylase activity. BROD- 
benzyloxyresorufin 0-debenzylase activity. Enzyme activi- 
ties were measured as described in the Methods and in 
each case are pmol resorufin produced/min/mg total cell 

homogenate protein. 

Both species show spontaneous increases in MFO 
activities during culture. In rat EROD increases to 
a greater extent than PROD, probably reflecting a 
predominance of cytochrome P-448 during culture 
[3]. However, in man EROD did not increase, being 
maintained at 60% of fresh cell values for up to 72 hr, 
while PROD increased to 160% of initial values. The 
mechanisms responsible for the changes in MFO 
activity during culture are not understood, but the 
shift towards cytochrome P-448 predominance in the 
rat is thought to reflect de-differentiation of adult 
hepatocytes [3]. 

GT activity of both human and rat hepatocytes 
increases during culture. In man, phenolphthalein 
glucuronidation increased to a greater extent than 
that of 1-naphthol. The intracellular GSH content 
and GSH conjugation of CDNB are maintained at 
approximately fresh cell values in both species for 
at least 72 hr. Sulphotransferase activity towards l- 
naphthol declines rapidly (by 70% within 72 hr) in 
cultured rat hepatocytes [23]. In freshly isolated 
human hepatocytes l-naphthol sulphation occurred 
to a small extent (4 times less than glucuronidation), 
but was not detectable during culture. 

The marked increase (2-6-fold) in EH activity 
observed during human hepatocyte culture has also 
been reported to occur in rat hepatocyte cultures 
[26]. However, whereas the increase was transient 
in human hepatocytes, Razzouk et al. [26] found that 
EH remained elevated (2-3-fold fresh cell values) in 
rat hepatocytes for up to 96 hr in culture. In rat liver 
an increase in microsomal EH occurs in the early 
stages of experimental hepatocarcinogenesis and has 
been proposed as a marker for pre-neoplastic 
changes [27]. The increase in GT activity is also 
thought to reflect de-differentiation of hepatocytes 
in culture and development of a pre-neoplastic pat- 
tern of drug metabolising enzymes [28]. Co-culture 
of rat hepatocytes with a rat liver epithelial cell line 
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has recently been shown to prevent the increases in 
both GT (MH Grant, unpublished observations) and 
EH [29]. This co-culture technique may stabilise 
phenotypic expression of drug metabolising enzymes 
during culture of both rat and human hepatocytes 
and prevent de-differentiation. 

The presence of phenobarbitone in the culture 
medium increased PROD more than EROD, with 
no effect on BROD, suggesting that there may have 
been selective induction of certain isozymes of cyto- 
chrome P-450 in human hepatocytes in vitro. In the 
rat phenobarbitone treatment in vivo induces both 
PROD and BROD activities to a much greater extent 
than EROD [7]. Selective induction of cytochrome 
P-450 isozyme function in vitro has not been demon- 
strated previously during culture of human hepa- 
tocytes. Guillouzo et al. [22] reported that the con- 
centration of cytochrome P-450 increased 1.3-fold in 
human hepatocyte mono-culture and 1.7-fold in co- 
cultures of human hepatocytes in response to in vitro 
phenobarbitone exposure. Our observation that 
human hepatocytes respond to phenobarbitone 
exposure in culture by apparently selective induction 
of cytochrome P-450 MFO activities suggests that 
they may provide a useful system for investigating 
the regulation of drug metabolism and toxicity in 
man. 
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