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Absiraci—We have UCVCIOPCU a 81mple and sensiiive method for the stuay of the relanve rates of
glucuronidation of compounds, in isolated liver cells, based on the incorporation of '“C from fructose
into glucuronide conjugates. Liver cells from fasted rats are used to minimize any reduction of the
specific activity by glycogenolysis.

Alﬂ'\nnoh rates of o]nnnrr\nldnflen are lower in isolated liver cells

from fasted rats than in those from fed rats because of a reduction in the concentration of UDP-
glucuronic acid, it is possible to compare the rates of glucuronidation of different compounds.
Radiolabelled glucuronides are separated from ['*C]fructose and ['*Clglucose, produced by the liver
cells, by normal-phase HPLC on a polar amino-cyano column. The specrﬁc activity of the glucuromde
was found to be approxrmately 50% of that of the {!*Clfructose. Absolute amounts of glucuronide can
be determined by measuring the specific activity of the ['*C]glucose, also produced by liver cells from
fructose, which reflects that of the glucose-6-phosphate and hence the UDP-glucuronic acid used for
glucuronidation, although for the measurement of relative rates this would not be necessary. We
have used this method to examine the Kkinetics of the glucuromdation of N-acetyl-p-
aminophenol \aectaulluupucu }, *-ﬁitropuenoi and 1- uapmnur in isolated rat liver cells. The method
should be applicable to the study of the rates of glucuronidation of a range of aglycones and, unlike

other methods, does not require glucuronide standards or radiolabelled aglycone.

Glucuronidation by the UDP-glucuronosyl-
transferases (EC 2.4.1. 17\ is the most common
conjugation reaction in mammals for the
biotransformation of various xenobiotic and
endogenous substances such as steroids, bile
salts, catecholamines and lipids [1,2]. The liver
parenchymal cell is a major site of glucuronidation;

alnmlrnnndpc are more water soluble than the

uncon]ugated substrates and are rapidly eliminated
in urine and bile.

Tiv -
somes using UDP[!*C]glucuronic acid as donor
[3, 4]. These studies, however, are of limited value
in predicting rates of metabolism in vivo; studies in
isolated liver cells are more useful [S]. It is not
possnble to use UDP['“C]glucuronic acid in studies
in whole cells because it is non-permcant. The study
of the relative rates of glucuronidation of a range of
substrates in isolated liver cells requires a rapid and
sensitive assay for processing a large number of
samples. Several methods have been described that
are applicable to the study of glucuronidation in
isolated liver celis bui these are specific for
particular substrates [6-19]. These methods involve
chromatographic separation of products with various
detection systems or soivent extraction. They ail
need standards or radiolabelled substrates for
quantification, so that a new assay has to be
developed for each novel substrate.

Glurnranidation ic aften ctndied in
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The UDP-glucuronic acid for glucuronidation
liver cells is normally derived from both

in ormally derived from both

glycogenolysis and gluconeogenesrs [20]. We pre-
dicted that, in liver cells isolated from fasted rats in
which the glycogen had been depleted, radiolabel
from gluconeogenic substrates would be incorporated
into UDP-glucuronic acid and glucuronides, with

the cnecific activity of the slucnuranida heinoa that of
ViAW Jpwwaliw GAWLAY AL Wi Miiw Euvunvluuv uvllls i@ Vi

the radiolabelled substrate (Scheme 1). It is known

that rates of glucuronidation are lower in liver cells

fram facted rate than thaca fram fad rate Q0 21_9721
IO 1aSiSG Iais wlan widse rom 1e4a 1ais ¥, c1—235j,

probably due to a decrease in the concentration of
UDP-glucuronic acid in the cells of the fasted rats.

HAaurayar it 3o yalid ta cnmsmnsas tha wcatao ~F
11UWeyver, It 1D vdllld W Luldipaicv Ui jaicy vt
glucuronidation of a range of compounds using cells

from fasted rats
A/n bnwin Anssalasen

VW< 1iave UCVCIU}JCU a Cllcldl lllclllUu, Uaacu on
the incorporation of C from fructose into
glucuronides and their quantitation using normal
phase HPLC to study the kinetics of glucuronidation
in isolated rat liver cells; this new method has been
applied to the glucuronidation of N-acetyl-p-

dﬂllIlUp[lCﬂUl \awtdmlnopncn), 4- mtropnenor and

1-naphthol.

MATERIALS AND METHODS

Animals. Male Wistar rats (200-250 g), fasted for
18-22 hr, were used throughout.

Chemicals. D-[U-'*C]fructose and 1-[1-1*C]naph-
thol were from Amersham International (Aylesbury,
U.K.). Pico-fiuor 40 scintiilation fiuid was from
Canberra Packard Ltd. (Pangbourne, U.K.). Firefly
lantern extract (FLE-50), 6- -phosphogluconate
dehydrogenase (6PGDHY) (EC 1.1.1.44 from
Leuconostoc mesenteroides) and collagenase (Type
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Scheme 1. Metabolic pathway showing the incorporation of fructose into hepatic UDP-glucose pools
and glucuronic acid conjugates. Glc, glucose; P, phosphate; Fru, fructose; Glyc, glyceraldehyde;

DHAP, dihvdroxvacetone nhncr\hnrp GA . ghacuronic acid

LaAD, Caydroxyacclo

IV) were from the Sigma Chemical Co. (Poole,
U.K.). Hexokinase (EC 2.7.1.1 from yeast) and
G6PDH (EC 1.1.1.49 from L. mesenteroides) were
from Boehringer Mannheim U.K. (Lewes, U.K.).
All other chemicals were of analytical grade or the
highest grade commercially available and were
obtained from Sigma or BDH Chemicals (Poole,
U.K.).

Preparation and incubation of liver cells. Liver
cells were isolated essentially according to the two-
step procedure of Seglen [24]. The Krebs-Henseleit

buffer [25] used for the cell preparation and
incubation consisted of 118 mM NaCl . 4.73 mM KCl,

1.18mM MgSO,.7H,0, 1.18mM KH2P04 and

25 mM NaHCO3; pH 7.4 when gassed with O,:CO,
(10 1\ The liver was perfused with Ca?*-free

A4C  AVeD Prainedstis

buffer containing 0. 1mM ethylene glycol bis-
(aminoethylether)tetra-acetate followed by buffer

rr\nfmp-ng 125mM C Ca?* and nn"naanncn (ﬂ <mg/

LUkivas & 1311V

mL). The cell suspension released after rupture of
the liver capsule was filtered through nylon gauze

and centrifuced at S0 ¢ to sediment narenchvmal
ané cemirnuged at JUg 1o seaiment parenciaymal

cells. The supernatant was removed by aspiration
and the pellet washed twice with buffer. The final

weicghad and
€igiaec anc

resusnended to

nellet wag
TCSUSPONGCa

;r;;;exu;;ely 1 mg dry weight/mL (1 mg dry werght/
mL = 3.8 x 10 cells/mL [26]) in buffer containing

1.2 mM (‘a2+ nry \xlnighfc were later determined

(8 $Hi L=

by centrrfugatlon (150 g for 5 min) of portions of cell
suspension in preweighed 2 mL glass vials, aspiration

of the sunernatants. and drving of the pelletg

LIS Suplliiatlaling, ailt Wiyalp Uit puatis

overnight at 120° before reweighing.

ot ve
ety
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Substrates dissolved in dimethyl sulphoxide were
added to 1-mL portions of cell suspension (final
concentration of dimethyl sulphoxide 1% v/v)
together with 200 uM [!C]fructose (0.5 ¢Ci/mL) in
20mL polyethylene scintillation vials. Vials were
capped and gassed with O,:CO, (19:1) at room
temperature. Glucuronidation did not occur at a
measurable rate during the period at room
temperature. Vialswere transferredto areciprocating
water bath (Mrckle Engineering, Gomshall, U.K)
at 37° and shaken at 100 cycles/ min. Incubation was
for 20-90 min and was terminated by centrifugation
of 1 mL portions through 250 uL. of silicone oil (Dow

Corning 550: drnonylphthalate 2:1v/v)at 12,000g

for 30sec to separate cells from medium. Super-
natants were heated in a hmlmg water bath for 5§ min

before centrifugation (12,000 g for 1 min) to remove
denatured protein, and stored at —20° for subsequent

determination of glucuronide hu HPIC.
.......... 1 gl

Cell viability was assessed by measurement of

ATP content by bioluminescence using firefly
Iuciferin—Inciferaca271and a I KR 1251 luminomater

AUVAAVILUITIUVIAVIASU | &7 ] QUG G AdaiD L4001 IRV

in the integration mode. For this, cell incubations

(1 mL) were terminated by addition of 0.1 mL of
209% (vAY HCIO

20% (v/v) HCIO, and were stored at
analysis. ATP content was calculated by reference
to known standards. The normal ATP content of

isolated rat liver cells was 8&-10n al/mo dAry wai
xailQ ral S—iv uun.u/ g ary W\-lsll\.

The effect of added substrates on the ATP content

of the cells was routinely checked.
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Glucuronidation from ["Clfructose

was used throughout, comprising a model 126 binary
solvent delivery module, model 167 scanning UV
detector and model 506 autosampler. The outflow
from the UV detector was collected with a Frac-100
fraction collector (Pharmacia). Fractions (0.5 min)
were collected directly into scintillation vials (Mini
‘Poly-Q’ vials, Beckman) for determination of
radioactivity.

Normal phase PAC HPLC of glucuronides.
Portions (0.1 mL) of supernatants were analysed on
a4.5mm X 25 cm Partisil SPAC (polar amino-cyano)
column equipped with a guard column packed with
Co:Pell PAC (both from Whatman, Maidstone,
U.K.) at a flow rate of 1 mL/min. The mobile phase
consisted of a linear gradient from 100% acetonitrile
to 67% 0.01M tetrabutylammonium hydrogen
sulphate in H,O over 20 min. Sixty seven per cent
tetrabutylammonium hydrogen sulphate was main-
tained for 5min and the system returned to 100%
acetonitrile over the subsequent 10 min. The column
was washed for a further 10 min with acetonitrile
before injecting the next sample. Fractions (0.5 min)
were collected for determination of radioactivity. In
order to identify the glucuronide peaks, some
samples were hydrolysed by mixing 200 uL portions
with 40 4L 0.5M sodium phosphate buffer, pH7,
and 1000U pB-glucuronidase (Escherichia coli,
Sigma). After 2 hr at 37°, samples were heated in a
boiling water bath for 5 min before centrifugation to
remove denatured protein. Portions (0.1 mL) were
analysed by the HPLC method. Glucuronide peaks
were identified by their disappearance following this
B-glucuronidase treatment. The retention times for
4-nitrophenol- and 1-naphthol-glucuronides was
9.75min and for acetaminophen-glucuronide
11.25 min, The added[!*C]fructose and [ 1*C]glucose,
produced in the liver cell incubations, eluted together
at 13.5min. The sensitivity was approximately
60 pmol/100 uL injection, equivalent to 0.6 uM in
the incubations, with the specific activity of fructose
we used. Unlabelled 4-nitrophenol glucuronide and
1-naphthol glucuronide (Sigma) were located by
monitoring their extinction at 300 nm.

Reverse phase HPLC of glucuronides. Analyses
were performed on a 4.6mm X25cm Ultra
Techsphere 5 ODS column (HPLC Technology,
Macclesfield, U.K.) equipped with a guard column
packed with Co:Pell ODS (Whatman), at a flow
rate of 1 mL/min with a 100 gl injection volume.

Acetaminophen, acetaminophen glucuronide and
acetaminophen sulphate were separated by a
modification of the method of Adriaenssens and
Prescot [12] with mobile phase A (0.1 M sodium
phosphate, pH 4.5: isopropanol: 98% (v/v) formic
acid, 100:1.7:0.1) and quantified by peak area using
the extinction at 254nm and acetaminophen as
external standard. The concentrations of acetamino-
phen metabolites were calculated as ‘acetaminophen
equivalents’ since their extinction coefficients are
similar to each other [14]. The retention times for
acetaminophen, acetaminophen glucuronide and
acetaminophen sulphate were 12.7, 5.8 and 8.8 min,
respectively.

Determination of the specific activity of ['*C]-
glucose. Glucose was measured spectrophoto-
metrically by the hexokinase/G6PDH method [28],

973

(a) L Gluc F+G
E 6000'
k<]
8
£ 4000}
]
Q
& 2000}
Q.
s
? ot , .
- ) 6 12 18
Time {(min)
. (b L Gluc F+G
§ 8000y
5
ol
= 4000}
[
o
£ I
S 2000
e}
L - . ,
0 6 12 18
Time (min)
() L Gluc F+G
€1 6000p
2
:
S
=1 4000}
2
E 2000}
Q
=
e ol . . .
0 6 12 18
Time (min)

Fig. 1. Separation of [*C]glucuronides by HPLC on a PAC
column. Isolated ratliver cells were incubated with aglycone
and ["“C]fructose. Samples of incubation medium were
treated with (@) or without (O) B-glucuronidase, as
described in the text, and 100 uL were run on PAC HPLC.
Incubation conditions used were (a) 50 uM 4-nitrophenol
and 0.78 mg dry weight/mL cells for 90 min, (b) 50 uM 1-
naphthol and 1.1 mg dry weight/mL cells for 60 min and
(c) 5 mM acetaminophen with 1.1 mg dry weight/mL cells
for 40 min. Representative elution profiles are shown. L,
lactate; F + G, fructose and glucose; Gluc, glucuronide.

modified by further reaction with 6PGDH, which
results in the formation of ribulose S5-phosphate with
the release of CO,.

Samples of boiled supernatants from the cell
incubations were centrifuged (12,000 g for 1 min) to
remove denatured protein. A sample of 0.1 mL was
added to 0.9mL of 100 mM Tris buffer, pH7.5,
containing 1 mM magnesium acetate, 1.7 mMNAD*
and 1.1 mM ATP. The reaction was carried out at
37° in disposable cuvettes. The change in extinction
at 340 nm was measured following the addition of
1 U HK/1U G6PDH and again following the addition
of 0.1U 6PGDH. The time to reach the end
point was determined by continuous extinction



974

0.08

0.04 L

E254

0.02 AG

J. DawsoN, R. G. KNOWLES and C. I. Pogson

(a)

%

AS

N

1500 {

1000

500

14C (d.p.m. per fraction)

(b)

" —

10 15 20

Time {min)

Fig. 2. Elution profile for acetaminophen and its metabolites by reverse phase (C;s) HPLC. A

representative profile is shown for a 100-uL sample from a 40-min cell incubation with 1 mM

acetaminophen and 1.1 mg dry weight of cells/mL. (a) E;s,, (b) radioactivity determined in 0.5-min
fractions. AG, acetaminophen glucuronide; AS, acetaminophen sulphate and A, acetaminophen.

measurement of standards and samples. The glucose
concentration was calculated using an extinction
coefficient for NADH 0f 6.22 x 10°M~! ¢cm™!. There
was no change in extinction from fructose. Duplicate
samples for [!*C]glucose determination were incu-
bated in the same way in 20 mL glass scintillation
vials closed with rubber stoppers from which were
suspended disposable centre wells. Enzyme additions
were made by syringe injection and at the end of
the incubation 0.1 mL 20% (v/v) HClO, was injected
to drive off *CO,. 2-Phenethylamine/methanol
(0.2mL, 1:1, v/v) was injected into the centre well,
which contained a piece of folded filter paper. Vials
were then shaken periodically at room temperature
for 1hr for absorption of *CO,. The wells were
removed and added directly to vials containing 5 mL
Pico-fluor 40 scintillation fluid. The radioactivity in
the original glucose was calculated as being six times
that in the single carbon released as *CO,. This

method for determining the ['“C] glucose specific
activity was reproducible and rapid, it being possible
to assay 20-40 samples in <2 hr.

Computer fitting of data. For glucuronidation
of acetaminophen the kinetic parameters were
determined by computer fitting of results from
individual experiments to the Michaelis-Menten
equation by non-linear least squares regression.

RESULTS

Ildentification of [*Clglucuronides

The radiolabelled glucuronides of 4-nitrophenol,
1-naphthol and acetaminophen were separated from
[!Clfructose precursor by gradient HPLC on a PAC
column (Fig. 1). The retention times were 9.8,
9.5 and 11.2min, respectively. Acetaminophen
glucuronide eluted near to the fructose peak, but
we were unable to improve the separation
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Table 1. Determination of acetaminophen glucuronide by various methods

C;s HPLC

PAC HPLC

From ["“C]fructose

Essq specific activity

From ["*C]glucose
specific activity

From [“C]fructose
specific activity

From ["C]glucose
specific activity

425 +0.98 2.10x0.55

3.66 £ 0.25

1.64 £ 0.41 2.87+0.14

Values are expressed in nmol/mg dry weight of cells.

Samples from cell incubations with acetaminophen (2 mM for 40 min) were separated by C,; or PAC
HPLC. The amount of glucuronide was calculated from the extinction (E,s,), the specific activity of the
fructose and the specific activity of the glucose (C,s method) or the specific activity of the fructose or
glucose (PAC method). Results are means * range of two experiments.

by modification of the HPLC conditions. The
glucuronide peaks were identified by their dis-
appearance following treatment of samples with §-
glucuronidase. Authentic unlabelled 4-nitrophenyl-
glucuronide and 1-naphthyl-glucuronide had reten-
tion times of 9.9 and 9.6min, respectively.
Acetaminophen glucuronide was not available. Any
[1Clglucose formed by the liver cells eluted with
[MClfructose at 13.8 min. A radioactive peak was
also seen with the same retention time as lactate
(3.8 min).

Quantification of glucuronides using the specific
activity of [Y*Clfructose

In order to check the quantification of the
glucuronide produced in cell incubations using the
specific activity of the [!*C}fructose, some samples
from incubations with acetaminophen were also
separated by an isocratic reverse phase HPLC
method on a C;g column, with both UV detection
and determination of radioactivity. We were unable
to do this using the PAC HPLC with UV detection
due to high background noise. Figure 2 shows the
elution profile for acetaminophen, acetaminophen
sulphate and acetaminophen glucuronide. The
retention times were 12.7, 8.8 and 5.8 min,
respectively. The glucuronide peak was identified
by its disappearance following B-glucuronidase
treatment. The sulphate peak was identified by
running samples from cells incubated with [35§]SOZ2~
as described previously [29]. With samples from cells
incubated with 2 mM acetaminophen for 40 min the
amount of glucuronide calculated from the specific
activity of the fructose was only 49% of that
calculated by extinction. .

As it would be technically difficult to measure the
specific activity of the UDP-glucuronic acid in the
cells, we developed a method to measure the specific
activity of the [**C]glucose, also produced by the
liver cells from fructose (Scheme 1). Since the
phosphoglucomutase step (G6P—G1P) is thought to
be at equilibrium (because the phosphoglucomutase
activity [30] is far higher than the fluxes through
G6P/G1P) the specific activity of the G6P, the
precursor for glucose, and the G1P, the precursor
for UDP-glucuronic acid, should remain the same
under a wide variety of conditions.

We found the specific activity of the ['“C]glucose
was 63 = 6% (mean = SEM, N = 5) of the fructose

specific activity. We have also measured 1-naphthol
glucuronidation with either ['“C]fructose or [14C]1-
naphthol and separation by PAC HPLC. When the
glucuronide from [**C]fructose was calculated using
the specific activity of the [1*C]glucose there was no
significant difference from that calculated from the
[!*C]naphthol specific activity (5.03 =0.83 and
7.13 + 2.09 nmol/mg dry weight of cells with 100 uM
1-naphthol and 60 min incubation, mean * range of
two experiments). Table 1 shows a comparison
between the amounts of glucuronide, separated by
C,3 or PAC HPLC and calculated from the specific
activity of the fructose, the specific activity of the
glucose or by extinction. Quantifying the amount of
glucuronide from the extinction and from the
radioactivity using the specific activity of the [**C]-
glucose gave the same result when samples were run
on C;3s HPLC. The amount of glucuronide calculated
using either the specific activity of the [*C]glucose
or that of the [!*C]fructose with PAC HPLC was
78% of that calculated in the same way with

4000 ¢
3000t
2000

10001

['4Clglucuronide (d.p.m.)

0 30 80 30
Time (min)

Fig. 3. The time-course of ['*C]glucuronide production by
isolated rat liver cells incubated with 50 uM 4-nitrophenol
(A), 50 uM 1-naphthol () or 5 mM acetaminophen (O).
For 4-nitrophenol and 1-naphthol 1.2 mg dry weight of
cells/mL was used and 33 uL of supernatant were run on
PAC HPLC. For acetaminophen 1.1 mg dry weight of
cells/mL was used and 100 uL of supernatant were run on
PAC HPLC. Results are means = SD of triplicate
determinations in a representative experiment (4-nitro-
phenol and 1-naphthol) or means * range of duplicate
determinations in a representative experiment (acetamino-
phen).
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Fig. 4. The concentration dependence of glucuronidation
measured by the PAC HPLC method. The conditions used
were (a) 0.78-1.25 mg dry weight of cells/mL and 60 min
incubation, (b) 0.63-1.16 mg dry weight of cells/mL and
60 min incubation and (c) 1.1 mg dry weight/mL cells and
40 min incubation. The inset shows 1/v against 1/[S] and
the line corresponds to the kinetic parameters obtained as
described in the text. The results are means £ SEM, N = 3.
The absolute rates were calculated taking the specific
activity of the glucuronide to be that of the glucose
produced from fructose in the same experiments.

C,s HPLC. This is probably due to a slight
underestimation in determining the radioactivity of
the glucuronide peak from the PAC column, as it
runs close to the fructose/glucose peak.
Consequently, we have used the specific activity
of the ['C]glucose to calculate the amount of
glucuronide in the kinetic experiments.

Kinetic studies of glucuronidation

Incubation of isolated rat liver cells with 4-
nitrophenol, 1-naphthol and acetaminophen resulted
inthe time-dependent formation of the corresponding
glucuronide, measured in the incubation medium.
By using a suitable amount of cells and incubation
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Fig. 5. The effect of the compounds on the ATP content

of isolated liver cells. The results are means + SD of

triplicate determinations from a representative experiment

(a and b) or the mean * range of duplicate determinations
from a representative experiment (c).

time, linear rates of glucuronide formation were
achieved (Fig. 3).

The concentration dependence of glucuronidation
of the three substrates is shown in Fig. 4. With all
three aglycones apparent substrate inhibition was
seen. This is, however, due to the toxicity of
the compounds as the concentrations inhibiting
glucuronidation also caused a decrease in ATP
content (Fig. 5) With acetaminophen up to 5 mM
(at which concentration there was only a small effect
on ATP content), glucuronidation was as predicted
by the Michaelis-Menten equation. The kinetic
parameters derived from the data in Fig. 4 are shown
in Table 2.

DISCUSSION

There is a need for simple and robust assays for
rates of drug metabolism in cell preparations in
vitro. Such assays should not be dependent on the
availability of radiolabelled drugs or uniabelled
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Table 2. Kinetic parameters for the glucuronidation of 4-nitrophenol, 1-naphthol and acetaminophen determined from
the data in Fig. 4 compared with those for the sulphation determined in isolated liver cells from fed rats

Glucuronidation

Sulphation*

Vmax OF maximum rate

Vinax OF maximum rate

(pmol/mg dry weight of K,, or ECsy (pmol/mg dry weight of K,, or ECso
cells/min) (uM) cells/min) (uM)
4-Nitrophenol 70 = 11 181 23319 1.8+0.3
1-Naphthol 105 = 18 192 137 £33 0.31 £0.05
Acetaminophen 838 850 + 140 302 + 38 38+3

For glucuronidation of 4-nitrophenol and 1-naphthol, the maximum rate and ECs, were determined graphically for
individual experiments. For acetaminophen glucuronidation kinetic parameters were determined by computer fitting of
results from individual experiments to the Michaelis-Menten equation by non-linear least squares regression.

* Sulphate conjugation data are from Ref. 29 and were measured by incorporation of **S from [**S]sulphate and a
barium precipitation procedure. Results are means = SEM from three or four experiments.

metabolite standards because these are either not
readily available or prepared or are of low specific
activity. The method described in this paper is a
practically simple procedure which can be applied
to large numbers of independent samples simul-
taneously. It offers a potentially high sensitivity
because of the relatively high specific activities
possible with the incorporation of C from fructose.
The lowest rate of glucuronidation which can be
measured by this method, with the fructose specific
activity used in the present study, was calculated to
be 10 pmol/mg dry weight/min. As we propose to
use the method to study compounds that are rapidly
glucuronidated this sensitivity should be adequate.
If greater sensitivity is needed this can probably be
achieved by increasing the specific activity of the
fructose, the incubation time and the amount of
sample injected onto the HPLC. The method would
not be useful for compounds that are metabolized
slowly. The method should be applicable to the
study of a range of aglycones as a similar PAC HPLC
method has been used to separate a number of other
radiolabelled glucuronides from liver microsome
incubations with UDP[!“C]glucuronic acid [4].

The method described uses liver cells isolated
from fasted rats to reduce any dilution of the
radiolabel by glycogenolysis. It is known that rates
of glucuronidation are lower in cells from fasted rats
than in those from fed rats, probably due to a
decrease in the concentration of UDP-glucuronic
acid in the cells. However, it is valid to compare
rates of glucuronidation of compounds with our
method. It would probably not be suitable to use
our method for measuring the effects of factors such
as species of animal, age, sex and nutritional status
on rates of glucuronidation.

Many studies have been performed with subcellular
fractions but as the rate of metabolism s affected by a
number of factors such as transport of substrates to
the active site of the enzymes involved, the availability
of cofactors and the presence of competing endogen-
ous substrates, studies in isolated liver cells should be
of more value in predicting routes and rates of metab-
olism in vivo [5]. Moreover, this method should also

BP 43:5-E

be useful for studying the metabolism of compounds
which require phase I metabolism before conjugation
(phase II) occurs [5, 18], since the intact liver cells
should contain the cofactors and enzymes required for
both phases of metabolism; we have not assessed this
in the present study.

The liver is the major site of both sulphation and
glucuronidation and a number of substrates are both
sulphated and glucuronidated. Some studies show
that sulphation is more important than glu-
curonidation only at low substrate concentrations,
both in vivo [15] and in vitro [9, 13, 15, 16, 19], but
thorough kinetic studies need to be undertaken to
confirm if this is the case for all substrates. The K,,
or ECso values for glucuronidation we have
determined are significantly higher than those for
sulphation that we have determined in isolated liver
cells from fed rats (Table 2). The K, for
acetaminophen glucuronidation was similar to that
obtained in our laboratory using isolated liver cells
from fed rats (1.29 + 0.06 mM, mean = SEM, N = 3)
[31]. The rates of glucuronidation we have obtained
with the method are lower than those reported in
liver cells from fasted rats [21, 32], but this may be
due to the use of a different strain of rat or the use
of rats in which the glucuronyl transferase is induced.
The rates of 1-naphthol glucuronidation we obtained
were similar to those of Schwarz [9], measured in
48-hr fasted rats.

Fructose is also known to decrease rates of
glucuronidation at high concentrations (10 mM and
above) [11, 20]. At this concentration it is known to
decrease ATP concentrations in liver in vivo due to
its rapid utilization in the phosphorylation of fructose
to fructose-1-phosphate [33]. ATP is necessary for
the rephosphorylation of UDP to UTP which is
required for the synthesis of UDP-glucuronic acid.
In our studies we have used only 200 uM fructose
which we have shown to have no effect on ATP
levels in the liver celis.

The assay we have developed should be of
considerable use in determining whether novel
compounds are glucuronidated and measuring the
relative rates of glucuronidation of a range of
aglycones.
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