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ABSTRACT

A high-performance liquid chromatographic method which measures formation of product 4-nitrocatechol (4NC) has been devel-
oped and applied to the study of human liver microsomal 4-nitrophenol (4NP) hydroxylation. Following diethyl ether extraction, 4NC
and the assay internal standard (salicylamide) were separated by reversed-phase (C, ;) liquid chromatography. Extraction efficiencies of
4NC and internal standard were both >90%. The assay, which has a limit of detection of 15 pmol injected (or an incubation 4NC
concentration of 0.25 uM), is accurate, reproducible and straightforward. With a chromatographic time of 12 min, 40-50 samples may

be analyzed per day. Rates of 4NC formation were linear with time and protein concentration to 50 min and 0.5 mg/ml, respectively.
Preliminary studies of 4NP hydroxylation showed that this reaction followed single enzyme Michaelis—Menten kinetics in human liver

mIiCrosomes.

INTRODUCTION

Cytochrome P-450 comprises a family of en-

zymes of major importance in the oxidation of

drugs environmental pollutants dictary chem-
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cytochrome P-450 isoforms exhibit distinct but

nvprlanmno patterns of substrate s qnpmﬁmf ies and

are 1ndependently regulated. In recent years par-
ticular interest has focused on the ethanol-induc-
ible cytochrome P-4502E1 (CYP2E1), which has
been implicated in the activation of many low-
molecular-mass toxins and carcinogens, includ-
ing acrylonitrile, benzene, carbon tetrachloride,
N-nitrosodimethylamine, styrene and vinyl chlo-
ride [1]. CYP2ELI also has the capacity to metab-
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olize other endo- and xenobiotics such as ketone
bodies, acetaminophen, chlorofluorohydrocar-
bons, chlorzoxazone and ethanol [2-5].

Given the importance of CYP2EI, a number
of ompounds have been 1nvest1gated as sub-
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pound is 4-nitrophenol (4NP); the hydroxylatlon
of 4NP to form 4-nitrocatechol (A.N(‘\ has been

(L0 )

used as a marker of CYP2E1 activity in a number
of animal species [6-8]. Assays for 4NP hydroxy-
lation typically utilize spectrophotometric quan-
titation at 546 nm. However, the spectrophoto-
metric method generally requires a high microso-
mal protein concentration which may result in
high background absorbance. In addition, sensi-
tivity is limited and rapid loss of 4NC absorbance
has been reported at 546 nm [5].

In the present paper we describe an isocratic

1993 Elsevier Science Publishers B.V. All rights reserved



74

high-performance  liquid  chromatographic
(HPLC) method for the determination of 4NP
hydroxylase activity in human liver microsomes.
The method is sensitive, precise, and has been
applied to a preliminary study of human liver mi-
crosomal 4NP hydroxylation kinetics.

EXPERIMENTAL

Materials

4NP, 4NC, salicylamide, NADP*, glucose-6-
phosphate and glucose-6-phosphate dehydroge-
nase were purchased from the Sigma (St. Louis,
MO, USA). All other reagents and solvents were
of analytical grade.

HPLC conditions

The assay was developed using a Model 6000A
solvent delivery system, a Model 481 variable-
wavelength UV-VIS detector, a Model U6K in-
jector (Millipore—Waters, Milford, MA, USA)
and a Model SE120 BBC Goetz Metrawatt re-
corder (Brown-Boveri, Vienna, Austria). Absor-
bance was monitored at 250 nm. The instrument
was fitted with a uBondapak C,g column (30 cm
x 3.9 mm L.D.; 10 um particle size; Millipore—
Waters) and operated at ambient temperature,
The mobile phase, delivered at a flow-rate of 1.5
ml/min, comprised acetonitrile-glacial acetic
acid—water (22:1:77) containing 30 mM triethyl-
amine; the pH of this mixture was adjusted to 3.0
with phosphoric acid.

Microsomal incubations and sample preparation
Microsomes were prepared from human livers
of renal transplant donors as previously de-
scribed [9] and protein concentration was deter-
mined according to the method of Lowry et al.
[10] with bovine serum albumin as standard. Re-
action mixtures contained microsomal protein
(0.2 mg), ascorbic acid (1 mA/), 4NP (2.5-200
uM) and NADPH-generating system (consisting
of 1 mM NADP™, 10 mM glucose-6-phosphate,
2 U glucose-6-phosphate dehydrogenase and 5
mM MgCl,) in a final volume of 0.5 ml of 0.1 M
potassium phosphate buffer pH 6.8. Aqueous
4NP stock solutions were prepared freshly each
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day and stored in the dark at 0°C (ice bath). In-
cubations were started after 5 min of pre-incuba-
tion (37°C) by addition of the NADPH-generat-
ing system. After 30 min, reactions were termi-
nated by the addition of 0.25 ml of 0.6 M per-
chloric acid. The assay internal standard, salicyl-
amide (50 ul of a 8 ug/ml solution), was added to
the mixture which was then saturated with am-
monium sulfate (0.5 g) and extracted with 4 ml of
diethyl ether (vortex mixer for 1 min). The organ-
ic layer was separated by centrifugation (3000 g
for 15 min) and evaporated to dryness under ni-
trogen. Residues were redissolved in 120 ul of the
mobile phase and a 15-ul aliquot was injected on-
to the HPLC system. Standard curves were con-
structed in the 4NC concentration range 0.5-20.0
uM and unknown concentrations were deter-
mined by comparison of metabolite/internal
standard peak-height ratio with those of the cali-
bration curve.

RESULTS

Under the chromatographic conditions em-
ployed, retention times for salicylamide, 4NC,
and 4NP were 5.6, 7.2, and 10.8 min, respectively,
allowing sequential analysis of multiple samples
at 12-min intervals (Fig. 1). The detector wave-
length of 250 nm maximized sensitivity and speci-
ficity. At the mobile phase pH (3.0), 4NC exhibits
near maximal absorbance at 250 nm, whereas
substrate absorbance is minimal at this wave-
length (Fig. 2). The detection limit of the assay,
defined as a signal-to-noise ratio of 5:1, was 15
pmol of 4NC injected (or an incubation 4NC
concentration of 0.25 uM). Standard curves were
linear over the concentration range 0.5-20.0 uM
and passed through the origin.

A number of extraction solvents were investi-
gated which included chloroform, diethyl ether
and ethyl acetate. Recovery was unsatisfactorily
low with chloroform, and although ethyl acetate
extraction resulted in quantitative recovery of
4NC, use of this solvent gave rise to a number of
chromatographic interferences (data not shown).
Thus diethyl ether, which produced no potential-
ly interfering peaks. was chosen as the extraction



W. Tassaneeyakul et al. | J. Chromatogr. 616 (1993) 73-78

3
A B C
7]
w 2
>
<
3
3 2
(=)
1
1

[T NS V G L Vi

T T 1 r T T L T T T L

0 8 16 0 16 0 8 16

Retention Time | min|

Fig. {. Chromatograms of extracts. (A) Microsomal incubation
without substrate; (B) aqueous standard containing 4NC (5 M)
and internal standard; (C) incubation of human liver micro-

somes in the presence of 4NP (25 uM). Arrow heads indicate

time of injection. Peaks: 1 = internal standard; 2 = 4NC; 3 =
4NP.

solvent. The extraction procedure adopted was
reproducible, both within and between concen-
trations. Mean (+ S.D.) extraction efficiencies
for spiked incubation 4NC concentrations of 0.5,
2.5 and 10 uM (n = 4 at each concentration)
were 94.3 £ 5.7, 100.2 £ 1.5 and 98.8 + 4.2%,
respectively. The mean extraction efficiency for
the internal standard (0.4 ug) was 91.9 + 3.9% (n
= 6).

Within-day coefficients of variation for spiked
aqueous quality controls containing 0.8 and 7.5
uM 4NC (n = 8§ at each concentration) were 8.3
and 5.5% respectively. Accuracy was 106.3 and
103.9% at 0.8 and 7.5 uM 4NC, respectively. Be-
tween-day coefficients of variation for the 0.8 and
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Fig. 2. Absorbance spectra of 4NP (broken line) and 4NC (solid
line) dissolved in the mobile phase (concentration of both 50

uM).

7.5 uM spiked aqueous quality controls (n = 8 at
each concentration) were 9.8 and 6.0%, respec-
tively. The overall assay reproducibility was as-
sessed by investigating formation of 4NC at an
added 4NP concentration of 100 uM using the
same batch of microsomes. The within-day and
between-day (n = 6 estimations of each) coeffi-
cients of variation were 2.5 and 11.4%, respec-
tively.

As demonstrated with rabbit liver microsomal
incubations [7], the 4NP hydroxylase activity of
human liver microsomes was maximal at pH 6.8
(data not shown). At this pH, 4NC formation
was 1.3-fold higher than at pH 7.4. Thus an in-
cubation pH of 6.8 was utilized.

The effect of incubation time and protein con-
centration is shown in Fig. 3. 4NC formation was
linear for incubation times to 50 min and for mi-
crosomal protein concentrations to 0.5 mg/ml.

4NC formation by liver microsomes of a single
donor over the 4NP concentration range 2.5-200
uM followed single enzyme Michaelis—Menten
kinetics (Fig. 4). The apparent K,,, and V., val-
ues, estimated from the Eadie-Hofstee plot [11],
were 26.3 uM and 1.10 nmol 4NC per min per mg
protein, respectively. Using 0.2 mg of microso-
mal protein and an incubation time of 30 min,
4NC formation at the lowest substrate concen-
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Fig. 3. (A) Time dependence, using 0.2 mg of protein and (B)
protein dependence with 30 min incubation of 4NP hydroxyla-
tion by human liver microsomes (100 uM 4NP).

tration (viz. 2.5 uM) was approximately ten times
the limit of assay sensitivity.

The effects of glycerol (used to stabilize frozen
microsomes) on 4NP hydroxylation is illustrated
in Fig. 5. Glycerol concentrations of 1.0% (v/v)
or less had a negligible effect on 4NC formation
over the 4NP concentration range 10-100 pM.

DISCUSSION

Preliminary studies in this laboratory of 4NP
hydroxylation by human liver microsomes using
the previously published spectrophotometric
method [6,7] indicated that the procedure suf-
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Fig. 4. Human liver microsomal 4NP hydroxylation kinetics. (A)
Plot of substrate concentration versus product formation. (B)
Eadie-Hofstee plot: V' = velocity; § = substrate. Points are ex-
perimentally determined values while the solid lines are the com-
puter-generated curves of best fit.

fered limitations of sensitivity (lower limit ap-
proximately 5 nmol of 4NC), specificity and sta-
bility of 4NC under the alkaline conditions neces-
sary to measure product formation. Moreover,
the spectrophotometric assay had a high require-
ment for human liver microsomal protein (1 mg
per incubation). In contrast, the HPLC assay de-
scribed here is sensitive, reproducible and once
extracted 4NC was stable for at least 3 h when
reconstituted in the mobile phase. Furthermore,
the HPLC assay has a low requirement for mi-
crosomal protein, is free from interference by
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Fig. 5. Effects of glycerol on human liver microsomal 4NP hy-
droxylation. Concentrations of 4NP were (@) 100 uM, (O) 25
uM. and (A) 10 uM.

other potential CYP2E1 probes (e.g. chlorzoxa-
zone and diethyldithiocarbamate) and is straight-
forward; about 40-50 samples may be analyzed
in a single day.

A number of compounds besides 4NP have
been used as in vitro substrate probes for
CYP2E!1 activity in various species. These in-
clude acetone [2], aniline [12], chlorzoxazone [3],
ethanol [13] and N-nitrosodimethylamine [14].
Acetone and ethanol are both volatile com-
pounds and incubations with these substrates
must be performed in sealed containers. Mea-
surement of product formation with these sub-
strates is similarly complicated by metabolite vol-
atility. Although aniline hydroxylation has been
used as a marker for CYP2EI activity in vitro,
this compound is not specific for CYP2E1 [12].
N-Nitrosodimethylamine is a known carcinogen
and interpretation of activity with this substrate
is complicated by its non-linear kinetics [15]. The
low substrate concentration of N-nitrosodimeth-
ylamine required for the specific measurement of
CYP2E]1 activity necessitates the use of a radio-
metric procedure [16]. An HPLC assay for chlor-
zoxazone hydroxylation, a reaction linked to hu-
man CYP2EL, has been described recently [3] but
the metabolic product, 6-hydroxychlorzoxazone,
is not commercially available. The various com-
plications associated with all of these methods
are not apparent with the procedure developed
for 4NP hydroxylation.
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A preliminary study of 4NP hydroxylation us-
ing the newly developed HPLC method has
shown that 4NC formation by human liver mi-
crosomes follows Michaelis—Menten kinetics,
consisted with the involvement of a single cyto-
chrome P-450 isoform in this reaction (Fig. 4).
Further studies are under way to confirm the spe-
cific involvement of CYP2EI.

Glycerol is used widely to stabilize frozen liver
microsomes but it has been reported recently that
this compound may inhibit CYP2E1 [16,17].
Over the 4NP concentration range 10-100 uM,
glycerol concentrations <1.0% (v/v) were shown
to have a negligible effect on product formation.
Thus, the 4NP hydroxylation activity of liver mi-
crosomes stabilized with glycerol may be deter-
mined as long as the final incubation of glycerol
does not exceed this value.
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