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Relationship between lucigenin-enhanced chemiluminescence and
uroporphyrinogen oxidation in mouse and chick embryo liver microsomes

(Received 25 May 1989; accepted 1 February 1990)

Hexachlorobenzene (HCBZ*) and other polyhalogenated
aromatic hydrocarbons (PHAs) cause an accumulation of
uroporphyrin in the liver of rodents [1]. This increase
has been attributed to decreased activity of the enzyme,
uroporphyrinogen  decarboxylase, which catalyses
decarboxylation of uroporphyrinogen, with subsequent oxi-
dation of uroporphyrinogen to uroporphyrin [2,3].
However, in birds treated with PHAs, accumulation of
uroporphyrin can occur without a decrease in the activity
of the enzyme [4]. Recent in vitro studies suggest that a
major initial effect of PHAs is to induce a cytochrome P450
which oxidizes uroporphyrinogen to uroporphyrin [5, 6]. It
has been proposed that a product of this oxidation, possibly
a polycarboxylate oligopyrrole, may act as an inhibitor of
uroporphyrinogen decarboxylase [7-9].

Uroporphyrinogen oxidation (UROX) is catalysed by
hepatic microsomes from rodents and chicken embryos
treated with MC or PHAs [, 6]. In rat microsomes, UROX
is catalysed by the MC-inducible cytochrome P4501A2 iso-
enzyme [10]. Although the mechanism of the oxidation has
not been elucidated, hydrogen peroxide, superoxide or
hydroxyl radicals do not seem to be involved since catalase,
superoxide dismutase and mannitol have no effect on the
reaction [5, 6, 11]. Recently, several workers have impli-
cated cytochrome P450-mediated generation of reactive
oxygen species (ROS) in the pathogenesis of PHA-induced
uroporphyria ([9, 12-14]; see review Ref. 15). Three
approaches have been used to detect ROS production in
such cytochrome P450-mediated reactions: lipid per-
oxidation [16], chemiluminescence (CL) [14] and UROX
[5,6]. We have now used liver microsomes from chick
embryos and mice treated with known inducers of cyto-
chrome P450 and compared the relative rates of CL and
UROX. From the data obtained, we conclude that these
two reactions do not always measure the same phenom-
enon.

Materials and Methods

Chemicals. Sources for most of the chemicals used were
described previously [10]. Lucigenin (10,10’-dimethyl-9,9’-
biacridinium dinitrate) was from the Sigma Chemical Co.,
Poole, U.K.

Animals, treatments and preparations of microsomes.
CS7TBL/6, DBA/2 and AKR male mice (20-25g) were
purchased from Charles River Breeding Laboratories
(Wilmington, MA). All mice were fed and watered ad lib.
and were housed with 12 hr light/dark cycles. Four mice
were treated in each group. MC (130 mg/kg) and OAT
(75 mg/kg) were given as single i.p. doses in corn oil, and
the animals were killed either 48 hr (MC) or 72 hr (OAT)
later. Sodium PB (125 mg/kg) was given i.p. in saline for
3 consecutive days and the animals were killed 24 hr after
the third treatment. Fifteen to sixteen-day-old White
Leghorn chick embryos (15 per group) were injected with

* Abbreviations used: CL, NADPH-dependent luci-
genin chemiluminescence; DMSO, dimethyl sulfoxide;
EROD, 7-ethoxyresorufin deethylase, HCBZ, hexach-
lorobenzene; MC, 3-methylcholanthrene; OAT, o-amino-
azotoluene; PB, phenobarbital; PHAs, polyhalogenated
aromatic compounds; ROS, reactive oxygen species; TCB,
3,4,3' 4'-tetrachlorobiphenyl; UROX, uroporphyrinogen
oxidation.

either 0.5mg MC, 5mg glutethimide or 1 mg OAT in
0.1mL dimethyl sulfoxide (DMSO) 48 hr before being
killed. Livers were homogenized (1/4; w/v) in 0.25M
sucrose-0.05 M HEPES-1 mM EDTA buffer (pH 7.6), and
microsomes were prepared by differential centrifugation as
previously described [17]. Microsomes were stored at —60°
as suspensions in 20% glycerol-0.1 M sodium phosphate-
0.1mM EDTA, pH 7.4 for up to 8 weeks.

Assays. UROX and EROD were assayed essentially
as described previously [5, 10]. With chick microsomes,
UROX was initiated by addition of 10 uL TCB (0.2 ug/mL
DMSO) to the 1 mL reaction mixture.

CL was assayed as described previously [14] with some
modifications. The microsomal suspension was diluted 100-
fold with glycerol-phosphate-EDTA buffer. The diluted
suspension (50 uL) was then mixed with 0.45 mL 0.066 M
Tris/HCl - 15mM sodium azide (pH7.4), and pre-
incubated at 37° for 10 min. Azide was present to inhibit
mitochondrial respiration and to quench singlet oxygen
{18]. Lucigenin (10 uL of 5mM solution in water) was
added and the reaction initiated with 0.1 mL of NADPH
(2.5mg/mL in the Tris buffer). Luminescence was
measured for 10min at 37° in a Berthold Biolumat
LB95000T luminometer and data are presented as total
counts for the first 10 min. Cytochrome P450 concentrations
were determined by the method of Omura and Sato [19].
Protein concentrations were determined by the method of
Lowry et al. [20] using bovine serum albumin as standard.

Data were analysed using analysis of variance.

Results and Discussion

Effect of different inducers of cytochrome P450 on UROX
and CL catalysed by hepatic microsomes from several inbred
strains of mice. In these experiments we used three mouse
strains that differ in their inducibility by MC for the IA
sub-family of cytochrome P450s [21]. The DBA strain
is unresponsive, the AKR strain unresponsive or weakly
responsive and the C57 strain fully responsive to induction
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Fig. 1. Relationship of CL to mouse microsomal cyto-

chrome P450. Each symbol represents an individual mouse

as shown in Table 1. Symbols: (O) corn oil; (O) MC; (A)
OAT; (@) PB.
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Table 1. Relationships between hepatic microsomal uroporphyrinogen oxidation,ichemiluminescence,
ethoxyresorufin deethylase and cytochrome P450 content in mice

Strain Treatment UROX* CLt ERODi Cyt P450§
DBA Corn oil 14+3 3.906 0.19 + 0.04 0.78 £ 0.19
MC 216 5010 0.30 +0.11 0.70  0.03
AKR Corn oil 16 2 5.3 %0.50 0.22 + 0.02 0.97 = 0.09
MC 28 + 4| 6.1 =0.61 0.37 £0.11 1.13 = 0.08§
C57BL/6  Corn oil 13+3 35210 0.22+0.13 0.62 = 0.10
MC 51 = 11|y 8.9 = 1.5[f 4.68 = 1.19|1f 1.64 = 0.18||]
PB 267 9.5+2.0| 0.32 £ 0.02 1.99 +0.12)|
OAT 45 = 6 46+1.0 0.44 = 0.20 0.88 +0.19

For treatments see Materials and Methods. Four mice per group.

* pmole uroporphyrin/min/mg protein.
+ Counts X 10°/10 min/mg protein.

% nmole resorufin/min/mg protein.

§ nmole/mg protein.

|| Significantly different from corn oil treatment of the same strain at the 95% confidence level.
4 Significantly different from the other mouse strains given the same treatment, at the 95% confidence

level.

Table 2. Relationship between microsomal uroporphyrinogen oxidation, chemiluminescence,
ethoxyresorufin deethylase and cytochrome P450 in chick embryo

UROX* CL¥
Treatment DMSO TCB DMSO TCB ERODi Cyt P450§
Untreated 2 3 0.2 0.3 0 0.32
MC 4 48 1.3 1.2 2.08 0.66
OAT 2 30 0.1 0.2 0.66 0.61
Glutethimide 4 4 11 1.3 0 1.84

For treatments see Materials and Methods. Values represent means of duplicate deter-
minations of microsomes from pooled livers. Footnotes *-§, see Table 1.

by MC. As expected, Table 1 shows the difference between
these strains for the inducibility by MC of total cytochrome
P450 and EROD, an activity mainly catalysed by the mouse
P1 isozyme (IA1) of cytochrome P450 [22]. MC increased
both UROX and CL in C57 mice. However, in AKR
mice, MC increased UROX by 1.8-fold with no significant
increase in CL.

We also used compounds that are known to preferentially
induce different forms of cytochrome P450 to compare CL
and UROX in the C57BL/6 strain of mice. Table 1 shows
that MC and OAT significantly increased UROX whereas
MC and PB significantly increased CL. As previously shown
in rats, UROX correlates with increased cytochrome P450
1A2 which is preferentially induced by MC and OAT [10].
PB preferentially induces cytochromes P450 IIB and III
[23]. Figure 1 shows that CL correlated with the total
amount of cytochrome P450 (r = 0.87 for all mice and
0.89 for C57 mice only) with no apparent relationship to
particular cytochrome P450 isozymes. These results with
inducers of different isozymes of cytochrome P450 suggest
that UROX and CL are not equivalent.

Comparison of UROX and CL catalysed by chicken
embryo liver microsomes. We next compared UROX and
CL in microsomes from chicken embryos treated with dif-
ferent inducers of cytochrome P450 (Table 2). The maxi-
mum rate of MC-induced UROX was similar to that in the
mouse; however CL activities were lower in the chick
embryo. The reason for the lower CL activity of chick liver
microsomes is not known, but chick embryo microsomes
are more stable than rodent microsomes when incubated

with NADPH (24]. OAT increased UROX but not CL
whereas glutethimide, a powerful phenobarbital-like
inducer of cytochrome P450 in the chick embryo [25],
increased CL but not UROX. Table 2 also shows another
major difference between CL and UROX. TCB did not
affect CL.. In contrast, UROX was inactive without addition
of TCB, as shown previously [5].

Conclusions. Our results show that UROX is increased
following treatments that do not increase species of ROS
that react with lucigenin at pH7.4. Peroxidative mech-
anisms for UROX of the type suggested by others (e.g.
Ref. 8) are unlikely to produce ROS species that are
detected by lucigenin [26, 27]. However, the resistance of
UROX to catalase and other inhibitors [5, 6, 11] suggests
that the oxidation of uroporphyrinogen is not mediated by
H,0,, superoxide anion or hydroxyl radical species that
are freely available in solution. We suggest that cytochrome
P450 may catalyse UROX either directly (without gen-
eration of ROS) or indirectly without releasing ROS to the
aqueous environment. Finally, those compounds which
induce UROX and cytochrome P450 IA2 such as MC
and HCBZ, also cause uroporphyria in mice, whereas
compounds such as PB that increase CL but not UROX,
are cither ineffective or weakly effective in causing uropor-
phyria in rodents [28].
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