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The demonstration of a TPNH-linked peroxidation.of lipids in microsomes
(Hochstein and Ernster, 1963a,b) has raised the question as to the possible
relationship of this process to other microsomal TPNH-dependent reactions,
Liver microsomes are known to catalyze a number of TPNH-dependent hydroxylation
reactions, among them the oxidative demethylation of various drugs (cf, Brodie
et al,, 1958), In this paper it is shown that drugs undergoing oxidative de-
methylation strongly inhibit the TPNH-linked peroxidation of lipids in microsomes
and that the inhibition probably is the result of a competition between the two
processes for a common TPNH-oxidizing enzyme,

Experimental, Rat-liver microsomes were prepared as described by Lrnster
et al, (1962), The microsomal pellets were throughly rinsed with 0,15 M KCl
in order to remove the bulk of adhering sucrose, which may interfere with the
determination of malonaldehyde (Hochstein and Ernster, 1963a); washing with
KCl was avoided since it diminished the oxidative demethylation activity,

Lipid peroxidation activity wss measured by determining the amount of
malonaldehyde formed with the thiobarbituric acid reaction (Bernheim et al,,
1948), The incubation system included microsomes containing 3 mg protein, 0,05
M tris-buffer, pH 7,5, 0,1 ml ADP-Fe>' solution (0,03 pmole Fe(NH,),(S0),
6H20 + 8 Lmoles ADP), 50 mM nicotinamide, 0,5 mM TPN, and a TPNH-generating
system consisting of 5 mM DL-isocitrate, 0,01 mM MnClz, and 0,1 ml dialyzed

105,000 g liver supernatant (corresponding to 10 mg fresh weight liver), in a
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final volume of 2 ml, The temperature was 37°C and the time of incubation 6
min, When ascorbate was used to induce lipid peroxidation, it was added in a
final concentration of 1 mM, and TPN and the TPNH-generating system were omitted,

Oxidative demethylation activity was assayed with aminopyrine or codeine
as substrates and the amount of formaldehyde formed was measured by the Nash
(1953) reaction, The composition of incubation system was similar to that
employed for lipid peroxidation, except that ADP—Fe2+ was omitted, and 5 mM
aminopyrine or codeine was added, The temperature was 37°C and the time of
incubation 40 ming

Oxygen consumption and TPNH disappearance were measured with a Clark
oxygen electrode and anEppendorf fluorometer, respectively, Measurements were
started with 0,025 M tris-buffer, pH 7,5, 0,15 M KC1l, 0,2 mM TPNH, and micro-
somes containing 4 mg protein, in a final volume of 3 ml, After recording the
TPNH oxidase activity for 2 minutes, 30 pl 0,5 M aminopyrine or codeine in
ethanol, or 30 pl ethanol alone, were added, After further 5,5 min,, 50 1 ADP-
Fe2+(36 mpmoles Fe2+ and 3 pmoles ADP) were added, and recording was continued
for another 2-4 min, The temperature was 28°C.

Results, Fig, 1 shows the valldity of the conditions used for the measure-
ment of the TPNH-linked oxidative demethylation activity with aminopyrine as
substrate, The formation of formaldehyde was linear with time and with the
amount of microsomes used; and it was maximal at 5 mM aminopyrine, The reaction
was strongly inhibited by carbon monoxide, Similar results were obtained with
codeine,

Data in Table I illustrate the effect of codeine and aminopyrine on the
TPNH-1linked peroxidation of lipids, The latter was activated by ADP—Fe2+, in
accordance with previous results (Hochstein, Nordenbrand and Ernster, 1963),
Codeine and aminopyrine, 5 mM, greatly inhibited the ADP—Fe2+—activated lipid

peroxidation, On the contrary, ADP-Fe2+ had no effect on the oxidative demethyla-

2+
tion activity. Codeine and aminopyrine also greatly depressed the ADP~-Fe ~

-induced 02 uptake and TPNH disappearance, as shown in Table II,
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Fig., 1., Assay conditions for oxidative demethylation of aminopyrine,

For additions, see text, All assays were performed with air as the gas phase,
except those marked with & (4 % 0,, 96 % N,), and A (40 % CO, 4 %0, 56 %
NDe

2

Table 1, Effect of codeine and aminopyrine on the TPNH-linked peroxidation
of lipids in rat liver microsomes,

Additions Malonaldehyde Formaldehyde
mymoles/min,/mg protein

None 0,16

ADP-Fe2* 5,21

Codeine 24 2.32
Codeine, ADP-Fe 0,72 2,02
Aminopyrine o 3,62
Aminopyrine, ADP-Fe 0,42 3.92
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Table 1I, Effect of codeine and aminopyrine on the ADP—Fe2+-induced stimula-
tion of O uptake and TPNH oxidation of rat-liver microsomes,

O2 uptake TPNH oxidation

i 2
Addition -mp-Fe?t  4apP-Fe®t  stim,  -aDP-Feo'  +aDP-Feo'  stim,

(mpmoles/min,/mg prot,) (times) (mpmoles/min,/mg prot,) (times)

None 2.7 148 55 2.4 12,0 5.0
Codeine 5,1 44 9 5,1 6,4 1,3
Aminopyrine 542 56 11 4,8 8,3 1,7

The possibility that codeine and aminopyrine per se might inhibit lipid
peroxidation, without the involvement of the TPNH-linked oxidative demethylation,

could be eliminated by the following three types of experiments:

1) When the microsomes were aged in the cold (O—2°C), the capacity for
oxidative demethylation decreased to a large extent, whereas that for TPNH-
-linked lipid peroxidation remained unchanged (Fig. 2a), In the 24-hour-aged
microsomes, lipid peroxidation was only slightly inhibited by codeine and
aminopyrine (Fig, 2b),

2) Ascorbate,which is a poor electron donor for oxidative demethylation
in liver microsomes (Mitoma et al,, 1956), but a good inducer of ADP—Fe2+~
activated lipid peroxidation (Hochstein, Nordenbrand and Ernster, 1963), gave
rise to a malonaldehyde formation, that was only slightly inhibited by codeine
and aminopyrine (Table III),

3) In microsomes from rat brain, which do not catalyze the oxidative
demethylation of codeine and aminopyrine but do exhibit TPNH-linked lipid
peroxidation (Hochstein and Ernster, 1963bL), the latter was not inhibited by
the drugs,

In complementary experiments it could also be shown that added formal-
dehyde, in the concentration range here in question, did not interfere with

the formation or determination of malonaldehyde,
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Fig, 2, Effect of aging on TPNH-linked lipid peroxidation and oxidative
demethylation,

Table III, Effect of codeine and aminopyrine on the TPNH- and ascorbate-
linked peroxidation of lipids in rat liver microsomes,

(MA = malonaldehyde; FA = formaldehyde)

Addition None TPNH Ascorbate
MA FA MA FA MA FA
mpmoles/min,/mg protein
None 0,25 - 5430 - 4,44 -
Codeine 0,22 0 0,14 2478 4,18 0,36
Aminopyrine 0,11 0 0,15 4,47 3,56 0,40

Discussion, The results reported above demonstrate that oxidative deme-
thylation inhibits the TPNH-linked lipid peroxidation of microsomes, The simplest
interpretation of this inhibition seems to be that the two processes compete
for a common TPNH-oxidizing enzyme, This competition is schematically illustra-
ted in Fig, 3, The TPNH-oxidizing enzyme probably is identical with Horecker’s
(1950) TPNH-cytochrome ¢ reductase, which flavoprotein (Fp) has recently been
implicated in microsomal hydroxylations (Gaudette and Brodie, 1959; Krisch and
Staudinger, 1961), The "Fe" in the scheme stands for a hypothetic iron-containing

catalyst, which is thought to be involved in microsomal hydroxylations and which,
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Fig, 3, Schematic representation of competition between TPNH-linked 1lipid
eroxidation and oxidative demethylation,
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as indicated both by the present data and by those recently reported by Esta-
brook et al, (1963) on adrenal cortex microsomes, appears to be identical with
Klingenberg's (1958) "CO-binding pigment', The difference in sensitivity between
the TPNH- and ascorbate-linked lipid peroxidation to drugs undergoing oxidative
demethylation may be explained by assuming that the TPNH-oxidizing enzyme reacts
more readily with "Fe! than with ADP-Fe, whereas the converse relationship holds

for ascorbate,
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