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Effects of ethylenediamine tetraacetic acid (EDTA) on aging-induced changes in
activities of drug metabolizing enzymes were investigated. Aging of microsomes at 45°
produced a reduction of lipid peroxidation while aging of 9000 X g supernatant fraction
at 45° resulted in a marked increase in the formation of lipid peroxides. From this finding,
it was assumed that there might be heat stable stimulator of lipid peroxidation in addition
to the heat labile inhibitor of lipid peroxidation which was found recently by us. EDTA
completely prevented the inactivation of aniline hydroxylase and aminopyrine N-de-
methylase when rat liver 9000 X g supernatant fraction was aged at 45°. When rat liver
9000 X g supernatant fraction and microsomes were aged at 5° aerobically, activity of
ethylmorphine N-demethylase was decreased and, inversely, amount of lipid peroxides
formed during aging was increased. EDTA effectively inhibited the lipid peroxidation and
decrease in ethylmorphine N-demethylase activity. The close relationship between lipid
peroxidation and activity of ethylmorphine N-demethylase was confirmed using NADPH-
generating system and ferrous ion as stimulators of lipid peroxidation.

Introduction

It has been well known that drug metabolizing enzymes in liver microsomes are exceed-
ingly labile to the storage in various conditions. Recently, we? reported that aniline hydroxy-
lase was kept rather stably when lyophilized microsomes were stored in anaerobic conditions,
and that the enzyme in microsomes from rabbit liver was more stable than that in rat liver.
There were several suggestions in the experiments. Microsomal membranes may undergo
changes unfavourable to maintain activity of drug metabolizing enzymes in the presence of
oxygen since the activity of aniline hydroxylase was decreased by an aerobic storage. In
addition, the fact that aniline hydroxylase in rat liver microsomes was more labile than that
in rabbit liver suggests the existence of a factor which catalyzes the degradation of microsomal
membranes in the presence of oxygen in rat liver microsomes but not in rabbit liver micro-
somes. As regarding to the previous studies on the species difference in the stability of drug
metabolizing enzymes, Gram and Fouts® demonstrated that rabbit liver enzymes were in
most cases stable than mouse and rat liver enzymes, but failed to relate between'the stability
of drug metabolizing enzymes and microsomal lipid peroxidation.# Recently, we®® have
shown that there is an inverse correlation between the stability of drug metabolizing enzymes
and microsomal lipid peroxidation using inhibitors and stimulators of lipid peroxidation, and
have demonstrated” that there is the close relationship between ethylmorphme N- demethylat-
ing activity and lipid peroxidation in various species.
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This investigation was initiated in order to further clarify the effects of ethylenediamine
tetraacetic acid (EDTA), a potent inhibitor of lipid peroxidation, on the stability of drug meta-
bolizing enzymes in various conditions.

Experimental

Male rats of Wistar strain (body weight is given in the Figures) were fasted for about 18 hr prior to
sacrifice, but were given water ad libitum. Microsomes and 9000 X g supernatant fraction were prepared by
the method as previously described.®)  Experimental details on the incubation mixture are given for the
Figures. NADPH-generating system consisted of NADP (0.33 mm, final concentration in the incubation
mixture), glucose 6-phosphate (8 mm), MgCl, (6 mm) and 0.113 unit glucose 6-phosphate dehydrogenase.
Oxidative demethylase activities were assayed with ethylmorphine and aminopyrine as substrates and the
amount of formaldehyde formed was measured by the Nash reaction.” Aromatic hydroxylation of aniline
was determined by measuring p-aminophenol according to the method of Kato and Gillette.l® Lipid
peroxide was determined as previously described. The formation. of lipid peroxides was represented as
TBA values by calculating ODgz,nm per microsomal protein (mg) added to the incubation mixture. The
microsomal protein was determined according to the method of Lowry, et al.1V

Result and Discussion

1. Effects of Aging. (at 45°) of Rat
Liver 9000 x g Supernatant Fraction and
“=9000X g supernatant fraction Microsomes on Lipid Peroxidation

When 9000X g supernatant frac-
tion and microsomes were aged at 45°
aerobically, the formation of lipid per-
oxides in microsomes was reduced with
aging time, while unexpectedly, it was
significantly increased in 9000 X g super-
natant fraction (Fig. 1). This fact
may suggest that there is heat stable
activator of lipid peroxidation in the
soluble fraction.

2. Effects of EDTA on Activities of
Aniline Hydroxylase and Aminopyrine
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Fig. 1. Effects of Aging of Liver Microsomes or N-Demethylase in 9000 X g Supernatant
9000 x g Supernatant Fraction on Lipid Perox- Fractio n‘ Aged at 45°
idation
Livers ‘of 6 rats weighing 84 to 110 g were pooled and To examine the effects of EDTA
used for the assay. After aging of microsomes or 9000 X g on aging_induced changes in dI'llg 0X-
supernatant fraction (2.43 mg of microsomal protein/ml) . )
for each period, NADPH-generating system and 0.8 ml idation rate, 9000 X g supernatant frac-
b ’

of 0.2m phosphate buffer (pH 7.4) were added to 1 ml of

L * P o] . »
the aged samples, then incubated at 37° for 30 min. tion was aged at 45 aeroblcally with or

without EDTA (2.5 mm). As shown
in Fig. 2, aging of rat liver 9000 X g supernatant fraction produced a marked decrease in aniline
hydroxylation. As was expected, EDTA completely prevented the inactivation of aniline
hydroxylase. The same experiment as Fig. 2 was performed using aminopyrine as a substrate
but was added EDTA before or after the aging in order to compare the inactivation of the
N-demethylase during aging (at 456°) and incubation periods (at 87°, 30 min). Fig. 3 repre-
sents stabilization of aminopyrine N-demethylase by EDTA both during aging period and
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Fig. 2. Effect of EDTA on Aging-Induced

Change in Aniline Hydroxylation Flg 3. Effect of EDTA on Aging-Induced

Change in Aminopyrine N-Demethylation

Livers of 6 rats (body weight average 154 g) were
pooled and used for the assay. EDTA (final 2.5 mm)
was added before aging. After aging of 9000 X g super-
natant fraction of liver at 45° aerobically, the sub-
strate and co-factors were added and incubated at 37°
for 30 min. The incubation system consisted of ani-
line (1 mm), NADPH-generating system, liver 9000 X g
supernatant fraction (1 ml, equivalent to 250 mg of
liver) and 1 ml of 0.2 m Na-K phosphate buffer (pH
7.4) in a final volume of 2.5 ml.

Livers of 7 rats (body weight average 114 g) were
pooled and used for the assay. EDTA was added
before or after.aging. Other experimental conditions
were as described in Fig. 2 except that aminopyrine
(1 mm) was used as a substrate instead of aniline.

incubation period. In this experiment, aminopyrine N-demethylation before aging at 45°
was inhibited by EDTA. The inhibition may be caused since rather high concentration of
EDTA was employed to inhibit aging-induced stimulation of lipid peroxidation which is shown
in Fig. 1.

3. Effects of Aging (at 5°) of Rat Liver 9000 X g Supernatant Fraction or Microsomes on Ac-
tivity of Ethylmorphine N-Demethylase and Lipid Peroxidation

Effects of aging (at 5°) of rat liver 9000 X g supernatant fraction on activity of ethylmor-
phine N-demethylase and lipid peroxidation were studied (Fig. 4). Lipid peroxidation was
increased gradually with aging time. EDTA inhibited lipid peroxidation almost completely.
Activity of ethylmorphine N-demethylase was decreased with increasing aging period, whereas
the addition of EDTA resulted in stabilizing ethylmorphine N-demethylase. The inverse
relationship between the activity of ethylmorphine N-demethylase and lipid peroxidation
was essentially in agreement with the data described previously.® The same experiment as
shown in Fig. 4 was performed using microsomes instead of 9000 g supernatant fraction
(Fig. 5).

EDTA (0.1 mwm) could not prevent lipid peroxidation durlng aging completely when aging
time was prolonged. Then, the concomitant decrease in activity of ethylmorphine N-de-
methylase was observed. However, the effects of EDTA on lipid peroxidation and the ac-
tivity of ethylmorphine N-demethylase were clearly shown during first 40 hr. - These data
presented in Fig. 4 and Fig. 5 may also suggest the existence of an inhibitor of lipid peroxi-
dation in soluble fraction which have been recently characterized to be heat labile and to be
induced by treatment of rats W1th 3- methylcholanthrene.” A3 - :
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- Sendai, April, 1972, p. 58.
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Fig. 4. Effects of EDTA on Aging-Induced Changes in Ethylmorphine N-Demethylation
and Lipid Peroxidation in 9000 X g Supernatant Fraction of Rat Liver

Eleven male rats weighing 110 to 150 g were used. All livers were pooled and used for enzyme assays listed in
Fig. 4 to Fig. 7. Liver 9000 X g supernatant fraction was aged at 5° aerobically with or without EDTA (final 0.23
mm). After aging, EDTA (final 0.1 mwm) was added to prevent further occurence of lipid peroxidation. All vessels
were incubated for measuring ethylmorphine N-demethylating activity after aging. Amount of lipid peroxides was
measured before and after the incubation, whereas no differences in the TBA values between before and after
incubation were observed. Incubation mixture consisted of ethylmorphine (final 1 mm), 9000 X ¢ supernatant
fraction (1 ml, equivalent to 250 mg of liver), EDTA (final 0.1 mm), NADPH-generating system and 0.8 ml of 0.2 M
Na-K phosphate buffer (pH 7.4) in a final volume of 2.5 ml. The NADPH- generatmg systern and the substrate
were added just before incubation at 37° for 30 min aerobically. .

ethylmorphine

0.3 N-demethylation

T

0.10

lipid peroxidation

T
+
=1
]
<!
>

0.2

TBA value
()
&K

0.1

T

0 20 ) 60

pmoles HCHO /mg prot./30min

0 20 40 60 Aging time at 5 (hr)

Aging time at 5 (hr)
Fig. 5. Effects of EDTA on Aging-Induced Changes in Ethylmorphine N-Demethylation
and Lipid Peroxidation in Microsomes of Rat Liver

All experimental procedures were as described for Fig. 4 except that microsomes (2.81 mg prot.) were employed
instead of 9000 X g supernatant fraction.

Lipid peroxidation is known to be stimulated by ferrous ion, ascorbic acid and NADPH.
Then, the effects of EDTA on aging-induced changes in lipid peroxidation and ethylmorphine
N-demethylase were studied in the presence of NADPH-generating system (Fig. 6). Lipid
peroxidation was markedly stimulated by the addition of NADPH-generating system and
it was strongly inhibited by EDTA. On the other hand, the activity of ethylmorphine N-
demethylase was reduced to almost negligible level during the first 15 hr of aging period.
EDTA effectively acted as a stabilizer of ethylmorphine N-demethylase.

As described above, ferrous ion and NADPH are stimulators of lipid peroxidation. The
effects of NADPH-generating system on lipid peroxidation and the activity of ethylmorphine
N-demethylase were tested in the presence of ferrous ion (Fig. 7). The addition of ferrous
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Fig. 6. Effects of EDTA on Aging of Rat Liver
Microsomes with NADPH-Generating System

Microsomes were aged with NADPH-generating system and
with or without EDTA. Other experimental conditions were
as described for Fig. 5.

ion to the incubation mixture resulted in in-
crease in lipid peroxidation and concomitant
decrease in activity of ethylmorphine N-deme-
thylase. It seems possible to confirm that the
stimulation of lipid peroxidation produces the
inactivation of ethylmorphine N-demethylase,
and the inhibition of lipid peroxidation results

in stabilizing ethylmorphine N-demethylase.

Since the content of cytochrome P-450 and
activities of NADPH-cytochrome c reductase
and NADPH-neotetrazolium diaphorase were not
decreased so much as activity of ethylmorphine
N-demethylase when lipid peroxidation was
stimulated with ferrous ion or ascorbic acid,!¥
it may not be reasonable to assume that the in-
activation of ethylmorphine N-demethylase is
depending upon decrease in either cytochrome
P-450 content or activities of NADPH-linked
reductases.
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Effects of NADPH-Generating

System on Aging of Rat Liver Micro-
somes with Fet+ '

Microsomes were aged at 5° aerobiéally with

Fet+ (final 0.1 mm, as Fe(NH,)y(SO,);-6H;0)
and with or without NADPH-generating system.
Just after aging, EDTA (final 0.2 muM) and
NADPH-generating system were added into all
vessels.
described for Fig. b.

Other experimental conditions were as
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