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ABSTRACT

AIM: To explore the capacity and charmacteristics of
adrenal mitochondria to metabolize xenobiotics in vitro
in human fews. METHODS: Subcellular fractions of
fetal adrenal were prepared by differential centrifuga-
tion. Mitochondrial P-450 system was proved by
spectral analyses and SDS-PAGE. The formaldehyde
formation contents were measured with Nash reagent.
RESULTS: The erythromycin N-demethylation
linearly increased in the protein concentration (1 — 4
mg}- and incubation time (10 — 30 min }-dependent
manners. A typical concentration-effect relationship
appeared with erythromycin 0.067 — | mmol+L~" and a
positive correlation { r = 0.641, P < 0.05) existed
between erythromycin N-demethylation and gestation
months. The N-demethylation values (nmol-s~!/g
protein} of erythromycin {2.7 £ 0.8), benzfetamine
(1.1 £0.5), and aminophenazone (0.9 + 0.4) in
mitochondria were 89 % (P >0.05}, 162 % (P <
0.01), and 62 % { P <0.01), respectively, of those
in microsomes. There was comrelation between
milochondria and microsomes in the N-demethylation of
erythromycin ( r =0.708, P <0.05) and benzfetamine
{(r=0.707, P<0.05). Troleandomycin stimulated
erythromycin N-demethylation in adrenal mitochondria
as well as in adrenal and liver microsomes in vitro.
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CONCLUSION: Fetal adrenal mitochondria, with
multiple P-450 isoforms and greater capacity of
demethylation, play a mle in drg-metabolism during
fetal development.

INTRODUCTION

The multiple forms of P-450 existed in many
extrahepatic organs. Admenal gland contains P-450
enzymes which are mainly involved in the
steroidogenesis[”. We previously demonstrated the
existence and higher activities of aniline hydroxylase
and aminophenazone N-demethylase in  adrenal
microsomes of human fetss in comparison with liver
microsomes'® . In this paper. we studied the charac-
teristics and the demethylation capacity of adrenal
mitochondrial P-450 system in vitre in human fews, to
further understand the biotransformation function of

adrenal gland .

MATERIALS AND METHODS

Biological samples Human fetal specimens
were obtained from therapeutic abortions and legal
abortions during 23 — 38 wk of gestation. approved by
the Academic Committee and the Ethics Committee of
Hubei Medical University.

Chemicals Erythromycin, benzfetamine, amino-
phenazone, isocitric  acid, and isocitric  acid
dehydrogenase were from Sigma. All other chemicals
and reagents were of AR.

Subcellular fractions The isolation procedure
of subcellular fractions was described in detail'™ . In
brief. adrenal and liver homogenates were spun at 9000
x g for 20 min to get mitochondrial pellets. The
postmitochondria supernatants { S, ) were spun at
105000 x g for 60 min to get microsomes, The
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mitochondrial and microsomal pellets were suspended in
sucrose .25 mol*L~! comresponding to 1 g of adrenal
per mL and stored at - 30 T .

Enzyme assays The total P-450 content,
spectral analysis and NADPH-cytochrome (Cyt} C
reductase activity were assayed as described beforel®
with a Shimadzu (UV-3000} recording spectrophoto-
meter.

Demethylation was determined using erythro-
mycin, benzfetamine, and aminophenazone as sub-
strates. ‘The assay mixture (pH 7.4, 37 T} contained
Tris* HCI 50 mmol*L~", MgCl, 10 mmol- LI, KCl
150 mmol - ™! and an NADPH-generating system
{including NADP* 0.4 mmol-L-!, isocitric acid 10
mmol + L~!, and isocitric acid dehydrogenase 0.6
units} . Erythromycin 0.4 mmol- L~ ", benzfetamine 2
mmol - L™!, or aminophenazone 8 mmol - L™! was
added. The reaction was initiated with the NADPH-
penerating system. The supernatant was incubated with
the Nash reagent at 60 C for 20 min and the color was
measured at 415 nm in a Shimadzu {UV-120} spectro-
photometer.

The formaldehyde formation rates from erythro-
mycin, benzfetamine, and aminophenazone were
defined under the above selected incubation conditions.
The effects of trcleandomycin on the formaldehyde
formation were determined at 0 — 200 gemol - L™T by
preincubation with the mitochondria (or microsome }
and NADPH-generating system at 37 T for 30 min
before adding substrate.

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) The SDS-PAGE of
adrenal mitochondrial and microsomal protein was
performed on a 10 %-acrylamide separating gel. The
sample (30 g protein) was loaded onto each of gel
lanes for the detection of total P-450.  Standard
proteins and their molecular weights { M, ) included
lysozyme {14 400 ), carbonic anhydrase (31 000},
ovalbumin (42 700}, bovine seram albumin {66 200},
and phosphorylase b {97 400} .

Data analysis Data were expressed as £+ 5.
Difference  between two groups of the adrenal
mitochondrial and microsomal fractions was detected
using the paired comparison of ¢ test,

RESULTS
Characteristics of adrenal mitochondrial

P-450 When dithionite-reduced difference spectral
analyses were employed, most of the adrenal
mitochondria { 13715 fetuses, 87 % } yielded a
maximal absorption of P-150 at 448 nm and the ratio
between the highest and lowest mitochondrial P-450
content was about 7.0-fold. Demonstrable tendency of
P-450 levels to increase as a function of fetal age was
abserved (7 =0.773, P <0.01}. The rate-limiting
enzyme — NADPH-Cyt C reductase activity in adrenal
mitochondria was also detected. No marked sex
difference was ohserved in P-430 content and NADPH-
Cyt C reductase activity. (Tab 1}

Tab1. The total Cyt P-450 content and NADPH-Cyt C
reductase activity in adrenal mitochondria of human
fetus. %=+ s.

Indices Mean (15) Male (7) Female (8)
P-as0/pmol-g™! 022013 0.23£0.15 0.22+0.12

C reductase ) ]
C}Tf,mnol-s“-g" 1.210.6 1.420.7 1.120.6
Profein/g*L~! 1916 155 224

The existence of adrenal mitochondrial P-450 was
also shown using SDS-PAGE (Fig 1}.
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‘Fig 1. SDS-PAGE electrophoresis on a 10 %-
acrylamide separating gel. Lane 1 and 4, 30 pg of
adrenal mitochondrial protein of 2 human fetuses.
Lane 2 and 5, 30 ug oi adrenal microsomal protein of 2
human fetuses. Lane 3, 20 pg of standard proteins.
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Taken the adrenal microsomal protein as the P-450
positive control, two mitochondrial protein bands of M,
about 47 400 and 54 200, and three microsomal protein
bands of M, about 45 100, 48 700, and 52 300 were
detected on the 10 %-acrylamide separating gel. In
the range of P-450 molecular weights, the total
microsomal P-450 peak area was pearly 2 times of those
of mitochendria by thin layer chromatography.

Mitochondrial demethylation The formal-
dehyde formation rates from erythromycin catalyzed by
adrenal mitochondria were found to be linear with 1 —4
mg of mitochondrial protein and 10 — 30 min of
incubation time, which meant that the capacity of
mitochondrial demethylation in vitro increased in the
protein concentration- and reaction time-dependent
manners. The relationship of demethylation velocity
and substrate concentration was observed
concentration-effect relationship appeared over the range
of erythromycin 0.067 - 1 mmol-L ! {Fig 2},
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Fig 2. Effect of erythromycin N-demethylation by
human fetal adrenal mitochondria, Two mg of
mitochondrial protein  was  incubated  with
erythromycin at 37 C for 30 min. 2 =2 fetuses.

The highest formaldehyde formation was adrenal
mitochondrial demethylation level of erythromycin, and
the lowest was that of aminophenazeme.  Ery-
thromycin, benzfetamine, and aminophenazone N-
demethylations in adrenal mitochondria were 89 % ( P
>0.05), 162 % (P<0.01), 62 % (P <0.01),
respectively, of the corresponding ones in adrenal
microsomes. (Tab 2)

Tab 2. N-Demethylations (mmel s !-g-!) of erythro
mycin, benzfetamine, and aminophenazone in adrenal
mitochondria arkl microsomes of human fetus. = =10
fetuses. x = 5. P>0.05, P<0.01 vs the corre-

sponding microsomal group.

Groups Erythromycin ~ Benzfetamine Aminophenazone

Mitochondnia
Microsomes

0.9x0.4°
1.4=0.4

1.1x0.5"
0.7+£0.5

2708
3.0x0.8

Correlation analyses There was a positive
correlation between mitochondrial erythromycin  N-
demethylation and gestation menths ( r=0.641, P <
0.05). Meanwhile, a correlation also existed between
mitochondrial P-430 content and benzfetamine N-
demethylation { 7 = 0.744, P < 0.01). The good
positive correlation occurred between adrenal mito-
chondrial and microsomal demethylation { erythro-
mycin: r = 0,708, P < 0.05; benzfetamine: r =
0.707, P<0.05).

Effect of troleandomycin on human fetal
demethylation in vitro Troleandomycin  was
initially employed to identify involvement of P-450 3A4
in mitochondrial demethylation. However, erythro-
mycin, benzfetamine, and aminophenazone N-
demethylation were unexpectedly enhanced by
preincubation of troleandomycin 25 — 200 pmel * L1
with adrenal mitochondria at 37 C for 30 min. The
maximal stimulation of erythromycin, benzfetamine,
and aminophenazone N-demethylation by troleando-
mycin was 1.25-1.26, 1.37 — 10.58, and 1.37 -
1.82-fold, respectively, of control { Tab 3).

Tab 3. Effects of troleandomycin on N-demethylation
(mmol * s~ + g~!) by adrenal mitochomdria of human
fetus. n=2 fetuses. x of duplicates.

Troleandomycin  Erythromycin  Benzfetamine Aminophenazone

Zpmol-L™* w1l a2 awl 02 nl a2
0 266 3.79 38 03 1.73 235

25 2,70 331 5.2 1.9 200 3.45

S0 3.00 3.45 5.03 216 228 4.27
100 3.3 3.88 493 38 2z 3.4
200 3.08 4.75 4.37 371 240 3.3

The stimulation of troleandomycin was also found
in adrenal and liver microsomes. where the increasing
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velocities of erythromycin N-demethylation were 1.08
—1.33 and 1.15-1.33 fold, respectively. of control.
(Tab 4)

Tab 4. Effects of troleandomycin on erythromycin (0.4
mmol-L~1} N-demethyvlations {nmol-s-1-g~ !} in liver

and adrenal microsomes of human fetus, n=2 [etuses.
& of duplicates.
Troleandomycin ~ Adrenal microsomes — Liver microsomes
spmolL™! nl n2 nl n2
0 3.a2 3.684 52.33 3.67
25 4.17 4.07 ND 4.12
0 4.23 4.15 3.37 4.46
100 4.45 3.9 5.72 4.82
200 5.08 3.9 6.13 4.88

ND = no determination.

DISCUSSION

The demethylation is an important catalyzing
function of P-450 monoxygenase system. Our results
showed that the adrenal mitochondrial P-450 contents
were almost at the same rmange of the adrenal
microsomal ones' . Meanwhile, the adrenal mito-
chondria catalyzed N-demethylation of erythromycin,
benzfetamine, and aminophenazone. The demethyla-
tion showed a substrate-dependent mamner and the
capacity was comparable with that of adrenal
microsome,  Furthermore, the demethylation was
enhanced by pretreatment with troleandomycin, Benz-
fetamine and erythromycin N-demethylation were
catalyzed by P-450 2B and 3A4, respectively. in
human and animal liver microsomes' >, Our results
suggested the existence of multiple P-450 isoforms in
adrenal mirochrondria of human fetus. P-150 3A4 is
the most abundant isoformm of human hepatic P-450
enzyme and capable of oxidizing many important
drags'™ . In our study. erythromycin N-demethylation
was also the most potent among the 3 compouonds.

Troleandomycin as a potent and mechanism-based
P450 3A4 inhibitor has been applied in drug-
metabolism in vitro(?) for the fractional inhibition of a
reaction in microsome (or another crude preparation )
expressed the extent to which a particular P-450 (or set
of P-450) is responsible for a reaction'® . However,
our results showed the enhanced demethylation of
adrenal mitochondria catalyzed by troleandomycin in

vitro . and further proved similar effects in adrenal and
liver microsomes.  Troleandomycin is the single
inducer of hepatic microsomal P-150 3A and can
stimulate hepatic erythromycin N-demethylase in vivo
inat’”. Where the difference is from has not been
eventually ascertained and needs further investigating.
In & word. the matter of P-450 3A4 requires special

attention since its active site has some unusual

features'® .

The present study indicated the higher capacity of
mitochondrial demethylation and possible existence of
mitochondrial multiple P-450 isoforms in fetal adrenal
gland, which supported our previous conclusion' *' that
adrenal gland served as an important drug-metabolizing
organ during fetal development.
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