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SHORT COMMUNICATION
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Summary—The metabolism of estradiol [7-sulfate by subcellular localization enzymes of pheo-
chromocytoma tissue obtained from a 41-year old female was investigated. In any incubations under the
presence of NADH and NADPH, metabolites hydroxylated at the C-2, C-4, C-68, C-7a and C-78
positions were produced. These hydroxylations are considered to occur without cleavage of the sulfate
group. The 2-hydroxylation at the substrate concentration of 100 uM by mitochondria, microsomes and
cytosol fractions occurred at rates of 141, 222 and 167 pmol/mg protein/30 min, respectively, the
corresponding rates for the 4-hydroxylation were 24, 40 and 38 pmol/mg protein/30 min. Mitochondrial
2- and 4-hydroxylations were enhanced by addition of calcium ion (Ca’*) into the incubation medium.

INTRODUCTION

Pheochromocytoma is a tumor of the adrenal medulla, and
has a characteristic that the chromaffin cells of its tissue
secrete abnormal amounts of catecholamine. The mech-
anism of catecholamine secretion by this tumor, however,
is not fully understood and the lack of information is due
mainly to the tumor’s rarity. Commonly, this disease is
associated with a wide range of symptoms, and thus its
diagnosis is generally very difficult [1].

Since the tumor cells originate and grow in the adrenal
medulla, it was predicted from early times that steroid
metabolism in adrenal cortex might be influenced [2].
Carballeria and Venning demonstrated that C,,-steroid pre-
cursors underwent some metabolism [3,4]. Acevedo and
Beering reported that estradiol was metabolized by this
tumor tissue to the 2-hydroxylated products{5]. These re-
sults indicate that pheochromocytoma tissue has a capacity
of steroid metabolism, although this tissue belongs to
adrenal medulla.

Recently, we demonstrated 2- [6] and 4-hydroxylation {7}
of estradiol 17-sulfate (I) by rat liver microsomes. This
aromatic hydroxylation was also observed in brain, kidney,
lung and heart [8]. Based on these results and also on those
of Acevedo and Beering[5], we investigated whether pheo-
chromocytoma tissue has a capacity of aromatic hydroxy-
lation against L

EXPERIMENTAL

A case report

The patient was a 4i-year old Japanese female who
exhibited fatigue, hypersweating and palpitation. She was
said to have been hypertensive for several years and under-
went a total hysterectomy because of myoma uterii. In her
family history, no relatives had endocrinological disorders.
On admission, a physical examination of her showed a
blood pressure of 104/70 mmHg, pulse 90 and palor. Other-
wise she was unremarkable. Laboratory values found for
anterior pituitary, thyroid, parathyroid, pancreatic endo-
crine and adrenocortical function were normal. But urinary
excretion of vanillylmandelic acid (VMA) ranged high levels
(10-31 mg/day; normal: <10mg/day[9]), of adrenalin
(445-521 pg/day; normal: 5-25ug/day[9]), of nor-
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adrenalin  (605-625 ug/day; normal: 20-50 ug/day [9]).
Hypertensive state plasma concentration of adrenalin and
noradrenalin were very high, 107-1180pg/ml and
219-2430 pg/ml, respectively. Computalized axial tomog-
raphy of the abdomen showed a right adrenal tumor shaped
about Scm in diameter. Before the operation she was
treated with labetarol (a,f-adrenergic blocker) 750 mg and
prazosin (¢-adrenergic blocker) 9 mg t.i.d., respectively. The
tumor tissue, obtained in successful adrenalectomy, weighed
30 g and was immediately contributed to the following
experiments. Histopathological finding showed a typical
pheochromocytoma derived in adrenal medulla.

Materials

Free and conjugated steroids were prepared in this labo-
ratory according to the known methods [10]. NADH and
NADPH were purchased from Oriental Yeast, Inc. (Osaka,
Japan). Sep-Pak C,q cartridges and Column guards were
obtained from Waters, Ltd (Milford, MA, U.S.A)) and
Millipore Co. (Bedford, MA, U.S.A)), respectively. All
other reagents and solvents were obtained commercially.

High-Performance Liguid Chromatography (HPLC)

HPLC and preparative HPLC were carried out by the
same machine under the same conditions as described in the
previous paper[11]. The following solvents were used as
mobile phases:

System A: a mixture of 0.5% NH,H,PO, (pH 3.0) and
tetrahydrofuran (80:20, v/v), System B: a mixture of 0.5,
NH H,PO, (pH 3.0) and methanol (55:45, v/v), System C:
a mixture of 0.5% NH,H,PO, (pH 3.0) and methanol
(60:40, v/v).

Fractionation of cell components

A portion of the surgical specimen was carefully cleaned
of all possible fragments in an ice-cold glass vessel. All the
subsequent procedures were carried out at 0—4°C. The tissue
was weighed and homogenized with 4-fold volume of an
ice-cold S0mM Tris~-HCl buffer solution (pH7.4) by a
Teflon-glass Potter-Elvejhem homogenizer to give 20%
(w/v) homogenate. Fractionation of the cell components
was carried out on this homogenate by the same method of
Hogeboom [12] except using buffer solution of 50mM
Tris-HCI (pH 7.4).
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Determination of protein

Determination of protein contents in each fraction was
carried out by the method of Lowry ef al.[13] using bovine
serum albumin as reference. The protein amounts of each
fraction obtained from lg of tumor tissue were 28-30,
2-2.5, 7-8.5 and 17-20 mg for homogenates, mitochondria,
microsomes and soluble fraction, respectively.

Incubation

Incubations were carried out under the following condi-
tions. Ice-cold reaction vessels contained protein (0.5 ml),
NADH (1 mM), NADPH (1 mM), KCl (90 mM), EDTA
(0.1 mM) and the substrate (100 xM). Incubations using
mitochondria were carried out in the presence or absence of
CaCl, (11 mM). The mixtures were diluted with 50 mM
Tris-HCl buffer solution (pH 7.4) to 3.0ml as a final
volume, and were incubated at 37°C under aerobic condi-
tions for 30 min. The reaction was terminated by heating the
incubation vessels in boiling water for 1 min, followed by
addition of ascorbic acid (5mg) as antioxidant and of a
known amount of 2-hydroxyestradiol-3-methyl ether
17-sulfate as an internal standard (1.0-10 ug), then the
mixture was diluted with 10ml of water. Control experi-
ments were performed using boiled microsomes (100°C for
1 min) by the same procedure as described above. The
reaction mixtures were centrifuged at 1500 g for 20 min, and
the precipitates suspended in water and again centrifuged.
The combined supernatants were passed through Sep-pak
C,; cartridges. After washing with 2 ml of water, the car-
tridges were eluted with methanol (4.0 ml) and the eluates
evaporated under a nitrogen stream to give the residues,
which were dissolved in 100 u1 of methanol. These solutions
were subjected to HPLC using system A as a mobile phase.
At the same time, some of the incubation mixtures were
added by 4-nitroestrone as an internal standard (about
2-5 ug), and the mixtures were extracted continuously with
peroxide-free ether containing ascorbic acid (50 mg in 50 ml)
for 18 h. The ether layer was washed with water, dried over
anhydrous Na, SO,, and subjected to HPLC using system B.

Separation and solvolysis of steroid conjugates

The combined incubation mixture of three experiments
(microsomes) was treated by the same method as described
above, followed by the separation by preparative HPLC
using system C. Four separated fractions corresponding to
peaks 1, 2, 3 and 4 (Fig. 1) were then solvolyzed in acidic
media [14]. After being added by 4-nitroestrone (about
5 ug), each solvolyzed product was employed for assign-
ment of the products by HPLC using system B. Free steroids
used for identification with each product were estradiol and
its monohydroxylated derivatives; 2-, 4-, 6a-, 6f-, Ta-, 178,
150- and 16a-hydroxyestradiol.

RESULTS AND DISCUSSION

Studies on the metabolism of estradiol 17-sulfate (I) by
pheochromocytoma tissue were undertaken. In the previous
paper on the same substrate by rat liver microsomes, the
incubations were carried out in the presence of NADPH-
generating system [6, 7, 8, 11]. In the present experiments,
however, incubations were done using NADH and
NADPH, since it was obscure which coenzyme is required
for this metabolism.

Regarding the formation of the products, almost the same
tendencies were observed in any subcellular fractions. Ether
extracts of all incubation mixtures contained negligible
amounts of steroids, indicating that neither solvolysis of the
substrate and product(s) nor resulfulyzation of the hydro-
lyzed metabolites could have taken place during the incu-
bation. In contrast to the ether layer, over 90% of the
substrate accompanied with its minor products remained in
the aqueous layer in all experiments. These results indicate
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that hydroxylation of I by pheochromocytoma tissue oc-
curred without removal of the sulfate group.

Figure | shows a chromatographic separation of authen-
tic steroids (a), and of microsomal products (b), where four
kinds of peak (1, 2, 3 and 4) are observed. Peaks 1, 2 and
3 are coincidental with authentic conjugates, estradiol
17-sulfate (I), 2-hydroxyestradiol 17-sulfate (II) and
4-hydroxyestradiol 17-sulfate (III), respectively. Peak 4
looks like a mixture of at least three kinds of products, the
complete separation of which was unsuccessful.

The structure of the products was confirmed by the
separation of these peaks using preparative HPLC, followed
by their solvolysis. By HPLC of the solvolyzed products.
only 2- and 4-hydroxyestradiol were detected in the frac-
tions corresponding to peaks 2 and 3, respectively. On the
other hand, 68-, 72- and 7f-hydroxyestradiol were detected
in the solvolyzed products obtained from fraction corre-
sponding to peak 4. Thus, it became evident that I was
hydroxylated by pheochromocytoma tissue not only at C-2
and C-4 positions, but also at 68, 7a and 78 positions.
Similar results were also obtained by HPLC on the aqueous
products of the homogenates and other subcellular frac-
tions. No further investigation of the products in peak 4 was
undertaken.
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Fig. 1. High-performance liquid chromatograms of (a)
authentic steroids and (b) incubation products of estradiol
17-sulfate by microsomes of pheochromocytoma tissue.
L. estradiol 17-sulfate, II. 2-hydroxyestradiol 17-sulfate,
II1. 4-hydroxyestradiol 17-sulfate, is. 2-hydroxyestradiol-3-
methyl ether 17-sulfate, AsA. ascorbic acid.
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Table 1. Effect of calcium ion (Ca®*) on 2- and
4-hydroxylation of estradiol 17-sulfate by mito-
chondrial fraction in pheochromocytoma tissue

Yield (%)
Product CaCl, (—) CaCl, (+)
2-OH-Product 0.09 0.19
4-OH-Product 0.04 0.07

Incubations were carried out in Tris-HCl buffer
(pH 7.4, 50 mM) in the presence of NADH,
NADPH, KCl and EDTA at the substrate
concentration of 100 uM at 37°C for 60 min.
The concentration of Ca?* added was 11 mM.
Results are mean values of duplicate experi-
ments.

According to the recent report by Fishman er al[15],
catechol estrogen can be formed nonenzymatically. The
catechol formation in the present experiments, however, is
considered to be enzymatic, because no detectable amounts
of the catechols was produced in the control experiments
using boiled enzymes.

Peron et al.[16] reported that the in vitro hydroxylation of
some adrenocortical steroids by rat liver mitochondria was
enhanced under the presence of Ca?*. Table 1 indicates the
influence of Ca’* upon the mitochondrial 2- and
4-hydroxylation of I by addition of 11mM of Ca’*,
hydroxylations at C-2 and C-4 increased by over 110 and
80%, respectively. This result makes us consider that the
enhancement of the hydroxylation might be caused by an
increase of not only the permeability of exogenous co-
enzymes [16], but also of the substrates, into the mito-
chondrial organella.

Because of the lack of sufficient tumor tissue, we could
not investigate thoroughly the kinetics on the catechol
formation from I. Incubations were, therefore, inevitably
carried out at the substrate concentration of 100 uM as the
close value to the apparent K, values for microsomal
estradiol 17-sulfate 2- and 4-hydroxylases [14]. Table 2
indicates that the activities of each fraction are essentially at
almost the same level and that pheochromocytoma tissue
has a fairly high 2- and 4-hydroxylase activity for L.

Comparison of the results by Acevedo and Beering{4] and
ourselves seem to indicate a big difference in estradiol
metabolism by pheochromocytoma tissue between free and
17-sulfated estradiol. The metabolism of free estradiol is
essentially the C-2 oxidation, whereas that of the 17-sulfate
is rather random hydroxylation. These results are unique,
because the random hydroxylation of steroids is suppressed
to become regiospecific by converting the free steroid sub-
strates to their sulfoconjugates [17].

The results obtained by Acevedo and Beering[4] and also
ourselves, made us expect that the patients with pheo-
chromocytoma tumor might have high plasma or urinary
catechol estrogen concentrations. Measurement of these
catechol estrogens in body fluids might be useful for clinical
diagnosis of this disease.
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