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Metabolism of [1-CH-*2C] 1, 3, 7-trimethyldihydvouric
acid. The distribution of radioactivity in the organs,
14CQ,, urinary and faecal excretions, was studied. After
25 h, less than 19, of administered radioactivity was
expired as “CO, and the animal’s body contained only
0.7%. Radioactivity collected in faeces represented 29,
after 8 h and 99%, after 25 h. For all of the experiments,
between 75 and 909, of the radioactivity was recovered
in the urine. Excretion of radioactivity in the urine was
approximately complete after the first 5 h following ad-
ministration. These results showed that, when caffeine
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Fig 2. Metabolic pathway of caffeine proposed previously? The
products in brackets were not identified in the urine a). The new nie-
tabolic pathway taking into account the results of this work. The
steps suggested by the identification of metabolites, but not directly
proved, are shown with dotted lines (b).
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was orally ingested and gave rise to 1,3, 7-trimethyldi-
hydrouric acid, this compound and its own metabolites
were rapidly excreted in the urine. This fact established,
it remained to demonstrate the metabolism undergone
by the 1, 3, 7-trimethyldihydrouric acid.

The study of urine by thin-layer chromatography
showed that [1-CH,-14C] 1, 3, 7-trimethyldihydrouric acid
was not transformed but found unchanged in urine.
The autoradiogram of each urine sample collected during
the experiment lasting 25 h is presented in Figure 1b.
The impurities were mainly excreted in the first 2 urine
samples and after 4 h, the 1, 3,7-trimethyldihydrouric
acid was the single radioactive product in urine. These
analyses of urine demonstrated that 1,3, 7-trimethyldi-
hydrouric acid was a final product of caffeine metabolism
and not an intermediate in the formation of trimethyl-
allantoin 2.

Discussion. New Metabolic Pathway of Caffeine. Al-
though a large proportion of the population consumes
caffeine every day in drinks and in medicines, the meta-
bolic pathway of this molecule is little known in animals
and even less in humans. The latest and most complete
metabolic pathway previously proposed is presented in
the Figure 2a. As a large number of caffeine derivatives
found in urine are unknown, they were not shown in this
pathway. It must, however, be pointed out that this
metabolic pathway is interesting, because the derivatives
reported were quantitatively the most important.

This study, showing that 1,3, 7-trimethyldihydrouric
acid was an end-product of caffeine metabolism, intro-
duces some important modifications to the known
metabolic pathway of caffeine. The new metabolic path-
way proposed in Figure 2b takes into account this result
and also the existence of an unstable product, compound
7, which is an isomer or a precursor of trimethylallantoin?.
With this new metabolic pathway, it becomes evident
that research must be undertaken in order to determine
whether 1,3, 7-trimethyluric acid is an intermediate in
the formation of trimethylallantoin, and to identify the
metabolites formed from the dimethylxanthines®.

3 The skilful technical assistance of Miss Doris Rorrr and Miss
Marryse Horpen is gratefully acknowledged.
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Summary. Estrogen receptors are found in the rat uterine and in the eosinophil-rich human blood leukocyte 24,000 g
fractions, but not in the low-eosinophil count human blood leukocyte 24,000 g fraction. The total number of binding
sites per blood eosinophil leukocyte is 7,400 sites per cell, and the Kp = 5.6 x 1019 31,

Previous radioautographic studies have shown that
two separate receptor systems for estrogens, thought to
be involved in independent mechanisms of estrogen ac-
tion, exist in the uterus: the cytosol-nuclear and the eosi-
nophil receptor systems?-¢. The cytosol-nuclear receptor
system is responsible for the genomic response to estro-
gens, 1.e., the increases in uterine RNA and protein syn-
thesis?. The eosinophil receptor system is considered to
be involved in some of the early non-genomic estrogenic
responses in the uterus, such as water imbibition and the
increase in vascular permeability 2-6.

The eosinophil receptor system for estrogens have been
demonstrated in vitro and in vivo in radioautographic

studies 3 8-1%, but there have not been attempts to study
it biochemically. The present report describes the preli-
minary characterization of the estrogen receptors in the
uterine eosinophils and also demonstrates the presence of
a similar receptor in the circulating blood eosinophil
leukocytes.

Material and methods. Estrogen receptors were investi-
gated in the nuclear, the 24,000 g, the microsomal and the
cytosol fractions from rat uterine tissue and from blood-
leukocyte preparations taken from both patients with a
high count of blood eosinophils and patients with a low
number of blood eosinophils. To increase the number of
uterine eosinophils® 1! the mature rats used in the pre-



15. 10. 1976

Binding of 3H-estradiol to rat uterine

Specialia

1241

and human blood leukocyte 24,000 g fractions. Effects of non-radioactive estradiol and hydrogen peroxide

Concentrations in the incubation tubes

Bound radioactivity (dpm/incubation tube) to

3H-estradiol () Hydrogen peroxide (M)

Non-radioactive estradiol (#{)

Eosinophil-rich
blood-leukocyte
24,000 g fraction

Rat uterine
24,000 g fraction

Low-eosinophil-
count blood
leukocyte
24,000 g fraction

3x 10710 — -
3x10-1 1x10-¢ -
3x 1010 1x10-¢ 7.5% 107
1x10-9 - -
1x10-9 1x10-% -
1%x10°% 1x10-8 2.5x 1078

310 90 1690
6165 900 2295
1620 920 945
1620 180 4320
9360 1260 4725
2070 90 3750

Rat uterine 24,000 g fractions (corresponding to 0.15 uterine horn), eosinophil-rich blood-leukocyte 24,000 g fractions {corresponding to
2,250,000 eosinophils) or low eosinophil-count blood-leukocyte 24,000 g fractions (corresponding to 170,000 eosinophils) were used in each
incubation tube. The protein content in each incubation tube was 88 ug.

sent experiments were pretreated for 3 days with 30 pg
of non-radioactive estradiol per 100 g of body weight and
per day. The rats were sacrified 24 h after the last in-
jection. Each fraction was resuspended in a 0.05 M Tris —
0.4 mM EDTA buffer (pH 7.4) and was incubated at
37°C for 1 h with various concentrations (between 1 X
10-% M and 3 x10-% M) of*H-estradiol-17§ (specific ac-
tivity = 48 Ci per millimole), with or without a 25-fold
concentration of non-radioactive estradiol-174, and with
or without 1 x10-% M hydrogen peroxide. At the end of
the incubation, aliquots were taken for the separation
of the bound and free *H-estradiol by filtration in G-25
coarse Sephadex-columns. Separate aliquots were used
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ScaTcHARD plots for binding of 3H-estradiol to rat uterine and
human blood leukocyte 24,000 g fractions.

Rat uterine 24,000 g fractions corresponding to 0.10 uterine horn
(@ and ©O) and eosinophil-rich human blood leukocyte 24,000 g frac-
tions corresponding to 2,250,000 eosinophils (M and ij}, were used
in each incubation with 3H-estradiol-178. © and [J, the incubation
media contained a 25-fold concentration of non-radioactive estra-
diol-178; @ and M, the incubation media was without non-radio:
active estradiol. The total volume of the incubation medium was
0.6 ml, and the protein content was 88 wg in the incubation per-
formed with the blood leukocyte fractions, and 58 g in the incu-
bation performed with the rat uterine fractions. The bound and free
3H-estradiol were determined as described in the text.

for the measurement of total radioactivity, proteins!?
and peroxidase!®. The results obtained in the rat uterine
and in the eosinophil-rich blood leukocyte 24,000 g {rac-
tions were expressed as a SCATCHARD plot 14,

Results. The Table shows that a significant amount of
bound 3H-estradiol is found in the 24,000 g fraction after
incubation with ®H-estradiol when this fraction is ob-
tained from rat uterine homogenates or from eosino-
phil-rich blood leukocyte preparations. Almost no bind-
ing of 3H-estradiol is found in the 24,000 g fraction when
it was obtained from low eosinophil count blood leuko-
cyte preparations. A 25-fold concentration of non-radio-
active estradiol-17f drastically decreases or almost abo-
lishes the binding of 3H-estradiol in the 24,000 g frac-
tions. The presence of 1x10-® M hydrogen peroxide
greatly increases the amount of bound 3H-estradiol in the
24,000 g fractions from rat uteri, from eosinophil-rich
human blood leukocyte and from low eosinophil count
blood leukocyte preparations. A 25-fold concentration of
non-radioactive estradiol produces a significant decrease
in the bound radioactivity in the 24,000 g fractions in-
cubated in the presence of hydrogen peroxide.
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The amount of bound 2H-estradiol in the nuclear,
microsomal and cytosol fractions from rat uteri, was well
as those from human blood leukocyte preparations, is
much lower than that from the 24,000 g fractions. Non-
radioactive estradiol does not decrease the amount of
bound radioactivity in the nuclear, microsomal and cyto-
sol fractions. Hydrogen peroxide does not increase the
amount of bound radioactivity in those fractions, as was
observed in the 24,000 g fractions. The guiacol reaction
demonstrates only the presence of peroxidase in the uter-
ine and blood leukocyte 24,000 g fraction, but not in the
nuclear, microsomal and cytosol fractions.

The Figure shows the results expressed as SCATCHARD
plots. The estrogen receptors from both the rat uterine
24,000 g fraction and the eosinophil-rich human blood
leukocyte 24,000 g fraction have a constant of dissocia-
tion of 5.6 x10-1® M. The total number of binding sites
per eosinophil (from the blood leukocyte preparations) is
7,400 sites per cell. In both the rat uterine and the eosino-
phil-rich human blood leukocyte 24,000 g fractions, there
is no detectable specific estrogen binding in the presence
of non-radioactive estradiol-174.

Discussion. The present report describes high affinity
and low capacity estrogen receptors in the rat uterine and
the human eosinophil-rich blood leukocyte 24,000 g frac-
tions. No estrogen receptors were detected in the cytosol,
microsomal and nuclear fractions from rat uteri or from
human blood leukocyte preparations, probably because of
the long incubation at 37°C, which has been reported to
destroy the uterine cytosol receptors?.

The estrogen receptors from the blood leukocyte
24,000 g fraction were only clearly demonstrated when
the blood was obtained from patients with a high count of
blood eosinophils, suggesting that these estrogen re-
ceptors are only present in the eosinophil leukocytes.

The estrogen receptors from the 24,000 g fraction of rat
uterus and those from the 24,000 g fraction of eosinophil-
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rich blood leukocyte preparations have three character-
istics in common: They have a similar constant of disso-
ciation, they increase the binding of *H-estradiol in the
presence of a low concentration of hydrogen peroxide and
they are found in the 24,000 g fraction. These charac-
teristics suggest that the 24,000 g fraction eosinophil-rich
blood leukocyte receptors are identical with the uterine
estrogen receptors found in the 24,000 g fraction.

An increase in estrogen binding by the blood leukocyte
and the uterine 24,000 g fractions occurs in the presence of
a low concentration of hydrogen peroxide. Similarly, an
increase in estrogen binding and retention by the uterine
eosinophils in the presence of a low concentration of
hydrogen peroxide has been reported in radioautographic
studies % 18, suggesting that the estrogen receptors found
in the 24,000 ¢ fractions correspond to the estrogen re-
ceptors previously described in uterine eosinophils?-$, 8-11,
1517 Furthermore, electron microscope radioautography
demonstrated the localization of the estrogen eosinophil
receptors in the ‘specific lysosomes’ of the eosinophil
leukocytes!?, known as ‘peroxidasosomes’ 8, which sedi-
ment in the 24,000 g fraction 9.

Experimental data has led us to conclude that the
estrogen receptors described in the blood leukocyte and
the uterine 24,000 g fractions correspond to the uterine
eosinophil estrogen receptors previously found in uterine
radioautograms, confirming their existence in the uterus,
in addition to the cytosol-nuclear receptor system.
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The Desulphation of Hexosamine Sulphates by Arylsulphatase B!
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Summary. The sulphation of Carbobenzoxyglucosamine by chlorosulphonic acid resulted in formation of N-carbo-
benzoxyglucosamine-4,6-disulphate. UDP-galactosamine 4-sulphate and glucosamine 4,6-disulphate were the com-
petitive inhibitors of arylsulphatase B. Arylsulphatase B can hydrolyze UDP-galactosamine 4-sulphate and glucosa-

mine 4,6-disulphate but not galactosamine 6-sulphate.

Lysosomal arylsulphatase B has been extensively puri-
fied from various mammalian tissues?-4, It can be clearly
distinguished from the corresponding arylsulphatase A
both by its lower molecular weight and higher isoelectric
point?. Although the physiological role of arylsulphatase
A has been well established -7, the role of arylsulphatase
B is still obscure. However, it has been suggested® that
the latter may have a role in mucopolysaccharide me-
tabolism. Iurther, it has recently been reported that
arylsulphatase B activity is markedly diminished in the
tissues of patients with Maroteaux-Lamy syndrome, which
is characterized by the abnormal excretion of dermatan
sulphate® 19, In a preliminary report STEVENS et al.™ have
reported that a partially purified preparation of human
placenta arylsulphatase B could desulphate UDP-N-
acetylgalactosamine 4-sulphate.

In the present work, attempts were made to prepare
hexosamine sulphates for using them as substrates for
arylsulphatase B. The hexosamine sulphates were also
coupled with CH-sepharose in an attempt to make an
affinity chromatography column for arylsulphatase B.

Methods. The homogeneous preparation of arylsulpha-
tase B was prepared by the method of FarooQurl and
Rov?, and assayed by the method of ALLEN and Roy?
using nitrocatechol sulphate as a substrate. The purified
enzyme preparation had a specific activity of 130 umole/
min/mg.

Preparation of hexosamine sulphates. Carbobenzoxy-
hexosamines were prepared by the method of CHARGAFF
and BovarnIick!?, They were crystallized 3 times with
309, methanol before sulphation. The sulphation of carbo-
benzoxyhexosamines was done by the method of Apam1®



