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ABSTRACT. The mechanism for formation of high affinity binding of guanoxabenz (1-(2,6-dichlorobenzyli-
dene-amino)-3-hydroxyguanidine) to a,-adrenoceptors by the rat spleen cytosol was studied. We report here
that the spleen cytosolic fraction mediated the reduction of guanoxabenz to guanabenz(1-(2,6-dichlorobenzyli-
dene-amino)-3-guanidine), the latter having an almost 100-fold higher affinity for rat a; 5 -adrenoceptors than
guanoxabenz itself. The reaction product could be separated by high-performance liquid chromatography and its
identity as guanabenz confirmed by nuclear magnetic resonance. The spleen cytosolic activity could be separated
into high and low molecular weight components, the high molecular weight component requiring low molecular
weight factors for maximal activity. Xanthine oxidase seems to be the most likely candidate responsible for the
activity, as the guanoxabenz-reducing activity of the high molecular weight component could be sustained by
exogenously applied xanthine, while it was potently blocked by allopurinol. The conversion of guanoxabenz by
the cytosolic activity was also quite potently blocked by DWOI, 1-(3,4-dimethoxybenzylideneamino)3-hydroxy-
guanidine, a hydroxyguanidine analogue to guanoxabenz. BIOCHEM PHARMACOL 56;9:1121-1128, 1998. © 1998
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In earlier studies, we showed that the N-hydroxyguanidine
guanoxabenz§ appears to bind to a,-adrenoceptors in dif-
ferent tissues with both low and high affinities [1-3]. For
example, guanoxabenz appeared to bind with markedly
higher apparent affinity to «,-adrenoceptors in spleen
membranes compared to cerebral cortex a,-adrenoceptors
[2]. Moreover, we found evidence that the high affinity
guanoxabenz binding was due to a metabolic activation of
guanoxabenz, leading to the formation of a product that
showed high affinity for the a,-adrenoceptors, which gave
rise in some tissues and under some conditions to biphasic
competition curves that could be resolved into two appar-
ent affinities of guanoxabenz for a,-adrenoceptors [4]. In
addition, in an accompanying paper to the present one, we
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have recently shown that the spleen membrane basal
enzymatic activity responsible for the activation of guan-
oxabenz could be inhibited by allopurinol, as well as by a
series of N-hydroxyguanidine analogues of guanoxabenz.
Moreover, we demonstrated that the enzymatic activity was
inhibited by extensive washing of the spleen membranes
and that the activity in the washed membranes could be
partially restored by the addition of xanthine [5].

In the present study, we have further characterized the
activity that seemingly promotes conversion of guanoxa-
benz to a metabolite that shows ca. 100-fold higher affinity
for a;-adrenoceptors than guanoxabenz itself. Our present
results show that the major activity in the spleen is
localized to the cell cytosol, and that this cytosolic activity
can be inhibited by an N-hydroxyguanidine analogue of
guanoxabenz, in a similar manner as in spleen membranes.
We have also found that cytosolic guanoxabenz-reducing
activity can be activated by xanthine and blocked by
allopurinol. Moreover, we show herein that the addition of
graded doses of spleen cytosol to cerebral cortex membranes
induces biphasicity of guanoxabenz competition curves in
a,-adrenoceptor assays using cerebral cortex membranes,
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which gives strong support to the notion that the previously
observed biphasic competition curves of guanoxabenz result
from the metabolic activation of the compound. Our results
are discussed in terms of the possibility that cytosolic
guanoxabenz-converting activity resides in xanthine oxi-
dase.

MATERIALS AND METHODS
Preparation of Tissue Membrane and
Cytosolic Fractions

Male Sprague-Dawley rats weighing 200-300 g were de-
capitated and the spleens and cerebral cortices rapidly
excised and homogenized in 1:10 v/w ice-cold 50 mM
Tris-HCI, 5 mM EDTA, 0.1 mM PMSF (phenyl methyl
sulphonyl fluoride), 10 wg/mL soybean trypsin inhibitor
and 200 pg/mL of bacitracin, pH 7.5, using a motor-driven
teflon glass homogenizer. The homogenates were spun at
500 X g for 15 min thereafter the supernatants were
collected. Aliquots of the thus formed crude supernatants
were frozen and stored at —80° for later use. The remaining
crude supernatants were spun at 38,000 X g for 30 min. The
second supernatants were also frozen and stored at —80° for
later use for the studies of the cytosolic enzyme activity.
(The second supernatant will subsequently be referred to as
the “spleen cytosolic fraction” whereas the first superna-
tant, described above, will be referred to as the “crude
spleen preparation”). The membraneous pellets from the
38,000 X g centrifugation of the spleen and cerebral cortex
preparations were twice resuspended and recentrifuged in
1.5 mM EDTA, 50 mM Tris-Cl pH 7.5. Final pellets were
diluted to protein concentrations of ca. 2.4 mg protein/mL
with 1.5 mM EDTA, 50 mM Tris-Cl pH 7.5. Aliquots of
the membranes were frozen and stored at —80° until use.
Protein was determined according to Lowry et al. [6].

Sephadex g-50 Chromatography

0.5 mL of rat spleen cytosolic fraction were loaded onto a
10 mL of G-50 Sephadex® column that had been preequili-
brated with 1.5 mM EDTA, 50 mM Tris-HCI, pH 7.5
buffer. The column was then eluted with the same buffer
and 1 mL fractions collected. All the chromatographic
procedures were carried out at 4°.

Assay of the Guanoxabenz-Converting Activities

Guanoxabenz-converting activities were assayed by using
various a,-adrenoceptor binding protocols. Activation of
guanoxabenz can be observed as an increase in its apparent
affinity, nonactivated guanoxabenz having a K, of ca. 4000
nM and the fully activated form ca. 40 nM for an a,4-
adrenoceptor. In routine assays, a, -adrenoceptor-contain-
ing membranes from rat spleen or cerebral cortex were
incubated with the a,A-adrenoceptor-selective radioligand
[PHIRX821002 (approximately 1 nM) and competing drugs,
as indicated, in 150 pL of 33 mM Tris-Cl, pH 7.5, 1 mM
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EDTA, 140 mM NaCl, 2 mM MgCl,, 100 pM of Gp-
p(NH)p (guanyl-5'-yl-imido-diphosphate) for 1 hr at 25°
[7]. In some experiments, spleen cytosol or various Seph-
adex® G50 gel filtration chromatographic fractions were
first incubated with 6 uM of guanoxabenz for 1 hr at 25°,
thereafter the reaction mixture was heated to 85° for 5 min
and centrifuged to remove protein precipitates. Aliquots of
the supernatants (1:6 final dilution, I WM of guanoxabenz
in final binding assay) were then assayed using the above
a,-adrenoceptor binding protocol. Termination of the
binding assays were performed by filtering and washing on
Whatman GF/C filters. All assays were performed in
duplicate. Data were analyzed using a radioligand binding

analysis package (Wan System), essentially as described
[8-10].

HPLC Separation of Spleen Cytosol Guanoxabenz
Reaction Product

To obtain enough of the product for NMR studies, guan-
oxabenz (500 wM) was preincubated with the spleen
cytosolic fraction for 1 hr at 25°C. In these incubations, the
25 mM Tris-HCL, 0.75 mM EDTA medium was supple-
mented with MgCl, (2 mM) and dithiothreitol (2 mM)
because the additions were found to enhance the enzymatic
activity. Total volume of the reaction mixture was 4 mL.
After the incubation, the reaction mixture was heated in a
water bath to 80° for 5 min. The sample was then
centrifuged and the supernatant filtered through a 0.22 pM
Millipore syringe filter, thereafter 200 pL of the filtrate
were injected onto a reverse phase chromatography column
(Waters Symmetry™ C8) equilibrated in 40% methanol,
60% 10 mM Na-acetate buffer, pH 4.5. The elution speed
was 0.5 mL/min, and the eluted substances were detected by
a UV monitor set at 260 nM (2151 LKB variable Wave-
length UV monitor). The fractions corresponding to the
product peak were lyophilized, dissolved in DMF-d7 and
used for NMR analysis.

NMR Recordings

NMR spectra were recorded at 270.2 MHz over the range
0.0-10.0 ppm in DMF-d7 using a JEOL J]NM 270 spectrom-
eter equipped with a standard 5 mM probe and, for the
microsample observation, a 5-mm probe with inverse con-
figuration. Samples of guanoxabenz and guanabenz were
dissolved in 0.6 mL of DMF-d7 to give a concentration of
approximately 0.1 M. Spectra were recorded using 64 K
data points and 16 transients. The sample of enzymatic
origin was dissolved in 20 pL DMF-d7 and drown into an
open capillary tube. The tube was sealed using rubber plugs
and suspended coaxially in a 5-mm NMR tube. The 'H
spectrum was obtained using 64 K data points and 2048
transients. Data were processed using the DELTA process-
ing package.
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Isotopes, Drugs, and Chemicals

PHJRX821002 (51 Ci/mmol) was from Amersham, UK.
Guanoxabenz was from Rousell, Romainville, France.
DWOI had been synthesized as described by Doubell et al.
[11]. Dicumarol, menadione, allpurinol, xanthine and
guanabenz were from Sigma. Sephadex® G-50 was from
Pharmacia Biotech.

RESULTS

Demonstration of Guanoxabenz-converting Activity in

Spleen Cytosol

In order to characterize the activity responsible for the
conversion of guanoxabenz to a high affinity a,-adrenocep-
tor binding metabolite, we probed the eventual cytosolic
localization of the activity in the spleen. In these experi-
ments, the a,-adrenoceptor binding activity of guanoxa-
benz was assessed by using cerebral cortex membranes and
the radioligand [PHJRX821002. The cerebral cortex was
selected because it contains predominantly a, ,-adrenocep-
tors and because we have previously demonstrated that
cerebral cortex membranes do not contain any basal guan-
oxabenz-converting activity [2]. The results are shown in
Fig. 1A. As can be seen from the figure, the presence of
spleen cytosol in the binding assay (1:3 final dilution) led to
an approximate 100-fold leftward shift of the guanoxabenz
competition curve compared to the control, where no
spleen cytosol had been added (K; = 4600 = 1600 nM in
the absence of cytosol versus K; = 39 £ 20 nM in the
presence of cytosol; mean = SEM, n = 2). As a control,
guanabenz competition curves were obtained using a cere-
bral cortex membrane spleen cytosol mixture (1:3 final
dilution of spleen cytosolic fraction) (Fig. 1A); the K, of
guanabenz was found to be 28 *= 3 nM, close to the K
values that we found earlier for guanabenz using the plain
rat spleen and cerebral cortex membranes [2]. When the
spleen cytosolic fraction had been heat inactivated to 85°
for 5 min, its addition to the cerebral cortex membranes did
not lead to any increase in the apparent binding affinity of
guanoxabenz (K, = 3700 = 800 nM). Moreover, Fig. 1A
presents the competition curve of guanoxabenz using the
crude spleen preparation and [PHJRX821002. (In this case,
the a,-adrenoceptors used for binding are residing in the
spleen membranes). As can be seen from Fig. 1A, the
guanoxabenz competition curve was in this case superim-
posed over the cerebral cortex membrane curve where
spleen cytosol had been added, as well as being superim-
posed over the guanabenz control curve. For the crude
spleen preparation, the apparent K; of guanoxabenz was
43 = 5 nM. Thus, these results indicate that the spleen
cytosol added to the cerebral cortex brought about the same
degree of activation of the guanoxabenz as did the crude
spleen preparation. Moreover, the K; of the activated
guanoxabenz aligns well with the K, of guanabenz.
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FIG. 1. Results from experiments performed with rat cerebral
cortex and spleen membranes (containing o,-adrenoceptors),
complemented with spleen cytosol (containing guanoxabenz-
converting enzyme). Panel A shows curves for the competition
of guanoxabenz with the binding of [PHJRX821002 to o, 4-
adrenoceptors in the crude spleen preparation () (see Methods
for details), cerebral cortex membranes (), cerebral cortex
membranes in the presence of three-fold diluted spleen cytosol
(@), and in cerebral cortex membranes in the presence of
heat-inactivated (85° for 5 min) three-fold diluted spleen cytosol
(A). A control competition curve of guanabenz using cerebral
cortex membranes in the presence of three-fold diluted spleen
cytosol is also shown (OJ). Panels B and C show competition of
guanoxabenz with the binding of [PHJRX821002 to o, 4-
adrenoceptors in cerebral cortex membranes in the presence of
spleen cytosol. In C, various dilutions of spleen cytosol had been
preincubated with 6 pM of DWO1 for 40 min before addition to
the o, 5-adrenoceptors binding assay (1.5 pM of DWO1 in final
assay). The experiment in B shows the corresponding control
where the spleen cytosol was incubated for 40 min in the
absence of DWO1. The cytosol incubations were diluted four-
fold in the final binding assay, the final dilutions of the cytosol
preparation becoming 4- (W), 64- (@), and 1024-fold (A),
respectively.
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Demonstration of the Ability of the N-Hydroxyguanidine
DWOLI to Inhibit the Guanoxabenz-converting
Activity in Spleen Cytosol

In previous studies, we showed that the guanoxabenz-
converting activity of spleen membranes could be inhibited
by a series of N-hydroxy-guanidine analogues of guanoxa-
benz [4, 5]. In the present study, we wanted to test if the
cytosolic activity was also inhibited by such an N-hydroxy-
guanidine. In these studies, we selected the N-hydroxy-
guanidine DWOI [11], having found it to be one of the
most potent compounds in inhibiting the guanoxabenz-
converting activity in spleen membranes. In order to assess
an inhibitory activity of DWO1 in the spleen cytosol, we
preincubated different dilutions of the spleen cytosolic
fraction with or without 6 uM DWOI for 40 min at 25°.
The preincubated cytosol was then mixed with cerebral
cortex membranes and various concentrations of guanoxa-
benz added together with 1 nM [PHJRX821002. The incu-
bations were continued for a further 60 min, and the
amount of [PHJRX821002 bound to the cerebral cortex
o, o-adrenoceptors determined. After the last four-fold
dilution into the assays, the final dilutions of the spleen
cytosolic fractions in these experiments were 4-, 64- or
1024-fold. The results from the control experiments (i.e.
without DWO1) are shown in Fig. 1B, and the results from
the DWO1-treated cytosols performed with the same mem-
branes and on the same occasion are shown in Fig. 1C. For
the 4- and 64-fold diluted cytosolic fractions of the con-
trols, an essentially complete activation of guanoxabenz
leading to high affinity binding took place, the K; values
being 63 * 11 nM and 110 * 20 nM, respectively (mean =+
SEM, n = 2, Fig. 1B) (these results are to be compared with
those of Fig. 1A, where the activated guanoxabenz gave a
K, of ca. 40 nM). However, when the cytosol was diluted
1024-fold, only a partial activation of guanoxabenz was
observed, as is evident from the biphasic appearance and
the shift of the competition curve to the right (K;-high =
290 * 40 nM and K;-low = 37,000 = 23,000 nM; Fig. 1B).
By contrast, when the cytosol had been pretreated with 6
M of DWOLI, a clear shift of the guanoxabenz competition
curve was already evident at a 64-fold dilution of the
cytosolic fraction. For the four-fold dilution, only one
K-high value of 85 = 9 nM was observed, whereas for the
64-fold dilution at K;-high and a K;-low of 290 * 40 nM
and 42,000 = 21,000 nM, respectively, were seen. For the
1024-fold dilution, only a K; low of 6500 = 2100 nM was
observed (mean = SEM, n = 2; Fig. 1C). In addition, we
showed in subsequent experiments that the addition of 6
pM of DWOI1 did not affect the competition curves of
guanabenz in the cerebral cortex membranes that had been
supplemented with the spleen cytosolic fraction (data not
shown). These data thus show that the ability of DWOI to
modify apparent a,-adrenoceptor affinities is not a general
phenomenon shared by other a,-adrenoceptor active com-
pounds besides guanoxabenz. Taken together, our data
seem to indicate that DWOI inhibits the guanoxabenz-
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converting activity of the spleen cytosol in a similar fashion
as it does the guanoxabenz-converting activity of the spleen
membranes as we had demonstrated previously.

Evidence for Macromolecular Nature of Spleen Cytosolic
Guanoxabeng-converting Activity

In order to investigate whether the guanoxabenz-convert-
ing activity of the spleen cytosol resided on a macromole-
cule, we added spleen cytosolic fractions (0.5 mL) to 10 mL
of Sephadex G-50 columns and eluted them stepwise in 1
mL portions. The void was eluted in fraction No. 1 and
contained essentially all high molecular weight materials,
whereas low molecular weight materials were eluted in
fractions No. 6—15. The guanoxabenz-converting activities
of the eluted fractions were assayed by preincubating them
with 6 WM of guanoxabenz (1:3 dilution of the fractions),
followed by heat inactivation of the reaction mixtures,
centrifugation to remove precipitated protein, and the
addition of an aliquot of the resulting supernatant (final
dilution 1:6, resulting in 1 pM of guanoxabenz in binding
assay) to a radioligand binding assay that contained appro-
priate concentrations of PHJRX821002 and cerebral cortex
membranes (see Methods for details). Results are shown in
Fig. 2A. As can be seen from the figure, only fraction No.
1 (the void) contained weak guanoxabenz-converting ac-
tivity, giving a ca. 30% decrease in ["THJRX821002 binding.
It was hypothesized that the relatively low activity of this
fraction was due to the loss of a low molecular weight
co-factor needed for activity of a macromolecular entity.
Therefore, fraction No. 1 was reconstituted with fractions
No. 2-15, and then preincubated with 6 uM of guanoxa-
benz, thereafter the mixtures were tested in the same assay
as described above. As can be seen from Fig. 2A, the
addition of fractions No. 7-14 to fraction No. 1 potentiated
the guanoxabenz-converting activity markedly. The high-
est potentiating activity appeared in fraction No. 9, where
the [PHJRX821002 binding was reduced by an additional
~50% as compared to the reduction induced by fraction
No. 1 alone. In other experiments, we found that heating
fractions No. 2-15 to 85° for 5 min did not affect their
ability to potentiate the activity of fraction 1 (data not
shown). Experiments were repeated 2-3 times, giving
essentially identical results. Altogether, these data suggest
that guanoxabenz-converting activity in the spleen cytosol
consists of a high molecular weight component (presumably
an enzyme), and that this component requires heat-stable
molecular weight co-factor(s) for its guanoxabenz-convert-
ing activity.

Effect of Xanthine and Allopurinol on the Guanoxabenz-
converting Activity of Desalted Spleen Cytosol

Experiments were performed to evaluate the effect of
xanthine and allopurinol on the activity of the Sephadex
G-50 fraction No. 1, which was obtained as described in the
preceding paragraph. Fraction No. 1 (1:6 final dilution) was
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incubated with 1 nM [PHJRX821002, cerebral cortex mem-
branes, and varying concentrations of guanoxabenz in the
presence and absence of 100 wM of xanthine and/or 20 uM
allopurinol for one hour, whereafter the amount of
[PHIRX821002 bound to the cerebral cortex a;-adreno-
ceptors was assayed. The resulting competition curves are
shown in Fig. 2B. As can be seen from the figure, the
guanoxabenz competition curve obtained with the addition
of fraction No. 1 was located slightly to the left (K, =
3300 = 1400 nM) of the curve obtained in the presence of
xanthine only (K; = 6300 = 700 nM). When both
xanthine and fraction No. 1 were present, the guanoxabenz
curve was shifted far to the left (K, = 180 = 60 nM). When
20 pM of allopurinol was also added in the presence of
xanthine and fraction No. 1, the competition curve was
shifted back to the right, so that it was superimposed on the
curve obtained in the presence of xanthine only, the K;
value of guanoxabenz becoming 4200 = 800 nM (mean =+
SEM, n = 2). In separate sets of control experiments, we
showed that 100 uM xanthine and/or 20 wM of allopurinol
did not affect guanabenz competition curves in the cerebral
cortex (data not shown).
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FIG. 2. Assays of guanoxabenz-converting ac-
tivity of G-50 Sephadex gel filtration fractions
using cerebral cortex membranes and
[PHJRX821002 binding. Panel A shows the
effect of incubating the chromatographic frac-
tions with 1 pM of guanoxabenz on the binding
of [PHJRX821002 to cerebral cortex o, ,-
adrenoceptors. Squares (W) represent assays of
fractions No. 1-16 alone (1:18 final dilution).
Bullets (®) represent assays of fraction No. 1
(1:18 final dilution) in combination with frac-
tions No. 2-16 (1:18 final dilution). (The
100% level in panel A represents the binding of
[PHJRX821002 in the presence of 1 uM guan-
oxabenz.) Panel B shows the effects of the
combinations of fraction No. 1, xanthine and
allopurinol on the the ability of guanoxabenz to
compete with [PHJRX821002 binding to o, 4-
adrenoceptors in membranes from the cerebral
cortex. The concentration of xanthine used was
100 pM and that of allopurinol 20 pM. For the
assays containing G-50 fraction No. 1, the
dilution of the fraction was nine-fold. For con-
trols not containing the G-50 fraction, a corre-
sponding amount of elution buffer was added.

Characterization of the Enzymatic Reaction Product
by NMR

To obtain enough of the product for NMR studies, guan-
oxabenz (500 wM) was preincubated with the spleen
cytosolic fraction for 1 hr at 25° and then analyzed by
HPLC, as described in the Methods section. In separate
experiments, it was shown that our chromatographic set-up
clearly separated guanoxabenz and guanabenz; the reten-
tion times were ca. 10.5 and 12 min, respectively (Fig. 3,
top) Pilot experiments showed that the product peak
increased in size with incubation time (from 5 min to 1 h),
while the peak corresponding to guanoxabenz concomi-
tantly decreased in size. Addition of guanabenz to the
incubation mixture increased the area of the product peak,
without distorting its symmetry (data not shown). After
1 h, the peak corresponding to guanabenz represented more
than 95% of the UV-absorbing material eluted from the
column at 10-15 min (Fig. 3, bottom). The fractions
containing the product peak were collected, pooled and
lyophilized, and subjected to NMR analysis. The NMR
spectrum obtained is shown in Fig. 4 together with the
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FIG. 3. HPLC of a mixture of 20 pM of guanoxabenz and 20
M of guanoxabenz mixture (top) and a representative chro-
matogram of the enzymatic reaction mixture of guanoxabenz and
spleen cytosol (bottom) (see text for details). Column: Waters
Symmetry C8. Mobile phase: 40% methanol, 60% 10 mM
Na-acetate buffer, pH 4.5. Flow rate 0.5 mL/min. Detection:
260 nm.

spectra for native guanoxabenz and guanabenz. As can be
seen, the spectrum of the enzymatic reaction product
showed a sharp singlet at 8.51 ppm, with its spectrum
exactly corresponding to that of guanabenz.
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DISCUSSION

In the present study, we have further characterized the
enzymatic activities responsible for the increased affinity of
guanoxabenz for «,-adrenoceptors. The results of the
present study reinforce our previous interpretation that the
apparent bimodal high and low affinity binding of guan-
oxabenz to a,-adrenoceptors is due to an enzymatic activa-
tion of guanoxabenz (Fig. 5). The data of the present paper
speaking in favour of this interpretation are as follows.

First, the addition of spleen cytosol to cerebral cortex
membranes (the latter not containing any capacity of their
own to bind guanoxabenz with the higher affinity) led to an
almost 100-fold increase in the apparent affinity of guan-
oxabenz for the cerebral cortex a,s-adrenoceptors. As the
ability of the spleen cytosol to convey this activation of
guanoxabenz was destroyed upon heat inactivation of the
spleen cytosol, the most straightforward explanation for
this finding is that the cytosol contains an enzymatic
activity that provides the activation.

Second, the spleen cytosol could be separated into its
high and low molecular weight components, the presence
of both being required for maximal activity (Fig. 2A).
Moreover, the results of Fig. 2B show that the activity of
the desalted high molecular weight component could be
sustained by the addition of xanthine, and that allopurinol,
which is known to be a potent inhibitor of xanthine
oxidase [12, 13], could completely block the effect induced
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FIG. 4. Two hundred and seventy MHz "H-NMR spectra (8.9
to 8.1 ppm and 7.65 to 7.45 ppm regions) for 95 pM of
guanabenz (top), 90 pM of guanoxabenz (middle) and approxi-
mately 100 pM product obtained from enzymatic treatment of
guanoxabenz (bottom). All substances were dissolved in

DME-d7.
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by xanthine. These results thus make xanthine oxidase a
strong candidate for the enzyme responsible for the conver-
sion of guanoxabenz to the high affinity metabolite.

Thirdly, we have shown herein that spleen cytosol
catalyzes the conversion of guanoxabenz to a product whose
chromatographic properties and NMR spectrum are iden-
tical to those of guanabenz. These results thus provide
definite evidence that the high affinity metabolite of
guanoxabenz is in fact guanabenz. Guanabenz is known to
be an a,-adrenoceptor agonist, and we have previously
measured its affinity for «,s-adrenoceptors in the rat
cerebral cortex and rat spleen by using [PHJRX821002
radioligand binding, the K; of guanabenz being ca. 18-27
nM [2]. The affinity of the activated guanoxabenz measured
in the present paper (K; = 39 = 20 nM; Fig. 1A) aligns
well with the K; of guanabenz for the a,4-adrenoceptor,
again in support of the hypothesis.

In our earlier studies [1-3, 5], we used membranes mainly
prepared from the spleen and to some extent also from
kidney, and showed that guanoxabenz could apparently
bind with both high and low affinities to the «,-adreno-
ceptors present in these membranes. We presume that the
activity of the spleen (and kidney) membranes resides in
the same enzyme as that of the spleen cytosol. The activity
in the membranes could be due to traces of the soluble
enzyme that was not washed away during the preparation of
the membranes. It is quite clear that the activity in the
membranes is far weaker than that of the spleen cytosol. In
fact, we presume that the previously observed biphasic
competition curves of guanoxabenz, which are resolvable
into two site fits by using radioligand binding computer
modeling analysis, arise due to a rate-limited conversion of
guanoxabenz to guanabenz. By applying the law of mass
action, it can easily be shown that a mixture of two
compounds that show unequal affinities for one site will
give rise to uniphasic competition curves that resolve only
into one site fit. However, if the compound with the lower
affinity is metabolically converted to one with the higher
affinity, and the rate of formation of the high affinity
compound becomes limited at the higher concentration
range, then the competition curves would become shallow
and be resolvable into two site fits. (In fact, we have
recently performed an extensive mathematical evaluation
for the conditions generating biphasic competition curves
when a competitor is subjected to metabolic transformation
[14], and we refer the reader to this study for further
discussion on the subject). In the present study, spleen
cytosol, even diluted as much as 1:64 (Fig. 1B), was capable
of effecting essentially complete activation of guanoxabenz.

As is also evident from Fig. 1B, further dilution of the
spleen cytosol leads to biphasic competition curves, which
is completely in line with the models mentioned above [14].
We presume that at high dilution the converting capacity
of the soluble enzyme would become limited, either due to
a limited amount of enzymatic capacity or by the depletion
of endogenous co-factor(s).

In two of our earlier papers [4, 5] we showed that a series
of hydroxyguanidines were capable of seemingly inhibiting
the conversion of guanoxabenz to its high affinity metab-
olite in the rat spleen membranes. In the present study, we
have shown that one of the most potent hydroxyguanidines
in this respect, DWOI, is also capable of inhibiting the
guanoxabenz-converting activity of the spleen cytosol (Fig.
1C). The exact mechanism by which DWOI1 affects the
inhibition of guanoxabenz-converting activity is at present
unknown and merits further study.

Several series of N-hydroxyguanidines have been synthe-
sized during the last decade and reported to have antiviral
and anticancer activities [15-17], but little is known about
their exact metabolic fate in vivo. Hydroxyguanidine itself
was found to be reduced to guanidine when injected
intraperitonealy into rats, or when it was incubated with rat
or guinea pig liver membrane homogenates [18]. In earlier
studies, Clement and coworkers have reported the N-
reduction of N-hydroxydebrisoquine in vitro [19] as well as
the retroreduction of guanoxabenz to guanabenz by a
microsomal NADH-dependent system [20]. The same
group recently showed that the microsomal N-reduction of
guanoxabenz is catalyzed by an enzyme system composed of
cytochrome Bs, NADH cytochrome Bs-reductase, and ben-
zamidoxime reductase [21]. It thus seems plausible that
guanoxabenz can become metabolically reduced by several
distinct processes in the body one of which might be xanthine
oxidase, as indicated by the present study, as well as by
cytochromes, as indicated by the studies of Clement et al.

In summary, we have demonstrated herein that the
spleen cytosol is capable of reducing guanoxabenz to guana-
benz. The activity requires endogenous co-factor(s) present
in the spleen cytosol, or exogeneously applied xanthine, for
its activity. As the metabolic conversion of guanoxabenz
can be blocked by allopurinol, we have discussed the results
in terms of possibility that the activity is mediated by
xanthine oxidase.
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