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Abstract

A crude extract of clonidine-displacing substance (CDS) has previously been extracted from the NG108-15 cell line. This study aimed
to purify CDS extracted from this cell line further, by the technique of reverse phase-HPLC (RP-HPLC), and subsequently determine
whether this refined CDS bears any similarity to CDS's extracted from other tissues. Crude CDS was extracted from NG108-cells and
fractionated by RP-HPLC eluting with a linear gradient of methanol (5—65%; 1 ml min~?! flow rate) over 50 min., and collected at 1 min.
intervals. The pharmacological activities of the CDS fractions were determined by their abilities to displace bound [*H]clonidine to
o ,-adrenoceptorsin rat brain membranes. RP-HPL C analysis of CDS revealed a pharmacologically active fraction distinct from agmatine,
eluting at 24 min, corresponding to an absorbance peak observed at this time. Collectively, these results confirmed that CDS was present
in the NG108-15 cell line. However, the RP-HPL C analysis showed the pharmacological activity to elute at a more hydrophobic gradient
than previously observed with CDS's extracted from bovine tissues. These results support the notion of the existence of several CDS's.
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1. Introduction

The NG108-15 neuroblastoma X glioma hybrid cell line
has been previously shown to express imidazole binding
sites (Feinland et al., 1988) and the putative endogenous
ligand for imidazoline binding sites, known as clonidine-
displacing substance (CDS; Ernsberger et al., 1989).

Crude CDS has been extracted from severa tissues and
serato date, including the bovine brain (Atlas and Burstein,
1984; Parker et al., 1999a), bovine lung (Singh et al.,
1995; Parker et al., 1999a), bovine adrenal glands (Parker
et a., 1999a), rat brain (Chan et al., 1997), rat serum,
adrenal gland, gastric fundus and heart (Hensley et 4.,
1989; Medley et a., 1992), human serum (Kreisberg et al.,
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1987; Dontenwill et al., 1993) and human cerebrospina
fluid (Goldberg-Stern et al., 1993). Currently, the chemical
nature of CDS is undefined, although several substances
have been postulated. Agmatine displays the ability to bind
to imidazoline sites, but lacks the functionality associated
with classical CDS, as defined by Atlas (1994). Prell et al.
(1998) have also reported preliminary data suggesting that
imidazoleacetic acid-ribotide is also an endogenous | ;-site
ligand. Finally Grigg et al. (1998) have partialy purified a
CDS. Collectively, none of these compounds appear to
resemble the classical CDS, based upon physiochemical
characteristics, but these data illustrate the potential for
several CDS molecules to exist endogenously.

Since CDS has been identified from many tissues and
species, finding an optimum source from which to eluci-
date the structure of this substance is paramount. The aim
of this particular study was therefore, to extract crude CDS
from the NG108-15 cells and purify this CDS further via
reverse phase-HPLC (RP-HPLC).
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2. Methods and materials
2.1. Culture of NG108-15 cells

NG108-15 cells were grown according to the methods
described by Ernsberger et al. (1989). The cells were
harvested by gently tapping the confluent layer into the
media to form a suspension. Cells were then centrifuged at
2000 x g for 2 min, and washed in phosphate buffered
saline twice, before being stored immediately at — 70°C.

2.2. Extraction of CDS from NG108-15 cells

CDS was extracted from the NG108-15 cells via the
method of Ernsberger et al. (1989). Crude CDS was
extracted from approximately 500 x 10° cells, passage 16
for the RP-HPLC analysis. The resulting crude methanolic
CDS extracts were reconstituted into ultrapure water (1.4
ml) immediately prior to RP-HPLC analysis.

2.3. Rat whole brain membrane preparation

Rat whole brain membranes were prepared according to
the methods of Mallard et al. (1992). For radioligand
binding, membrane pellets were alowed to thaw to room
temperature and washed twice by centrifugation, the mem-
branes were subsequently resuspended in assay buffer to
give 300—450 g protein per assay tube. The protein
content of the membrane preparations was determined by
the method of Bradford (1976) using Coomassie blue with
bovine serum albumin as the standard.
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2.4. Radioligand binding studies

Radioligand binding studies were performed at 25°C in
assay buffer (50 mM Tris—HCI, 1 mM MgCl,, pH 7.4 at
4°C). Radioligand binding studies were performed to as-
sess the ability of the NG108-15 CDS fractions at displac-
ing [*H]clonidine (3 nM) binding to « ,-adrenoceptors in
rat whole brain membranes. Membrane aliquots, CDS
extract and [*H]clonidine were incubated in triplicate to
equilibrium (30 min.) in a final volume of 0.5 ml. The
specific binding component was determined by addition of
rauwolscine (10 wM). Bound radioactivity was separated
from free ligand by vacuum assisted rapid filtration through
presoaked (0.5% polyethyleneimine) Whatman GF /B fil-
ters, using a Brandel M-24 cell harvester. Filters were
washed twice with 3 ml of ice-cold assay buffer, and the
trapped membrane bound radioactivity remaining on the
filters was determined by liquid scintillation counting.

2.5. Reverse phase-high performance liquid chromatogra-
phy (RP-HPLC)

The pharmacologically active crude methanolic CDS
extract from NG108-15 cells was applied to a reverse
phase column (RP-C18), and €eluted using a linear gradient
of methanol (5—65%, for 50 min.), in 0.05% trifluoroacetic
acid, at room temperature at a flux rate of 1.0 ml min~2.
Ultraviolet (U.V.) absorption spectra at 276 nm was
recorded. Fractions of 1.0 ml were collected, freeze-dried,
reconstituted into ultrapure water (50 wl) and assayed for
their pharmacological activities (see Section 2.4.).
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Fig. 1. Typica RP-HPLC trace for NG108-15 crude methanolic CDS extract (upper trace), with corresponding inhibition data for fractions collected at
1-min. intervals (lower trace). Fractions were assayed individualy for their ability to displace [3H]clonidine (3 nM) from binding to « ,-adrenoceptors
present in rat brain membranes. Rauwolscine (10 w.M) was used to define specific binding. Data represents the mean of 4 experiments.
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2.6. Drugs and reagents

[*H]Clonidine (specific activity = 65 Ci mmol ~1) stored
at —20°C at a concentration of 1 mCi ml~%, from NEN
Life Science Products (UK). Rauwolscine from Sigma
(UK). Dulbecco’'s Modified Eagle Medium and foetal calf
serum from Gibco BRL (Life technologies, UK). All
chemicals and reagents were of the highest analytical
grade available.

3. Results
3.1. RP-HPLC analysis of CDS from NG108-15 cells

Fig. 1 shows a typica RP-HPLC trace of the crude
CDS extracted from NG108-15 cells (500 X 10° in 1.4 ml
ultrapure water) with corresponding binding inhibition data
for 1-min fractions. The NG108-15 CDS extract exhibited
aU.V. absorbance profile with a peak appearing at 21 min,
similar to our earlier observations (Parker et al., 1999a).
However, in contrast to our previous findings, this fraction
did not exhibit the ability to displace bound radioligand to
o ,-adrenoceptors, indicating that fraction 21 did not con-
tain a CDS. This is in contrast to CDS extracted from
bovine lungs, brain and adrenal glands which show potent
activity in fraction 21 (Parker et al., 1999a). One unit of
HPLC-pure CDS extracted from the NG108-15 cells has
been defined as the amount required to displace 50%
[*H]clonidine bound to «,-adrenoceptors present in rat
whole brain membranes. In this respect, the fraction elut-
ing a 24 min displaced over 45% of bound radioligand to
o ,-adrenoceptors. This suggests that the fraction aone
may contain approximately one unit of CDS.

In addition, there were other fractions collected from
the RP-HPLC column which were eluted and found to
displace [*H]clonidine binding from rat brain membranes.
The most prominent activity was found in a fraction
eluting at 3 min which displaced over 50% of [*H]cloni-
dine bound to o ,-adrenoceptors. Subsequently, a series of
standards were eluted from the column and the endoge-
nous compounds, agmatine, histamine and noradrenaline
were al shown to elute at 3 min under the conditions used
in this study (Table 1).

Table 1

Elution times of various compounds from the RP-HPLC column, using a
methanol gradient (5-65%; 50 min) in 0.05% trifluoroacetic acid, at
room temperature and a flux rate of 1 ml min~2. Absorption at 276 nm
was recorded

Compound Elution time

(Amgml~1) (in min.; 5-65% methanol)
Agmatine 30

Histamine 3.0

Noradrenaline 30

Clonidine 17.0

Rilmenidine 215

4, Discussion

This study has supported previous work indicating the
presence of a form of CDS in an extract from the neurob-
lastoma x glioma hybrid cell line (NG108-15 cells). Erns-
berger et al. (1989) isolated crude CDS from NG108-15
cells, and showed that this crude extract displaced
[*H] para-aminoclonidine bound to both o ,-adrenoceptors
and |;-sites in bovine frontal cortex membranes. Previ-
ously, we have reported that the crude extract of CDS
isolated from the NG108-15 cells displaced radioligand
bound from not only rat brain o ,-adrenoceptors, but also
from 1;- and |,-sites in rat kidney and rat brain mem-
branes, respectively (Parker et al., 1999b). Furthermore,
our study showed that 10 fold and 5 fold less CDS was
required to displace 50% of bound radioligand from 1 ,-
and |,-sites, respectively, relative to 1 unit required to
displace 50% of [*H]clonidine from «,-adrenoceptors
(Parker et al., 1999b). Collectively, these data indicate that
imidazoline binding sites may possess a higher affinity for
CDS than the «,-adrenoceptors. However, the present
study demonstrates the need to purify CDS. It is difficult
to interpret the total activity of the crude CDS into what
truly represents the pharmacological components that were
present in fraction 24.

The reverse phase-HPL C analysis of the crude methano-
lic CDS extracted in this study has revealed novel data
Previously, we have shown that partially purified ‘‘classi-
ca’’ CDS (as defined by Atlas, 1994) eluted from the
RP-HPLC column exhibiting three peaks of U.V. ab-
sorbance, with the pharmacological activity eluting with
the second peak, at 20-21 min (Parker et al., 1999a).
Under similar conditions, the CDS extracted from NG108-
15 cells exhibited only a single peak around this time,
corresponding to the second peak of classical CDS eluting
a 21 min. However, this fraction collected at 21 min,
exhibited minimal pharmacological activity. Furthermore,
the fraction eluting at 24 min (which relates to the peak
eluting at this time, and is unassociated with the profile of
Atlas, 1994) exhibited over 45% displacement of radioli-
gand bound to « ,-adrenoceptors.

The fraction eluting a 3 min from the RP-HPLC col-
umn was shown to displace over 50% of radioligand
bound to « ,-adrenoceptors. Under our experimental condi-
tions, the previously proposed endogenous ligand for imi-
dazoline binding sites, agmatine (Li et al., 1994), also
eluted at 3 min from the RP-HPLC column. Other endoge-
nous ligands, histamine and noradrenaline were also shown
to elute at this time point from the column in our study,
which may explain, to a degree, the pharmacological activ-
ity observed in this fraction. Clearly the CDS eluting at 24
min from the RP-HPLC column was distinct from agma-
tine.

It is concluded that CDS extracted from NG108-15 cells
possesses different components than *‘classical’”’ CDS ob-
tained from tissues, using similar extraction procedures.
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NG108-15 cells do not possess the inactive compounds
found within the bovine lung, brain or adrenal glands,
which give rise to the inactive first and third peaks of the
““classical’’ CDS profile (Parker et al., 1999a). Moreover,
the present study shows that the CDS extracted from the
NG108-15 cells is a more hydrophobic CDS than that
isolated from bovine lung, brain and adrenal glands, since
it elutes from the column somewhat later than the previ-
ously proposed endogenous ligand for imidazoline binding
sites, agmatine (Li et al., 1994), and the CDS found in
other tissues (Parker et a., 1999a). Thus it can be sug-
gested that the CDS eluting from the RP-HPLC column, in
this study, differs chemically from the CDS extracted from
bovine tissues, and as such further supports the notion of
severa CDS's. The potent activity contained within the
24-min fraction of the NG108-15 CDS requires further
investigation.
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