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Abstract—Relatively low concentrations of ascorbic acid inhibited the binding of the alpha-1 adrenergic
antagonist ['*I|lHEAT (pL-[B(3-iodo-4-hydroxyphenyl)-ethyl-aminomethyl]-tetralone) in rat sub-
mandibular gland and rat aorta. However, no inhibition was observed with this ligand in several other
tissues, nor with several other ligands in these tissues. The inhibition observed was dependent on the
concentration of both the ascorbic acid and the tissue. Maximal inhibition of ['**I[HEAT occurred in
submandibular gland at 10 uM ascorbic acid with B, values reduced 65% and no change in affinity.
Ascorbic acid had a greater effect in assays in which less tissue was used, causing a 22% decrease in
binding at 46 ug/ml, but a 48% decrease in binding at a tissue concentration of 12 pg/ml. EDTA
prevented the loss of binding normally seen with ascorbic acid at a tissue concentration of 17 ug/ml. We
suggest that, if an antioxidant is thought to be necessary in an assay system, its effects be carefully
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examined before routine use.

Ascorbic acid is often included in adrenergic radio-
ligand binding incubations as a precautionary meas-
ure with the intent of retarding or preventing the
oxidation of compounds such as epinephrine or
norepinephrine. However, it rarely is demonstrated
that the oxidation of the drugs actually is reduced
[1]. In addition, several studies indicate that ascorbic
acid alters the characteristics of the receptor binding
sites when included in the binding assays for dopa-
minergic [2], opioid [3], serotonergic [4] and beta-
adrenergic [5] receptors. The effect of ascorbic acid
in these systems appears to be a decrease in the
number of binding sites due to an ascorbic acid
induced lipid peroxidation. However, we have not
found any reports of an effect of ascorbic acid on
alpha adrenergic receptor binding.

Our recent observations of an inhibitory effect of
ascorbic acid in binding studies using an alpha-1
antagonist, ['Z’IJHEAT (DL-[f(3-icdo-4 hydroxy-
phenyl)-ethyl-aminomethyl)-tetralone), led us to
examine several adrenergic ligands and tissues in an
effort to better understand the ascorbic acid effect,
We report here that ascorbic acid selectivity affects
the ['ZIJHEAT binding assay in a tissue-dependent
manner.

MATERIALS AND METHODS

Sprague-Dawley rats of either sex were decapi-
tated and the following tissues were removed: sub-
mandibular gland (SMG), lung, aorta and cerebral
cortex. The tissues were frozen at —20° until the date
of the assay except rat aorta which was assayed
immediately. Dog aorta was removed from anes-
thesized dogs, freed of extraneous tissue, and
chopped with a Mclliwain chopper in the cold. The

* Author to whom all correspondence should be
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tissue was then frozen for up to 3 months until
assayed.

On the day of the assay, aorta, SMG or lung
was thawed and homogenized with a Brinkmann
Polytron at setting 7 for two 20-sec bursts in ice-
cold 50 mM Tris-HC!I buffer (pH 8.0 at 25°). The
homogenate was centrifuged at 49,000 g for 10 min.
The pellet was rehomogenized in a similar manner,
filtered through 53 ym nylon mesh and centrifuged
as before. Rat cortex was thawed and homogenized
with a Tekmar Tissumizer at setting 80 for 30sec
in ice-cold Tris—=HCI buffer. The homogenate was
centrifuged at 49,000 g for 10 min, and the homo-
genization process was repeated. The resulting pel-
lets were resuspended as indicated in Table 1 and
utilized in saturation and inhibition binding
experiments.

Outdated human platelets were obtained from a
local blood bank. Residual red blood cells were
removed by centrifugation at 275 g for 10 min fol-
lowed by centrifugation at 49,000 g for 10 min to
collect the platelets. The platelet pellet was homo-
genized with lysing buffer (5§ mM Tris, S mM EDTA,
pH 7.5) for 20 sec with a Tekmar Tissumizer at
setting 80. After centrifugation at 49,000g for
10 min, the crude particulate membrane pellet was
frozen at —20° for later use. On the date of the assay,
the pellet was thawed, homogenized in lysing buffer,
centrifuged, and resuspended.

HT-29 human colonic carcinoma cells were grown
in Dulbecco’s Modified Eagles (DME) medium sup-
plemented with 5% fetal calf serum and 5% newborn
calf serum at 5% CO, in a humidified chamber at
37°. On the day of the assay, the confluent cells
were scraped from 150 mm dishes and washed in
phosphate-buffered saline and homogenized in ice-
cold Tris—HCI buffer with a Tekmar Tissumizer at
setting 80 for 20 sec. Centrifugation at 49,000 g was
followed by homogenization of the pellet and
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Table 1. Assay conditions for saturation and competitive inhibition experiments

Radioligand Tissue Assay buffer Assay volume
["PIHEAT Rat SMG*, aorta, 25 mM Glycylglycine, 1 ml
lung, cortex pH 7.6
Dog aorta
[*H}Prazosin Rat SMG, aorta, 25 mM Glycyiglycine, 2ml
lung, cortex pH 7.6
[*H]Yohimbine Human platelet, 25 mM Glycylglycine, 1ml
HT29 cells pH 7.6
[PHJUK-14,304-18 HT29 cells 25 mM Glycylglycine, 1ml
H 7.6
[’H]Dihydroalprenolol Rat SMG, cortex 50 mM Tris-HCI, 1ml

pH 7.6

* Submandibular gland.

another centrifugation at 49,000 g. The crude mem-
brane particulate preparation was resuspended in
25 mM glycylglycine for binding experiments.

Saturation and inhibition experiments. For satu-
ration binding studies, 970 ul of tissue was incubated
with 20 ul of increasing concentrations of [*2°1)-
HEAT ligand with or without the stated con-
centration of ascorbic acid. A second set of similar
tubes included 100 uM (—)-norepinephrine to deter-
mine nonspecific binding. Specific binding was cal-
culated as the difference between total and non-
specific binding. After a 45-min incubation at 23°,
the incubations were terminated by rapid filtration
with a Brandel Cell Harvester (Gaithersburg, MD)
through GF/B filters previously soaked in 0.1% poly-
ethylenimine. The filters were rinsed with 10 ml of
Tris~HCI buffer and counted in a Tracor gamma
counter with an efficiency of 77%. Data were plotted
by the method of Rosenthal [6]. Protein con-
centration was estimated by the method of Lowry et
al. [7], using bovine serum albumin as the standard.

For inhibition experiments, the appropriate vol-
ume of tissue was incubated with increasing con-
centrations of (-)-norepinephrine with or without
57 uM {(0.001%) ascorbic acid and a fixed con-
centration of radiolabeled drug. Ascorbic acid up to
1 mM did not alter the pH of the buffer. The final
assay volume and appropriate buffers are listed in
Table 1. The incubations were terminated as before
except that the GF/B filters were presoaked in poly-
ethylenimine only for the alpha-1 adrenergic recep-
tor assays. The radioactivity on the filters for tritiated
ligands was determined by standard scintillation
techniques with an efficiency of 41%.

Drugs. ['PIJHEAT (2200 Ci/mmole), [*H]pra-
zosin (80.9 Ci/mmole), [*H]yohimbine (82.7 Ci/
mmole), and [*H]dihydroproprenolol (102.7 Ci/
mmole) were purchased from the New England
Nuclear Corp. (Boston, MA). [*H]UK-14,304-18
(84.0 Ci/mmole) was donated by New England
Nuclear. (—)-Norepinephrine and ascorbic acid were
purchased from the Sigma Chemical Co. (St. Louis,
MO).

RESULTS

The results of inhibition binding experiments using
norepinephrine as the competing ligand for alpha
and beta adrenergic receptors indicated a tissue and

ligand specific effect of 57 uM (0.001%) ascorbic acid
(Table 2). Inrat SMG and aorta, (—)-norepinephrine
was 4-fold more potent (lower i1Cyq) in the presence
of ascorbate as compared to its absence in inhibiting
the binding of the alpha-1 antagonist ['2*IJHEAT.
A similar effect of ascorbic acid was not seen with
the alpha-1 antagonist [*Hlprazosin in these same
tissues. Non-significant effects of 20-30% of the 1Cy,
were noted with the other three tissues with ['2%]]-
HEAT and in most tissues with [*H]prazosin. In
addition to the effect on the ICsy of norepinephrine,
ascorbic acid also decreased the binding of alpha-1
radioligands in the absence of norepinephrine (B,)
in some tissues (Table 2). [!*IJHEAT binding was
decreased about 45% in rat SMG and aorta and
29% in rat cerebral cortex. [*H]Prazosin binding
was decreased 28% in rat cortex. For several other
ligands and tissues, no effect of 57 uM ascorbic acid
was observed (Table 2). These include the alpha-2
antagonist [*H]yohimbine in the human platelet and
the human colon carcinoma cell line HT29, the alpha-
2 agonist [*’H]UK-14,304-18 in HT29 cell membranes
and the beta adrenergic antagonist [3H]dihydro-
alprenolol in rat cortex and SMG.

We next investigated the effect of various con-
centrations of ascorbic acid on the binding of a single
concentration of either ['*IJHEAT or [*H]prazosin
in the SMG (Fig. 1). Ascorbic acid decreased [1%]]-
HEAT binding in a dose-dependent manner but
did not decrease [*H]prazosin binding except at the
highest concentration (1 mM}. The ICs, of ascorbic
acid in decreasing ['*TJHEAT binding was approxi-
mately 2 uM. The addition of 1 mM EDTA to ['*]}-
HEAT assays prevented the loss of binding caused
by ascorbic acid (Fig. 1).

To determine if the decrease in 2’ IJHEAT bind-
ing in SMG was due to a decrease in the number of
binding sites (Bpa) or a decrease in the affinity
(increase in Kp), saturation experiments were done
in the presence of various concentrations of ascorbic
acid. The results of these experiments indicated that
ascorbic acid caused a dose-related decrease in
measurable alpha-1 adrenergic receptor number with
no change in affinity (Table 3, Fig. 2). The maximum
decrease was 65% at 10 and 100 uM ascorbic acid.

One of the differences between the ['ZIJHEAT
and [*H]prazosin experiments was that lower protein
(tissue) concentrations were used with ['*IJHEAT
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were incubated with increasing amounts of ascorbic acid

submandibular gland. Aliquots of the tissue preparation
and 10pM ["*IJHEAT or 100 pM

d

the effect of different tissue concentrations on the

[*H]prazosin with or
without 1 mM EDTA.
, We examine

due to its higher specific activity. Thus

decrease at 12 g/

ascorbic acid effect in the SMG. The magnitude of

the ascorbic acid effect was clearly tissue dependent
{Fig. 3). An ascorbic acid concentration of 100 uM

caused a 22% decrease in binding at a tissue con-

centration of 46 ug/ml, but a 48%
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Fig. 2. Saturation curves from a typical experiment in which
various concentrations of ascorbic acid were included. Ali-
quots of the tissue preparation were incubated with increas-
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ing concentrations of ['*IJHEAT (2-135pM) in 25 mM

glycylglycine buffer. The K, and B, values were derived

from computer-derived Rosenthal plots.
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Table 3. Ascorbic acid effect in rat submandibular gland binding of
['BIJHEAT
Ky (pM) Boax (fmoles/mg protein)
Control 11409 205 =22
0.1 uM Ascorbic acid 125+0.8 218 £ 25
1.0 uM Ascorbic acid 105+1.0 155 £ 25
10.0 uM Ascorbic acid 10.6 £ 1.3 72+ 21
100.0 uM Ascorbic acid 9.8 £0.5 73 £ 30

Saturation curves were obtained by incubating a crude particulate
membrane preparation (20 ug/ml) with increasing concentrations of
['PIJHEAT (2-135pM) in 25 mM glycylglycine buffer with the indi-
cated concentration of ascorbic acid. The K, and B, were derived
from computer-derived Rosenthal plots. Values are mean = S.E., N =4,

DISCUSSION

We examined the norepinephrine inhibition of
alpha-1, alpha-2, and beta radioligands in several
tissues in the presence and absence of ascorbic acid.
The 1Cs, values of norepinephrine were not sub-
stantially different in the presence and the absence of
a relatively low ascorbic acid concentration (57 uM)
except in rat aorta and SMG with the alpha-1 antag-
onist ['2’I]JHEAT. Saturation experiments in rat sub-
mandibular gland in the presence of ascorbic acid
indicated a dose-dependent decrease in B ,, as deter-
mined by [*’IJHEAT with no change in affinity. The
effect of ascorbic acid was maximal at 10 M.

Other investigators have reported decreases in
receptor binding due to ascorbic acid. Dunlap et al.
[3] reported maximum decreases in opiate binding
at 1 mM ascorbic acid in rat brain and implicated
lipid peroxidation as a probable cause. Heikkila et al.
[8] reported a dose-dependent decrease in dopamine
agonist binding in rat corpus striatum and a U-shaped
dose-response curve for antagonist with a maximal
effect of approximately 1 mM. Similarly, the maxi-
mal effect on [*H]dihydroalprenolo!l binding (beta-
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Fig. 3. Effect of tissue concentration on the ascorbic acid
effect of ['>IJHEAT binding in rat submandibular gland.
The indicated tissue concentrations were incubated with
increasing concentrations of ascorbic acid and 15 pM [']-
HEAT with 100 gM (—)-norepinephrine indicating non-
specific binding in 25 mM glycylglycine buffer.

adrenergic receptors) was at 0.5 mM [5]. Thus, the
inhibitory effects on ['2IJHEAT binding occur at
much lower ascorbic acid concentration than those
previously reported for other ligands.

Heikkila et al. [9] examined lipid peroxidation of
tissue along with antagonist binding at dopamine
receptors and found a strong correlation between
these two events. The effects of ascorbic acid were
reversed in this study by EDTA and other presumed
inhibitors of lipid peroxidation. Bacopoulos [10] in
similar experiments saw no effect of ascorbic acid,
but the incubation buffer in these experiments con-
tained 5 mM EDTA which would adequately block
effects of ascorbic acid. In a study of neuroleptic
binding to canine corpus striatum, Chan et al. [11]
found decreased binding to membrane receptors,
but no decrease in binding to solubilized receptors,
indicating an action of ascorbate on the membrane
matrix of the receptor. Again, EDTA and also Mn?*
prevented the decrease in membrane receptor bind-
ing. In rat cortex, Heikkila [5] found a modest loss
of [*H]dihydroalprenolol binding in the presence of
ascorbic acid which was correlated with lipid per-
oxidation. Addition of low levels of iron greatly
potentiated the effects of ascorbic acid. These studies
strongly suggest that ascorbic acid induced lipid per-
oxidation is a probable cause of the decreased mem-
brane receptor binding. Our study, because of the
reversal of inhibition by EDTA, also implicated lipid
peroxidation as a possible mechanism for the
decreased receptor density.

However, the decrease in binding which we
observed was not universal as it appears to be in
some other receptor systems [12, 13]. In the rat
SMG, cortex and aorta assays with ["2’IJHEAT,
considerably less tissue was used than in the other
assays because of factors such as the specific activity
of the radioligand, the receptor density and tissue
availability. This may, in part, explain why we saw
effects of ascorbic acid in these assays but not the
other assays. The tissue concentration experiments
in the SMG support this hypothesis.

It seems clear from the number of studies which
have shown negative effects of ascorbic acid that one
should be cautious about its use in in vitro studies.
In addition, in many assay systems, an antioxidant
may not be needed. For example, Heikkila and
Cabbat [1] compared the effects of ascorbic acid on
[*H]dopamine decomposition in the presence and
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abscnce of tissue. They found that tissue was impor-
tant in preventing decompsition of the [*H])dopamine
and that this decomposition was not further pre-
vented by the presence of ascorbic acid.

The question arises about the possible effects of
ascorbic acid in vivo. Both [*Hlprazosin and [*H}-
clonidine binding of rat cortex membrane were
decreased when ascorbic acid was included as an
antioxidant for 6-hydroxydopamine injection into
rats in denervation studies [14]. The mechanism of
action of ascorbic acid in vivo is probably not by
lipid peroxidation. It seems likely that ascorbic acid
may reduce components associated with the plasma
membrane and affect the steric molecular con-
figuration and electrical charge of macromolecules
in the membrane [15, 16]. These changes in the mem-
brane could induce ionic interactions that could
modify a number of events including binding to the
membranes in vitro.

We have found that low concentrations of ascorbic
acid significantly decreased receptor binding of the
alpha-1 antagonist ['’IJHEAT in the rat SMG and
aorta. The magnitude of the inhibition was depen-
dent on both the ascorbic acid and tissue con-
centrations. With several other tissues and ligands,
no such effect was seen. We suggest that, if an
antioxidant is thought to be necessary in an assay
system, its effects be examined carefully before
routine use. If ascorbic acid is used, it may be useful
to also include EDTA in the incubation.
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