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SUMMARY

Several microtubule-active drugs block cholinergically mediated catecholamine secretion
from adrenal chromaffin cells without affecting secretion induced by other secretagogues.
Interactions of these agents with nicotinic acetylcholine receptor-ion channel complexes
from Torpedo californica electric organs were studied using radiolabeled probes for
receptor and associated ion channel-binding sites. Colchicine, taxol, and the Vinca

alkaloids had minimal affinity for cholinergic receptor-binding sites (nicotinic or mus-
carinic). The Vinca alkaloids (vinblastine, vincristine, vindesine) and colchicine inhibited
[3H]perhydrohistrionicotoxin ([3H]H12-HTX) binding to the receptor-gated ion channel
with IC50 values of 2-32 zM and 6 mM, respectively. The ability of the microtubule-active
drugs to inhibit [3H]H12-HTX binding was increased by up to S-fold in the presence of
1 �tM carbamylcholine. The IC50 values for inhibition of [3H]H12-HTX binding by
colchicine and three Vinca alkaloids were closely correlated with their abilities to inhibit

acetyicholine-induced catecholamine secretion from cultured bovine adrenal chromaffin
cells. As a consequence of its interaction (direct or indirect) with the ion channel, at least
one Vinca alkaloid (vinblastine) stabilized a high agonist affinity conformation of the
nicotinic receptor complex. fl-Lumicolchicine, an analog of colchicine devoid of micro-

tubule activity, also blocked ion channel binding. On the other hand, taxol, a microtubule-
stabilizing agent which also selectively blocks cholinergically mediated secretion, did not
affect receptor or ion channel binding. The present results indicate that interactions with
the nicotinic receptor-ion channel complex may underlie the actions of certain microtu-

bule-active agents on catecholamine secretion by adrenal chromaffin cells.

INTRODUCTION

Microtubule-active drugs block secretory processes in

a variety of systems (for a review, see Ref. 1). In adrenal
chromaffin cells, antimitotic agents, including colchicine,

taxol, and the Vinca alkaloids, inhibit the catecholamine
secretion that is induced by nicotinic cholinergic agonists
(2-7). In contrast, chromaffin cell secretion induced by
KC1, histamine, bradykinin, barium, or veratridine is not
affected by these agents (3-7). This selective inhibition

of cholinergically mediated secretion raises the possibil-

ity that the inhibition is a consequence of interactions

with cholinergic receptor complexes rather than with

This research was supported by National Institutes of Health Grants

AM-31 178, T32-AM-07313, NS-17429, and DA-03303 and by American

Cancer Society Grant BC346.

1 Present address, Ohio State University, College of Pharmacy,

Division of Pharmacology, Columbus, OH 43210-1291.

0026-895X/85/010010-07$02.00/0
Copyright � 1985 by The American Society for Pharmacology

and Experimental Therapeutics.
All rights of reproduction in any form reserved.

microtubular structures. An alternate possibility is that
microtubules or membrane tubulin plays an active role
in maintaining cholinergic receptor organization and
function in plasma membranes. Anticholinergic actions
of microtubule-active drugs at both ganglionic (4) and
skeletal muscle (8) nicotinic receptors have been de-
scribed. Catecholamine secretion by bovine adrenal chro-
maffin cells is stimulated by activation of nicotinic ace-
tylcholine receptors (5). Stimulation of the muscarinic
receptors associated with these cells (9) elevates cyclic
GMP (10) and cytosolic Ca2� (11) induces phospholipid
labeling (12), but does not stimulate secretion (5, 12).

In the present study, we investigated the interactions
of taxol, coichicine, and Vinca alkaloids with nicotinic
ACh2 receptors from the electric organs of a marine

2 The abbreviations used are: ACh, acetylcholine; Bgt, a-bungaro-

toxin; HTX, histrionicotoxin; H12-HTX, perhydrohistrionicotoxin;

MS, N-methylscopolamine; HEPES, 4-(2-hydroxyethyl)-1-pipera-

zineethanesulfonic acid.
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electric ray, Torpedo californica, using radiolabeled
probes for receptor (i.e., ACh) as well as extrareceptor
(allosteric or “ion channel”) binding sites. These inter-
actions were compared with the effects of the microtu-
bule-active drugs on catecholamine secretion by adrenal
chromaffin cells. While none of the microtubule-active
drugs interfered with receptor binding of 125I-Bgt, the
microtubule-destabilizing agents colchicine, vinblastine,
vincristine, and vindesine inhibited [3H]H12-HTX bind-
ing to receptor ion channel sites at the same concentra-
tions at which they inhibited calcium uptake and cate-
cholamine secretion by cultured chromaffin cells (7).

Thus, the influences of these drugs on ACh-induced
chromaffin cell secretion may reflect direct interactions
with nicotinic receptor complexes or alterations of recep-

tor-tubulin/microtubule interactions by the drugs. A pre-
liminary account of these results has been presented
elsewhere (13).

MATERIALS AND METHODS

Materials. ACh, colchicine, /3-lumicolchicine, and vinblastine sulfate

were purchased from Sigma Chemical Company (St. Louis, MO). Taxol

was obtained from the National Products Branch, Division of Cancer

Treatment, National Cancer Institute (Bethesda, MD) and dissolved

in dimethylsulfoxide. Vinblastine, vincristine, and vindesine were pro-

vided by the Eli Lilly Corp. (Indianapolis, IN). DL-[7-3H]Norepineph-

rine (10 Ci/mmol), [N-methyl-3H]-scopolamine methyl chloride (53.3

Ci/mmol), and ‘9-Bgt (10-20 Ci/�g) were purchased from New Eng-

land Nuclear Corporation (Boston, MA). [3H]H12-HTX (approximately

55 Ci/mmol) was provided by Dr. John W. Daly of the National

Institutes of Health. All other reagents were of analytical grade.

Chromaffin cell isolation and maintenance. Bovine adrenal chromaf-

fin cells were isolated by methods previously described (5). The exper-

iments described here were performed on either freshly isolated chro-

maffin cells or chromaffin cells maintained in primary culture as

previously described (7, 14).

Catecholamine secretion studies. For the secretion studies, the cell

incubation medium was a physiological salt solution consisting of 137

mM NaC1, 4.4 mM KC1, 1.2 mM KH2PO4, 3.6 mM NaHCO3, 1.2 mM

MgSO4, 10 mM glucose, 2 mM CaC12, 0.5% bovine serum albumin, 100

�zM neostigmine, and 5 mM HEPES (pH 7.2-7.4). Cells were preincu-

bated for 15-30 mm with various concentrations of the drugs to be

tested. The cells were then stimulated in the presence of the drug for

10-15 mm with either 0.1 mM ACh or 65 mM K�. When 65 mM K� was

used to stimulate catecholamine secretion, the Na’ content of the

buffer was decreased to maintain isotonicity. Two methods were used

to measure catecholamine secretion. The trihydroxyindole fluorometric

method was used to measure total catecholamine content (15, 16). Cells

previously loaded with tritiated norepinephrine were used to monitor

release (7, 14). In all experiments, the amount of radioactivity released

by a nonstimulated group was considered background and was sub-

tracted from all groups. Results are expressed as percentage of cate-

cholamine released relative to control (drug-free) groups. Control and

test samples were run in quadruplicate for each determination. Cate-

cholamine release stimulated by 0.1 mM ACh represented 25-30% of

the total cell catecholamine content. For the secretion studies sum-

marized in Table 1, complete concentration-response relationships

were determined (data not shown) from which the IC� values were

extracted.

ACh receptor-binding studies. Electric organs from T. californica

were purchased from Pacific Bio-Marine (Venice, CA) and stored in

liquid nitrogen. To obtain a crude particulate fraction, tissue samples

were homogenized using a glass Waring blender in 5 volumes of 50 mM

Tris-HC1, pH 7.4, containing 0.1 mM phenylmethylsulfonyl fluoride to

prevent proteolysis. The homogenate was filtered through cheesecloth

to remove collagenous and undisrupted material, and then centrifuged

at 20,000 x g for 20 mm. The resulting pellet was suspended in 50 mM

Tris-HC1, pH 7.4, at a concentration of 1-2 mg of protein/ml. Protein

content was determined by the method of Lowry et al. (17).

To measure receptor binding, an aliquot of the suspended tissue (10-

15 �g of protein) was added to an incubation medium containing 50

mM Tris-HC1, pH 7.4, and 5 nM ‘251-Bgt (final volume = 1 ml). After

20 mm at room temperature, the reaction was quenched by addition of

0.5 ml of 10 mg/mI methylated bovine serum albumin (Sigma Chemical

Co.). The suspensions were then filtered through Whatman GF/B glass

fiber filters which had been soaked in the methylated albumin solution.

The filters were washed twice with 5 ml of Tris buffer, and their

radioactivity content was determined by -y scintillation counting. Non-

specific binding was determined in the presence of 100 �iM nicotine. In

drug competition experiments, the competing ligand (a microtubule-

active agent or carbamylcholine) was incubated with the tissue for 20

mm before the addition of ‘251-Bgt.
To measure steady state binding to ion channel sites, an aliquot of

the suspended tissue (40-60 �g of protein) was added to an incubation

medium containing 2 nM [3H]H,2-HTX and Tris-HC1 buffer in a final

volume of 1 ml. Parallel experiments were run in the presence and

absence of 1 iM carbamyicholine, which strongly influences ion chan-

nel-binding properties (18). Nonspecific binding was determined in the

presence of 10 �M phencyclidine, a potent channel blocker (19). After

a 60-mm incubation at room temperature, a steady state level of binding

was attained (18) and the suspensions were filtered through Whatman

GF/B filters which had been wetted with a 1% organosilane preparation

(Sigmacote, Sigma Chemical Co.) to reduce [3H]H12-HTX binding to

the filters. The filters were washed twice with 5 ml of Tris buffer and

their radioactivity content was determined by liquid scintillation count-

ing.

[3H]MS was used as a probe of muscarinic acetylcholine receptors

from rat brain. A crude synaptosomal-microsomal pellet was prepared

from the cerebral cortex as previously described (20). An aliquot (100

�Lg of protein) of suspended tissue was added to incubation media

containing 0.1 nM [3HJMS, 50 mM Tris-HC1, pH 7.4, and any drugs as

required by the experiment. After a 45-mm incubation at room tem-

perature, equilibrium had been reached and the media were filtered

through Whatman GF/B filters. The filters were washed and their

radioactivity content was determined by liquid scintillation counting.

Nonspecific binding was determined in the presence of 10 �M atropine.

RESULTS

Interactions of microtubule-active agents with nicotinic

and muscarinic AC/i receptors. Since microtubule-active
drugs specifically inhibit cholinergically mediated cate-
cholamine secretion by isolated chromaffin cells (7), the
effects of these drugs on radiolabeled ligand binding to
nicotinic and muscarinic receptors were assessed. None
of the drugs inhibited the binding of S nM ‘25I-Bgt to the
nicotinic receptor of Torpedo electric organ by more than
25% (Fig. 1A), even at concentrations at which they

inhibit most catecholamine secretion (Figs. 2 and 3 in
Ref. 7).

The Vinca alkaloids and taxol were weak inhibitors of
[3H]MS binding to muscarinic receptors from rat cere-
bra! cortex (Fig. 1B). All ofthe microtubule-active agents
inhibited muscarinic binding by less than 20% at a

concentration at which they inhibit most catecholamine
secretion. Thus, the influence of microtubule-active
agents is unlikely to be due to direct interactions with
ACh-binding sites on either nicotinic or muscarinic re-
ceptors.

Interactions of microtubule-active agents with the ion
channel of nicotinic ACh receptors. The microtubule-
destabilizing agents colchicine and the Vinca alkaloids
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FIG. 1. Influence of microtubule-active agents on ligand binding to

nicotinic and muscarinic acetykholine receptors

The binding of the radiolabeled probes is expressed as fraction of

total specific binding measured in the absence of competing ligands.

Each point and bar represent the mean and standard deviation from

three independent measurements. A, the binding of 5 nM ‘�I-Bgt to

nicotinic ACh receptors from Torpedo electric organ was measured in

the presence of the following drugs: carbamylcholine, 0; taxol, #{149},

vinblastine, itt; colchicine, A. B, the binding of 100 pM [3H]MS to

muscarinic ACh receptors from rat cerebral cortex was measured in

the presence of the following drugs; carbamylcholine, 0, vindesine, #{149};

vincristine, �; vinblastine, A; taxol, U. Control = 1850 cpm.

inhibited [3H]H12-HTX binding to sites associated with
the ion channel in nicotinic receptor complexes from
Torpedo electric organ (Fig. 2; Table 1). The Vinca

alkaloids inhibited 2 nM [3H]H12-HTX binding with IC50
values between 2 and 32 �tM. Colchicine and fl-lumicol-

chicine were much less potent inhibitors of [3H]H12-HTX
binding (IC50 = 5.6 mM; Fig. 2). However, taxol, a micro-

tubule-stabilizing agent, did not inhibit [3H]H12-HTX
binding at all, even when present at the limits of its
solubility (100 �zM). Essentially similar results were ob-

tamed using [3H]phencyclidine as the ion channel probe
(data not presented).

Vinblastine did not appear to be a simple competitive

inhibitor of [3H]H12-HTX binding: Dixon plots of [3H]
H12-HTX binding measured in the presence of five con-
centrations of vinblastine from 3.2 to 100 �M intersected

on the x axis, indicating a K1 of 16-23 �uM (Fig. 3).
Vinbiastine effects were reversible; the fractional inhi-

bition of 2 nM [3H]H12-HTX by 100 zM vinblastine

Log Concentration, M

FIG. 2. Influence of microtubule-active agents on [3H]H12-HTX

binding to nicotinic ACh receptor-channel comph�xes

The binding of 2 nM [3H]H12-HTX to ion channels associated with

nicotinic ACh receptors in membranes prepared from T. californica

electric organs was measured in the presence of the indicated concen-

trations ofunlabeled H12-HTX (0), vinblastine (#{149}),colchicine (A), and

taxol (Lt). Binding is expressed as fractional specific (i.e., phencyclidine-

sensitive) [3H]H12-HTX binding measured in the absence of competing

ligands. No receptor ligands were included in the incubation media.

Each point and bar represent the mean and standard deviation from

three measurements each performed in triplicate. Control binding =

3750 cpm.

0 50 100

[Vinbiastine] , pM

FIG. 3. Dixon plot of vinblastine inhibition of [3H]H12-HTX binding

to ion channel sites

The binding of 0.5, 1, and 2 nM [‘H]H12-HTX to Torpedo electric

organ was measured in the presence of five concentrations of vinblas-

tine from 3.2 to 100 �zM. Carbamylcholine was not included in the

binding media. Each point represents the mean from three experiments

which varied by less than 15% of control binding measured in the

absence of vinbiastine. Lines are drawn according to linear regression

analysis.

decreased from 85 to 35% after washing the tissue twice
by centrifugati9n. Allosteric interactions were not readily
apparent insofar as vinblastine did not alter the rate of

dissociation of [3H]H12-HTX induced by a saturating
concentration of HTX.

Receptor and ion channel-binding sites are allosteri-

cally linked. Access to ion channel-binding sites appears
to be regulated by receptor ligands. In the presence of 1
�tM carbamylcholine, a potent agonist, the ability of
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TABLE 1

Inhibition of catecholamine secretion and nicotinic receptor complex binding by microtubule-active drugs

The IC� values for inhibition of catecholamine secretion by adrenal chromaffin cells and for inhibition of 5 nM mnI�Bgt and 2 nM [3H]H12-

HTX binding to nicotinic receptor complexes from Torpedo electric organ are presented. [3H]H12-HTX binding was measured in the absence

and presence of 1 �M carbamylcholine (Carb), as indicated. Each value represents the mean ± standard deviation from three to five separate

determinations. ND, not determined. All values are inhibitory concentrations, IC�,o, in zM.

Drug ACh-induced Catecholamine Receptor Binding

Secretion 19-Bgt [3H]H12-HTX [3H]H�2-HTX/Carb

Taxol 2 100 100 100

Vinblastine 2 320 14 ± 2 4.7 ± 0.3

Vincristine 10 320 32 ± 4 6.0 ± 0.7

Vindesine 0.5 320 2.0 ± 0.3 0.8 ± 0.1

Colchicine 500 1000 5600 ± 400 3980 ± 340

/3�Lumicolchicinea ND 1000 5500 ± 700 3200 ± 500

a f3-Lumicolchicine is not a microtubule-active agent.

Vinca alkaloids to inhibit [3H]H12-HTX binding was
increased 2.5-5.3-fold (e.g., vinbiastine in Fig. 4; Table
1). The ability of colchicine and �-lumicolchicine to
inhibit ion channel binding was increased to a somewhat
lesser extent (1.4- and 1.7-fold, respectively; Table 1).
These effects on carbamylcholine affinity cannot be as-
cribed to an effect of the agonist on H12-HTX binding
since carbamyicholine also increases H12-HTX affinity
for the ion channel (17).

A complementary influence of Vinca alkaloids and
coichicine on the affinity of carbamylcholine binding to
the receptor was also observed. Thus, the ability of
carbamyicholine to inhibit 1251-Bgt binding was enhanced
S-fold in the presence of 10 �uM vinblastine (Fig. 5). This

effect of vinblastine was concentration-dependent; no
enhancement of carbamylcholine affinity was observed
in the presence of 1 �tM vinblastine, while the effect

increased in a graded fashion as the vinblastine concen-
tration was increased from 3 to 10 to 30 jxM.

Log [Vinbiastine], M

FIG. 4. Influence of a receptor agonist on vinblastine interactions

with ion channel sites in nicotinic ACh receptor complexes

The binding of [3H]H12-HTX to ACh receptors on Torpedo electric

organ membranes was measured in the presence of the indicated

vinblastine concentrations in the absence (0) and presence (#{149})of 1

MM carbamylcholine. Binding is expressed as the fraction of total
specific [3HJH12-HTX binding measured in the absence of vinbiastine.

Each point and bar represent the mean and standard deviation from

three experiments. Specific binding to control samples was 10,200 and

18,700 cpm in the absence and presence of 1 �M carbamylcholine,

respectively.

Log [Carb], M

FIG. 5. Influence of vinblastine on carbamykholine binding to the

nicotinic AC/i receptor from Torpedo electric organ

The binding of 5 nM ‘9-Bgt to the ACh receptor was measured in

the presence of the indicated concentrations ofcarbamylcholine (Carb)

in the absence (0) or presence (S) of 10 �M vinblastine. Binding is

expressed as the fraction of specific (i.e., nicotine-sensitive) ‘251-Bgt

binding measured in the absence of carbamylcholine. This control

binding level (32,000 cpm) was not affected by 10 MM vinblastine. Each

point and bar represent the mean and standard deviation from three

experiments.

The Vinca alkaloids tested differed by up to 16-fold in
their ability to inhibit [3H]H12-HTX binding in the ab-
sence of carbamyicholine, and by up to 7-fold in the
presence of 1 xM carbamylcholine (Fig. 6; Table 1).
Ranking according to their ability to inhibit [3H]H12-
HTX binding, the following series was obtained: vinde-
sine > vinblastine > vincristine. The same series was
obtained in the presence or absence of 1 �tM carbamyl-
choline. The ability of carbamylcholine to enhance Vinca

alkaloid inhibition of [3H}H12-HTX binding was in-
versely related to the potency of the alkaloids at inhibit-
ing [3H}H12-HTX binding in the absence of carbamyl-
choline. There is also a high correlation between the
ability of microtubule-destabilizing agents to inhibit [3H]
H12-HTX binding to the ion channel and their ability to
inhibit catecholamine secretion by isolated chromaffin

cells (Table 1; Fig. 7).
Influence of HTX and microtubule-active agents on

catechokimine secretion by bovine adrenal chromaffin
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FIG. 6. Inhibition of [3H]H12-HTX binding to Torpedo electric organ

membranes by various Vinca alkaloids

The binding of 2 nM [3H]H,2-HTX to sites on the nicotinic ACh

receptor-ion channel complex was measured in the presence of the

indicated concentrations of vindesine (circles), vinblastine (triangles),

and vincristine (squares), in the absence (open symbols) and presence
(closed symbols) of 1 �zM carbamylcholine. Binding is expressed as

fraction of specific binding measured in the absence of any Vinca

alkaloid. Each point represents the mean from three triplicate deter-

FIG. 8. Concentration-response effects of ACh on catecholamine se-

cretion from bovine adrenal celLs in the absence and presence of taxol

and vinbiastine

Adrenal chromaffin cells were preincubated for 5 mm in the absence

(0) or presence of either taxol or vinblastine (#{149}).The cells were then

stimulated for 10 mm with varying concentrations of ACh in the

presence of the same microtubule drug as in the preincubation period.

Results are expressed as percentage of catecholamine secretion ob-

tamed with 0.1 mM ACh in the absence of any microtubule drug.

minations which generally varied by less than 15% of the control

binding value (10,600 and 19,250 cpm in the absence and presence of 1

jiM carbamylcholine, respectively).
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FIG. 7. Comparison of the effects of colchicine and three Vinca al- Log Histrionicotoxin Concentration, M

kaloids on catecholamine secretion by cultured chromaffin cells and [3H]
H12-HTX binding to ACh receptor-channel complexes from Torpedo

electric organ

The log of the IC� value for inhibition of [3H]H12-HTX binding in

FIG. 9. Influence of histrionicotoxin on ACh- and K�-induced cate-

cholamine secretion from bovine adrenal chromaffin cells

Suspensions of chromaffin cells were incubated for 30 mm with the

indicated concentrations of histrionicotoxin. The cells were then stim-
the presence of carbamylcholine (1 �zM) is plotted as a function of the

log of the ICM) value for inhibition of ACh-induced catecholamine

secretion for colchicine (Col), vinblastine ( VB), vincristine ( VC), and

vindesine ( VD). Linear regression analysis indicated a strong correla-

tion ( r = 0.97) between these two measures.

ulated for 15 mm with 0.1 mM ACh (0) or 65 mM K� (#{149})in the

continued presence of histrionicotoxin. Catecholamine secretion is

expressed as percentage of catecholamine secretion obtained in the

absence of histrionicotoxin. Each point and bar represent the mean

and standard error from three to five experiments.

celLs. To establish the nature of the inhibitory actions of
vinbiastine and taxol in the adrenal chromaffin system, half-maximum response was seen; however, the maxi-
the concentration-response relationship of ACh-induced mum amount of secretion obtained was decreased (Fig.
stimulation of adrenal catecholamine secretion was de- 8).
termined in the absence and presence of the microtubule HTX did not inhibit catecholamine secretion by iso-
drugs (Fig. 8). In the absence of microtubule drugs, lated chromaffin cells induced by a concentration of K�
maximum stimulation occurred with about SO �tM ACh; (65 mM) that depolarizes the cell (Fig. 9). In contrast,
half-maximum stimulation occurred with 10 �M ACh. In secretion stimulated by 0.1 mM ACh was inhibited with
the presence ofa fixed concentration ofeither vinblastine an IC50 of 1 zM (Fig. 9). This value agrees well with the
or taxol, no change in the concentration of ACh eliciting affinity of HTX for [3H}H12-HTX-binding sites on the
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3 R. S. Aronstam, C. T. King, E. X. Albuquerque, J. W. Daly, and

D. M. Feigi, unpublished results.

nicotinic receptor ion channel (K1 = 0.63).� HTX and its

reduced analog, H12-HTX, have similar influences on

nicotinic ACh receptor function.

DISCUSSION

Microtubule involvement in secretion is indicated in a
number of different systems by the effects of microtu-
bule-active agents on secretory responses (1). The Vinca

alkaloids, colchicine, and taxol inhibit cholinergically
mediated secretion by chromaffin cells. Poisner and
Bernstein (2) postulated a role for microtubules in cate-
cholamine secretion from adrenal chromaffin cells. How-
ever, it was subsequently demonstrated that these micro-
tubule-active drugs do not inhibit secretion evoked by
other secretagogues (3-7). For instance, K�-induced cate-
cholamine secretion and 45Ca2� uptake by chromaffin
cells are not inhibited by taxol and vinblastine, while
ACh-induced secretion and uptake are inhibited (7). This
indicates that taxol and vinblastine affect a mechanism
that is active before membrane depolarization and open-
ing of voltage-sensitive Ca2� channels. Since veratridine-

induced secretion is not affected by the microtubule
drugs (7), the site of action is not tetrodotoxin-sensitive
Na� channels. The selectivity ofthese microtubule-active
drugs for cholinergically mediated secretion suggests an

action on some aspect of cholinergic receptor function in
the chromaffin cell.

To investigate the interactions of microtubule-active
agents with nicotinic ACh receptors, Torpedo electric
organs were used as a plentiful and homogeneous source

of nicotinic receptors. While these receptors are very
similar in biochemical and physiological properties to
those at the mammalian neuromuscular junction, some
caution should be exercised when generalizing these find-
ings to processes in chromaffin cells. The relatively low
density of cholinergic receptors precluded direct meas-

urements of [3H]H12-HTX binding in isolated chromaf-
fin cells.

H12-HTX and HTX are noncompetitive blockers of
neuromuscular transmission. They bind with high affin-
ity to a site that appears to be located within the central
hydrophilic depression of the nicotinic receptor complex

and which is probably the site of ion translocation gated
by cholinergic agonists (21). As a consequence of this

binding, a desensitized conformation ofthe receptor com-
plex, characterized by a high affinity for receptor ago-
nists, is stabilized (22, 23). In the presence of receptor
agonists, the histrionicotoxins may sterically block ion
fluxes as well as influence receptor conformation (24).
Conversely, occupancy of receptor-binding sites alters
[3H]H12-HTX binding to ion channel sites. In the ab-
sence ofcholinergic receptor ligands, [3H]H12-HTX bind-
ing approaches equilibrium quite slowly (18). Binding is
greatly acclerated in the presence of receptor ligands.
This has been interpreted as indicating severe steric
restrictions of [3H]H12-HTX access to ion channel-bind-
ing sites (18, 23). Apparently, these restrictions are elim-
mated upon assumption of activated (and/or desensi-
tized) conformations by the receptor.

In the present study, the properties of the Vinca a!-

kaloids and colchicine were similar to those of a number

of other ion channel blockers. All of the microtubule-
active agents have little or no effect on !igand interac-
tions with the ACh-binding sites of nicotinic or musca-
rinic receptors. The Vinca alkaloids and colchicine

blocked the binding of [3H]H12-HTX to the ion channel
site, and their ability to block channel binding was en-

hanced in the presence of carbamy!choline. At least one
of these agents, vinb!astine, allosterically enhanced car-
bamy!choline affinity for the nicotinic receptor. Vinb!as-

tine enhanced this binding in the same concentrations
at which it prevented [3H]H12-HTX occupancy of ion

channel-binding sites. HTX itself was found to be a
potent and specific noncompetitive inhibitor of cholin-
ergically mediated catecholamine secretion by chromaf-
fin cells. Moreover, there is a good correlation between
the IC50 values for inhibition of catecholamine secretion
and [3H]H12-HTX binding by the Vinca alkaloids and

co!chicine (Fig. 7). It is likely, then, that the effects of
Vinca alkaloids and colchicine on adrenal catecholamine

secretion are due to interactions with ion channel sites
associated with chromaffin cell nicotinic receptors.

It should be noted that a large number of structurally
unrelated hydrophobic amines inhibit [3H]H12-HTX
binding to ill defined sites on the ion channel. There are
likely to be a number of “binding domains” associated
with the ion channel and, as noted above, the binding of
ligands to these sites depends on, and in turn influences,

the conformation of the receptor complex (18, 23). Thus,
binding to ion channel sites reflects both the microscopic
dissociation constants which define ligand binding to
each conformation of the sites and the isomerization

constants which define the distribution of receptor com-

p!exes between the various conformationa! states. Be-

cause of these uncertainties in the mechanism of drug
interactions with ion channel sites, we have expressed
the effects of the microtubule agents as operational IC50
values for inhibition of [3H]H12-HTX binding. Because

ofthe low (2 nM) concentration of [3H]H12-HTX used in
relation to its KD (about 100 nM), these IC50 values are
probably a close reflection of the true inhibition con-
stants.

The possibility that the actions of these microtubule-
active agents on binding and secretion may be mediated,

directly or indirectly, by membrane-associated cyto-
skeletal elements has not been totally excluded. a- and

�3-tubu!in and actin are associated with chromaffin cell

plasma membranes (25). Membrane-associated tubulin
has been detected in other neuronal tissues (26-28). The
cytoskeleton may be involved in both the topographical
arrangement of the nicotinic receptor and its lateral

mobility in the membrane. Prives et al. (29) found that
the proportion of receptors on cultured embryonic muscle
cells that are aggregated increases with maturation and,

as the receptors aggregate, they become connected to the

cytoske!eton. Similarly, Stya and Axelrod (30) found that

as rat myotubes age in culture ACh receptor mobility

decreases and attachment to the cytoske!eton increases.
The apparent binding constant for vinblastine’s inter-

action with microtubule protein in vitro is 9 �M, and the
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other Vinca alkaloids show similar affinities (31). These
values correspond we!! to the concentrations of the Vinca
alkaloids required for half-maximum inhibition of [3H]

H12-HTX binding and catecholamine secretion. How-
ever, the apparent tubulin-binding constant for co!chi-
cine, 1 1czM (31), is 2.5 orders of magnitude lower than the
concentration required for half-maximum inhibition of

secretion or HTX binding. Since f3-!umicolchicine, which
is structurally similar to colchicine but has no tubulin-
binding activity, shows a similar pattern of ion channel

inhibition as colchicine, it is unlikely that colchicine is
blocking [3H]H12-HTX binding or catecholamine secre-
tion as a consequence of an interaction with tubulin.

Taxol does not interact with nicotinic ACh or ion
channel-binding sites in Torpedo electric organ. How-
ever, in the cultured chromaffin cell system, taxol selec-
tively inhibits cholinergically mediated catecholamine
secretion in a manner analogous to that of the Vinca

alkaloids and colchicine (7). Since K�-stimu!ated secre-
tion is not affected, taxo! apparently also acts on some
step occurring between agonist binding to the cholinergic

receptor and depolarization of the membrane. These
results with taxol are particularly interesting since taxo!
does not cause depolymerization of microtubules, as do
the Vinca alkaloids and co!chicine; taxo! enhances mi-

crotubule polymerization and stabilizes previously
formed microtubules in vitro (32, 33). In the present
study, only the microtubule-depolymerizing agents in-
hibited ligand binding to the ion channel. Whether taxo!
inhibition of the transduction of cholinergic signals in

chromaffin cells involves alteration of a microtubule
polymerization-depolymerization cycle is a question
which requires further investigation.
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