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cate 1.5-ml samples of the water-equilibrated
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using the N,O solubility equation of R. Weiss
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estimated it to be 4 per mil on the basis of
information supplied by the plant engineer. The
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Ethanol Modulation of Opiate Receptors in

Cultured Neural Cells

Abstract. The mouse neuroblastoma—rat glioma hybrid cell line NG108-15 was
used to study the acute and chronic interaction of ethanol with intact neural cells. In
the short term, ethanol inhibited opiate receptor binding, but after long-term
exposure the cells exhibited an apparent adaptive increase in the number of opiate
binding sites, this was reversible when ethanol was withdrawn. High concentrations
of ethanol (200 mM) increased opiate binding after 18 to 24 hours, whereas lower
concentrations (25 to 50 mM) produced similar changes after 2 weeks. This model
system has potential for exploring the cellular and molecular mechanisms underlying
ethanol intoxication, tolerance, and withdrawal.

Ethanol intoxication produces well-
known behavioral and neurological ef-
fects. Tolerance develops to many ac-
tions of ethanol, and physical depen-
dence follows chronic ethanol abuse.
These phenomena may derive from the
physical interaction of ethanol with neu-
ral membranes and the adaptation of
these membranes to the continued pres-
ence of ethanol (/-3). Short-term ethanol
exposure can disorder membrane lipids
(2). After long-term ethanol administra-
tion, the membranes may exhibit several
possibly adaptive alterations: (i) resist-
ance to further disordering by ethanol;
(ii) occasionally increased membrane or-
der; and (iii) modifications in cholester-
ol, phospholipid, or fatty acid composi-
tion (3). Since these changes in mem-
brane properties can alter the function of
critical membrane proteins (¢), many in-
vestigators have begun to characterize
changes in neuroreceptors and related
enzymes resulting from ethanol expo-
sure (5-9). Biochemical studies in ani-

Table 1. Response of opiate receptors to 4
days of ethanol treatment. The experiment
was repeated four or five times, and means
and standard errors (S.E.M.) were calculated.
Long-term ethanol treatment did not signifi-
cantly affect K4 (F = 0.32). The increase in
B,..x was tested by paired #-tests.

Ethanol Bax
concen-
tration  (Ethanol: p Kq (nM)
(mM) control)
0 1.60 = 0.09
100 1.40 = 0.04 < 0.002 1.77 = 0.09
200 1.85 =021 <0.02 1.70 = 0.21

mals have been limited because of the
heterogeneity of brain and the need to
use disruptive tissue preparations. We
have begun to use cells in culture as a
rich source of intact and homogeneous
neural tissue (/0). We now report that in
the mouse neuroblastoma-rat glioma hy-
brid cell line NG108-15, short- and long-
term exposure to ethanol causes striking
modifications in opiate binding in ways
that may reflect the membrane events
associated with intoxication, tolerance,
and withdrawal.

The NG108-15 cells of passage 18 to 25
were cultured as previously described
(I11). When medium containing ethanol
was added to cells, all flasks were kept
tightly capped and the medium was
changed daily. The concentration of eth-
anol in the medium, measured by gas-
liquid chromatography, remained un-
changed after 24 hours of incubation
with confluent cells. Opiate receptor
binding assays (/2) were performed by
incubating at 37°C a suspension of
washed whole cells with tritiated methio-
nine enkephalinamide (PHIMEA) (39.5
to 50.5 Ci/mm) (/7). Specific binding, the
difference between counts per minute in
the presence or absence of 107°M nalox-
one, was normalized according to cell
number (femtomoles per 10° cells). The
standard deviation of triplicate samples
ranged from 5 to 10 percent. The maxi-
mum number of binding sites (Bya,) and
receptor affinity (K,) were calculated by
linear regression analysis according to
the method of Scatchard.

When ethanol was added to suspended
whole cells immediately before the addi-
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tion of [PHJMEA, the specific binding of
2 nM MEA was inhibited (Fig. 1A).
Isosmotic sucrose can reproduce some
ethanol effects in cultured cells (6); su-
crose (50 to 500 mM) had no effect on
MEA binding.

Whereas short-term ethanol treatment
reduced opiate binding, long-term expo-
sure produced the opposite effect. After
cells were cultured 4 days in 200 mM
ethanol, the binding of 2 nM *"H]MEA to
washed cells increased 75 = 4 percent
[mean =+ standard error (S.E.M.)] above
pair-matched control values [#(14) =
19.6, P < 0.001]. This increase in opiate
binding was due to an increased B, of
unchanged affinity (Table 1). Although
opiate binding in the absence of ethanol
was higher in these cells, short-term
reexposure to ethanol generally inhibited
MEA binding to the same degree as in
control cells (Fig. 1A).

The time course for the increase in
opiate receptor binding was determined
by incubating confluent cells for 6 to 24
hours in the presence or absence of 200
mM ethanol. An increase in opiate bind-
ing was first apparent after 18 hours of
ethanol exposure; after 24 hours, 5 nM
MEA binding was 47 percent higher than
in control cells (Fig. 1B). Binding also
increased when cells were exposed to
lower concentrations of ethanol (Table
2), but the time required to produce this
effect was much longer.

The increase in opiate binding during
long-term ethanol exposure was not due
to changes in cell volume or cell growth.
Cell volume did not differ significantly
between cells cultured 24 hours in the
presence and absence of 200 mM ethanol
(13). Flasks cultured 24 hours with 200
mM ethanol contained 10 to 30 percent
fewer cells than control flasks, but 13
days’ exposure to 25 and 50 mM ethanol
also produced large increases in opiate
binding without reducing cell number.

Ethanol may exert its primary effects
within specific domains of the hydropho-
bic membrane core, either by disorder-
ing membrane lipids (I, 3) or by inter-
acting more directly with membrane pro-
teins (I/4). Alcohols of higher chain
length are more lipid-soluble than etha-
nol and reproduce many of ethanol’s
pharmacologic effects with greater po-
tency (15). If long-term ethanol treat-
ment increases opiate receptor binding
as a consequence of ethanol’s ability to
dissolve in membrane lipids, alcohols of
higher chain length might be expected to
produce  more striking responses. Ac-
cordingly, cells were cultured 48 hours in
25 mM ethanol (chain length, 2), 25 mM
n-propanol (length, 3), 25 mM n-butanol
(length, 4), or 200 mM ethanol (Fig. 1C).

16 DECEMBER 1983

Table 2. Opiate receptor binding in response
to 13 days of exposure to low concentrations
of ethanol. Binding of 5 nM [PHIMEA was
determined in cells washed free of ethanol.
Data represent mean (+ S.E.M.) specific
binding from a representative experiment
with quadruplicate assay samples. The ex-
periment was performed a total of three times
with similar results.

[PHIMEA
Etchanol v specifically Per-
on- bound cent
cen. oun of
tration Ig:::llll.lrtl; I;))er con-
(mAM) 10° cells) trol
0 1692 + 59
25 2542 + 28 150
50 2640 + 29 156

Culturing cells 48 hours in 200 mM etha-
nol increased opiate binding as usual, but
25 mM ethanol had the expected negligi-
ble effect. In contrast, 25 mM n-propanol
and n-butanol each caused large in-
creases in opiate receptor binding in pro-
portion to the chain length of the alco-
hols (r = 0.99). Thus the increase in opi-
ate binding found after long-term alcohol
exposure is probably related to the lipid
solubility of the alcohols and not to an

osmotic effect of alcohols on intact cells
). . .
The increase in opiate binding pro-
duced by ethanol was reversible. Cells
cultutred in 200 mM ethanol for 3 to 4
days were placed in fresh medium with-
out ethanol. Specific MEA binding re-
mained elevated during the first 12 hours
after ethanol withdrawal and returned to
control levels after 24 hours (Fig. 1D).
The interaction of ethanol with differ-
ent opiate receptor subtypes has been
studied in animals (7-9). Short-term in
vitro ethanol exposure reduced the bind-
ing affinity of rat brain and neuroblasto-
ma membranes for the selective d recep-
tor agonist D-Ala’>-D-Leu’-enkephalin
(DADL) (7) and long-term- ethanol ad-
ministration to rats increased the binding
affinity of striatal homogenates for
DADL (8). .
Some evidence suggests that opiate
systems play a role in the behavioral
effects of ethanol in humans and animals
(16). It is not clear whether the opiate
receptor changes are specific or due to
general effects of ethanol on cell mem-
branes. Since the & opiate receptor
of NGI108-15 also undergoes marked
changes, it is now possible to investigate

1006 120 —
L ~ o
2 N 5 //
> AN £ 80 .
£ 60f '\l\ © /
2 DO 3 /
f‘ \ki\ 8 /
g ~x £ 40 /
3 e——% 200 MM ETOH, 4 days 8 | & /
. «© !
20 o—:—o0 Control cells g i /
A £ C /
i 1 1 0 . “
6] 200 400 600 (0] 1 2 3 4 5
Ethanol concentration (mM) Alcohol chain length
2 |2
2 _e S 180
2140 o~ 2 VAN
g / N AN
c / c N
g | - 8 SN
1
- / .. 140 AN
[e) / o .
@ v / o N\
g 100 —— ‘ /'/ g i ——
2 - ~ 2 ; —_—
g ¢ Ny 5100} 1
& o B e 0’ D _
0 6 12 18 24 : (0] 12 24 36 48

Hours of culture in ethanol

Hours after ethanol withdrawal

Fig. 1. (A) Opiate receptor binding in the presence or absence of ethanol. For each experiment
specific binding in the absence of ethanol was normalized to 100 percent. Each point represents
the mean [+ standard error (S.E.M.), N = 9]. (B) Time course for the increase in opiate
binding. The medium of control cells was changed at identical times, and specific binding in
control cells was normalized to 100 percent at each time point. Data at 6 and 24 hours represent
mean (*+ S.E.M.) percentage of control binding from three independent determinations. (C)
Opiate receptor binding after 48 hours’ exposure to 25 mM alcohols of different chain length.
Each data point represents the mean (+ S.E.M.) increase in opiate binding from four or five
experiments compared with control flasks assayed at the same time. The line was fitted to the
data by linear regression analysis, r = 0.99. (D) Time course for reversal of increased opiate
receptor binding after ethanol withdrawal. Data points obtained from two or three experiments
are mean (* S.E.M.) percentage increase in specific binding with respect to control cells
harvested at the same time.
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the molecular mechanisms underlying
these adaptive responses at a cellular
level. Long-term ethanol treatment may
increase opiate binding in NG108-15 by
increasing receptor synthesis, decreas-
ing receptor degradation or processing,
or increasing the availability of latent or
hidden membrane receptors to bind opi-
ate ligands (17).

The changes in receptor binding we
describe may parallel the clinical phe-
nomena of intoxication, tolérance, and
withdrawal. For example, decreased
binding produced by ethanol in the skoit-
term could lead to depression of some
receptor-mediated activity. During con-
tinued ethanol exposure the cell mem-
brane may undergo adaptive changes,
causing increased receptor density and
restored cellular function. After abrupt
ethanol withdrawal, the increased num-
ber of receptors would no longer be
inhibited by ethanol, resulting in height-
ened receptor-mediated activity, With
further passage of time, the number of
receptors would return to control values,
again restoring cellular homeostasis.
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The Human Gene for the B Subunit of Nerve Growth Factor
Is Located on the Proximal Short Arm of Chromosome 1

Abstract. Fragments of the recently cloned human gene for the B subunit of nerve
growth factor (B-NGF) were used as hybridization probes in analyzing two sets of
rodent-human somatic cell hybrids for the presence of human B-NGF sequences.
Results from the first set of hybrids assigned the human B-NGF gene to chromosome
I and ruled out the presence of sequences of comparable homology on any other
chromosome. With the second set of hybrids, which contained seven different, but
overlapping, regions of chromosome 1, the NGF locus was mapped to band 1p22.

Nerve growth factor (NGF) is impor-
tant in the development and function of
peripheral adrenergic and sensory neu-
rons and of adrenal chromaffin cells (1).
As a polypeptide that binds to a specific
receptor, NGF may serve as a model
system for the action of hormones and
growth factors. Furthermore, NGF ap-
pears to play a role in several human
genetic disorders of the nervous system
(2). In the mouse, the 118-amino-acid B
chain, which is responsible for stimulat-
ing nerve growth, is synthesized as part
of a larger precursor molecule (3). Oligo-
nucleotide primers based on the known
amino acid sequence of the gene (4) were
synthesized and used to clone the mouse
B-NGF gene (5, 6). Mouse $-NGF com-
plementary DNA was then used to iso-
late the human B-NGF gene. Sequencing
studies revealed considerable homology
between human and mouse amino acid
sequences (6). The B-NGF gene has not
yet been assigned to a specific chromo-
some in any mammalian species.

The mapping of the human B-NGF
locus is of particular interest for three
reasons. First, B-NGF represents the
active subunit of the NGF complex,
which consists of three different poly-
peptide chains (a, B, and ). The expres-
sion of these presumably independent
genes appears to be synchronized during
development and adulthood. Identifica-
tion of the chromosomal locations of

these genes will help to determine
whether synchronized gene expression
of the NGF subunit genes is due to
regulation of one genetic locus contain-
ing a cluster of NGF subunit genes, or
whether characteristics common to three
physically separated genes control their
synchronous expression.

Second, low levels of amino acid ho-
mology with insulin have suggested that
B-NGF may be a member of the insulin
gene family (/). The insulin locus is now
well established on the distal short arm
of human chromosome 11 (7), but other
insulin-related genes have not yet been
mapped. Knowledge about the chromo-
somal location of each member of a gene
family can contribute to our understand-
ing of the patterns and mechanisms of
genome evolution (8). In this context,
the insulin gene family represents an
interesting case, in that its members
(IGF-1, IGF-2, relaxin, insulin, and pos-
sibly B-NGF) have acquired different
regulatory functions while retaining vari-
ous amounts of structural homology.

Third, at least ten cellular proto-onco-
genes (that is, sequences that are related
to retroviral transforming genes or-that
have been identified in the activated
state by transfection assays with human
tumor cell DNA) have been assigned to
specific human chromosomes or chro-
mosome regions (9). A search for rela-
tions between proto-oncogenes and
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