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Human immunodeficiency virus type 1 gp120
and ethanol coexposure in rat organotypic brain slice
cultures: Curtailment of gp120-induced neurotoxicity
and neurotoxic mediators by moderate but not high
ethanol concentrations

A Belmadani, EJ Neafsey, and MA Collins

Department of Cell Biology, Neurobiology and Anatomy, Stritch School of Medicine, Loyola University Chicago,
Maywood, Illinois, USA

Human immunodeficiency virus type 1 (HIV-1) envelope protein gp120, impli-
cated with other retroviral proteins in acquired immunodeficiency syndrome
(AIDS)-related dementia, causes neuronal degeneration by inciting cascades
of neurotoxic mediators from glia. It also may facilitate neuronal glutamate
(N-methyl-D-aspartate, NMDA) receptor–mediated excitotoxicity by interact-
ing at the glycine coagonist site. The authors reported that preconditioning rat
organotypic hippocampal-cortical slice cultures subchronically with ethanol
at concentrations occurring during moderate drinking (20 to 30 mM) prevented
gp120’s induction of neurotoxic mediators and intracellular calcium, as well
as neuronal death. The authors now find that the acute copresence of ethanol
in moderate as opposed to high concentrations similarly blocks the retroviral
protein’s neurotoxic effects in brain slice cultures, assessed with lactate dehy-
drogenase (LDH) release and propidium iodide (PI) labeling. As with ethanol
preconditioning, neuroprotection against gp120 by moderate ethanol coexpo-
sure appears secondary to abrogation of the retroviral protein’s early induc-
tion of arachidonic acid (AA), glutamate, and superoxide (but not nitric oxide)
elevations/release. Additionally, experiments indicate that 30 mM ethanol is
sufficient to inhibit the NMDA receptor, particularly in the presence of added
glycine, thus hindering potential direct neuronal stimulation by gp120. How-
ever, in contrast to moderate ethanol, 100 mM ethanol, a concentration toler-
ated only in chronic alcoholics, potentiates gp120-dependent neurotoxicity (PI
labeling) in the hippocampal CA1 region, augments LDH release, and fails to
curtail gp120’s actions on AA, glutamate, and superoxide—but does suppress
nitric oxide induction. The results indicate dominant roles for AA, superoxide,
and glutamate-mediated oxidative stress in gp120’s neurotoxic mechanism, but
perhaps a less important role for NMDA receptor stimulation, which would be
constrained at both ethanol concentrations employed. We suggest that ethanol’s
concentration-dependent, two-edged sword behavior could alter the develop-
ment of dementia in HIV-1–infected individuals during social consumption or
abuse. Further studies are needed to elucidate the differing apparently glial
effects of the two concentrations of ethanol. Journal of NeuroVirology (2003) 9,
45–54.
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Introduction

Neuronal degeneration, encephalitis, and cognitive
impairment/dementia are key aspects of neuro–
acquired immunodeficiency syndrome (neuroAIDS)
that result largely from the actions of retroviral pro-
teins shed by human immunodeficiency virus type 1
(HIV-1) during brain glial infection (Nath, 1999;
Xiong et al, 2000). One of the most potent of these in
mixed neuronal cultures is glycoprotein 120 (gp120)
derived from the virus’ envelope. Picomolar concen-
trations of gp120 cause significant neuronal loss and
apoptosis in primary brain cultures (Brenneman et al,
1988; Aggoun-Zouaoui et al, 1996), and transgenic
mice overexpressing the retroviral protein eventu-
ally demonstrate cerebrocortical damage and neu-
robehavioral impairment (Toggas et al, 1994; D’Hooge
et al, 1999).
The robust neurotoxicity of gp120 is thought to

be due ultimately to a combination of glutamater-
gic receptor activation, [Ca2+]i elevations, and/or ox-
idative stress, but proinflammatory cytokine mech-
anisms might also be involved (Kaul et al, 2001;
Bezzi et al, 2001). Microglia and astroglia are acti-
vated by gp120 to mobilize a range of potentially
neurotoxic agents. These include extracellular glu-
tamate, elevated because of increased release in as-
sociation with decreased uptake. Arachidonic acid
(AA), mobilized by gp120 from glia, not only inhibits
glutamate uptake (Dreyer and Lipton, 1995), but also
sensitizes the N-methyl-D-aspartate (NMDA) recep-
tor toward agonists (Ushijima et al, 1995), and di-
rectly signals intracellular apoptotic pathways (Cao
et al, 2000; Scorrano et al, 2001). Superoxide arising
from AA metabolism and from mitochondrial pro-
cesses is likely to be important (Viviani et al, 2001);
it also is a glutamate uptake inhibitor (Piani et al,
1993) and, by combining with nitric oxide (NO) rad-
ical (induced by gp120 as well), produces peroxyni-
trite, a potent oxidizing/nitrosylating species. Other
neurotoxic agents released or stimulated by gp120,
such as quinolinic acid, cysteine, and unidentified
amines, might also have deleterious roles. In addi-
tion to these mainly glial-mediated effects, at least in
higher concentrations, gp120 may directly augment
NMDA receptor responses via binding to the glycine
coagonist site (Pattarini et al, 1998; Gemignani et al,
2000).
In view of the reported prevalence of polydrug use

during HIV-1 infection (Tyor and Middaugh, 1999),
it is important to understand how drugs of abuse im-
pinge upon the neurotoxic actions of HIV-1 retroviral
proteins and the development of AIDS dementia. In
addition to impairing already compromised immune
function, ethanol abuse can promote nonadherence
to antiretroviral therapy and interfere with its phar-
macodynamics (Watson, 1990; Fein et al, 1995; Bauer,
1998). However, the impact ofmoderate or social con-
sumption on the central nervous system (CNS) com-
plications of the disease is unclear, and the effects of

ethanol on the actions of the HIV-1 retroviral proteins
that are responsible for AIDS dementia have been
little studied.
We previously reported that rat brain slice cultures,

which undergo neuronal apoptosis due to picomo-
lar amounts of gp120 (Aggoun-Zouaoui et al, 1996),
were protected from the envelope glycoprotein but
not from NMDA following subchronic precondition-
ing with low/moderate ethanol concentrations (20 to
30 mM; Collins et al, 2000). The “moderate ethanol
preconditioning” abrogated the ability of gp120 to po-
tentiate neurotoxic mediators—e.g., glutamate, AA,
and superoxide, and intracellular Ca2+ (Belmadani
et al, 2001). However, prolonged treatment of brain
slice cultures with high ethanol concentrations
(100 mM) increases neuronal damage due to another
neurotoxic HIV-1 protein, Tat (Prendergast and Nath,
2001; Belmadani, unpublished results).
We now report the effects on gp120-dependent

neurotoxicity and early induced changes in glu-
tamate, AA, superoxide, and NO of acute coex-
posure with either moderate (30 mM) and high
(100 mM) ethanol concentrations in long-term rat
organotypic hippocampal-entorhinal cortical (HEC)
slice cultures. Neurotoxicity was quantitatively as-
sessed as in previous studies with lactate dehydroge-
nase (LDH) release, and qualitatively confirmed with
propidium iodide (PI) labeling aswell aswith Fluoro-
Jade (FJ), a recently developed neuronal degenera-
tion stain (Schmued and Hopkins, 2000). The pos-
sibility that moderate ethanol concentrations could
directly inhibit the activity of NMDA receptors in
HEC slice cultures, particularly with added glycine,
was also studied. While this article was in prepa-
ration, Navarra et al (2001) reported that ethanol
dose-dependently inhibited gp120’s toxicity in hu-
man neuroblastoma cells and ascribed the inhibi-
tion in these glial-free cultures to NMDA receptor
blockade by ethanol.

Results

Neuronal degeneration in HEC slice cultures due
to HIV-1 gp120 is suppressed by 30 mM ethanol
but not 100 mM ethanol coexposure
Rat HEC slice cultures treated with 200 pM gp120 for
24 h demonstrated significant increases in LDH re-
lease compared to control slice cultures (Figure 1A).
Slice cultures treated for 24 h with a high concen-
tration (1.5 μM) of an unrelated glycoprotein, albu-
min, showed no increase in LDH release above con-
trols. Ethanol alone at 30 mM or 100 mM for 15 h,
the duration used for coexposure, had no effect on
LDH release in 24-h medium (prolonged exposures
of these or similar slice cultures to the higher ethanol
concentration are necessary to obtain neurotoxicity,
e.g., Collins et al, 1998; Prendergast and Nath, 2001).
Coexposure of gp120 with 30 mM ethanol blocked
the retroviral protein’s induction of LDH release,
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Figure 1 Neurotoxicity of HIV-1 gp120IIIB in rat HEC slice cultures and effect of ethanol (E) coexposure. (A) Percent LDH released
over 24 h in control, gp120, and/or ethanol-treated cultures (E30 = 30 mM; E100 = 100 mM). N = 6–12 wells/group, representative of
three to four replicate experiments. Gp120, 200 pM. ≈P < .05 versus control. ≈≈P < .05 versus gp120. (B) Degenerating neurons labeled
with Fluoro-Jade (FJ) in representative HEC control or gp120-treated slices, or labeled with propidium iodide (PI) in representative HEC
control, gp120 (200 pM), and/or ethanol (E30 or E100)–treated slices, as described in Materials and methods.

indicating prevention of neurotoxicity. However, co-
exposure of gp120 with 100 mM ethanol potentiated
LDH release above that due to gp120 alone.
The PI labeling of HEC slices (Figure 1B) revealed

gp120-induced cellular degeneration in the CA1,
CA3, dentate gyrus, and entorhinal cortex (last region
not shown). That neurons were being labeled by PI
was supported by comparable labelingwith FJ,which
has been shown to selectively stain degenerating neu-
rons (Schmued andHopkins, 2000). As shown in Fig-
ure 1, FJ cellular labeling in gp120-treated HEC slices
was essentially identical to that obtained with PI. In
agreement with LDH results, ethanol at either con-
centration did not cause obvious PI labeling when
compared to control slices. When ethanol was copre-
sent at 30 mM (E30) with gp120, the widespread PI
labeling induced by gp120 was not seen. However,
in coexposure experiments with gp120 and 100 mM
ethanol (E100), PI labeling was only apparent in the

CA1 field and tended to bemore intense in this region
than that induced by gp120 alone.

Potentiation of extracellular glutamate levels
by HIV-1 gp120 is prevented by 30 mM ethanol
but not 100 mM ethanol coexposure
Glutamate, the principal NMDA receptor agonist, is
considered a critical determinant in gp120 neurotox-
icity. We earlier had found that gp120 caused signif-
icant elevations in extracellular (medium) glutamate
levels in HEC slice cultures within 5 min (Belmadani
et al, 2001). Despite variability between experiments,
glutamate potentiation by gp120 was replicated in
these studies, but at a later timepoint (45 min). Com-
pared to respective controls, ethanol by itself at either
30 mM or 100 mM did not change medium gluta-
mate levels at this time point. Coexposure of gp120
with 30 mM ethanol completely prevented the retro-
viral protein-induced increases inmedium glutamate
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Figure 2 Medium glutamate levels of rat HEC slice cultures
45 min following treatment with 200 pM HIV-1 gp120 and/or
ethanol (top, E30 = 30 mM; bottom, E100 = 100 mM). N =
6–9 wells/group. ≈P < .05 versus control. ≈≈P < .05 versus gp120.
Control means (pmoles/mg protein≈ SEM ) ranged from 77≈ 13 to
223 ≈ 22 in replicate experiments.

levels (Figure 2, top). However, gp120 coexposure
with 100 mM ethanol failed to prevent the potentia-
tion of medium glutamate levels by gp120 (Figure 2,
bottom).

Mobilization of AA by HIV-1 gp120 is prevented
by 30 mM ethanol but not 100 mM
ethanol coexposure
The effects of ethanol on gp120-induced stimulation
of AA release were examined because initial mobi-
lization of this key lipid mediator, ostensibly from
glia, may be an important modulating event in the
protein’s overall neurotoxic mechanism. As shown
(Figure 3), [3H]-AA–preloaded HEC slices demon-

Figure 3 Mobilization (percent released from tissue into media)
of [3H]-arachidonic acid ([3H]-AA) in rat HEC slice cultures 15min
following treatment with 200 pMHIV-1 gp120 and/or ethanol (E30
or E100). N = 6–9 wells/group, replicated twice. ≈P < .05 versus
control. ≈≈P < .05 versus gp120.

strated significant release of AA after 15 min expo-
sure to 200 pM gp120, consistent with the 5-min and
20-min results reported in our previous experiments
(Belmadani et al, 2001). Ethanol alone did not signif-
icantly alter AA release. However, ethanol coexpo-
sure at 30 mM thwarted gp120-induced AA release,
whereas 100 mM ethanol coexposure with gp120 did
not prevent AA release due to gp120.

Induction of brain slice superoxide levels by gp120
is suppressed by 30 mM ethanol but not 100 mM
ethanol coexposure
Slightly higher gp120 concentrations were used in
the superoxide and NO studies because the viral
protein’s toxic potency had diminished during stor-
age. Levels of superoxide, another possible mediator
of gp120-dependent neurotoxicity, were significantly
enhanced in the HEC slices 45 min after treatment
with gp120 at 250 pM (Figure 4).
Ethanol at 30 mM did not alter superoxide lev-

els, but 100 mM ethanol increased tissue super-
oxide levels ≈20% over control (P < .05). Coex-
posure of gp120 and 30 mM ethanol completely
blocked gp120-dependent induction of the oxygen
free radical, whereas superoxide levels remained
elevated during gp120 coexposure with 100 mM
ethanol.

Potentiation of NO levels by HIV-1 gp120
is unaffected by 30 mM ethanol but is blocked
by 100 mM ethanol coexposure
Because NO is known to be increased by gp120 in
brain preparations, we determined the effect of the
two ethanol concentrations on NO levels (as total ni-
trite) in medium of gp120-treated cultures (Figure 5).
Consistent with reports in dispersed neuronal cul-
tures, the medium nitrite levels in HEC slice cul-
tures were increased ≈120% over control 45 min af-
ter gp120 addition. Ethanol alone at either 30 mM
and 100 mM also induced significant 50% to 60% in-
creases in nitrite levels. Coexposure of gp120 with

Figure 4 Tissue levels of superoxide (percent of control mean) in
rat HEC slices in culture 45 min following treatment with 250 pM
HIV-1 gp120 and/or ethanol (E30 or E100). N = 6–9 wells/group.
≈P < .05 versus control. ≈≈P < .05 versus gp120. Control mean,
10.90≈ 0.31 nmoles/mgprotein≈ SEM ); results replicated in three
studies.
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Figure 5 Medium nitric oxide (total nitrite) levels (percent of
control mean) in rat HEC slices in culture 45 min following treat-
ment with 250 pM HIV-1 gp120 and/or ethanol (E30 or E100). N =
6–9 wells/group. ≈P < .05 versus control. ≈≈P < .05 versus gp120.
Control mean, 68.0 ≈ 13.0 (ng/mg protein ≈ SEM ).

30 mM ethanol did not alter the potentiation of
medium nitrite by gp120. However, 100 mM ethanol
coexposure with gp120 completely blocked the in-
duction of medium nitrite levels.

Neurotoxicity in HEC slice cultures caused
by NMDA and added glycine is prevented
by 30 mM ethanol
To examine whether 30 mM ethanol was sufficient
to directly inhibit neurotoxicity induced by acti-
vation of the NMDA receptor, HEC slice cultures
were treated with either NMDA alone or NMDA plus
glycine, with and without ethanol coexposure. The
percent of LDH released in the 48-h medium was
≈160% of control in slice cultures treated 30 min
with 100 μM NMDA, and ≈220% of control af-
ter 30-min treatment with a combination of 25 μM
NMDA and 10 μM glycine, consistent with neuro-
toxicity in either treatment (Figure 6). Addition to
cultures of 30 mM ethanol with agonists for 30 min
and the following 141/2 h (total, 15 h) did not alter the
increased LDH release due to NMDA alone, but it pre-
vented the increase in LDH release due to treatment
with NMDA and glycine.

Figure 6 Effect of 30 mM ethanol on percent LDH released over
48 h in rat HEC slice cultures following treatment for 30 min with
100 μMNMDA or 25 μMNMDA/10 μM glycine (gly), as described
in Materials and Methods. N = 6–9 wells/group. ≈P < .05 versus
control. ≈≈P < .05 versus gp120.

Discussion

The interactions of ethanol and the CNS have re-
ceived relatively little attention in the context of
HIV-1–associated dementia. This is somewhat sur-
prising, because ethanol and HIV-1 gp120 share
overlapping—sometimes antagonistic and some-
times complementary—mechanisms with respect
to neuronal glutamatergic systems and glial cells
(Tabakoff, 1994; Davis and Wu, 2001; Kaul et al,
2001). The intact regional nature of organotypic brain
slices in long-term culture, aswith other neuronal de-
generation studies (e.g., Diekmann et al, 1994), per-
mits transcellular studies with gp120 and ethanol. It
should be noted that the HEC slices were allowed to
mature a minimum of 3 weeks in vitro in order to
permit recovery from dissection, adherence to mem-
brane, and removal of nonviable slices. Slices used
showed little if any “control” neuronal death with
neuronal degeneration stains (Sytox or PI). In that
sense they are different from the immature week-old
organotypic rat hippocampal slice cultures used by
Thomas and Morrisett (2000) that apparently exhibit
considerable PI-labeled neurons before additions of
NMDA receptor agonists or ethanol.
Our use of LDH as a quantitative measure of neu-

ronal death is supported by the knowledge that the
cytosolic protein is derived largely from neurons dur-
ing excitotoxic challenges in a range of neuronal
cultures, including organotypic brain slices (Vornov
et al, 1991; Bruce et al, 1996), and that excitotoxi-
city is believed to constitute a central mechanistic
route underlying neuronal degeneration induced by
gp120 (Kaul et al, 2001). Furthermore, PI labelingwas
shown to correlate well with LDH release as well
as with FJ labeling of neurons in organotypic slice
cultures subjected to a number of differing neurotox-
ins (Zimmer et al, 2000). Recently, LDH release was
used as a quantitative measure of neuronal death in
primary mixed brain cultures exposed to HIV-1 Tat
protein (Perez et al, 2001). Specifically concerning
gp120, despite the fact that nanomolar concentrations
of the retroviral protein caused gliotoxicity after pro-
longed (7 days) treatment of human brain cultures
(Pulliam et al, 1993), similar gp120 concentrations
did not increase LDH release from pure astroglial
cultures (Boutet et al, 2000), and importantly, dur-
ing neurotoxic treatment of HEC slice cultures with
gp120, we observed no significant change in the num-
ber of glial acidic fibrillary protein (GFAP)-labeled
astroglia (Belmadani et al, 2001). In summary, the
evidence supports LDH assays as a valid marker of
gp120-induced neuronal degeneration in brain slices.
Table 1 is a summary of the actions of HIV-1 gp120

on tissue AA mobilization and superoxide levels,
medium glutamate and NO levels, and assessments
of neurotoxicity—percent LDH release andPI-labeled
neurons—in HEC slice cultures, and, moreover, how
ethanol coexposure at 30 mM or 100 mM affects the
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Table 1 Summary: induction by HIV-1 gp120 of neurotoxic mediators/neurotoxicity in rat brain slice cultures and the effect of ethanol (e)

Early effects 24-h neurotoxicity

Extracell. AA Tissue Medium LDH PI
glutamate mobilization superoxide nitric oxide release staining

gp120 � � � � � �

+30 mM E ⇓ ⇓ ⇓ ⇐⇒ ⇓ ⇓
+100 mM E ⇐⇒ ⇐⇒ ⇐⇒ ⇓ ⇑ ⇑ (CA)

� = induction by gp120 compared to control.
⇓ = suppression of gp120 induction by ethanol coexposure.
⇐⇒ = no significant change in gp120 induction by ethanol coexposure.
⇑ = potentiation of gp120 induction by ethanol coexposure.
CA = predominantly hippocampal CA1 field.

retroviral protein’s actions. The two concentrations
have divergent effects on gp120’s early stimulation
of the presumed glial mediators and subsequent neu-
ronal degeneration. With regard to the physiologi-
cal significance of the ethanol concentrations, brain
ethanol concentrations are known to parallel ethanol
in the blood (Fein and Meyerhoff, 2000), and a blood
ethanol of 25 to 30mMor 115 to 138mg/dl is amoder-
ately intoxicating concentration achieved after five to
seven alcoholic drinks in most individuals. A blood
ethanol concentration of 100 mM (≈460 mg/dl) is at-
tained only in chronically adapted active alcoholics
and alcohol abusers (Adachi et al, 1991; Jones 1998),
and is neurotoxic in HEC slice cultures during ex-
tended treatment (Collins et al, 1998).
That coexposure with the lower ethanol con-

centration provides neuroprotection against gp120
could reflect two different modes of action con-
sonant with the mechanisms of the retroviral pro-
tein. The first, resembling the protection observed
in HEC slice cultures preconditioned with moder-
ate ethanol (Belmadani et al, 2001), targets glia, and
specifically could be secondary to initial blockade
of gp120-induced mobilization of largely astroglial-
derived AA (Ushijima et al, 1995; Kaul et al, 2001).
Released in excess from membranes by phospho-
lipase A2 (PLA2) activation, this essential unsatu-
rated fatty acid (a) inhibits astroglial glutamate up-
take while promoting glutamate release directly or
through prostaglandin PGE-2 (Bezzi et al, 1998), and
possibly involving increased astroglial Na+/H+ ex-
change (Benos et al, 1994), (b) increases NMDA re-
ceptor responsiveness (Ushijima et al, 1995), (c) pro-
duces free radicals including superoxide anion, and
(d) triggers apoptosis by increasing mitochondrial
permeability (Scorriano et al, 2001). Reactive oxygen
species (in particular superoxide, another neurotoxic
mediator and possible inhibitor of glutamate reup-
take [Piani et al, 1993]) also are induced in glia by
gp120 (Viviani et al, 2001).
Consequently, high-performance liquid chromato-

graphy (HPLC) measurements of HEC slice culture
medium shortly after gp120 addition indeed con-
firmed several-fold glutamate elevations above con-
trols, consistent with increased release and inhibited

re-uptake. Again paralleling the effect of subchronic
30 mM ethanol pre-exposure (Belmadani et al, 2001),
cotreatment with 30 mM ethanol completely sup-
pressed the glutamate increases. In addition, gp120
caused superoxide increases in the HEC slices that
would augment oxidative stress, and we suggest the
glutamate suppression by 30 mM ethanol could en-
sue from decreased AA mobilization. It is interesting
that the gp120-dependent NO induction was unre-
sponsive to the neuroprotective ethanol concentra-
tion, but superoxide suppression in theory would
nevertheless tend to nullify peroxynitrite formation,
protein nitrosylation, hydroxyl radical generation,
and their contributions to gp120-mediated neuronal
death.
A second mode of neuroprotection by ethanol

against gp120, as indicated by our results in Figure 6,
could involve direct suppression of glutamatergic
(NMDA) receptor function, possibly at the glycine
coagonist site. This interpretation is consistent with
the evidence that ethanol reduces gp120 neurotoxic-
ity in neuroblastoma cells by inhibiting NMDA re-
ceptor activity and Ca2+ responses (Navarra et al,
2001). However, with neuroblastoma cultures that
lack glia to supply AA, superoxide, and other pos-
sible toxic mediators, NMDA receptor-mediated tox-
icity directly induced by gp120 may be the principal
route available for the induction of cell death.
If gp120 does interact via its V3 loop with the

glycine site of the NMDA receptor (Pattarini et al,
1998), such receptor inhibition by ethanol might be
important in the HEC slice cultures. Earlier demon-
strations of ethanol’s reduction of NMDA-induced
neurotoxicity have utilized dispersed neuronal cell
cultures (Takadera et al, 1990; Lustig et al, 1992;
Chandler et al, 1993; Crews et al, 1998). In those
cases, the IC50 range for ethanol was 45 to 60 mM,
somewhat higher than the concentration that is ef-
fective against gp120 in HEC slice cultures. More-
over, because NMDA receptor stimulation in mixed
neuronal cultures has been reported to promote re-
lease of AA, glutamate, and superoxide (Lafon-Cazal
et al, 1993; Hamada et al, 1998), an additional out-
come of ethanol’s inhibition of NMDA receptor activ-
ity in HEC cultures conceivably would be decreased
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gp120-dependent release of these mediators from
neuronal processes—although the evidence, again
from dispersed brain cell cultures, indicates that glia
are the primary source of these mediators during
gp120 treatment (Kaul et al, 2001).
However, the fact that high “alcoholic” ethanol

concentrations, well-established to inhibit NMDA
receptor–mediated excitotoxicity, enhanced rather
than prevented gp120 neurotoxicity indicates that
NMDA receptor activation during gp120 treatment
may be a less important path to neuronal death than
previously believed. Rather, other glial derived toxic
factors or pathways that are now promoted by 100
mM ethanol might now reinforce gp120’s apoptotic
mechanism(s). These include renewed augmentation
of gp120-inducedAAmobilization, and potentiation,
as opposed to reduction, of tissue superoxide. In-
terestingly, in striatal cultures, glutamate-dependent
AA release was inhibited by very brief exposure to
a similar high ethanol concentration, but it was in-
creased, as was neurotoxicity, by 48-h ethanol expo-
sure (Navamani et al, 1997). These authors reasoned
that increased AAmobilization was critical to the in-
creased neuronal damage. Also, superoxide has been
suggested to be fundamental to gp120’smechanismas
well (Viviani et al, 2001). The amplification of extra-
cellular glutamate, rather than promoting excitotoxic
receptor-mediated pathways (inhibited by ethanol’s
presence even at 30 mM), could trigger oxidative
stress via “oxidative glutamate toxicity” (Schubert
and Piasecki, 2001). Overall, the neurotoxic mech-
anism of gp120 could be shifted by high ethanol to a
greater extent toward oxidative stress, but this inter-
pretation requires confirmation with measurement of
intracellular players such as glutathione. Last, a fur-
ther determinant in HEC cultures possibly contribut-
ing to the augmentation of gp120’s neurotoxic effects
by high ethanol could be blockade of gp120-induced
elevations in NO; this free radical is neuroprotec-
tive in certain instances, particularly if generated in
the brain vasculature (Lipton, 1999). Further stud-
ies are required to determine the role of NO in this
model.
The molecular mechanisms engendered by mod-

erate versus high ethanol concentrations that al-
ter gp120’s actions are speculative at this point.
Aside from its possible interactions with neuronal
NMDA receptors, gp120 signals via chemokine re-
ceptors on glia and perhaps neurons to elicit the
above-mentioned neurotoxic cascades and apoptotic
pathways, and it also alters brain chemokine ligand
expression (Gabuzda and Wang, 2000; Miller and
Meucci, 1999). Ethanol also has been shown to alter
chemokine ligands and their receptors in nonneural
cells (Bautista, 2000, 2001). Relevant to our CNS stud-
ies is the alcohol’s suppression of gp120/chemokine
receptor binding in liver macrophages, possi-
bly through interference with postreceptor signal
transduction. Furthermore, ethanol down-regulated
the chemokines macrophage inflammatory protein

(MIP)-1μ and monocyte chemoattractant protein
(MCP)-1, while priming the cells for enhanced induc-
tion by gp120 of the chemokine, RANTES. In view
of the evidence that RANTES exerts neuroprotection
against gp120 (Brenneman et al, 1999; Meucci et al,
1998), one possibility is that ethanol’s effects with
respect to gp120 in our HEC slice cultures involves
modulation of glial chemokines such as RANTES, as
well as their receptors.
The significance of these findings to human health

is also conjectural at this juncture. Exacerbation of
gp120 neurotoxicity by a high ethanol concentration
is interesting but not surprising, but neuroprotection
against gp120 by the presence of moderate ethanol
concentrations is unforeseen. Moderate or social al-
cohol (notably wine) consumptionmay be cardiopro-
tective and, more recently, has been associated with
a reduced risk of dementia in aging (Orgogozo et al,
1997; Zuccala et al, 2001); however, to suggest that
HIV-1–infected individuals consume ethanol to ward
off brain damage would not be prudent. Neverthe-
less, epidemiological studies might further explore
whether similar associations exist between social
drinking and cognitive impairments in HIV-1 sub-
jects. In addition, clarifying ethanol’s mechanisms
could lead to insights in the control and treatment
of brain encephalitis and dementia in AIDS. It also
might eventually have a bearing on neuroprotective
approaches in other CNS viral conditions.

Materials and methods

Reagents were from Sigma Chemical Co. (St. Louis,
MO) except where noted otherwise. Rat sacrifices for
organotypic HEC slice cultures were done with min-
imal suffering and in accordance with National In-
stitute of Health (NIH) guideline #80-23 and Loyola
University Medical College (LUMC) Animal Care re-
quirements. One-week-old Sprague-Dawley rat pups
(Zivic-Miller Labs, USA), hypothermically anes-
thetized on ice for 2 min, were decapitated and
the HEC complex was dissected free. Following
Stoppini et al (1991), 350-μ transverse brain slices
were takenwith a tissue chopper and placed on inter-
face membranes (Millicell-CM 0.4 μ, Millipore Co.,
Bedford, MA), four to five slices per membrane, in
6-well plates. Covered plates containing HEC slices
were cultured in an atmosphere of 95% O2/5% CO2
over modified Eagle’s medium (MEM) (Gibco Corp.,
Rockville, MD) containing 25% horse serum, 1.3 mM
Ca2+, and 7.5 mg/ml glucose; medium was changed
every 3 days. Slices were examined periodically and
at the beginning of each experiment for viability using
Sytox (Molecular Probes, Eugene, OR), a fluorescent
dye for dead or dying cells. Following exposure to
20 nM Sytox for 20 min, slices were examined with
a Nikon fluorescent microscope using a standard flu-
orescein filter, and those showing extensive fluores-
cent neurons were discarded.
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Treatment of HEC slice cultures
After 3 to 4 weeks in culture, HEC slices on
membranes in fresh medium were treated with
200 to 250 pM recombinant HIV-1 gp120IIIB (NIH
AIDS Reagent & Reference Program, Rockville, MD),
ethanol (30 mM or 100 mM), gp120 with ethanol
(30 mM or 100 mM), or medium alone (control).
Ethanol was removed after 15 h, and gp120 treat-
ment was continued for a total of 24 h. As control
for nonspecific neurotoxic effects of a glycoprotein,
HEC slice cultures were treated for 24 h with 1.5 μM
albumin (fraction V). In experiments studying the ef-
fect of moderate ethanol concentrations on NMDA
receptor–mediated neurotoxicity, NMDA (100μM) or
NMDA (25 μM) plus glycine (10 μM) were added in
MEM for 30 min, ethanol when present was contin-
ued for 15 h, and medium samples were taken at 48 h
for neurotoxicity assays (below).

Neurotoxicity assessment
LDH assays and PI or FJ labeling: Neurotoxicitywas
determined after 24 or 48 h in aliquots (100 μl) of cul-
ture medium and homogenates of HEC slices by de-
termining LDH activities with a Sigma LD-L50 kit.
Activities were standardized per milligram tissue
protein, measured in homogenates of slices with
the BCA protein assay kit (Pierce Chemical Co.,
Rockford, IL), and were expressed as percent of to-
tal LDH released. Selected HEC slices in culture
were stained for degenerating neurons by adding PI
(5 μg/ml of medium) 1 h before addition of gp120
and/or ethanol (Kristensen et al, 1999). For FJ label-
ing, selected slices were fixed in 4% paraformalde-
hyde and stained with FJ according to Zimmer et al
(2000).

Glutamate assays: Modifying the method of
Bianchi et al (1999), glutamate concentration in HEC
slice culture medium was determined by reverse-
phase HPLC. Aliquots (50 μl) of medium from HEC
slice cultures were taken 45 min after addition
of 200 pM gp120 and/or ethanol (30 mM or 100
mM), and added to 50 μl 0.4 M sodium borate, pH
10.4, containing 375 ng/ml cysteic acid as internal
standard. Mixtures were derivatized with 100 μl of
an orthophthaldehyde-μ-mercaptoethanol reagent
solution for 2.5 min and injected into a gradient
HPLC system fitted with a Varian Microsorb 5 μ C18
column (4.6 ≈ 250 mm). Gradient separation was
donewith 0.1Mpotassium acetate (pH 5.2) as solvent
A and HPLC grade methanol as solvent B (flow rate,
0.9 ml/min). Derivatized glutamate and cysteic acid
were detected with a Milton-Roy fluorometer III
detector at 340 nm excitation and 455 nm emission,
quantitated with an HP 3390A integrator using a
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