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Abstract

Inflammatory cytokines and human immunodeficiency virus type 1 (HIV-1) gp120 are considered to play an important role in the
pathogenesis of HIV-1-associated CNS disorders. These substances are produced predominantly by HIV-1-infected or activated macro-
phages and microglia in the brain and induce neural cell death. Cepharanthine is a biscoclaurine alkaloid isolated fromStephania
cepharanthaHayata and has been shown to have anti-inflammatory, anti-allergic, and immunomodulatory activitiesin vivo.We previously
reported that this compound could inhibit tumor necrosis factor (TNF)-a- or phorbol 12-myristate 13-acetate-induced HIV-1 replication in
latently infected U1 cells through the inhibition of nuclear factor-kB, a potent inducer of HIV-1 gene expression. In the present study, we
demonstrated that cepharanthine suppresses the production of inflammatory cytokines and a chemokine, i.e. TNF-a, interleukin (IL)-1b,
IL-6, and IL-8, in human monocytic cell cultures, including primary monocyte/macrophage cultures. This effect of cepharanthine was
concentration-dependent, and significant suppression was observed at 0.1mg/mL. Furthermore, the compound also inhibited TNF-a- and
gp120-induced death of differentiated human neuroblastoma cells at a concentration of 0.04 to 0.2mg/mL. It penetrates the blood–brain
barrier, and a medicine containing cepharanthine as a major component has been used in Japan for the treatment of patients with chronic
inflammatory diseases. Thus, cepharanthine should be investigated further for its therapeutic and prophylactic potential in HIV-1-associated
CNS disorders. © 2001 Elsevier Science Inc. All rights reserved.
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1. Introduction

HIV-1-associated CNS disorders, including encepha-
lopathy, frequently occur in the late stage of HIV-1 infec-
tion [1]. The pathological abnormalities of HIV-1-associ-
ated encephalopathy are characterized by brain atrophy,

multifocal giant cell infiltration, and diffuse leukoencepha-
lopathy [2,3]. These pathological changes are widely dif-
fused in the brain of HIV-1-infected patients, whereas pro-
ductive HIV-1 infection is detected only in macrophages
and microglia. The obvious HIV-1 infection cannot be iden-
tified in neurons and oligodendrocytes [1]. Although the
pathogenesis of HIV-1-associated encephalopathy has not
been fully elucidated, recent studies have demonstrated that
some inflammatory cytokines and viral antigens are in-
volved in the neuropathogenesis of HIV-1 infection.

In HIV-1-infected individuals, the levels of inflammatory
cytokines, such as TNF-a, IL-1, and IL-6, are elevated
significantly [4]. Since these cytokines are released abun-
dantly from HIV-1-infected brain macrophages, microglia,
and astrocytes [5,6], it is likely that the levels of inflamma-
tory cytokines are also elevated in the brain [7]. TNF-a has
been shown to have neurotoxic effectsin vitro, and a pos-
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sible mechanism of its neurotoxicity is the induction of
apoptosis by increasing intracellular oxidative stress [8]. In
addition, HIV-1-infected macrophages and microglia be-
come reservoirs that continuously produce viral antigens
[9]. Among the viral antigens, gp120, gp41, and Tat have
proved neurotoxicin vitro [10–12]. The mechanism of
gp120-induced neural cell death has also been proven to be
apoptosis, resulting from the induction of ROS [13,14].
These observations have prompted us to investigate the
compounds that inhibit HIV-1 replication in chronically
infected macrophages and microglia, suppress the produc-
tion of inflammatory cytokines from activated immune
cells, and antagonize the neurotoxicity of cytokines and
viral antigens.

We have recently demonstrated that cepharanthine is a
highly potent and selective inhibitor of HIV-1 replication in
the chronically infected monocytic cell line U1 [15]. Cepha-
ranthine (Fig. 1) is a biscoclaurine alkaloid isolated from
Stephania cepharanthaHayata and has been shown to have
anti-inflammatory, anti-allergic, and immunomodulatory
activities in vivo [16–18]. Cepharanthine could inhibit
TNF-a- or PMA-induced viral production in U1 cells at low
(ng/mL) concentrations. Studies on its mechanism of action
revealed that cepharanthine is inhibitory to the activation of
NF-kB [15]. We assumed that the compound had potential
as a prophylactic and therapeutic agent against HIV-1-in-
duced CNS disorders, yet its inhibitory effects on cytokine
production and neural cell death remained to be elucidated.
In this study, we have demonstrated that cepharanthine is
able to suppress the production of inflammatory cytokines
and a chemokine in monocytic cells. In addition, the com-
pound is also inhibitory to the TNF-a- and gp120-induced
death of differentiated human neuroblastoma cells.

2. Materials and methods

2.1. Compounds and reagents

Cepharanthine (69,129-dimethoxy-2,29-dimethyl-6,7-[meth-
ylenebis(oxy)]oxyacanthan) was derived fromS. cepharantha
Hayata, and its purity (.99%) was confirmed by HPLC anal-
ysis. It was dissolved in dimethyl sulfoxide at 20 mg/mL (or
higher) and was stored at –20° until used. TNF-a was pur-

chased from Boehringer GmbH; LPS and NAC were from the
Sigma Chemical Co. Recombinant HIV-1 gp120 (IIIB strain)
was obtained from ImmunoDiagnostic Inc. gp120 was pro-
duced by Chinese hamster ovary cells, and its purity was more
than 95%.

2.2. Cells

The monocytic cell line U937 and human primary M/Ms
were used in the inhibition assay for cytokine production.
U937 cells were maintained in RPMI 1640 medium supple-
mented with 10% heat-inactivated FBS, 100 U/mL of pen-
icillin G, and 100 mg/mL of streptomycin. M/Ms were
isolated from a healthy donor and cultivated according to a
procedure described by Pernoet al. [19]. The isolated cells
were cultured in RPMI 1640 medium supplemented with
10% FBS, 10% human AB serum, and antibiotics. The
human neuroblastoma cell line SK-N-MC was obtained
from the American Type Culture Collection (ATCC HTB-
10). The cells were maintained in Eagle’s minimum essen-
tial medium (Dulbecco’s modification) supplemented with
10% FBS and antibiotics. Prior to stimulation with TNF-a
or gp120, the cells were differentiated to a neural phenotype
by the addition of 5mM retinoic acid (Sigma) for 4 days.
Exposure of SK-N-MC cells to retinoic acid resulted in
morphologic changes, including the development of neuritic
processes as well as the expression of neural cell markers.

2.3. Cytokine production assay

U937 cells (53 105 cells/mL) were incubated at 37° in
the absence or presence of cepharanthine for 2 hr, stimu-
lated with PMA (10 ng/mL), and incubated further. For the
assay in M/Ms, the isolated monocytes (23 105 cells/mL)
were cultured for 7 days to differentiate to macrophages.
The cells were pretreated with the test compound for 2 hr,
stimulated with LPS (10mg/mL), and incubated further.
After a 24-hr incubation, the culture supernatants were col-
lected and examined for cytokine or chemokine levels with
a cytokine- or chemokine-detection ELISA kit (Genzyme).
The cytotoxicity of cepharanthine was determined by the
MTT method [20].

2.4. Cell death inhibition assay

SK-N-MC cells (5 3 104 cells/mL) were grown and
differentiated in poly-L-lysine-coated 24-well plates. The
cells were pretreated with or without the test compounds
(NAC or cepharanthine) for 2 hr in culture medium supple-
mented with 1% FBS and stimulated with TNF-a (1 and 10
ng/mL) or gp120 (1 nM). After a 2-day incubation at 37°,
cell viability was determined by trypan blue exclusion. Cell
death was also analyzed by flow cytometry. To this end, the
cells were pretreated with or without the test compounds
(NAC or cepharanthine) for 2 hr in culture medium supple-
mented with 1% FBS and stimulated with TNF-a (10 ng/

Fig. 1. Chemical structure of cepharanthine.
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mL). After a 12-hr incubation, the cells were collected and
washed with PBS, fixed with 70% ethanol on ice for 30 min,
and washed with PBS again. The cell pellets were then
incubated with 0.1 mg/mL of RNase A at 37° for 20 min.
After incubation, the cell suspensions were centrifuged (400
g) at 4° for 5 min. The precipitates were stained with 25
mg/mL of PI (Sigma) on ice for 20 min, resuspended in PBS
containing 0.1% bovine serum albumin, and analyzed by
FACScan™ (Becton Dickinson). To morphologically detect
the apoptotic nuclei, SK-N-MC cells were grown in poly-
l-lysine-coated culture slides (Becton Dickinson). The cells
were treated and cultured as described above and subjected
to modified TUNEL staining [21] with a DeadEnd™ Col-
orimetric Apoptosis Detection System (Promega), accord-
ing to the protocol of the manufacturer.

3. Results

3.1. Suppression by cepharanthine of cytokine and
chemokine production

To investigate the activities of cepharanthine, we con-
ducted a series of experiments to determine whether the
compound suppressed the production of TNF-a, IL-1b,
IL-6, and IL-8, the cytokines and chemokine considered to
be involved in the inflammation and death of neural cells.
When U937 cells were stimulated with 10 ng/mL of PMA in
the absence of cepharanthine, 170-, 5.1-, and 19-fold ele-
vations of TNF-a, IL-1b, and IL-8 levels in the culture
supernatants were observed, as compared with those in
unstimulated U937 cells, respectively (Table 1). On the
other hand, a significant elevation was not observed for IL-6
production (data not shown). Cepharanthine did not reduce
the viability and proliferation of PMA-stimulated U937
cells at concentrations up to 1mg/mL after a 24-hr incuba-
tion period (Table 1). However, it did reduce the viable cell
number to 63% of the control culture (no compound) at a
concentration of 10mg/mL. Therefore, cepharanthine was
tested in subsequent experiments at concentrations of less
than 1mg/mL. The compound suppressed the production of
TNF-a, IL-1b, and IL-8 in a concentration-dependent fash-
ion (Table 1). The levels of TNF-a, IL-1b, and IL-8 in the
presence of 1mg/mL of cepharanthine were approximately
48, 49, and 41%, respectively, of those in the absence of the
compound.

To confirm the effect of cepharanthine, we examined
whether it could suppress cytokine and chemokine produc-
tion in human primary M/Ms. As shown in Fig. 2, M/Ms
produced little, if any, TNF-a, IL-1b, IL-6, and IL-8 with-
out stimulation. However, when stimulated with 10mg/mL
of LPS, abundant levels of TNF-a, IL-6, and IL-8 were
detected in the culture supernatants of M/Ms after a 24-hr
incubation period. The level of IL-1b was found to be
similar to that in PMA-stimulated U937 cells (Table 1). In
any case, however, cepharanthine could suppress the pro-

duction of these cytokines and chemokine in LPS-stimu-
lated M/Ms in a concentration-dependent fashion (Fig. 2).
The levels of TNF-a, IL-1b, IL-6, and IL-8 in the presence
of 1 mg/mL of cepharanthine were approximately 54, 40,
72, and 53%, respectively, of those in the absence of the
compound. Cepharanthine did not alter the morphology or
viability of M/Ms at test concentrations (data not shown).
Thus, except for IL-6, cepharanthine proved to be a potent
inhibitor of inflammatory cytokines and chemokine in
monocytic cells.

3.2. Cepharanthine inhibition of neural cell death

To investigate the effect of cepharanthine on neural cell
death, SK-N-MC cells were differentiated by treatment with
5 mM retinoic acid for 4 days. After differentiation to a
neural phenotype, the viability of SK-N-MC cells was ap-
proximately 80%, as determined by trypan blue exclusion
(Fig. 3). When the cells were stimulated with 1 and 10
ng/mL of human recombinant TNF-a for 2 days, their
viability was reduced to 56.6 and 51.5%, respectively (Fig.
3), indicating that TNF-a is cytotoxic to the differentiated

Table 1
Inhibitory effect of cepharanthine on cytokine and chemokine production
in U937 cells

Cepharanthine
concentration
(mg/mL)

Cytokine or
chemokine
(pg/mL)

Cell viability
(%)

TNF-a
NC 0 56 1 NDa

PMA 0 8506 170 100
0.01 7406 220 986 7
0.1 5106 160* 996 9
1 4106 200** 1036 20

10 ND 636 11**
IL-1b

NC 0 1.06 0.8
PMA 0 5.16 0.8

0.01 4.86 0.5
0.1 3.16 0.6
1 2.56 0.9

IL-8
NC 0 1,4006 300
PMA 0 27,0006 4,000

0.01 25,0006 5,000
0.1 14,0006 4,000*
1 11,0006 3,000*

U937 cells were incubated in the absence or presence of cepharanthine
for 2 hr, unstimulated (NC) or stimulated with PMA (10 ng/mL), and
incubated further. After a 24-hr incubation, cytokine or chemokine levels
and cell viability were determined by ELISA and the MTT method,
respectively. Data are means6 SD of at least three separate experiments.
The statistical significance between the control (PMA-treated but com-
pound-untreated) sample and each compound-treated sample was deter-
mined by thet-test.

a ND: not determined.
* P , 0.01.
** P , 0.05.
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SK-N-MC cells. Since the neurotoxicity of TNF-a seems to
be mediated by intracellular ROS production, we examined
whether the antioxidant NAC was protective against neural
cell death. Treatment with 81.6mg/mL (500mM) of NAC
increased the cell viabilities to 68.8 and 61.2% in the pres-
ence of 1 and 10 ng/mL of TNF-a, respectively (Fig. 3).
Cepharanthine could prevent the TNF-a-induced neural cell
death at a much lower concentration than NAC. The effect
of cepharanthine was concentration-dependent, and some
protection against cell death was identified even at 0.008
mg/mL (Fig. 3). Treatment with 0.04 and 0.2mg/mL of
cepharanthine significantly increased the viability of TNF-
a-stimulated SK-N-MC cells (Fig. 3). Interestingly, cepha-
ranthine was found to be less protective against cell death at
1 mg/mL than at 0.2mg/mL, probably due to its potential
toxicity for the differentiated SK-N-MC cells (Fig. 3). In
addition, the compound was toxic to the undifferentiated
SK-N-MC cells at 10mg/mL (data not shown). Its 50%
inhibitory concentration for cell proliferation was 4.6mg/
mL.

It has been demonstrated that HIV-1 gp120 is neurotoxic
and that its toxicity is also attributed to the induction of
intracellular ROS production [13,14]. Therefore, we inves-
tigated the toxicity of human recombinant gp120 to the
differentiated SK-N-MC cells. Like TNF-a treatment, a
2-day stimulation with 1 nM gp120 reduced the viability
from 61.3% (unstimulated control) to 43.3% (Fig. 4). In
contrast, the addition of NAC or cepharanthine significantly
protected the cells against the gp120-induced toxicity. Pre-
treatment with 81.6mg/mL of NAC and 0.2mg/mL of
cepharanthine increased cell viability up to 63 and 52.6%,
respectively (Fig. 4). Again, 1mg/mL of cepharanthine

showed reduced protection against gp120-induced cell
death (Fig. 4).

To confirm the results obtained by trypan blue exclusion
and gain an insight into the mechanism of TNF-a or gp120-
induced cell death, the cells were stained with PI and ana-
lyzed by flow cytometry. The number of dead cells was
increased (from 31 to 41%) by stimulation with TNF-a (Fig.
5). However, treatment with NAC reduced the number of
dead cells to 36 and 34% at a concentration of 16.3 (data not
shown) and 81.6mg/mL (Fig. 5), respectively. Cepharan-
thine (0.2mg/mL) almost completely protected SK-N-MC

Fig. 2. Inhibitory effect of cepharanthine on cytokine and chemokine
production in M/Ms. Human primary M/Ms were incubated in the absence
or presence of the test compound for 2 hr, unstimulated (NC) or stimulated
with LPS (10mg/mL), and incubated further. After a 24-hr incubation, the
levels of TNF-a, IL-1b, IL-6, and IL-8 were determined by ELISA. Data
are mean values6 SD of triplicate experiments. The statistical significance
between the control (LPS-treated but compound-untreated) sample and
each compound-treated sample was determined by thet-test. Key: (*)P ,
0.05, and (†)P , 0.01.

Fig. 3. Suppression of TNF-a-induced neural cell death by cepharanthine.
SK-N-MC cells (5 3 104 cells/mL) were grown and differentiated, as
described in “Materials and methods.” The cells were untreated (–) or
treated with 81.6mg/mL of NAC, or with 0.008, 0.04, 0.2, or 1.0mg/mL
of cepharanthine (CEP). The cells were then unstimulated (–) or stimulated
(1) with 1 ng/mL (A) or 10 ng/mL (B) of TNF-a. After a 2-day incubation,
cell viability was determined by trypan blue exclusion. Data represent
mean values6 SD of at least three separate experiments. The statistical
significance between the control (TNF-a-treated but compound-untreated)
sample and each compound-treated sample was determined by thet-test.
Key: (*) P , 0.05, and (†)P , 0.01.
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cells against TNF-a-induced cell death (Fig. 5). Further-
more, similar results were obtained in gp120-stimulated
SK-N-MC cells, where the percentages of dead cells were
24% (unstimulated control cells), 32% (stimulated control
cells), 26% (stimulated cells in the presence of 81.6mg/mL
NAC), and 25% (stimulated cells in the presence of 0.2
mg/mL of cepharanthine) (data not shown). TUNEL stain-
ing of the TNF-a-stimulated cells showed that the cell death
was due to apoptosis (Fig. 5), so that cepharanthine and
NAC proved to have anti-apoptotic activity in neural cells.

4. Discussion

In this study, we demonstrated that cepharanthine could
suppress the production of TNF-a, IL-1b, and IL-8 in stim-
ulated monocytic cells (Table 1 and Fig. 2). Brain macro-
phages are known to produce inflammatory cytokines,
which could contribute to neural cell death [7,22]. In fact,
we have demonstrated that TNF-a induced cell death in the
neural cell line SK-N-MC (Fig. 3). The effective concen-
trations of cepharanthine against cytokine production and
neural cell death were less than 1mg/mL and as low as that
against the replication of HIV-1 in chronically infected cells
[15].

TNF-a and gp120 have been reported to induce apopto-
sis in neural cells [8,14], and several studies have suggested
that TNF-a is protective for primary neurons [23]. Further-
more, the mechanisms of neural cell apoptosis have not
been fully elucidated. Previous studies have demonstrated
that the production of intracellular ROS accounts, at least in

part, for the apoptosis [8,13]. Since both cepharanthine and
NAC have antioxidant properties, they are assumed to sup-
press ROS production. Furthermore, the neurotoxicity of
gp120 is mediated by the induction of the tumor suppressor
protein p53 [14]. p53 induces apoptosis through a three-step
process: the transcriptional induction of redox-related
genes; the formation of ROS; and the oxidative degradation
of mitochondrial components, resulting in cell death [24].

Cepharanthine inhibits NF-kB activation in monocytic
cells chronically infected with HIV-1, as demonstrated by a
gel-mobility shift assay [15]. Although the relation between

Fig. 4. Suppression of gp120-induced neural cell death by cepharanthine.
SK-N-MC cells (5 3 104 cells/mL) were grown and differentiated, as
described in “Materials and methods.” The cells were untreated (–) or
treated with 81.6mg/mL of NAC, or with 0.2 or 1.0mg/mL of cepharan-
thine (CEP). The cells were then unstimulated (–) or stimulated (1) with
1 nM gp120. After a 2-day incubation, cell viability was determined by
trypan blue exclusion. Data represent mean values6 SD of at least three
separate experiments. The statistical significance between the control
(gp120-treated but compound-untreated) sample and each compound-
treated sample was determined by thet-test. Key: (*)P , 0.05.

Fig. 5. PI (left panels) and TUNEL (right panels) staining for TNF-a-
stimulated neural cells. SK-N-MC cells were grown and differentiated, as
described in “Materials and methods.” The cells were untreated (A, B, E,
and F) or were treated with 81.6mg/mL of NAC (C and G) or 0.2mg/mL
of cepharanthine (D and H) for 2 hr. The cells were then unstimulated (A
and E) or stimulated with 1 ng/mL of TNF-a (B-D and F-H). After a 12-hr
incubation, the cells were stained with PI and subjected to laser flow
cytometric analysis. The number in each panel indicates the percentage of
dead cells. The cells were also subjected to TUNEL staining and observed
microscopically (magnification:3100). Experiments were repeated three
times, and representative results are shown.
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NF-kB activation and HIV-1-associated encephalopathy is
still unclear, some studies have suggested that the apoptosis
of neural cells is mediated, in part, by NF-kB activation
[25–27]. It was shown that the neurotoxicity of gp120 is
mediated by NO through a pathway involved in superoxide
anions [28] and that NO also mediates HIV-1 gp41-induced
neurotoxicity [29]. The human inducible NO synthetase
promoter requires the activation of phosphatidylcholine-
specific phospholipase C and NF-kB [30], and cepharan-
thine is known to suppress NO production in activated
macrophages [31]. Thus, it is possible that the inhibition of
NF-kB activation and the subsequent suppression of NO
production is, in part, a mechanism of the protective effect
of cepharanthine on neural cells.

It has been reported that a high level of HIV-1 RNA in
the cerebrospinal fluid is associated with HIV-1 encephalitis
[32], which was remarkably improved by HAART. In ad-
dition, HAART suppressed the expression of inflammatory
neurotoxins in patients with HIV-1-associated dementia
[33]. HAART has achieved lasting suppression of the virus,
yet the present treatment may not be able to eradicate HIV-1
from chronically infected cells, such as macrophages and
resting T cells [34,35]. These cells are likely to migrate
through the blood–brain barrier [36]. Furthermore, most of
the licensed anti-HIV-1 drugs have a limited capacity to
enter the brain [37–39]. In addition, neuro-tropic HIV-1
strains may differ in virological properties from the strains
existing in the body [40]. Suboptimal concentrations of the
anti-HIV-1 agents for neurotropic strains may easily de-
velop drug-resistant mutants or generate HIV-1 reservoir
cells in the brain. Cepharanthine can penetrate the blood–
brain barrier [41]. Biscoclaurine alkaloids, containing
cepharanthine as a major component, have been widely used
in Japan for the treatment of chronic inflammatory diseases,
radiation-induced leukopenia, asthma bronchiale, and alo-
pecia areata without serious side-effects. Thus, the com-
pound should be investigated further for its therapeutic and
prophylactic potential in HIV-1-associated CNS disorders.

Acknowledgements

This work was supported, in part, by a Grant-in-Aid for
Scientific Research from the Ministry of Education, Sci-
ence, Sports, and Culture and from the Ministry of Health
and Welfare.

References

[1] Price RW, Brew B, Sidtis J, Rosenblum M, Scheck AC, Cleary P. The
brain in AIDS: central nervous system HIV-1 infection and AIDS
dementia complex. Science 1988;239:586–92.

[2] Shaw GM, Harper ME, Hahn BH, Epstein LG, Garjdusek DC, Price
RW, Navia BA, Petito CK, O’Hara CJ, Groopman JE, Cho ES,
Oleske JM, Staal FW, Gallo RC. HTLV-III infection in brains of

children and adults with AIDS encephalopathy. Science 1985;227:
177–81.

[3] Budka H, Costanzi G, Cristina S, Lechi A, Parravicini C, Trabattoni
R, Vaga L. Brain pathology induced by infection with the human
immunodeficiency virus (HIV). A histological, immunocytochemical,
and electron microscopical study of 100 autopsy cases. Acta Neuro-
pathol (Berl) 1987;75:185–98.

[4] Fauci AS. Multifactorial nature of human immunodeficiency virus
disease: implications for therapy. Science 1993;262:1011–8.

[5] Genis P, Jett M, Bernton EW, Boyle T, Gelbard HA, Dzenko K,
Keane RW, Resnick L, Mizrachi Y, Volsky DJ, Epstein LG, Gen-
delman HE. Cytokines and arachidonic metabolites produced during
human immunodeficiency virus (HIV)-infected macrophage-astroglia
interactions: implications for neuropathogenesis. J Exp Med 1992;
176:1703–18.

[6] Gelbard HA, Dzenko KA, DiLoreto D, del Cerro C, del Cerro M,
Epstein LG. Neurotoxic effects of tumor necrosis factor alpha in
primary human neuronal cultures are mediated by activation of the
glutamate AMPA receptor subtype: implications for AIDS neuro-
pathogenesis. Dev Neurosci 1993;15:417–22.

[7] Merrill JE, Chen IS. HIV-1, macrophages, glial cells, and cytokines
in AIDS nervous system disease. FASEB J 1991;5:2391–7.

[8] Talley AK, Dewhurst S, Perry SW, Dollard SC, Gummuluru S, Fine
SM, New D, Epstein LG, Gendelman HE, Gelbard HA. Tumor
necrosis factor alpha-induced apoptosis in human neuronal cells:
protection by the antioxidantN-acetylcysteine and the genesbcl-2
andcrmA.Mol Cell Biol 1995;15:2359–66.

[9] Bagasra O, Lavi E, Bobroski L, Khalili K, Pestaner JP, Tawadros R,
Pomerantz RJ. Cellular reservoirs of HIV-1 in the central nervous
system of infected individuals: identification by the combination ofin
situ polymerase chain reaction and immunohistochemistry. AIDS
1996;10:573–85.

[10] Lipton SA. HIV-related neurotoxicity. Brain Pathol 1991;1:193–9.
[11] Spehar T, Strand M. Cross-reactivity of anti-human immunodefi-

ciency virus type 1 gp41 antibodies with human astrocytes and
astrocytoma cell lines. J Virol 1994;68:6262–9.

[12] Nath A, Psooy K, Martin C, Knudsen B, Magnuson DSK, Haughey
N, Geiger JD. Identification of a human immunodeficiency virus type
1 Tat epitope that is neuroexcitatory and neurotoxic. J Virol 1996;
70:1475–80.

[13] Müller WEG, Dobmeyer JM, Dobmeyer TS, Pergande G, Perovic S,
Leuck J, Rossol R. Flupirtine protects both neuronal cells and lym-
phocytes against induced apoptotic deathin vitro: implications for
treatment of AIDS patients. Death Differ 1997;4:51–8.

[14] Yeung MC, Geertsma F, Liu J, Lau AS. Inhibition of HIV-1 gp120-
induced apoptosis in neuroblastoma SK-N-SH cells by an antisense
oligodeoxynucleotide against p53. AIDS 1998;12:349–54.

[15] Okamoto M, Ono M, Baba M. Potent inhibition of HIV type 1
replication by an antiinflammatory alkaloid, cepharanthine, in chron-
ically infected monocytic cells. AIDS Res Hum Retroviruses 1998;
14:1239–45.

[16] Matsuno T, Orita K, Edashige K, Kobuchi H, Sato EF, Inouye B, Inoe
M, Utsmi K. Inhibition of active oxygen generation in guinea-pig
neutrophils by biscoclaurine alkaloids. Biochem Pharmacol 1990;39:
1255–9.

[17] Goto M, Zeller WP, Hurley RM. Cepharanthine (biscoclaurine alka-
loid) treatment in endotoxic shock of suckling rats. J Pharm Pharma-
col 1991;43:589–91.

[18] Kondo Y, Imai Y, Hojo H, Hashimoto Y, Nozoe S. Selective inhi-
bition of T-cell-dependent immune responses bybisbenzylisoquino-
line alkaloidsin vivo. Int J Immunopharmacol 1992;14:1181–6.

[19] Perno C-F, Yarchoan R, Cooney DA, Hartman NR, Gartner S, Popo-
vic M, Hao Z, Gerrard TL, Wilson YA, Johns DG, Broder S. Inhibition
of human immunodeficiency virus (HIV-1/HTLV-IIIBa-L) replication in
fresh and cultured human peripheral blood monocytes/macrophages
by azidothymidine and related 29,39-dideoxynucleosides. J Exp Med
1988;168:1111–25.

752 M. Okamoto et al. / Biochemical Pharmacology 62 (2001) 747–753



[20] Pauwels R, Balzarini J, Baba M, Snoeck R, Schols D, Herdewijn P,
Desmyter J, De Clercq E. Rapid and automated tetrazolium-based
colorimetric assay for detection of anti-HIV compounds. J Virol
Methods 1988;20:309–21.

[21] Gavrieli Y, Sherman Y, Ben-Sasson SA. Identification of pro-
grammed cell deathin situ via specific labeling of nuclear DNA
fragmentation. J Cell Biol 1992;119:493–501.

[22] Epstein LG, Gendelman HE. Human immunodeficiency virus type 1
infection of the nervous system: pathogenetic mechanisms. Ann Neu-
rol 1993;33:429–39.

[23] Mattson MP, Barger SW, Furukawa K, Bruce AJ, Wyss-Coray T,
Mark RJ, Mucke L. Cellular signaling roles of TGFb, TNFa and
bAPP in brain injury responses and Alzheimer’s disease. Brain Res
Brain Res Rev 1997;23:47–61.

[24] Polyak K, Xia Y, Zweier JL, Kinzler KW, Vogelstein B. A model for
p53-induced apoptosis. Nature 1997;389:300–5.

[25] Qin Z-H, Wang Y, Nakai M, Chase TN. Nuclear factor-kB contrib-
utes to excitotoxin-induced apoptosis in rat striatum. Mol Pharmacol
1998;53:33–42.

[26] Salminen A, Tapiola T, Korhonen P, Suuronen T. Neuronal apoptosis
induced by histone deacetylase inhibitors. Brain Res Mol Brain Res
1998;61:203–6.

[27] Solovyan V, Bezvenyuk Z, Huotari V, Tapiola T, Suuronen T, Salmi-
nen A. Distinct mode of apoptosis induced by genotoxic agent eto-
poside and serum withdrawal in neuroblastoma cells. Brain Res Mol
Brain Res 1998;62:43–55.

[28] Dawson VL, Dawson TM, Uhl GR, Snyder SH. Human immunode-
ficiency virus type 1 coat protein neurotoxicity mediated by nitric
oxide in primary cortical cultures. Proc Natl Acad Sci USA 1993;90:
3256–9.

[29] Adamson DC, Wildemann B, Sasaki M, Glass JD, McArthur JC,
Christov VI, Dawson TM, Dawson VL. Immunologic NO synthase:
elevation in severe AIDS dementia and induction by HIV-1 gp41.
Science 1996;274:1917–21.

[30] Spitsin SV, Farber JL, Bertovich M, Moehren G, Koprowski H,
Michaels FG. Human- and mouse-inducible nitric oxide synthase
promoters require activation of phosphatidylcholine-specific phos-
pholipase C and NF-kB. Mol Med 1997;5:315–26.

[31] Kondo Y, Takano F, Hojo H. Inhibitory effect of bisbenzylisoquino-
line alkaloids on nitric oxide production in activated macrophages.
Biochem Pharmacol 1993;46:1887–92.

[32] Cinque P, Vago L, Ceresa D, Mainini F, Terreni MR, Vagani A, Torri
W, Bossolasco S, Lazzarin A. Cerebrospinal fluid HIV-1 RNA levels:
correlation with HIV encephalitis. AIDS 1998;12:389–94.

[33] Gendelman HE, Zheng J, Coulter CL, Ghorpade A, Che M, Thylin M,
Rubocki R, Persidsky Y, Hahn F, Reinhard J Jr, Swindells S. Sup-
pression of inflammatory neurotoxins by highly active antiretroviral
therapy in human immunodeficiency virus-associated dementia. J In-
fect Dis 1998;178:1000–7.

[34] Perelson AS, Neumann AU, Markowitz M, Leonard JM, Ho DD.
HIV-1 dynamicsin vivo: virion clearance rate, infected cell life-span,
and viral generation time. Science 1996;271:1582–6.

[35] Finzi D, Blankson J, Siliciano JD, Margolick JB, Chadwick K, Pier-
son T, Smith K, Lisziewicz J, Lori F, Flexner C, Quinn TC, Chaisson
RE, Rosenberg E, Walker B, Gange S, Gallant J, Siliciano RF. Latent
infection of CD41 T cells provides a mechanism for lifelong persis-
tence of HIV-1, even in patients on effective combination therapy.
Nat Med 1999;5:512–7.

[36] Persidsky Y, Stins M, Way D, Witte MH, Weinand M, Kim KS, Bock
P, Genderman HE, Fiala M. A model for monocyte migration through
the blood-brain barrier during HIV-1 encephalitis. J Immunol 1997;
158:3499–510.

[37] Brouwers P, Hendricks M, Lietzau JA, Pluda JM, Mitsuya H, Broder
S, Yarchoan R. Effect of combination therapy with zidovudine and
didanosine on neuropsychological functioning in patients with symp-
tomatic HIV disease: a comparison of simultaneous and alternating
regimens. AIDS 1997;11:59–66.

[38] Thomas SA, Segal MB. The transport of the anti-HIV drug, 29,39-
didehydro-39-deoxythymidine (D4T), across the blood-brain and
blood-cerebrospinal fluid barriers. Br J Pharmacol 1998;125:49–54.

[39] Aweeka F, Jayewardene A, Staprans S, Bellibas SE, Kearney B,
Lizak P, Novakovic-Agopian T, Price RW. Failure to detect nelfinavir
in cerebrospinal fluid of HIV-1-infected patients with and without
AIDS dementia complex. J Acquir Immune Defic Syndr Hum Ret-
rovirol 1999;20:39–43.

[40] Corboy J, Garl PJ. HIV-1 LTR DNA sequence variation in brain-
derived isolates. J Neurovirol 1997;3:331–41.

[41] Yokoshima T, Tsutsumi S, Ohtsuki T, Takaichi M, Nakajima T,
Akasu M. Studies on metabolic fate of cepharanthine: absorption,
distribution, metabolism and excretion in rats. Iyakuhin Kenkyu [Jap-
anese] 1986;17:458–79.

753M. Okamoto et al. / Biochemical Pharmacology 62 (2001) 747–753


