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Tetrandrine is a bisbenzylisoquinoline alkaloid iso-
lated from a natural Chinese herbal medicine. While
this alkaloid has been shown to exhibit antifibrotic
and anti-inflammatory activities, its mechanism of ac-
tion is unknown. The present study was designed to
investigate the inhibitory effect of tetrandrine on NF-
kB activation in the alveolar macrophage. Three dif-
ferent provocative stimuli were used to activate NF-
kB in these cells. The results indicate that tetrandrine
can inhibit the activation of NF-«kB and NF-«B-depen-
dent reporter gene expression by LPS, PMA, and silica
in a dose-dependent manner. In contrast, at the doses
used, tetrandrine did not interfere with Sp-1 DNA
binding activity or Sp-1-dependent reporter gene ex-
pression in these cells. Western blot analysis suggests
that the inhibitory effect of tetrandrine on NF-«kB acti-
vation can be attributed to its ability to suppress sig-
nal-induced degradation of IkBe, a cytoplasmic inhibi-

tor of the NF-kB transcription factor. © 1997 Academic Press

Inappropriate activation of NF-«B is considered to
be a crucial step in the pathological processes of in-
flammation, injury, stress, radiation, cancer, athero-
sclerosis, and viral replication (i.e. HIV-1) (1-5). For
that reason, control of NF-«B activation is a potential
therapeutic strategy to reduce the untoward tissue
damage. Recent studies have shown that a major part
of anti-inflammatory effects of several widely pre-
scribed drugs such as NSAID’s (including aspirin) and
glucocorticoids can be attributed to their ability to sup-
press NF-«B activation (6,7). The liberal use of these
drugs however, can be limited due to their well known
side effects. Tetrandrine, a bisbenzylisoquinoline alka-
loid, isolated from a traditional Chinese herbal medi-
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cine, has been used in China for several decades for the
treatment of silicosis and arthritis, two disease states
associated with considerable inflammatory mediator
release (8-10). Although there have been a number of
studies describing the anti-inflammatory effects of tet-
randrine, its mechanism of action is still unknown. Re-
cent studies have shown that silica, a pro-inflammatory
substance, can induce the activation of NF-«B tran-
scription factor (11, 12). In the studies reported here,
using the rat alveolar macrophage cell line NR8383,
we investigated the effects of tetrandrine on the activa-
tion of NF-kB transcription factor induced by several
extracellular inflammatory stimuli including bacterial
endotoxin, a phorbol ester and silica.

MATERIALS AND METHODS

Reagents. Crystalline silica (particle diameter 2-7um) was pro-
vided by U.S. Silica Corp., (Berkeley, Springs, WV). Lipopolysaccha-
ride (LPS) and phorbol 12-myristate 13-acetate (PMA) were pur-
chased from Sigma Chemical Co. (St. Louis, MO). All molecular biol-
ogy agents, non-radioactive cell proliferation assay Kkits and
luciferase assay kits were from Promega (Madison, WI). [*?P]-dCTP
was obtained from DuPont NEN (Boston, MA). All polyclonal anti-
bodies were from Santa Cruz Biotechnology (Santa Cruz, CA).

Cell line and culture. The rat alveolar macrophage cell line
NR8383 was a gift provided by Dr. Ronald Helmke (University of
Texas Health Science Center, San Antonio, TX) (13). The cells were
maintained in F12 medium (Mediatech, Washington, DC) supple-
mented with 15% fetal bovine serum, 2 mM glutamine, and 1000
units/ml penicillin-streptomycin. For the stimulation assay, 2 x 10°
cells were seeded into 6-well culture plates in 5 ml medium and
stimulated with 5 pg/ml LPS, 40 pg/ml PMA or 100 pg/ml silica
and indicated agents for indicated time periods. Cell viability was
determined by a non-radioactive cell proliferation assay system ac-
cording to the provided protocol. Cell viability was expressed as the
absorbance at 562-630 nm.

Nuclear extracts. Nuclear extracts were prepared as previous de-
scribed (11, 12). NR8383 cells were cultured in 5% FCS in 6-well
plates at 2 x 10° cells/ml for 3 days, the medium was then replaced
with fresh medium and cultured with LPS, PMA or silica with or
without tetrandrine for various time periods as indicated in the Fig-
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ure legends. At the end of culture period, the cells were harvested
and resuspended in hypotonic buffer A (10 mM HEPES, pH 7.6, 10
mM KCI, 0.1 mM EDTA, 1 mM DTT, 0.5 mM PMSF) for 10 min on
ice, then vortexed for 10 sec. Nuclei were pelleted by centrifugation
at 12000 x g for 20 sec and were resuspended in buffer C (20 mM
HEPES, pH 7.6, 25% glycerol, 0.4 M NaCl, 1 mM EDTA, 1 mM
DTT, 0.5 mM PMSF) for 30 min on ice. The supernatants containing
nuclear proteins were collected by centrifugation at 12000 x g for 2
min and stored at —70°C.

Electrophoretic mobility shift assay (EMSA). The preparation of
32p-labeled double-stranded oligonucleotide containing NF-«B or Sp-
1 consensus sequence was performed as described (12). Briefly, sin-
gle-stranded DNA was synthesized using a Millipore Cyclone Plus
automated synthesizer. To prepare double-stranded DNA, the first
strand of DNA was annealed with a complementary decameric
primer to its 3'-tail in 2 X anneal buffer. The second strand was
extended with DNA polymerase Klenow fragment in a reaction mix-
ture containing 250 xCi [**P]dCTP and 5 mM dATP, dGTP and dTTP.
For EMSA, 4 ug of nuclear extract was mixed with the labeled double-
stranded probe and incubated at room temperature for 30 min. The
reaction solution was electrophoresed on native 6% polyacrylamide
gel in 0.25 X TBE buffer for 2 to 3 h.

Western blot analysis. Whole-cell proteins (10-15ug) were sub-
jected to electrophoresis in a 12% SDS-polyacrylamide gel. Resolved
proteins were transferred to a nitrocellulose membrane and incu-
bated with affinity-purified rabbit polyclonal anti-1kBa serum raised
against a peptide corresponding to amino acids 297 to 317 mapping
within the carboxy terminal domain of the human IkBa molecule.
After three 10 min washes with PBS-Tween-20, the membranes were
incubated with peroxidase-conjugated anti-rabbit immunoglobulin
and the antigen-antibody complexes were detected using the ECL
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Western blotting detection reagents (Amersham) according to the
manufacturer’s instructions.

Transient transfection and luciferase assay. Reconstructed PGL2
basic plasmid containing a luciferase gene transcribed from artificial
promoters dependent on two NF-«B binding sites or five Sp-1 binding
sites were introduced into NR8383 cells using the DEAE-Dextran
method (14). Briefly, the cells were washed with PBS and incubated
in 1 ml transfection buffer (DMEM medium containing 2 pg/ml of
recombinant plasmid DNA, 0.5mg/ml of DEAE-Dextran and 50ug/
ml of chloroquine) at 37 °C for 2 h. The transfection buffer was
aspirated and the cells were challenged with 10% DMSO in PBS for
2 min. After two washes with PBS, the cells were cultured in 15%
FCS for 40 h at 37 °C. Luciferase activity was measured after LPS
stimulation with or without tetrandrine for another 6 h.

RESULTS

Activation of the nuclear transcription factor NF-«B
by LPS, PMA and silica in inflammatory cells has been
recently described in several laboratories (1-5, 12). To
evaluate the inhibitory effects of tetrandrine on LPS,
PMA and silica-induced NF-«<B activation, alveolar
macrophages were stimulated with these inducers in
the presence of various concentrations of tetrandrine.
As demonstrated by an electrophoretic mobility shift
assay (EMSA), induction of NF-«B DNA binding activ-
ity by LPS, PMA and silica was inhibited by tetran-
drine in a dose-dependent manner (Fig. 1a). This effect
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(a) EMSA of inhibitory effect of tetrandrine on NF-«B activation induced by silica (100 pg/ml, lanes 2 to 6), LPS (5 pg/ml, lanes

8 to 12), and PMA (40 pg/ml, lanes 14 to 18) for 6 h. The concentrations of tetrandrine are 0, 12.5, 25, 50, and 100 uM, respectively. The
results shown are a representative experiment from three separate experiments. (b) Effect of tetrandrine on Sp-1 DNA binding activity in
the nuclear protein extracted from NR8383 cells stimulated by silica (lanes 2 to 6) or LPS (lanes 8 to 12) for 6 h. The concentration of
tetrandrine is the same as (a). The results shown are a representative experiment from four repeated experiments.
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FIG. 2. Effect of tetrandrine (40 uM) on LPS (5 pug/ml, upper
panel) and silica (100 pg/ml, lower panel) induced IxBa degradation.
The results shown are a representative experiment from three sepa-
rate experiments.

appeared to be specific for NF-«B since tetrandrine over
the same dose range was ineffective in inhibiting Sp-1
DNA binding activity (Fig. 1b).

IkBa degradation is a necessary step for signal-in-
duced activation of NF-«B. To determine the potential
effect of tetrandrine on signal-induced I«Ba degrada-
tion, whole-cell extracts were prepared from cells
treated with LPS (Fig. 2A) or silica (Fig. 2B) either in
the absence or presence of tetrandrine. These extracts
were then subjected to SDS-PAGE and western blot-
ting to assess the IxBa protein. As depicted in Fig.
2, both LPS and silica were capable of inducing IxBa
degradation in a time dependent manner. IkBa degra-
dation appears to peak at 15 to 30 min following LPS
or silica exposure. As shown in the lanes 7 to 12 in
Figure 2A and 2B, the accelerated degradation of IkBa
by LPS or silica was significantly inhibited in the pres-
ence of 40 uM tetrandrine.

To extend this observation, a luciferase reporter gene
assay was performed using the NR8383 cells. The cells
were transiently transfected with a PGL2 plasmid in-
serted with two «B sites or five Sp-1 sites upstream of
luciferase reporter gene. Cells were challenged with
LPS in the presence or absence of various concentration
of tetrandrine for an additional 6 h after two days of
the transfection experiment. As shown in Fig. 3, tetra-
ndrine effectively inhibited LPS-induced NF-«B-depen-
dent transcription. In contrast, tetrandrine did not in-
fluence Sp-1-dependent transcription at the same con-
centration range.

To explore the possibility that the inhibitory effect of
tetrandrine on NF-«B activation and NF-«xB-dependent
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FIG. 3. Effectoftetrandrine on NF-«B- and Sp-1-dependent tran-
scription (n=4).

transcription might be due to cytotoxicity of tetran-
drine on these alveolar macrophages, cell viability was
determined with different doses of tetrandrine using
the Promega non-radioactive cell proliferation assay
system. As shown in Figure 4, following 6 h of tetra-
ndrine treatment, there was no apparent cytotoxicity
at doses up to 100 M. We did observe however, cyto-
toxicity of the cells when the dosage of tetrandrine ex-
ceeded 100 uM.

DISCUSSION

The results obtained in the present study support the
potential use of tetrandrine, a natural Chinese herbal
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FIG. 4. Determination of cell viability treated with various con-
centrations of tetrandrine. The cell viability was expressed as the
absorbance at 562-630 nm (n=4).
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medicine, as an inhibitor of NF-«B activation when
cells are exposed to pro-inflammatory agents such as
bacterial endotoxin, PMA and silica. The signaling
events that lead to the activation of NF-«B by different
agonists is still poorly understood. It is well docu-
mented however, that IkBa phosphorylation and its
subsequent degradation is a common key step in this
process (1-5). Various agents had been reported to in-
terfere with the degradation of IkBa and the activation
of NF-«B by acting on proteasomes, proteases, redox
states or even by directly enhancing I«kBa synthesis.
These agents include proteasome inhibitors (15, 16),
antioxidants (17), protease inhibitors (18), nitric oxide
(12, 19), and glucocorticoids (7, 20). Earlier studies
have suggested that tetrandrine is a Ca®" channel
blocker (21) as well as an antioxidant (22). Both cal-
cium signaling and redox changes are important in the
activation of NF-«B. It is reasonable therefore, to con-
sider that the inhibitory effects of tetrandrine on NF-
kB activation might be by way of interfering with cal-
cium signaling mechanisms and/or influencing the
redox state of the cell. This potential mechanism is
improbable however since calcium signaling and redox
changes are relatively generalized signals for most of
the transcription factors such as NF-«xB, AP-1, Sp-1,
etc. (23, 24). In this report, we observed that tetran-
drine specifically inhibited NF-«xB activation and NF-
kB-dependent transcription without affecting Sp-1 or
Sp-1-dependent transcription in these cells. Additional
studies are needed to characterize the effects of tetran-
drine on other transcription factors such as AP-1, Egr-
1 or CREB.
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