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Binding of Bisbenzylisoquinoline Alkaloids
to Phosphatidylcholine Vesicles and Alveolar
Macrophages: Relationship Between Binding

Affinity and Antifibrogenic Potential
of These Drugs

Joseph K. H. Ma, Chang-geng Mo, Carl ]J. Malanga,
Jane Y. C. Ma, and Vincent Castranova

ABSTRACT: A group of bisbenzylisoquinoline alkaloids has been shown to exhibit various
degrees of effectiveness in preventing silica-induced fibrosis in animal models [1, 2]. The
objective of the present study was to characterize the binding of several of these alkaloids
to phosphatidylcholine wvesicles and rat alveolar macrophages using fluorometric and
equilibrium dialysis methods, respectively. The lipid binding affinity of these alkaloids
was found to depend upon several structural factors including bydrophobic substitutions,
chiral configurations, and double oxygen bridge-restricted conformation of the benzyliso-
guinoline moieties. Tetrandrine, which is a highly effective agent in preventing fibrosis,
showed strong binding to both lipid vesicles and alveolar macrophages. In contrast,
certain analogues of tetrandrine such as curine and tubocurine, which have little or no
effect on silicosts, exhibited only weak binding to lipid vesicles and almost no binding to
cells. The moderate binding affinity of fangchinoline to vesicles and cells corresponded to
a moderate effectiveness of the compound as an antifibrogenic agent. Methoxyadiantifo-
line, an alkaloid of unknown antifibrogenic potential, also exhibited high binding affin-
ities for lipid and cells. In conclusion, the results of these studies indicate that alveolar
macrophages exhibit large binding capacities for certain members of this class of bisben-
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zylisoquinoline alkaloids. A positive correlation was observed between binding affinity
to alveolar macrophages and the reported antifibrotic potency of these compounds. These
data also suggest that the ability of these drugs to interact with alveolar macrophages
may be a key step in inbibition of the progression of silica-induced pulmonary disease.

INTRODUCTION

Inhalation of crystalline silica is associated with the development of silicosis.
This fibrotic disease is characterized by the appearance of concentric hyalin-
ized nodular lesions in the lungs with the progressive development of pul-
monary dysfunction [3, 4].

Many theories concerning the etiology of silicosis involve silica-induced
activation of alveolar macrophages. Evidence indicates that in vitro silica
exposures result in the generation of chemiluminescence, and the release of
superoxide and hydrogen peroxide from alveolar macrophages [5]. Activa-
tion of alveolar macrophages has also been demonstrated after intratracheal
instillation or inhalation of silica [5, 6]. Such excess release of reactive prod-
ucts from pulmonary phagocytes has been associated with damage to the
lung parenchyma [7, 8]. In addition, silica exposure results in the release of
mediators from alveolar macrophages, which enhance proliferation of fibro-
blasts and collagen synthesis by these pneumocytes [9-12].

Tetrandrine (TE), a bisbenzylisoquinoline (BBIQ) alkaloid isolated from
the root of a Chinese medicinal herb, inhibits silica-induced release of reac-
tive oxygen species from alveolar macrophages [5]. Similarly, it inhibits acti-
vation of granulocytes [13, 14]. Tetrandrine is also effective in inhibiting the
synthesis of collagen by fibroblasts and the formation of silicotic nodules in
silica-exposed rats [1, 15, 16]. Therefore, it has been proposed as a possible
therapeutic agent for pulmonary fibrosis. Indeed, it is used clinically in
China as an antifibrotic drug and has been shown to improve both the
appearance of chest radiographs and diffusion capacity in silicosis patients
[71.

Several BBIQ alkaloids have been tested for antifibrotic potential in rats
intratracheally exposed to 50 mg of silica [2]. Alkaloids were administered
orally three times a week for 4 weeks beginning 2 days after silica instilla-
tion. Four weeks after silica exposure, lungs were removed, collagen forma-
tion was monitored, and lung tissue was scored for macule and nodule
formation. As expected, tetrandrine (50 mg/kg) decreased collagen forma-
tion by 52%; microscopically, only small macules were observed in
tetrandrine-treated, silica-exposed lungs. Cycleanine (CY) was also found to
be potent, fangchinoline (FA) and cepharanthine (CE) exhibited slightly
lower potency, berbamine (BE) was less effective, while curine (CU) and
tubocurine (TU) were relatively ineffective in decreasing collagen formation
or preventing the appearance of silicotic nodules. Recently, Kang et al. [18]
monitored the ability of selected alkaloids to prevent particle-induced activa-
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tion of alveolar macrophages and reported a potency sequence of tetran-
drine = methoxyadiantifoline (ME) > tubocurine.

The objective of the present investigation was to characterize the binding
of BBIQ alkaloids to biological membranes and determine whether a corre-
lation exists between bmdmg affinity and relative antlflbrogemc potential.
Alkaloid-membrane interaction was monitored using a membrane model
(i.e., phosphatidylcholine vesicles) as well as using alveolar macrophages.

MATERIALS AND METHODS

Materials

Dipalmitoyl phosphatidylcholine (DPPC) and the ammonium salt of 1-
anilino-8-naphthalenesulfonate (ANS) were obtained from Calbiochem-
Behring Corp (San Diego, CA) and Aldrich Chemical Co (Milwaukee, WI),
respectively. The inorganic salts and buffer agents were purchased from Fis-
cher Scientific Company (Pittsburgh, PA). Preparation of DPPC solutions
in 0.01 M Tris buffer (pH 7.0) were made by sonication of the lipid solu-
tions under nitrogen for 30 min at 50°C using a heat system W375 sonifier.
Small vesicles of these solutions were fractionated from large liposomes by
centrifugation at 105,000g for 60 min. The concentration of DPPC was then
determined via the measurement of inorganic phosphorus. The BBIQ alka-
loids listed in Table 1 were kindly supplied by the Institute of Occupational
Medicine (Chinese Academy of Preventive Medicine, Beijing, China). For
the present study, 10™° M stock solutions of each drug were prepared by
first dissolving the drug in diluted HCl and then adjusting the pH to 6.5

Table 1 Structural and Solvent Partition Characteristics of the BBIQ Alkaloids

Structural Variation

Compound* C1 C1" C7 C12 C12' C7' Oxygen Bridge K'®

TE S S OMe OMe C8-C7', C11-C12’ 108.3
FA S § OH OMe C8-C7', C11-C12’ 24.5
BE R S OMe OH C8-C7’, C11-C12’ 25.8
CE S R —OCH0C, OMe C8-C7', C12-C11’  35.1
TU R § OH OH C8-C12’, C13-C7’ 23
CuU R R OH OH C8-C12', C13-C7’ 59
CY R R OMe OMe C8-C12’, C8'-C12 84.6
ME S S (see structure II) C10-C13’ 240.0

*Abbreviations: TE, tetrandrine; FA, fangchinoline; BE, berbamine; CE, cepharanthine; TU, tubocurine; CU, cu-
rine; CY, cycleanine; ME, methoxyadiantifoline.

K’ is the apparent partition coefficient measured in n-butanol/Tris buffer (pH 7.0).
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using 2N NaOH. Prior to binding studies, drug distribution in n-butanol
and pH 7.0 Tris buffer was studied and the apparent partition coefficient
(K’) was determined to provide an indication of relative lipophilicity of
these compounds.

Fluorometric Studies of Drug Binding to DPPC

Fluorescence measurements were carried out using an Aminco-Bowman
spectrophotofluorometer (American Instrument Co, Silver Spring, MD)
equipped with a 150-W xenon lamp, a 1P21 photomultiplier tube, and an X-
Y recorder. The temperature of the fluorometer cell compartment was con-
trolled at 37 % 0.1 °C using a circulatory water bath (Forma Scientific Inc,
Marietta, OH). Standardization of the fluorescence intensity of the instru-
ment was routinely carried out using a solid sample of tetraphenylbutadiene
(excitation, 348 nm; emissions, 422 nm; Atara Scientific, Ltd, Swarthmore,
PA).

Binding of the BBIQ alkaloids to DPPC vesicles was studied fluorometri-
cally using ANS as a fluorescence probe. ANS shows weak fluorescence at
510 nm (excitation, 380 nmy), but exhibits enhanced emission intensity at
480 nm when bound to DPPC. The fluorescence of phospholipid-bound
ANS may be further enhanced by the addition of a cationic amphiphilic
amine capable of forming of a more hydrophobic drug-lipid-ANS ternary
complex [19]). The binding of the cationic amine involves interaction at the
negatively charged oxygen of the phosphocholine moiety.

To obtain binding information, fluorometric titrations of DPPC solu-
tions at various lipid concentrations with a stock solution of ANS were
performed in the absence and presence of a BBIQ alkaloid. At 107> M
DPPC, the relatively high concentration of the lipid resulted in total bind-
ing of added ANS in the concentration range of 10™° M. The fluorescence
intensity showed a linear relationship to ANS concentrations and the slope
was calculated to be the emission coefficient (A4,) (i.e., a proportionality
constant between intensity and concentration for the binary lipid-ANS
complex). In the presence of BBIQ, the titration of 10> M DPPC with
ANS again became linear when drug concentration was 10~ M or higher,
suggesting that the measured fluorescence was due to bound ANS in the
ternary complex. Similarly, the emission coefficient for the ternary complex
(A4,) was also determined. The lipid binding affinities of the BBIQ alkaloids
were studied at a DPPC concentration of 5 X 107> M DPPC, 10° M ANS,
and varying concentrations of the drug. Under these conditions, the lipid
vesicles were saturated with ANS. Addition of drug resulted in an increase
in fluorescence intensity. Because the fluorescence increase was due to the
formation of the drug-lipid-ANS complex, the concentration of bound
drug can be calculated from the (F, — F,)/(A, — A,) ratio, where F, and F,
are fluorescence intensities in the absence and presence of the drug, respec-
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tively. A, and A, are the same as previously defined. The free drug concen-
tration was subsequently determined from the bound concentration and the
total drug added.

The binding affinity of the BBIQ alkaloids to DPPC was analyzed using
the Scatchard equation:

— = nK - VK (1)

where V is the number of moles of bound drug per mole of DPPC, [D] is
the free drug concentration, K is the binding constant, and 7 is the maxi-
mum molar binding ratio between the drug and DPPC.

Drug Binding to Alveolar Macrophages

Male Sprague-Dawley rats (175-225 g) obtained from Charles River Labora-
tories (Wilmington, MA) were anesthetized with sodium pentobarbital (0.2
g/kg) and exsanguinated by cutting the renal artery. Alveolar macrophages
were obtained by pulmonary lavage with a Ca’’, Mg**Hfree phosphate
buffer (145 mM NaCl, 5 mM KCl, 1.9 mM NaH,PO,, 9.35 mM Na,HPO,,
and 5.5 mM glucose; pH 7.4). Cells were centrifuged at 500g for 5 min,
washed, and resuspended in a HEPES-buffered medium (145 mM NaCl, 5
mM KCl, 10 mM HEPES, 5.5 mM glucose, and 1.0 mM CaCl,; pH 7.4).
Cell counts and purity were measured using an electronic cell counter
equipped with a cell-sizing attachment [20].

The binding of selected BBIQ alkaloids to alveolar macrophages
(4.0 X 10° cells/mL) was studied using a equilibrium dialysis method.
Matched pairs of dialysis cells (1 mL in size, Thomas Scientific Company,
Swedesboro, NJ) were separated by a dialysis membrane (Spectra/Por, Spec-
trum Medical Industries, Inc, Los Angeles, CA) with a molecular weight
cutoff of 12,000-14,000. Equilibrium dialysis of drug from HEPES-buffered
medium to cell solution was carried out at room temperature for 8 h under
constant shaking. The equilibrium condition was established in control ex-
periments without the presence of alveolar macrophages. After dialysis, so-
lutions from both sides of the dialysis cell compartments were centrifuged
and the supernatants were analyzed for drug content. The results showed
that upon binding to alveolar macrophages, the bound drug was effectively
removed from the solution after the centrifugational removal of alveolar
macrophages. Binding of drugs to alveolar macrophages was analyzed using
an equation analogous to Eq. (1).

The determination of BBIQ concentrations in the dialysis samples was
carried out via reverse-phase high-performance liquid chromatography
(HPLC) using a Waters HPLC system equipped with a Model 440 UV detec-
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tor (Waters Associates, Milford, MA). The separation of the BBIQ alkaloid
from other substances was achieved using a uBondapak C18 column and a
mobile phase of CH,CN-HEPES buffer (pH 5)/butanol (60:40:10) delivered
at 1 mL/min. The samples were detected by UV at 254 nm. Linear standard
curves for each BBIQ alkaloid were obtained over the concentration range
of 5 107°t0 8 X 107° M.

RESULTS

The structural and solvent partition properties of the BBIQ alkaloids used
in this study are shown in Table 1. Characteristic to the structure of tetran-
drine and its analogues, fangchinoline and barbamine, is a double oxygen-
bridged (C8-C7' and C11-C12’) ring of 18-bond length. Tetrandrine was
found to be highly lipophilic (K’ = 108.3). Hydroxyl substitution of either
C7 (as in fangchinoline) or C12 (as in berbamine) position resulted in over
fourfold reduction of the apparent partition coefficient. Cepharanthine,
with a condensed methylenedioxy ring at Cé and C7 and a double oxygen-
bridge ring of also 18-bond length, gave a K’ of 35.1. Cycleanine, which has
a measured K’ of 84.6, exhibits an 18-membered ring via oxygen bridges at
C8-C12’ and C12-C8'. Studies have shown that the benzylisoquinoline
moieties at cycleanine are in a “tub” conformation where the methoxy
groups at C7 and C7’ are twisted out of the aromatic ring conjugation [21].
The structures of curine or tubocurine are characterized by hydroxyl substi-
tutions at both C7 and C12 and an oxygen-bridged ring of 20-bond length.
These compounds showed the least lipophilicity. Methoxyadiantifoline is a
benzylisoquinoline-aporphine dimer with a total of nine methoxy groups
[22]. Although it does not possess an oxygen-bridged ring, methoxyadianti-
foline was found to exhibit the highest K’ (240) among the BBIQ alkaloids.
The sequence for lipophilicity is ME > TE > CY >CE > FA = BE >
CU = TU.

Figure 2 shows the effect of the BBIQ alkaloids on the fluorescence of
lipid-bound ANS in solutions containing 10™* M DPPC and varying con-
centrations of the fluorescence probe. The titration curve for cycleanine
(not shown) was in similar order to that of fangchinoline. Previously, we
have shown that amphiphilic amines, capable of binding with phospholipid
vesicles via both hydrophobic and ionic interactions, enhance the fluores-
cence of lipid-bound ANS, and that binding affinity increases with increas-
ing hydrophobic interaction between the drug and the lipid’s fatty acid
chains [19]. Figure 2 shows that with the exception of curine the titration
curves obtained in the presence of 10™* M drug were consistently higher in
intensity than that in the absence of drug, thus suggesting a similar binding
between the BBIQ alkaloid and DPPC. Figure 3 shows the fluorometrlc
titration curves from solutions containing 5 X 10~ M DPPC, 10’ M ANS,
and varying concentrations of drug. The curve determined for fangchino-
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line, which was slightly lower than that of cycleanine, is not shown. Because
the concentration of ANS is in large excess, the fluoresence intensity, F-F,
is directly proportional to the concentration of bound drug in the drug-
lipid-ANS ternary complex. The results indicate a binding affinity for all
drugs in the following decreasing order: ME > TE > CE > CY > FA >
BE > TU = CU. It is also interesting to point out that at relatively high
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Figure 2 Effect of BBIQ alkaloids (107* M) on the fluorescence of lipid-bound ANS in solutions
containing 10~ * M DPPC and varying concentrations of ANS. (A) no drug, (B) CU, (C) TU, (D) BE, (E)
FA, (F) CE, (G) TE, and (H) ME. F, and F are fluorescence intensities measured in the absence and
presence of DPPC, respectively.



Bisbenzylisoquinoline Alkaloids 1069

150 =~ ’

o |/

Relative Fluorescence intensity (Fi-Fb)
'\\o [}
\ .
\o Q
\0

» .
«/ n/
Var
501 / v .
20
.{. . /' «
/.’ / ’Q'. ./
[ J .. /0 ./
/ -, /0 « FG
1 /a oo o« —a=1
// J « —g ==
/ o_-s o =1
.Ii'.//. ./l/
[} - T - Y I T v T AR |
o 3 ) 12 18

[ ]
Concentration of BBIQ X 10, M

Figure 3 Fluorometric titration curves for solutions containing 5 x 107° M DPPC, 107> M ANS, and
varying concentrations of (A) TE, (B) ME, (C) CE, (D) CY, (E) BE, (F) TU, and (G) CU.

drug concentrations, there is a cooperative increase in the concentration of
bound drug, suggesting drug binding at secondary sites.

The primary binding between these drugs and DPPC was analyzed using
the Scatchard equation. Figure 4 shows the plot of the binding data using
Eq. (1). From these data, the binding constant K and binding capacity 7 for
each drug were determined and are shown in Table 2. The overall binding
affinity may be indicated by the value of #K. The sequence for nK is: ME >
TE > CE > CY > FA > BE > TU = CU.

Studies of drug binding to rat alveolar macrophages were carried out with
selected alkaloids exhibiting strong (methoxyadiantifoline and tetrandrine),
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Figure 4 Scatchard plots for the binding of BBIQ alkaloids to DPPC. (A) ME, (B) TE, (C) CE, (D) CY,
(E) EA, () BE, (G) TU, and (H) CU.

intermediate (fangchinoline), and weak (curine, tubocurine) binding to
DPPC vesicles. Figure 5 shows the concentration of bound drug measured
in solutions containing 4 x 10° cells/mL as a function of total drug concen-
tration. The data indicate that tetrandrine, fangchinoline, and methoxy-
adiantifoline are all capable of binding with alveolar macrophages, whereas
curine and tubocurine show no binding activity. The binding data obtained
for tetrandrine, fangchinoline, and methoxyadiantifoline were analyzed us-
ing the Scatchard equation. Figure 6 shows the linear plot of V/[D] vs V for
each drug, where V is calculated to indicate millimoles of bound drug per



Bisbenzylisoquinoline Alkaloids 1071

cell. Based on the linear plots, the cell binding capacity # and binding con-
stants K were determined and are shown in Table 3. The sequence for over-

all binding affinity nK is TE > ME > FA > TU = CU.

DISCUSSION

The data indicate that BBIQ alkaloids exhibit structure-dependent binding
with phosphatidylcholine vesicles and macrophage membranes. Structural
characteristics of these alkaloids, which are conducive to higher binding
affinity, include hydrophobic substitutions (methoxy groups) at various po-
sitions, the chiral configuration, and the double oxygen bridges, which pro-
duce a more restricted structure of the benzylisoquinoline moieties.

A strong correlation exists between lipophilicity and binding to DPPC
vesicles or alveolar macrophages. For example, high partition coefficients
for methoxyadiantifoline and tetrandrine are associated with strong binding
to phosphatidylcholine vesicles and alveolar macrophages, while the low
partition coefficients for curine and tubocurine correlate with weak mem-
brane binding. Alkaloids such as fangchinoline exhibit an intermediate parti-
tion coefficient and moderate membrane binding. The correlation coeffi-
cient between the lipophilicity sequence and the sequence of binding
affinities is 0.91 for DPPC vesicles and 0.82 for alveolar macrophages, re-
spectively. There is also a strong correlation (¥ = .85) between binding af-
finity toward DPPC vesicles and that for macrophages.

The importance of chiral configuration on binding is best demonstrated
by fangchinoline and berbamine. These alkaloids exhibit similar partition
coefficients, yet fangchinoline, having an S,S configuration of the C1 and
C1’ chiral centers, exhibits stronger binding to DPPC vesicles than does
berbamine, which possesses an R,S configuration. Interestingly, isotetran-
drine (R,S configuration) is significantly lower than tetrandrine (S,5) in

Table 2 Parameters Calculated for the Binding of Various Alkaloids to DPPC

Drug n KM™) nK (M™)
Methoxyadiantifoline 0.054 1.62 x 10° 8.75 x 10’
Tetrandrine 0.099 6.22 x 10* 6.15 x 10°
Cepharanthine 0.062 7.77 x 10 4.82 x 10°
Fangchinoline 0.056 4.75 x 10* 2,67 x 10°
Berbamine 0.055 3.67 x 10° 2.01 x 10°
Cycleanine 0.055 6.15 x 10* 3.38 x 10°
Tubocurine 0.031 4.03 x 10* 1.25 x 10°
Curine 0.031 4.03 x 10* 1.25 x 10°

n, binding capacity; K, binding constant; nK, overall binding affinity.
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Figure 5 DPlots of bound concentration measured in solutions containing 4 X 10° cells/mL rat alveolar
macrophages as 2 function of total drug concentration of (A) TE, (B} ME, (C) FA, (D), CU, and (E) TU.

binding affinity to plasma proteins, in antitumor potency, and in antifibro-
genic potential [2, 23].

Methoxyadiantifoline is an aporphine-benzylisoquinoline dimer with a
single oxygen bridge (C10-C13’). Due to the large number of methoxy
groups, it exhibits a significantly higher partition coefficient than tetran-
drine. However, tetrandrine, with a double oxygen bridge, exhibits greater
binding capacity and affinity toward alveolar macrophages than methoxy-
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Table 3 Parameters Calculated for the Binding of Selected Alkaloids to Alveolar
Macrophages

Drug n (mmol/cell) KM™) nK (mL/cell)
Tetrandrine 25 x 107" 6.16 x 10* 1.54 x 10°°
Methoxyadiantifoline 212 x 107" 4.71 x 10* 1.00 x 10°°
Fangchinoline 25 x 107" 2.75 x 10* 0.69 x 107°
Tubocurine ND ND ND
Curine ND ND ND

n, binding capacity; K, binding constant; nK, overall binding affinity; ND, not detectable.

adiantifoline. The importance of this double oxygen bridge to macrophage
binding is supported by the fact that when the double oxygen bridges of
alkaloids are altered, as with curine and tubocurine, the ability to interact
with cells is substantially reduced.

The relative binding affinities of alkaloids for alveolar macrophages corre-
lates very strongly (¥ = .97) with their reported antifibrotic activity. Te-
trandrine strongly inhibits collagen synthesis and nodule formation in silica-
treated rats [2] and exhibits strong membrane binding, while curine and
tubocurine are not potent antifibrotic agents [2] and exhibit weak binding.
Fangchinoline is intermediate both in antifibrogenic activity {2} and in bind-
ing affinity with alveolar macrophages. A correlation also exists between
binding to alveolar macrophages and the ability of these alkaloids to inhibit
particle-induced activation of these phagocytes in vitro; Kang et al. [18]
reported that methoxyadiantifoline and tetrandrine are potent inhibitors of
particle-stimulated oxygen consumption, superoxide secretion and hydrogen
peroxide release, while tubocurine is only minimally effective. Interestingly,
tetrandrine and methoxyadiantifoline have been shown to have similar ef-
fects on the cardiovascular system and are effective agents against angina and
hypertension [24].

The correlation among binding affinity for alveolar macrophages, inhibi-
tion of macrophage activation, and antifibrotic potential supports theories
that silica-induced activation of alveolar macrophages and the resulting ex-
cess oxidant generation leads to damage of the lung parenchyma and silicosis
[7, 8, 25]. Therefore, these alkaloids may serve as useful agents to probe
mechanisms governing the initiation and progression of the fibrotic process.

The correlation between lipophilicity, phospholipid binding, and interac-
tion with alveolar macrophages suggests that alkaloids bind nonspecifically
to membrane lipid rather than to specific membrane receptors. Indeed, the
high binding capacity of macrophage membranes for tetrandrine
(n = 2.5 X 107" mmol/cell) is consistent with the presence of as many as
1.5 x 10" binding sites per cell.

Alkaloid concentrations used in the present investigation of binding to
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macrophages were similar (i.e., 1-30 um) to those used to inhibit macro-
phage activation [18]. However, it is unlikely that simple partitioning into
the macrophage plasma could explain the inhibitory action of these alka-
loids. It is possible that these drugs act by blocking some step or steps in the
excitation-secretion process. The specific targets for the inhibitory action of
alkaloids on macrophages are currently under study. King et al. [26] have
reported that tetrandrine blocks calcium channels in cardiac muscle. How-
ever, we have found that tetrandrine does not inhibit stimulant-induced
depolarization of alveolar macrophages [27]. These data suggest that tetran-
drine does not block stimulant-receptor interaction or the resulting increase
in calcium permeability. Seow et al. [28] have reported that tetrandrine
inhibits phosphoinositide metabolism to inositol triphosphate in lympho-
cytes. It is known that production of inositol triphosphate results in an
increase in free intracellular calcium. Preliminary data from our laboratory
indicate that tetrandrine inhibits stimulant-induced mobilization of calcium
from bound stores (data not shown). Lastly, Liu et al. [29] and Chen et al.
[30] have shown that tetrandrine avidly binds to isolated microtubules. We
have shown that treatment of macrophages with microtubular inhibitors
decreases binding of alkaloids to macrophages [31]. Because stimulant-
induced actin polymerization 1s associated with phagocyte activation [32],
alkaloids may act to block particle-induced activation via interaction with
the cytoskeletal system. Clearly, further investigation concerning the sites of
tetrandrine action is warranted.

In conclusion, a relationship exists between reported antifibrotic poten-
tial, binding to alveolar macrophages, and deactivation of these phagocytes.
Therefore, BBIQ alkaloids may serve as useful probes to elucidate the etiol-
ogy of fibrotic pulmonary disease.
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