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Abstract
(−)-Rhazinilam was spontaneously generated from a natural product during isolation. In cultured
cells, it causes microtubule bundle formation, like those caused by paclitaxel. With tubulin, (−)-
rhazinilam causes formation of an aberrant spiral polymer. Using glutamate and GTP, we developed
an assay for spiral formation and applied it to 17 new (±)-rhazinilam analogs with either a modified
side-chain or a different size D ring. There was reasonable correlation between spiral formation and
inhibition of human MCF-7 breast carcinoma cell growth. Only one side chain analog was as active
as (±)-rhazinilam. During these studies, we observed that omitting GTP from the reaction mixture
caused a major change in the morphology of the (−)-rhazinilam-induced polymer, with half the
observed polymer being microtubule-like and half being spirals. This mixed polymer slowly
disassembled at 0 °C, but there was no apparent difference in the lability of the microtubules versus
the spirals.
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3We should note that we have confirmed with synthetic (−)-rhazinilam the observation that the compound causes formation of extensive
bundled microtubules in cultured cells.
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Of all the antimitotic compounds that interact with tubulin, one of the most unusual is (−)-
rhazinilam (1). Obtained from a number of plant species of the Apocynaceae family, (−)-
rhazinilam was found not to be a true natural product. Instead, the actual natural product (2)
rapidly degrades to the biologically active (−)-rhazinilam [1,2]. Structures of 1 and 2 are shown
in Fig. 1.

The biological activity of (−)-rhazinilam is as unusual as its origin. Although relatively weak
as a cytotoxin for an antitubulin agent, since typically it arrests cell growth with IC50's in the
low μM range, (−)-rhazinilam has effects on cells most similar to those of paclitaxel. It causes
mitotic arrest and formation of extensively bundled, short microtubules in interphase cells
[3]. With microtubule protein1 or purified tubulin, however, (−)-rhazinilam acts more like the
vinca alkaloids [4] or the colchicine site drug curacin A [5]. In some studies (−)-rhazinilam
inhibits tubulin polymerization [2], while at higher concentrations it causes formation of a
morphologically aberrant spiral polymer (sometimes called an “aggregation” reaction) [3].
Paclitaxel, in contrast, causes the hyperassembly of tubulin and microtubule protein into
polymers of reasonably normal morphology, as well as tubulin hyperassembly in cells with
formation of bundled microtubules [6,7].

Our studies with rhazinilam began with chemical synthetic work to gain greater SAR
understanding of the compound, with the goal of designing a more active analog. There have
been a number of previous synthetic efforts aimed at producing more active analogs of
rhazinilam, but none has succeeded thus far in producing a compound significantly more
cytotoxic than the parent compound [8]. We directed our attention to two features of the
rhazinilam molecule, ring D and the side chain attached to the junction of rings B and D (ring
nomenclature as in David et al. [9]).

Quantitation of inhibitory compound effects on tubulin assembly is straightforward, and
usually turbidimetric analysis of assembly data is used [10]. We initially attempted to apply
our standard method to evaluate the inhibitory phase of (−)-rhazinilam's effects on tubulin
assembly, but we found that the inhibitory window was too narrow, particularly with many of
our newly synthesized analogs. We therefore decided to explore development of a centrifugal
method to quantitate (−)-rhazinilam and analog effects on formation of the spiral polymer. We
found that spiral formation was so extensive that we could readily determine compound
concentrations that caused 50% of the tubulin to form these aberrant polymers.

In evaluating a number of possible reaction conditions, we also examined polymer morphology
in the electron microscope. With the reaction condition chosen for quantitative evaluation of
analog effects, the polymer induced by (−)-rhazinilam consisted entirely of tubulin spirals.
However, in the course of these studies we found that if no GTP were added to the reaction
mixture, a mixture of spirals and microtubule-like polymers was formed. As far as we are
aware, this represents the first observation of polymer of “normal” morphology induced by
(−)-rhazinilam in a biochemical assay with pure tubulin.

Materials and methods
Materials

Synthetic (−)-rhazinilam was a generous gift of Dr. F. Guéritte, Centre National de la Recherche
Scientifique, Gif-sur-Yvette, France. The synthesis of the rhazinilam analogs ((±)-rhazinilam
and diastereoisomeric compounds 3-19) will be described elsewhere (manuscript in
preparation). Purified bovine brain tubulin was prepared as described previously [11]. GTP,

1Abbreviations used: IC50, the concentration of a compound that causes 50% inhibition of cell growth or of tubulin assembly; EC50,
the concentration of a compound that causes removal of 50% of the tubulin in the reaction mixture by centrifugation.
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from Sigma, was repurified by triethylammonium bicarbonate anion exchange
chromatography and was over 99.5% pure at the time of isolation (periodic reevaluation has
shown no significant deterioration).

Tubulin assembly assay
Reaction mixtures contained 10 μM (1.0 mg mL−1) tubulin, 0.75 or 0.80 M monosodium
glutamate (pH of 2.0 M stock solution adjusted to pH 6.6 with HCl), 4% (v/v) dimethyl
sulfoxide as compound solvent, and concentrations of GTP and individual compounds as
indicated.

In the centrifugal assay, sample incubation was for 20 min at 30 °, followed by centrifugation
for 15 min at 14,000 rpm at room temperature (about 20 °C) in an Eppendorf benchtop
centrifuge. Aliquots of the supernatants were removed and their protein content determined by
the Lowry method. Aliquots of uncentrifuged reaction mixtures were also evaluated for total
protein content of reaction mixtures. The EC50 was defined as the concentration of agent
required to remove 50% of the tubulin from the supernatant versus reaction mixtures without
compound.

Reactions were also followed turbidimetrically in Beckman DU7400/7500
spectrophotometers, as described in detail elsewhere [10].

Electron microscopy
Aliquots of reaction mixtures were placed on 200-mesh carbon-coated, Formvar-treated copper
grids and immediately stained with 5-10 successively applied drops of 1% (w/v) uranyl acetate.
Excess stain was wicked from the grids with torn filter paper. The grids were examined in a
Zeiss model 10CA electron microscope.

Growth of human breast carcinoma MCF-7 cells
Cells, obtained from the National Cancer Institute drug screening group, were grown in
RPMI-1600 supplemented with 10% heat-treated fetal bovine serum. Cell growth was
measured by quantitating cellular protein with sulforhodamine B [12]. About 5,000 cells per
well were seeded onto a 96-well microtitre plate and allowed to adhere overnight. Drug effects
on growth were determined following an additional 48 h incubation at 37 °C in a humidified
atmosphere containing 5% CO2. The final dimethyl sulfoxide concentration was 0.5 % (v/v).

Results
Initial evaluation of effects of (−)-rhazinilam on tubulin assembly in 0.8 M glutamate

We have used glutamate for quantitative evaluation of inhibitors of tubulin assembly [10],
including drugs such as vinblastine, dolastatin 10, and curacin A that cause various aberrant
assembly reactions [4,5,13]. An initial study (Fig. 2) suggested that this method would be
effective with (−)-rhazinilam as well, but the narrow window between the end of the inhibitory
effect (3 μM in Fig. 2, curve 4) and the onset of spiral induction (4 μM in Fig. 2, curve 5)
proved too narrow to obtain consistent results, particularly with many of the analogs we
examined.

Development of a centrifugal assay for structure-activity comparisons
We next explored spiral induction as the parameter for comparisons between compounds. The
reaction condition we settled upon for drug comparisons was 0.75 M glutamate, 10 μM tubulin,
and 10 μM GTP, with 4% dimethyl sulfoxide as the compound solvent and 30 °C as the
incubation temperature. Fig. 3 shows a turbidimetric study with increasing concentrations of
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(−)-rhazinilam. The reaction without drug was minimal (curve 1), and a similar negligible
reaction was observed without drug when no GTP was added to the reaction mixture (see
below). When we used centrifugation of reaction mixtures to determine the amount of aberrant
polymer that was formed, we obtained an EC50 value of 6.6 ± 2 (SD) μM for (−)-rhazinilam
(Table 1).

We verified by electron microscopy that the morphology of the (−)-rhazinilam-induced
polymer formed in glutamate with purified tubulin was similar to that described previously
[3] with microtubule protein. We compared polymers formed without drug (Fig. 4A) with those
formed with (−)-rhazinilam (Fig. 4B) or with vinblastine (Fig. 4C). Although not abundant
(consistent with the minimal turbidity development shown in Fig. 3, curve 1), scattered
microtubules were present in the control reaction mixture (a rare cluster is shown in Fig. 4A).
With (−)-rhazinilam, abundant, relatively loose spiral polymers were formed, whereas with
vinblastine the typical tight spirals, similar to those reported by many workers [4], were
observed.

Elimination of GTP from the reaction mixture caused a major change in polymer morphology
Among the reaction conditions we examined for possible use for determination of EC50 values
was 0.75 M glutamate without GTP. While it had an advantage over the 10 μM GTP system
described above in that there was no polymer at all formed without drug, as determined by
electron microscopy, with (−)-rhazinilam turbidity development was slower than with even a
small amount of GTP (Fig. 5, curve 2, 20 μM (−)-rhazinilam, no GTP; cf. Fig. 4, curve 5, 20
μM (−)-rhazinilam + 10 μM GTP). In Fig. 5 we also show typical reactions with 0.4 mM GTP
in the absence (curve 3) and presence (curve 4) of 20 μM (−)-rhazinilam. The reaction mixtures
represented in Fig. 5 were also subjected to a 0 °C incubation following the 30 °C incubation.
The polymer formed with only 0.4 mM GTP (Fig. 5, curve 3) rapidly disassembled in the cold,
as described previously [14], while with (−)-rhazinilam + 0.4 mM GTP there was little
disassembly (Fig. 5, curve 4). The polymer formed with (−)-rhazinilam in the absence of GTP
disassembled slowly in the cold, and the disassembly was not complete, as judged by residual
turbidity (Fig. 5, curve 2)..

We present these data because of the unexpected electron micrographs we repeatedly obtained
with glutamate and without GTP. As shown in Fig. 6A, an electron micrograph prepared after
a 30 min incubation at 30 °C, the polymer was composed of a mixture in roughly equal amounts
of short open spirals and microtubule-like structures with parallel protofilaments. A similar
mixture of structures was observed after only a 5 min incubation, indicating no significant
difference in the rate of formation of the two structures. We also examined the remaining
polymer after a 30 min incubation at 30 °C followed by 30 min at 0 °C, to determined whether
there was differential cold stability of the two morphologically distinct polymers. This did not
appear to be the case, as shown in Fig. 6B. We observed no instances in which there were
attachments between the two types of polymer, but we cannot exclude fragmentation during
grid preparation.

We have tried many different reaction conditions to shift the balance further or entirely towards
microtubules, but we have thus far not succeeded. Among the reaction components we
examined were Mg2+ and GDP, microtubule-associated proteins, and other anions that induce
tubulin assembly, such as glutarate, aspartate, and succinate. With microtubule-associated
proteins and no GTP with (−)-rhazinilam, we observed only spirals. With other assembly
inducing anions and no GTP with (−)-rhazinilam, we saw mixtures of microtubules and spirals
similar to what was observed with glutamate. The tubulin used in these studies contains a small
amount of residual unbound GDP. We observed no significant change in polymer morphology
either when additional GDP was added to the reaction mixture or when tubulin freed of unbound
nucleotide by gel filtration chromatography [15] was used.
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Comparison of the effects of (−)-rhazinilam and the newly synthesized analogs on spiral
formation with purified tubulin and on the growth of MCF-7 cells

In Table 1 our SAR results are summarized, and analog structures are shown in Figure 7. Our
synthetic methods produced racemic mixtures of all compounds, so we also prepared (±)-
rhazinilam for comparative purposes. In both biological assays, the latter compound was
approximately half as active as (−)-rhazinilam itself, in agreement with the finding of Thoison
et al. [2] that (+)-rhazinilam is inactive. We therefore conclude that most likely only one
enantiomer is active in each analog preparation and that this active isomer would be twice as
active as the racemic mixture. We were successful in preparing one analog, compound 16, that
had activity comparable to that of (±)-rhazinilam with both tubulin and the MCF-7 cells. A
range of activities was observed in both the cell- and tubulin-based activities with the other
analogs. Compounds with less activity than (±)-rhazinilam but activity in both assays above
the thresholds selected (IC50's < 10 μM for the MCF-7 cells and EC50's < 100 μM in the
spiralization assay) were compounds 3-8, 11, 13, 14, and 17.. The remaining analogs had little
activity in either the cell-based or tubulin-based assay (compounds 9, 10, 12, 13, 15, 18, and
19).

Compounds 3 and 4 were designed to address the questions as to whether the D ring could be
contracted from 6 to 5 members (3) or expanded to 7 members (4). Both changes were
deleterious to both cytotoxicity, with about a 4-fold increase in the IC50, and to induction of
tubulin spirals, with about a 4-5-fold increase in the EC50. Combining either of these changes
with either a methyl or benzyl group as the side chain yielded inactive compounds (data not
presented). We thus conclude that the size of the D ring affects the affinity of rhazinilam analogs
for the tubulin binding site.

Compounds 5-19 were designed to examine the effect of replacing the ethyl side chain with a
wide variety of alternate substituents. A significant number of analogs with alternate side chain
substitutions had little or no activity (compounds 9, 10, 12, 13, 15, 18, and 19). As noted above,
however, compound 16, with a bulky thiophenylethyl group, was as active as (±)-1. The
remainder of the active analogs, with the exception of 11 and 17, were essentially identical in
their activities with both tubulin and MCF-7 cells. Compounds 5-8 and 14 had IC50's against
the cell line of 3.2-4.2 μM, 1.5-2-fold that of (±)-rhazinilam. In the spiralization assay, the
values obtained with these compounds (20-28 μM) averaged about 1.4-fold the value obtained
with (±)-rhazinilam. Thus, replacing the ethyl side chain with either a methyl, an ethyl halide
(F, Cl, or Br) or an ethylazido side chain had relatively small effects on analog activity.
Compound 11 was similar to the other compounds in its effects on spiral formation (EC50, 28
μM), but it was half as active with the MCF-7 cells. Its IC50 of 8.1 μM was similar to that of
3 and 4. Compound 17 had activity intermediate between the more active cohort of analogues
and the less active 3 and 4.

At this point, no definitive SAR conclusion can be reached regarding the composition of the
side chain. Assuming that (±)-rhazinilam represents “full activity,” only an analog with a bulky
substituent (16) was fully active with both tubulin and as an antiproliferative agent, while others
with bulky side chains were either partially active (11, 14) or inactive (19). Reducing the size
of the substituent resulted in partial (5) or total (12) loss of activity. Reducing the ethyl group
to an ethylene group (17) led to partial loss of activity. Electronegativity in a substituent had
unpredictable results. The ethyl halides (6-8) all had comparable small reductions in activity,
but all compounds with oxygen atoms in the side chain (9, 10, 12, 18, 19) were inactive.
Similarly, electropositive substituents in the form of compounds containing nitrogen atoms
resulted in partial (14) or total (13, 15, 18) loss of activity. The most reasonable interpretation
of these results is that specific amino side chains at the binding site on tubulin, unknown at the
present time, influence the affinity of the side chain substituent for the protein through a
combination of steric factors and hydrogen bonds.
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Discussion
Up to now the most puzzling property of (−)-rhazinilam was the contradiction between its
effects on cellular microtubules (taxoid-like, induction of assembly) and its biochemical effects
on tubulin (vinca-like, inhibition of assembly at lower concentrations and induction of aberrant
spiral polymers at higher concentrations). There are numerous possible explanations for this
apparent discrepancy, but our results suggest that the primary reason is that the biochemical
assays thus far used to study this compound do not represent a good model for intracellular
conditions. Other possibilities that now seem less likely are tubulin isotype/post-translational
modification differences between brain tubulin and tubulin in cultured cells or intracellular
metabolism of (−)-rhazinilam to a different and more active chemical entity. Since synthetic
(−)-rhazinilam mimics the cellular and biochemical effects of the natural product-derived (−)-
rhazinilam, we can exclude contamination of the latter by a more active compound as the
explanation.2

An additional question with (−)-rhazinilam is its binding site on tubulin, which the results of
David et al. [3] suggest may be the vinca site. These workers found that both vinblastine and
maytansine, a competitive inhibitor of vinca alkaloid binding to tubulin [16-18], inhibited (−)-
rhazinilam-induced spiral formation. Higher concentrations of maytansine, which does not
appear to induce aberrant tubulin assembly [19], and of vinblastine, with vinblastine spiral
formation, prevented binding of (−)-[3H]rhazinilam to tubulin. However, the radiolabeled (−)-
rhazinilam was found to have a high affinity only for (−)-rhazinilam-induced spirals and did
not bind efficiently to unassembled αβ-heterodimer, to paclitaxel-stabilized microtubules, to
residual microtubules remaining following (−)-rhazinilam addition (addition of (−)-rhazinilam
to microtubules results in spiral formation at microtubule ends, with only limited microtubule
disassembly), or to microtubule ribbons formed in the presence of dimethyl sulfoxide [3].
Finally, David et al. [3] also reported that (−)-rhazinilam inhibited the binding of [3H]
vinblastine to tubulin, but we have been unable to reproduce this result.

It is thus difficult to interpret the effects of maytansine and vinblastine unambiguously in terms
of binding sites. If (−)-[3H]rhazinilam cannot bind to the αβ-heterodimer, the inhibitory effect
of maytansine, an especially potent antitubulin drug, may simply result from failure to form
spirals, while the mutually inhibitory effects of vinblastine and (−)-rhazinilam might indicate
masking of their respective sites in the morphologically different spiral polymers they induce.

David et al. [3] also reported that the tubulin-colchicine complex formed spirals in the presence
of (−)-rhazinilam. Since colchicine binds very tightly to tubulin, this implies that (−)-rhazinilam
does not bind in the colchicine site. Consistent with this result, we found no inhibitory effect
on the binding of radiolabeled colchicine to tubulin by (−)-rhazinilam.

Nor does it seem likely that (−)-rhazinilam binds in the taxoid site. This analysis is complicated
by the much greater affinity of taxoids for microtubules, including preformed microtubules,
than for unassembled tubulin [20-24], combined with the fact that inhibitors of microtubule
assembly also inhibit tubulin polymerization induced by taxoid site drugs [25,26]. Thus, high
concentrations of paclitaxel can appear to inhibit colchicine or vinblastine binding and vice
versa, although the three drugs are generally thought to bind at distinct sites on tubulin
(supported by crystallographic evidence [27-29]). However, Takoudju et al. [24] have shown
that a radiolabeled taxoid binds to (−)-rhazinilam-induced spirals, with the spirals persisting
following addition of the taxoid. Consistent with this finding, we have observed no inhibitory

2Microtubule protein is the term commonly used to indicate a tubulin preparation prepared from a tissue extract, generally brain tissue,
by cycles of assembly and disassembly. Such preparations generally contain 70-80% tubulin plus a variety of additional proteins referred
to as microtubule-associated proteins. In this paper we will use the terms “tubulin” and “purified tubulin” interchangeably, referring to
a protein preparation from which the microtubule-associated proteins have been removed.
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effect of (−)-rhazinilam on the binding of radiolabeled paclitaxel to preformed microtubules
(unpublished data).

We raise the question of the (−)-rhazinilam binding site specifically because of our finding that
omitting GTP from reaction mixtures can lead to a major shift in polymer morphology. This
suggested to us that (−)-rhazinilam might bind in the exchangeable nucleotide site on β-tubulin.
We therefore performed experiments with tubulin bearing [8-14C]GDP, instead of
nonradiolabeled GDP, in the exchangeable site and measured the radiolabeled nucleotide to
tubulin content in polymer pellets induced by adding (−)-rhazinilam, taxol, or UTP +
nucleoside diphosphate kinase to the reaction mixture. In all three cases, a similar result was
obtained. This would seem to exclude (−)-rhazinilam's effects on tubulin assembly being
mediated directly by binding in the exchangeable site.

As described here, we designed a quantitative assay for (−)-rhazinilam-induced spiral
formation, and we used this assay in conjunction with an antiproliferative assay with MCF-7
human breast carcinoma cells. We found, with two series of analogs that we synthesized to
determine effect of the size of ring D and of the side chain substituent, that there was good
correlation between the two assays (Fig. 8). With the analogs we prepared, we found that the
6 member ring D of rhazinilam is optimal for activity, and no side chain replacement yielded
superior activity to (±)-rhazinilam. Side chain substituents had surprisingly unpredictable
effects on activity, and one of the bulkiest replacements for the ethyl side chain, a
thiophenylethyl group, yielded an analog (compound 16) with activity equivalent to that of
(−)-rhazinilam.
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Fig. 1.
Structures of (−)-rhazinilam (1) and its presumptive precursor 2.
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Fig. 2.
Effects of varying concentrations of (−)-rhazinilam on glutamate-induced assembly with 0.4
mM GTP. Each reaction mixture contained 10 μM (1.0 mg mL−1) tubulin, 0.8 M monosodium
glutamate, 0.4 mM GTP, 4% dimethyl sulfoxide, and concentrations of (−)-rhazinilam as
follows: curve 1, none; curve 2, 1.0 μM; curve 3, 2.0 μM; curve 4, 3.0 μM; curve 5, 4.0 μM;
curve 6, 5.0 μM; curve 7, 10 μM. The temperature controller was set to the indicated
temperatures at the times indicated by the vertical dashed lines to the left of each temperature.
In this experiment there was a tubulin-drug preincubation without GTP for 15 min at 30 °C
[10].
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Fig. 3.
Effects of varying concentrations of (−)-rhazinilam on assembly in glutamate with 10 μM GTP.
Each reaction mixture contained 10 μM tubulin, 0.75 M monosodium glutamate, 10 μM GTP,
4% dimethyl sulfoxide, and concentrations of (−)-rhazinilam as follows: curve 1, none; curve
2, 2 μM; curve 3, 5 μM; curve 4, 10 μM; curve 5, 20 μM. Incubation was at 30 °C.
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Fig. 4.
Electron microscopic evaluation of morphology of polymer formed in glutamate with 10 μM
GTP. Reaction mixtures contained 10 μM tubulin, 0.75 M monosodium glutamate, 10 μM
GTP, 4% dimethyl sulfoxide and either no further addition (A), 10 μM (−)-rhazinilam (B), or
10 μM vinblastine (C). Grids for electron microscopy were prepared after 30 min at 30 °C.
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Fig. 5.
Effect of 20 μM (−)-rhazinilam on assembly in glutamate without GTP and with 0.4 mM GTP.
Each reaction mixture contained 10 μM tubulin, 0.75 M monosodium glutamate, 4% dimethyl
sulfoxide, and concentrations of (−)-rhazinilam and GTP as follows: curve 1, no GTP and no
(−)-rhazinilam; curve 2, no GTP and 20 μM (−)-rhazinilam; curve 3, 0.4 mM GTP and no (−)-
rhazinilam; curve 4, 0.4 mM GTP and 20 μM (−)-rhazinilam. At zero time the temperature
controller was set at 30 °C. At the time indicated by the vertical dashed line, the temperature
controller was set at 0 °C.
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Fig. 6.
Electron microscopic evaluation of morphology of polymer formed in glutamate without GTP.
The reaction mixture contained 10 μM tubulin, 0.75 M monosodium glutamate, 4% dimethyl
sulfoxide, and 20 μM (−)-rhazinilam. Grids for electron microscopy were prepared after 30
min at 30 °C (A) and after 30 min at 30 °C followed by 30 min at 0 °C.
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Fig. 7.
Structures of racemic rhazinilam analogs (compounds 3-19). Note that (±)-1 is (±)-rhazinilam.
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Fig. 8.
Correlation of EC50 data obtained for induction of spiral formation with IC50 data for
proliferation of MCF-7 cells. The average values from Table 1 are plotted in the Figure.
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Table 1
Activities of (−)-rhazinilam and analogs as inhibitors of MCF-7 cell growth and inducers of formation of tubulin spirals

Compound Spiral formationa Inhibition of cell growthb

EC50 (μM) ± S. D. IC50 (μM) ± S. D.

(−)-rhazinilam 6.6 ± 2 0.97 ± 0.3

(±)-rhazinilam 17 ± 1 1.8 ± 0.7

3 68 ± 4 8.6 ± 1

4 56 ± 2 9.2 ± 1

5 27 ± 3 3.8 ± 1

6 28 ± 2 3.2 ± 0.1

7 25 ± 1 3.5 ± 1

8 20 ± 1 3.7 ± 0.8

9 > 100 > 10

10 > 100 > 10

11 28 ± 4 8.1 ± 2

12 > 100 > 10

13 > 100 > 10

14 21 ± 0.8 4.2 ± 2

15 > 100 > 10

16 11 ± 2 2.2 ± 1

17 47 ± 5 4.4 ± 2

18 > 100 > 10

19 > 100 > 10

a
In the spiral formation assay, 0.1 mL reaction mixtures contained varying compound concentrations, 10 μM tubulin, 10 μM GTP, 0.75 M monosodium

glutamate, and 4% (v/v) dimethyl sulfoxide. The amount of protein removed by centrifugation without compound was 8 ± 2 %. See text for further details.

b
In the cell growth assay, the effect of varying compound concentrations on the proliferation of MCF-7 human breast carcinoma cells was determined.

See text for further details.
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