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ABSTRACT
Noscapine, a microtubule-interfering agent, has been shown to
arrest mitosis, to induce apoptosis, and to have potent antitu-
mor activity. We report herein that two brominated derivatives
of noscapine, 5-bromonoscapine (5-Br-nosc) and reduced
5-bromonoscapine (Rd 5-Br-nosc), have higher tubulin binding
activity than noscapine and affect tubulin polymerization differ-
ently from noscapine. In addition, they are able to arrest cell
cycle progression at mitosis at concentrations much lower than
noscapine. Interestingly, whereas noscapine-arrested cells
have nearly normal bipolar spindles, cells arrested by 5-Br-
nosc and Rd 5-Br-nosc form multipolar spindles. Nevertheless,

noscapine and the two derivatives all affect the attachment of
chromosomes to spindle microtubules and they impair the
tension across paired kinetochores to similar degrees. 5-Br-
nosc and Rd 5-Br-nosc are also more active than noscapine in
inhibiting the proliferation of various human cancer cells, in-
cluding those that are resistant to paclitaxel and epothilone.
Our results thus indicate a great potential for the use of 5-Br-
nosc and Rd 5-Br-nosc both as biological tools for studying
microtubule-mediated processes and as chemotherapeutic
agents for the treatment of human cancers.

Microtubules are helical polymers assembled from the het-
erodimer of �- and �-tubulin. They play important roles in
shaping cells and directing intracellular motility. During cell
division, microtubules form a bipolar apparatus called the
mitotic spindle, which mediates chromosome distribution
into two daughter cells (McIntosh, 1994). Microtubules are
intrinsically dynamic and they alternate abruptly and sto-
chastically between periods of growth and shortening. The
dynamic nature is crucial for the organization and function of
microtubules, especially for spindle morphogenesis and chro-
mosome movement during mitosis (Desai and Mitchison,
1997). Eukaryotic cells have evolved a surveillance mecha-
nism called the spindle assembly checkpoint, which blocks
cell cycle progression at mitosis when the spindle has a defect
or when chromosomes are not properly aligned at the equa-
torial plane (Zhou et al., 2002d). Not surprisingly, chemical
compounds that target microtubules can arrest cells at mito-
sis, a property attributed to the use of microtubule-interfer-

ing agents in cancer chemotherapy (van Tellingen et al.,
1992; Rowinsky, 1997; Crown and O’Leary, 2000).

There are two classes of microtubule-interfering agents:
those that inhibit microtubule polymerization (such as col-
chicine, nocodazole, and the vinca alkaloids) and those that
promote microtubule polymerization, such as the taxoids and
epothilone (Jordan and Wilson, 1999). It is now clear that
although all of these agents can efficiently block cell cycle
progression, only a select few have been used clinically for
the treatment of human cancers. In addition, there are dif-
ferences regarding the toxicity and the efficacy of these an-
timicrotubule agents for distinct classes of tumors. Even for
drugs that are currently in clinical use (e.g., paclitaxel and
vinblastine), although patients have impressive initial re-
sponse, many of them relapse after treatment because of the
development of drug resistance. Thus, the development of
more potent and selective antimicrotubule drugs are greatly
needed, especially for the treatment of human cancers resis-
tant to currently used drugs.

We have recently identified noscapine (Fig. 1A), a phtha-
lideisoquinoline alkaloid from opium, as a microtubule-inter-
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ABBREVIATIONS: 5-Br-nosc, 5-bromonoscapine; Rd 5-Br-nosc, reduced 5-bromonoscapine; FBS, fetal bovine serum; PIPES, piperazine-N,N�-
bis(2-ethanesulfonic acid); PBS, phosphate-buffered saline; PI, propidium iodide; DMSO, dimethyl sulfoxide; FITC, fluorescein isothiocyanate.
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