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ABSTRACT

AIM: Noscapine, a naturally occurring alkaloid obtained from opium poppy, is a microtubule-targeting agent.
This study is aimed to investigate the effects of noscapine on human breast cancer cell lines by comparing

them with those of tamoxifen and docetaxel.

METHODS: MCF-7 and MDA MB-23 cell lines were used to observe the effects of docetaxel, tamoxifen,
and noscapine on cell proliferation. For each drug, cell blocks were prepared from cultured cells treated with
IC50 dose of each drug and these were examined histologically. The expressions of Ki-67, Bcl-2, BAX, and

cyclin-D1 were assessed immunohistochemically.

RESULTS: Although noscapine showed cytotoxic effects on both cell lines in a time and dose dependent
manner, MDA-MB-231 cells were more susceptible to its effects. Noscapine inhibited MCF-7 and MDA-
MB-231 cells proliferation in vitro with IC50 value of 29 uyM and 69 uM, respectively, which was comparable
with IC50 of tamoxifen (40 uM and 50 yM) and docetaxel (43 nM and 32 nM). Noscapine showed anti-
proliferative effects by decreasing Ki-67, cyclin-D1 and apoptotic effects by increasing BAX/Bcl-2 ratio in both
breast cancer cells. Its effect was comparable with tamoxifen and docetaxel.

CONCLUSION: Noscapine may be a good chemotherapeutic agent for the treatment of breast cancer,
especially in estrogen receptor-negative breast cancer (Tab. 2, Fig. 7, Ref. 40). Text in PDF www.elis.sk.
KEYWORDS: breast neoplasms, docetaxel, immunohistochemistry, MCF-7 cells, noscapine, tamoxifen.

Introduction

Breast cancer is the most common type of cancer in women,
and its prevalence is gradually increasing every year. The second
most common cause of cancer death in women is breast cancer
after cervical cancer in developing countries, while in the devel-
oped countries, it is the most common cancer (1). There are sev-
eral types of breast tumors according to the histological features
including ductal carcinoma in situ, lobular carcinoma in situ, in-
vasive ductal carcinoma, invasive lobular carcinoma, mucinous
carcinoma, and papillary carcinoma. The invasive ductal carci-
noma is the most common histological subtype of breast cancer
(2). Depending on cellular and molecular heterogeneity, the breast
tumors have various expression patterns of estrogen receptor (ER),
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progesterone receptor (PgR), and human epidermal growth factor
receptor 2 (HER2; Human Genome Organisation, HUGO nomen-
clature ERBB2) (3).

In breast cancer, main therapeutic strategies are surgery, ra-
diotherapy, adjuvant chemotherapy, and hormonotherapy (4). Ap-
proximately 70% of breast cancers are hormone receptor-positive
and antiestrogen treatment strategies are recommended for this
type of breast cancer (5). Highly effective estrogen antagonists,
such as tamoxifen, are commonly used for the treatment of hor-
mone-sensitive breast tumors (6). However, the loss of hormone
receptors due to genetic variation of tumor cells or overexpres-
sion of drug efflux pumps lead to the development of resistance
against hormone antagonists as well as other chemotherapeutic
agents (7). On the other hand, approximately 10-17 % of breast
cancers are negative for ER, PgR, and HER2 expressions. These
breast cancers are referred to as triple negative breast cancer
(TNBC). TNBC is a most aggressive breast tumor and an impor-
tant clinical problem because of their relatively poor prognosis,
aggressive behavior and lack of targeted therapies (8, 9). TNBCs
are often unresponsive to endocrine agents such as tamoxifen
and less responsive to standard adjuvant therapy. Furthermore,
no specific targeted therapy for improving the prognosis and sur-
vey is available in patients with TNBC (10). A promising target
for the treatment of these tumors are the microtubule-interfering
agents such as taxanes and vinca alkaloids (11). However, these
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cancers are highly resistant to chemotherapeutic approach be-
cause of drug resistance due to mutations. Therefore, alternative
strategies have been developed against this heterogeneous group
of breast cancer (12, 13).

Despite the currently used treatment strategies, there is still
no effective cure for patients with breast cancer, especially hor-
mone-resistant breast cancer (14). Therefore, the discovery and the
development of more efficacious and less cytotoxic drugs would
improve survival outcome of patients with breast cancer. Noscap-
ine is a naturally occurring phthalideisoquinoline alkaloid obtained
from opium poppy, orally available, antitussive drug (15). In 1954,
noscapine was found to display cytotoxic in vitro activity (16).
However, in a subsequent study, it failed to show any considerable
in vivo anti-tumour effects (17). Thus, further studies were not car-
ried out to investigate its effect on treating cancer and noscapine
was ignored for 40 years until rediscovering its anticancer effects
by Joshi et al (18). They found that noscapine binds to tubulin,
alters its conformation, suppresses the dynamics of microtubule
assembly, and blocks cell cycle progression at mitosis followed
by apoptotic cell death. Furthermore, in a subsequent study, they
reported that compared with other microtubule drugs, noscapine
also showed little or no toxicity to body organs and inhibited no
primary humoral immune responses in mice (19). Further studies
have shown that noscapine inhibits the growth of various cultured
tumor cells and tumors implanted in nude mice (20-22).

Anticancer effect of noscapine has been reported by several
previous studies on breast cancer, yet, according to the best of
our knowledge, no studies have explored the anticancer effect of
noscapine as well as itsmechanisms by comparing it with those
of docetaxel and tamoxifen. Therefore, in this study, we aimed to
investigate the effects of noscapine on hormone-sensitive MCF-7
and hormone-insensitive MDA-MB-231 human breast cancer cell
lines. In the light of the potential therapeutic effects of noscapine, it
is important to clarify the effect mechanisms of these compounds.
Thus, histopathological examinations and immunohistochemical
staining methods were used to understand the underlying mo-
lecular effect mechanisms of noscapine in this study. In addition,
the effects of noscapine were also compared with those of anti-
estrogenic drug tamoxifen and anti-microtubule drug docetaxel.

Materials and methods

Chemicals

Chemical compounds studied in this article: Noscapine (Pub-
Chem CID: 275196), Docetaxel (PubChem CID: 148124), Tamoxi-
fen (PubChem CID: 2733525)

Noscapine, tamoxifen and docetaxel were purchased from
Sigma-Aldrich (Sigma-Aldrich Co LLC, St.Louis, MO, USA).
The noscapine, tamoxifen and docetaxel were dissolved in DMSO
(Sigma-Aldrich). Noscapine and tamoxifen stored as 1000 umol/L
and docetaxel stored as 1000 nmol/L stock solutions at 80 °C until
use. For all in vitro assays, the compounds were diluted to con-
centrations ranging from 12.5 pmol/L to 100 pmol/L for noscap-
ine and tamoxifen, and 12.5 nmol/L to 100 nmol/L for docetaxel.
The human breast cancer cell lines, MDA-MB-231 and MCF-7,
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were obtained from American Type Culture Collection (ATCC,
Manassas, VA, USA).

Cell lines and cell cultures

The human breast cancer cell lines, MCF-7 and MDA MB-
23, were used to observe the effects of docetaxel, tamoxifen, and
noscapine on cell proliferation and estimate IC50 values. The MCF-
7 and MDA-MB-231 cell lines were cultured following the recom-
mend protocols from American Type Culture Collection (ATCC,
Manassas, VA, USA). The cells were cultured in 10% fetal bovine
serum containing Dulbecco’s Modified Eagle Medium (DMEM,
Sigma-Aldrich) at 37 °C in a humidified atmosphere containing
5 % CO,. The cell culture media contained antibiotic solution of
penicillin (5,000 U/mL), streptomycin (0.1 mg/mL), and neomycin
(0.2 mg/mL). After seeding the cell suspensions in DMEM into the
plate, cells were monitored every 15 min at a period of 72 h (MCF-
7), 56 h (MDA MB-231) for docetaxel, 48 h (MCF-7 and MDA
MB-231) for tamoxifen, and 70 h (MCF-7 and MDA MB-231)
for noscapine. Twenty-four h after seeding, the cells were treated
with 4 different doses of docetaxel, tamoxifen, and noscapine.

Cell viability assay

The cytotoxic effects of docetaxel, tamoxifen, and doscapine
on the breast cancer cell lines (MCF-7 and MDA-MB-231) were
analyzed by xCELLigence system (Roche Diagnostics GmbH,
Penzbeerg, Germany) and the IC50 values were obtained from
xCELLigence system (Roche Diagnostics).

Preparation of cell blocks

For each drug, cell blocks were prepared from cultured cells
treated with the IC50 dose of each drug. Cultured cells were har-
vested using a sterile cell scraper without enzymatic treatment.
Culture supernatant was removed and discarded. Cells were fixed
using 90 % ethyl alcohol and 10 % neutral buffered formalin for
30 min at room temperature. Then, cells were transferred into a
sterile conical eppendorf tube and centrifuged at 2000 x rpm for
5 min. The pellet from the bottom of the tube was blocked into
a cassette using a cytoblock kit (Shandon Cytoblock Cell Block
Preparation System, Thermo Fisher Scientific Inc., Cheshire, UK).
The blocked cassette was fixed using 10 % neutral buffered for-
malin for 12 h at room temperature, then embedded in paraffin.

Histopathological and immunohistochemical stainings
Formalin-fixed paraffin-embedded breast cancer cells were ex-
amined histopathologically using haematoxylin and eosin (H&E)
stain. Cell blocks were sectioned at a 4-um thickness using a semi-
automated rotary microtome (Leica RM2245, Leica Microsystems
Inc., Bannockburn, IL, USA). The sections were stained with hema-
toxylin and eosin (H&E) with an automated side stainer and cover
slipper (Tissue-Tek Prisma/Film, Sakura Finetek Inc., CA, USA).
Then, the slides were examined under a light microscope (Olympus
BXS51, Tokyo, Japan). Formalin-fixed paraffin-embedded blocks
were sectioned (4-um thick) for immunohistochemical analysis.
Immunohistochemical staining was performed on an automated im-
munohistochemistry slide staining system (Roche Ventana Bench-
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Mark GX, Ventana Medical Systems, Inc., Tucson, AZ, USA). Ki-
67 (rabbit monoclonal primary antibody, clone 30-9, Roche), Bcl-2
(rabbit monoclonal primary antibody, clone SP66, Roche), Cyclin-
D1 (rabbit monoclonal primary antibody, clone SP4-R, Roche),
and BAX (rabbit polyclonal primary antibody, Dako) were ana-
lyzed on whole formalin-fixed paraffin-embedded cell block sec-
tions. For negative controls, the primary antibodies were omitted.

Assessment of H&E and immunohistochemical stainings

Untreated cells were used as control. H&E-stained slides
were examined under a light microscope (Olympus BX51). The
numbers of cells were counted from randomly selected 10 fields
under x 400 magnification and mean of counted cells from 10
fields were calculated. The immunohistochemical expressions of
the analyzed proteins (Ki-67, Bcl-2, BAX, and cyclin-D1) were
assessed under a light microscope (Olympus BX51). The number
of positive cells per 100 was calculated from randomly selected
fields. Quantification of the analyzed proteins was peformed by
using the percentage of positive cells.

Statistical analysis

Statistical analyses were performed using GraphPad Prism
version 6.05 (GraphPad Software, Inc., CA, USA). The compari-
sons of histopathological and immunohistochemical scoring values
were analyzed using Chi-square test. A p < 0.05 was considered
statistically significant.

Results

Cytotoxic and antiproliferative effect of noscapine on MCF-7 and
MDA-MB-231 cell lines

All examined drugs inhibited the proliferation of cell lines in a
time- and dose-dependent manner and all drugs showed cytotoxic

effects on both cell lines. IC50 values for examined drugs were
calculated for both cell line types. The cell viability assays showed
that IC50 value of noscapine was lower for MCF-7 cells (29 uM
at 66 h) in comparison with MDA MB-231 cells (69 uM at 66 h)
(Figs 1A-B). IC50 value of tamoxifen was lower for MCF-7 cells
(40 uM at 41 h) in comparison with MDA MB-231 cells (50 uM
at45 h) (Figs 1A-B). IC50 value of docetaxel was lower for MDA
MB-231 cells (32 nM at 60 h) in comparison with MCF-7 cells
(43 nM at 40 h) (Figs 1A-B). The H&E staining examinations re-
vealed that MCF-7 cells showed less susceptibility to noscapine
and docetaxel. Noscapine caused a greater decrease in the number
of MDA-MB-231 cells compared to the number of MCF-7 cells
in H&E stained slides. The MCF-7 cells were more susceptible
to tamoxifen which caused a greater decrease in the number of
MCF-7 cells compared to the number of MDA-MB-231 cells
(Figs 2A-B, 3A-B). Immunohistochemical examinations demon-
strated that noscapine and docetaxel caused a greater decrease in
the percentage of Ki-67 and cyclin-D1-positive MDA-MB-231
cells compared to the percentage of Ki-67-positive MCF-7 cells.
Tamoxifen caused a greater decrease in the percentage of Ki-67
and cyclin-D1-positive MCF-7 cells (Figs 2A-B, 4A-B, 5A-B).
Thus, noscapine and docetaxel had a greater anti-proliferative
effect on MDA-MB-231 cells, whereas, tamoxifen had a greater
anti-proliferative effect on MCF-7 cells.

ApoptoticeffectofnoscapineonMCF-7and MDA-MB-231celllines

Noscapine and docetaxel caused a greater decrease in the
percentage of Bcl-2-positive MDA-MB-231 cells and a great-
er increase in the percentage of BAX-positive MDA-MB-231
cells. Tamoxifen caused a greater decrease in the percentage of
Bcl-2-positive and a grater increase in the percentage of BAX-pos-
itive MCF-7 cells (Figs 2A-B, 6A-B, 7A-B). Thus, while noscap-
ine and docetaxel had a greater apoptotic effect on MDA-MB-231
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Fig. 1. A. The proliferation graph of MCF-7 cells treated with docetaxel, tamoxifen, and noscapine. B. The proliferation graph of MDA-MB-231

cells treated with docetaxel, tamoxifen, and noscapine.
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Fig. 2. A. The percentage of Ki-67, Bcl-2, BAX, cyclin-D1 positive MCF-7 cells and the number of MCF-7 cells in H&E stained slides. B. The
percentage of Ki-67-, Bcl-2-, BAX-, and cyclin-D1-positive MDA-MB-231 cells and the number of MDA-MB-231 cells in H&E stained slides.

cells than on MCF-7 cells, tamoxifen had a greater apoptotic ef-
fect on MCF-7 cells.

The differences among untreated cells and examined drug-treated
cells for histopathological and immunohistochemical scoring values

In both cell lines, the differences among untreated cells and ex-
amined drug-treated cells for histopathological and immunohisto-
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chemical scoring values are demonstrated in Table 1. The compari-
son of H&E (p < 0.001, MCF-7; p <0.001, MDA-MB-231), Bcl-2
(p<0.001, MCF-7; p < 0.001, MDA-MB-231), BAX (p < 0.001,
MCF-7;p<0.001, MDA-MB-231), BAX/Bcl-2 (p <0.001, MCF-
7;p<0.001, MDA-MB-231), Ki-67 (p <0.001, MCF-7; p<0.001,
MDA-MB-231), and cyclin-D1 (p < 0.001, MCF-7; p < 0.001,
MDA-MB-231) scoring values by Chi-square test demonstrated
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Flg 3. A Photomlcrograph showmg H&E stained untreated, docetaxel-treated, tamoxden-treated and noscapine- treated MCEF-7 cells. B. Pho-
tomicrograph showing H&E stained untreated, docetaxel-treated, tamoxifen-treated, and noscapine-treated MDA-MB-231 cells (H&E x 400).
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Fig. 4. A. Photomlcrograph showing Ki-67 positive untreated, docetaxel-treated, tamoxifen-treated, and noscapine-treated MCF-7 cells. B. Pho-
tomicrograph showing Ki-67-positive untreated, docetaxel-treated, tamoxifen-treated, and noscapine-treated MDA-MB-231 cells (Ki-67 x 400).
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Fig. 5. A. Photomicrograph showing Bcl-2 posmve untreated, docetaxel-treated, tamoxifen-treated, and noscapine- treated MCEF-7 cells. B. Pho-
tomicrograph showing Bcl-2-positive untreated, docetaxel-treated, tamoxifen-treated, and noscapine-treated MDA-MB-231 cells (Bcl-2 x 400).
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Fig. 7. A. Photomicrograph showing cyclin-D1 positive untreated, docetaxel-treated, tamoxifen-treated, and noscapine-treated MCF-7 cells.
B. Photomicrograph showing cyclin-D1-positive untreated, docetaxel-treated, tamoxifen-treated, and noscapine-treated MDA-MB-231 cells

(Cyclin-D1 x 400).

significant differences among untreated cells, docetaxel-, tamoxi-
fen-, and noscapine-treated cells. In addition, we compared the
examined drug-treated cells without untreated cells for histopath-
ological and immunohistochemical scoring values (Tab. 2). The
comparison of H&E (p=0.03, MCF-7; p<0.001, MDA-MB-231),
Bcl-2 (p = 0.03, MCF-7; p = 0.003, MDA-MB-231), BAX (p =
0.17, MCF-7; p<0.001, MDA-MB-231), BAX/Bcl-2 (p <0.001,
MCF-7; p <0.001, MDA-MB-231), Ki-67 (p = 0.004, MCF-7; p
<0.001, MDA-MB-231), and cyclin-D1 (p < 0.001, MCF-7; p <
0.001, MDA-MB-231) scoring values showed significant differ-
ences among docetaxel-, tamoxifen-, and noscapine-treated cells.

Discussion

To our knowledge, this is the first study that demonstrates the
effectiveness of noscapine against human estrogen receptor-positive
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(MCF-7) and receptor-negative (MDA-MB-231) breast cancer cell
lines by comparing it with that of tamoxifen and docetaxel. Cyto-
toxic effects of noscapine were evident via cell viability assays. The
findings obtained from cell viability assays revealed that noscapine
had a significant anti-proliferative effect on MCF-7 and MDA-
MB-231 human breast cancer cell lines. However, the pattern of
cytotoxicity in these two cell lines was different and the cytotoxic
activity of noscapine was dependent on time, dose, type and sen-
sitivity of cancer cells. We demonstrated that noscapine inhibits
MCF-7 and MDA-MB-231 cells in vitro proliferation with IC50
value of 29 uM and 69 pM, respectively, which was comparable
with IC50 of tamoxifen (40 pM and 50 uM) and docetaxel (43 nM
and 32nM). The histopathologic and immunohistochemical exami-
nation of cancer cells corroborated the cell viability assay results.
Histopathologic and immunohistochemical examination revealed
that noscapine had apoptotic and as well as antiproliferative effects
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on both breast cancer cells. These findings suggest that noscapine
can inhibit the cellular proliferation and induce apoptosis of breast
cancer cells irrespective of their receptor status. Therefore, noscap-
ine may be an effective anticancer agent due to antiproliferative as
well as apoptotic effects in the treatment of breast cancers.
Despite recent advances in treatment, breast cancer is still the
leading cause of death by cancer in women worldwide. The etiol-
ogy of this neoplasm is complex and genetic factors contribute to
is complex etiology (23). Therefore, cancer studies are focused
on finding novel anticancer agents with greater efficacy and lesser
side effects in the cure of breast cancer. The effectiveness of mi-
crotubule-interfering agents in cancer therapy has been validated
by the use of taxanes and vinca alkaloids for the treatment of a
variety of cancers (24). The clinical usage of taxanes has been
limited by the emergence of drug-resistance and toxicities. Fur-
thermore, currently available anti-microtubule drugs have to be
infused intravenously during extended period of time due to the
use of cremophor as a vehicle to minimize the risk of hypersensi-
tivity reaction (24, 25). For these reasons, there is still the need for
discovering novel microtubule-targeting drugs with lower toxicity
and higher efficacy in the treatment of breast cancers.
Noscapine, a phthalideisoquinoline alkaloid of opium, is a
drug with low toxicity, very few side effects, and good tolerance
(15, 17, 19). The discovery of noscapine as a potent antitumor
agent was surprising, because noscapine has been used medici-
nally as an antitussive. Noscapine binds tubulin subunits, alters
the tubulin assembly, arrests cells in mitosis and causes apoptosis
in cycling cells. Rather than affecting microtubule polymerization,
noscapine alters steady-state dynamics of microtubule assembly,
while lengthening the time that microtubules spend in an attenu-
ated state (26). It has been found that even at high concentrations,
noscapine did not alter the tubulin polymer/monomer ratio in HeLa
cells (27). This weak interaction makes it safer to use than other
microtubule-targeting agents (14). As noscapine is water-soluble
and absorbed after oral administration, it has advantage over many
other drugs for cancer therapy (15, 18). Noscapine is distinguished
from other microtubule-targeted agents by its lack of considerable
cytotoxicity to normal cells (28). In a recent study by Quisbert-
Valenzuela et al (29), the apoptotic effect of noscapine on breast
cancer cell lines (MCF-7, MDA-MB-231) was investigated by
comparing it to that on a normal breast cell line (MCF-10F). Their
results revealed that noscapine had lower toxicity in normal cells
and was an effective anticancer agent. In another study (30), selec-
tive cytotoxic and apoptotic effects of noscapine were investigated
on HT29, T47D and HT1080 cancer cell lines by comparing them
with that on NIH3T3 non-cancerous cells. Noscapine had dose-
dependent selective cytotoxic and apoptotic effects on cancer cell
lines and no cytotoxic effect on noncancerous NIH-3 T3 cells. The
authors commented that noscapine acts by a mechanism of kinetic
stabilization by binding to a different site of tubulin when compared
to other known tubulin-binding agents and although noscapine’s
binding to tubulin site is not very strong, micromolar concentra-
tions are adequate to arrest the cell cycle. Therefore, this feature
may explain the selective cytotoxicity of noscapine. In a number
of studies, anti-proliferative effect of noscapine on various cancer

types including many drug-resistant variants have been reported
(19-22,24,25,31-34). The antimitotic effect of noscapine triggers
cell apoptosis in cancer cells, the mechanism of which is poorly
understood (14). Apoptotic effects of noscapine on tumor cells
have been previously documented in several studies (7, 19, 29,
34-36). Currently, clinical trials have been conducted on treating
non-Hodgkin’s lymphoma, chronic lymphocytic leukemia, and
multiple myeloma with noscapine (37, 38).

In agreement with the findings of this study, the antitumor ef-
fect of noscapine and noscapine analogs in breast cancer has been
previously reported by several studies(7,18,22,39,40). In a study
by Aneja et al (7), a synthetic analogue of noscapine, 9-bromono-
scapine, inhibited cell proliferation and induced apoptosis follow-
ing G-M arrest in MDA-MB-231 and MCF-7 human breast cancer
cells ina dose-dependent manner. The 9-bromonoscapine analogue
increased BAX levels, decreased Bel-2 levels and Bel-2/BA X ratio.
In addition, 9-bromonoscapine significantly inhibited growth of
human breast (MDA-MB-231) xenograft tumor implanted in nude
mice, without any detectable toxicity in tissues. In another similar
study (18), noscapine inhibited cell proliferation in MCF-7 breast
cancer cells and the IC50 value was 42 uM. Furthermore, noscap-
ine regressed the size of human breast (MCF-7) xenograft tumor
implanted in nude mice by inducing apoptosis. Chougule et al (22)
reported that noscapine inhibited proliferation of MDA-MB-231
and MDA-MB-468 cells with the IC50 values of 36 and 42 uM,
respectively. In addition, oral administration of noscapine reduced
the tumor volume by decreasing the expression of anti-apoptotic
genes and increasing that of apoptotic genes in MDA-MB-231 xe-
nografts, without any weight loss or other signs of toxicity in mice.
In another study (39), noscapine inhibited proliferation of MCF-7
and MDA-MB-231 cells with the IC50 values of 15 and 20 pM, re-
spectively in a dose-dependent manner. Furthermore, noscapine had
a greater cytotoxic effect on breast cancer stem cells derived from
both cell lines compared with their parental cells and cancer stem
cells were more sensitive to noscapine in comparison with the whole
population in both cell lines. The apoptotic effect of noscapine on
MDA-MB-231 cancer stem cells was greater than on parent cells,
whereas the MCF-7 cancer stem cells were less affected than parent
cells. In another study, halogenated noscapine analogs inhibited the
proliferation of breast cancer cells (MCF-7, MDA-MB-231) (40).

In conclusion, we suggest that noscapine inhibits the cellular
proliferation and induces apoptosis in both hormone-insensitive
and hormone-sensitive breast cancer cells. , However, it has a
more profound effect on hormone-insensitive breast cancer cells.
Thus, noscapine may be a good chemotherapeutic agent for the
treatment or clinical management of breast cancer, especially
hormone-insensitive breast cancer.
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