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Abstract. Cancer is a public health problem in the world 
and breast cancer is the most frequently cancer in women. 
Approximately 15% of the breast cancers are triple-negative. 
Apoptosis regulates normal growth, homeostasis, develop-
ment, embryogenesis and appropriate strategy to treat cancer. 
Bax is a protein pro-apoptotic enhancer of apoptosis in contrast 
to Bcl-2 with antiapoptotic properties. Initiator caspase-9 and 
caspase-8 are features of intrinsic and extrinsic apoptosis 
pathway, respectively. NF-κB is a transcription factor known 
to be involved in the initiation and progression of breast 
cancer. Noscapine, an alkaloid derived from opium is used 
as antitussive and showed antitumor properties that induced 
apoptosis in cancer cell lines. The aim of the present study was 
to determine the apoptotic effect of noscapine in breast cancer 
cell lines compared to breast normal cell line. Three cell lines 
were used: i) a control breast cell line MCF-10F; ii) a luminal-
like adenocarcinoma triple-positive breast cell line MCF-7; 
iii) breast cancer triple-negative cell line MDA-MB-231. Our 
results showed that noscapine had lower toxicity in normal cells 
and was an effective anticancer agent that induced apoptosis in 
breast cancer cells because it increases Bax gene and protein 
expression in three cell lines, while decreases Bcl-xL gene 
expression, and Bcl-2 protein expression decreased in breast 
cancer cell lines. Therefore, Bax/Bcl-2 ratio increased in the 
three cell lines. This drug increased caspase-9 gene expres-
sion in breast cancer cell lines and caspase-8 gene expression 
increased in MCF-10F and MDA-MB-231. Furthermore, it 
increased cleavage of caspase-8, suggesting that noscapine-
induced apoptosis is probably due to the involvement of 
extrinsic and intrinsic apoptosis pathways. Antiapoptotic gene 
and protein expression diminished and proapoptotic gene and 
protein expression increased noscapine-induced expression, 
probably due to decrease in NF-κB gene and protein expres-
sion and also by increase of IκBα gene expression induced by 
this drug.

Introduction

Cancer is a leading cause of death in both more and less 
economically developed countries; the burden is expected to 
grow worldwide due to the growth and aging of the popula-
tion and improvements in early detection and treatment (1). 
Cancer is a major public health problem in many parts of 
the world. It is currently the second leading cause of death in 
the United States (1,2). Breast cancer, is the most frequently 
occurring cancer in women and some cases show slow growth 
with excellent prognosis, while aggressive tumors have poor 
prognosis (1-3). Breast tumors have also been identified into 
different subtypes based on the expression of estrogen recep-
tors (ER), progesterone receptors (PR) and Her2 oncogene. 
The breast tumors that do not express ER, PR or Her2 are 
called triple-negative breast cancers and ~15% of the breast 
cancers fall into this category (3,4).

Apoptosis is a process of programmed cell death that 
occurs in response to environmental stimuli and normal 
growth and homeostasis, during development, embryogenesis, 
modification of normal tissues, and appropriate strategy for 
prevention and treatment of cancer (5,6). Bcl-2 protein family 
plays an important role in the survival or death of a cell and 
in recent years these proteins have been the target of many 
antitumor drugs (7). Bax is a protein pro-apoptotic that oper-
ates as an enhancer of apoptosis in contrast to Bcl-2 with 
antiapoptotic properties. The interactions between both in the 
cytosol and on mitochondria determine the fate of the cell for 
death or survival (8). Gene and protein expression of Bax in 
breast cancer cells increase sensitivity to apoptotic stimuli 
and decreases tumor enlargement while, Bcl-xL is another 
anti-apoptotic protein that inhibits apoptosis and stimulates 
the progress of breast cancer (6,7,9). In cancer cells, it has 
been demonstrated that the Bax/Bcl-2 ratio is diminished 
favoring the survival of cells, but treatment with anticancer 
drugs increased Bax/Bcl-2 ratio producing cell apoptosis by 
the intrinsic pathway (6,10-12).

Caspase activity has been related to the different pathways 
of apoptosis, caspase-8 and caspase-10 features of the extrinsic 
pathway, whereas caspase-9 of the intrinsic pathway. Caspase-8 
and caspase-9 (among others) are initiators of apoptosis and 
their activation triggers the caspase-3 effector, therefore, 
their increase stimulate apoptosis (5,13,14). On the contrary, 
nuclear factor kappa-light-chain-enhancer of activated B cells 
(NF-κB) is a pro-inflammatory and pro-survival transcription 
factor and it is known to be highly involved in the initiation and 
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progression of breast cancer. Dysregulation of NF-κB activity 
alters the expression of cell death-regulating genes, leading to 
the upregulation of antiapoptotic and pro-survival genes, such 
as members of the Bcl-2 family. Protein inhibitors of κB (IκB) 
suppress activation of NF-κB (15-17). The inhibitors include  
IκBα, IκBβ, IκBε and IκBζ.

Noscapine is a phthalideisoquinoline alkaloid derived 
from opium that has been used as an antitussive in humans 
and in animal experiments. Some studies have shown anxio-
lytic effects in mice. This is also a drug with low toxicity 
and good tolerance, animal studies showed a wide margin of 
safety in both acute and chronic treatment. Previous studies 
have shown that noscapine is also an agent with antitumor 
properties that produces alterations in cell cycle progression 
and consequently induces apoptosis in cell lines of different 
cancers (18-20). These features make it an attractive drug for 
the study in the management of breast cancer. The aim of the 
present study was to determine the effect of noscapine on gene 
and protein expression involved in apoptosis in breast cancer 
cell lines compared to a breast normal cell line.

Materials and methods

Cell lines and drug. In these studies three cell lines were used: 
i) a control epithelial cell line breast MCF-10F spontaneously 
immortalized; ii) a luminal-like adenocarcinoma triple posi-
tive cell line MCF-7; and iii) breast cancer triple-negative 
cell line MDA-MB-231. MCF-10F was grown in Dulbecco's 
modified Eagle's medium (DMEM)/F-12 (1:1) supplemented 
with antibiotics 100 U/ml penicillin, 100 µg/ml streptomycin, 
2.5 µg/ml amphotericin B (all from Life Technologies, Grand 
Island, NY, USA), 5% horse serum (Biofluids, Rockville, MD, 
USA), 10 µg/ml insulin (Sigma-Aldrich, St. Louis, MO, USA), 
0.5 mg/ml hydrocortisone (Sigma) and 0.02 µg/ml epidermal 
growth factor (Collaborative Research, Inc., Bedford, MA, 
USA) at the temperature of 37˚C and 5% concentration of 
CO2. MCF-7 cell line was cultivated in the Dulbecco's modi-
fied medium (Sigma-Aldrich, GmbH, Munich, Germany) 
supplemented with antibiotics 100 U/ml penicillin, 100 µg/ml 
streptomycin, 2.5 µg/ml amphotericin B and 10% fetal calf 
serum at the temperature of 37˚C and 5% concentration of CO2. 
MDA-MB-231 cell line was purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, usa) and was 
maintained DMEM supplemented with antibiotics 100 U/ml 
penicillin, 100 µg/ml streptomycin, 2.5 µg/ml amphotericin 
B and 10% fetal bovine serum (FBS) at the temperature of 
37˚C and 5% concentration of CO2. Noscapine (97% purity) 
was obtained from Sigma-Aldrich. The noscapine stock solu-
tion was prepared at 100 mM in dimethyl sulfoxide (DMSO) 
(Sigma) and kept at -20˚C until use.

MTT assay. The metabolic activity of living cells, as indicator 
of cell viability, was determined by 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The 
MCF-10F, MCF-7 and MDA-MB-231 cell lines were seeded 
in 24-well microplates (25x103 cells/well) and incubated in 
culture medium for 24 and 48 h at temperature 37˚C and 5% 
concentration of CO2. After incubation the cells were treated 
with 20, 40, 60, 80 and 100 µM of noscapine. Subsequently 
to the treatment of cells, reduction of MTT was determined 

following the manufacturer's instructions. The treatment 
groups were compared with the control group and the results 
were expressed as percentage of viable cells.

Western blotting. The cells were lysed with 1 ml of lysis 
buffer (Tris Base 50 mM at pH 7.2, 1 mM EDTA, 100 mM 
NaCl, 1 mM PMSF, 1 mM ortovanadate, 0.1% Triton X-100) 
and centrifuged at 10,000 rpm for 10 min. The supernatant 
with cellular proteins were dissolved in SDS-PAGE solu-
tion [Tris 60 mM to pH 6.5, 10% (w/v) glycerol, 5% (w/v) 
β-mercaptoethanol, 20% (w/v) SDS, and 0.025% (w/v) bromo-
phenol blue] and denatured by boiling (5 min) and the mixture 
(30 sec) was stirred. The total amount of protein in each lane 
was 30 µg determined by the use of bicinchoninic acid method 
(Bio-Rad Laboratories, Hercules, CA, USA) and BSA as stan-
dard, plus protein standard markers (Bio-Rad Laboratories). 
After fractionation by SDS-PAGE gels (7x14 cm), proteins 
were electro-transferred onto PVDF membrane (Amersham 
Biosciences, Buckinghamshire, UK) using a transfer appa-
ratus (Bio-Rad Laboratories). The transferred membranes 
were blocked for 2 h in 10% defatted milk-TBS-0.1% and then 
incubated for 2 h at room temperature with the corresponding 
primary antibody (1:200) Bcl-2 (C-2) sc-7382, Bax (N-20) 
sc-493, caspase-8 (8CSP03) sc-56070, NF-κB p52 (C-5) 
sc-7386 and β-actin (C4) sc-47778 followed by incubation 
with goat anti-mouse IgG-HRP sc-2302 or goat anti-rabbit 
IgG-HRP sc-2004 secondary antibody (1:5,000) in 5% milk 
dry defatted with TBS-0.1%-Tween. All steps were performed 
at room temperature. The cell transfers were tested with mouse 
anti-actin antibody as control. Immunoreactive bands were 
displayed using the ECL™ detection method Western Blotting 
detection reagent (Amersham Biosciences, Dübendorf, 
Switzerland) and exposing the membrane to X-ray film. The 
experiments were performed three times.

RNA extraction and cDNA synthesis. Total RNA was isolated 
using TRIzol reagent (Invitrogen Corp., Carlsbad, CA, USA) 
according to the manufacturer's recommendations. Total RNA 
(2 µg measured by spectrophotometry to 260 nm wavelength) 
was reverse-transcribed to cDNA using High capacity cDNA 
reverse transcription kit (Applied Biosystems, Carlsbad, CA, 
USA) and 10 units of RNase inhibitor (Applied Biosystems).

Differential display-reverse transcriptase-PCR (DD-RT-PCR). 
Two microliters (µl) were used from cDNA obtained in 23 µl 
containing PCR Nucleotide Mix (Promega, Madison, WI, 
USA) and 5 µM of each primer for the target genes Bax, Bcl-xL, 
caspase-8, caspase-9, NF-κB and IκBα. β-actin was used as 
reference gene. The reaction was performed in a Mastercycler 
personal (Eppendorf) with the following conditions: 94˚C 
for 10 min, followed by 25 cycles for melting temperature of 
each primer (Table I) for 30 sec, and 72˚C for 30 sec, to finish 
72˚C for 5 min (Table II). The PCR products were run on a 
2% (w/v) agarose gel with ethidium bromide (5 mg/ml) and 
photographed and then analyzed.

DNA fragmentation. The cell lines were lysed with 500 µl of 
lysis buffer (Tris-HCl 10 mM at pH 8.0, 10 mM EDTA, 0.5% 
Triton X-100) for 30 min on ice, followed by 1 h at 37˚C in 1 µl 
of ribonuclease A (10 mg/ml) (Sigma-Aldrich) and 2 h at 60˚C 
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with 25 µl of proteinase K (20 mg/ml). Then, 500 µl of basic 
phenol-chloroform (Winkler LTDA, Santiago, Chile) was 
added and centrifuged at 4˚C (13,200 rpm for 15 min). The 
supernatant was recovered and added with isopropanol over-
night at -20˚C. It was centrifuged to 13,200 rpm for 15 min at 
4˚C and the pellet was suspended in 30 µl of molecular water. 
The product was run on a 1.5% (w/v) agarose gel with 5 mg/ml 
ethidium bromide and photographed.

Statistical analysis. The results were expressed as the 
average ± standard error of the mean (SEM) and analyzed 
using one way ANOVA followed by Dunnet's test. The p-value 
<0.05 was considered significant. Inhibitor concentration at 
50% (IC50) was calculated by a non-linear regression curve 

using GraphPad Prism 6.0 for Windows (GraphPad Software, 
Inc., San Diego, CA, USA).

Results

The MTT assay was used to determine the effect of noscapine 
on cell viability in vitro. Noscapine effectively had a dose-
dependent cytotoxic effect after 24 and 48 h in MCF-10F, 
MCF-7 and MDA-MB-231 cell lines (Fig. 1). Noscapine had an 
IC50 of 58, 54 and 29 µM for MCF-10F, MCF-7 and MDA-MB-
231 cell lines at 24 h, respectively. The IC50 was of 53, 30 and 
20 µM for MCF-10F, MCF-7 and MDA-MB-231 cell lines at 
48 h, respectively. All the experiments were performed with 
their respective IC50 at 48 h for each cell line.

To determine whether apoptosis was the major mechanism 
of cell death induced by noscapine, internucleosomal DNA 
fragmentation was investigated in the three cell lines. Results 
showed that control cell lines did not present fragmentation. 
MCF-10F treated with noscapine did not show clearly ladder 
DNA fragmentation (Fig. 2A). However, results clearly showed 
that MCF-7, and MDA-MB-231 breast cancer cell lines (Fig. 2B 
and C) treated with noscapine had ladder DNA fragmentation. 

Results showed that noscapine significantly (p<0.001) 
increased Bax protein expression but there was no significance 
of Bcl-2 (Fig. 3A and B) in MCF-10F cell line when compared 
to their counterparts. Noscapine significantly (p<0.05) 
increased Bax protein expression and significantly (p<0.05) 
decreased of Bcl-2 in MCF-7 breast cancer cell line (Fig. 3C 
and D). Noscapine also significantly (p<0.05) increased Bax 
protein expression and it significantly (p<0.001) decreased 
Bcl-2 protein expression in MDA-MB-231 breast cancer cell 
line (Fig. 3E and F) in comparison to their counterparts.

Fig.  4A shows Bax/Bcl-2 ratio evaluated from protein 
expression in MCF-10F cells treated with noscapine. The drug 

Table I. Primers of genes selected for differential display conventional PCR analysis.

Gene name	 Primer sequencesa	 Product length (bp)b

Bax	 Forward: GCGAGTGTCTCAAGCGCATC
	 Reverse: CCAGTTGAAGTTGCCGTCAGAA	 143
Bcl-xL	 Forward: CTGAATCGGAGATGGAGACC
	 Reverse: TGGGATGTCAGGTCACTGAA	 211
Caspase-8	 Forward: CATCCAGTCACTTTGCCAGA
	 Reverse: GCATCTGTTTCCCCATGTTT	 128
Caspase-9	 Forward: CCAGAGATTGCGAAACCAGAGG
	 Reverse: GAGCACCGACATCACCAAATCC	 88
NF-κB (Rel A)	 Forward: ATCTGCCGAGTGAACCGAAACT
	 Reverse: CCAGCCTGGTCCCGTGAAA	 114
IκBα	 Forward: CTCCGAGACTTTCGAGGAAATAC
	 Reverse: GCCATTGTAGTTGGTAGCCTTCA	 135
β-actin	 Forward: ACTACCTCATGAAGATCCTC
	 Reverse: TAGAAGCATTTGCGGTGGACGATGG	 569

aSense and antisense used to generate a product, listed in a 5' to 3' orientation. bLength of the product of specific gene cDNA amplified by 
conventional PCR.

Table II. Protocol for PCR analysis.

Gene name	 Cycles no.	 PCR step	 Temperature/time

Bax	 25	 Annealing	 58˚C/30 sec
Bcl-xL	 25	 Annealing	 55˚C/30 sec
Caspase-8	 25	 Annealing	 55˚C/30 sec
Caspase-9	 25	 Annealing	 58˚C/30 sec
NF-κB 
(Rel A)	 25	 Annealing	 58˚C/30 sec
IκBα	 25	 Annealing	 55˚C/30 sec
β-actin	 25	 Annealing	 58˚C/30 sec

Every PCR initial cycle of 94˚C for 10 min was necessary to activate 
Taq polymerase, 94˚C for 30 sec for a DNA denaturation, 72˚C for 
30  sec for extension step and a final cycle of 72˚C for 5 min was 
utilized to complete the amplification produced.
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significantly (P<0.001) increased the ratio in this cell line from 
0.03 to 0.70 of the proapoptotic protein Bax in relation to an 
antiapoptotic protein Bcl-2. The MCF-7 cell line treated with 
noscapine also significantly (p<0.001) increased the Bax/Bcl-2 
ratio from 0.71 to 1.08 as seen in Fig. 4B. Results showed that 
noscapine significantly (p<0.001) increased Bax/Bcl-2 ratio 
from 0.99 to 3.64 in MDA-MB-231 cells (Fig. 4C).

Studies on gene expression showed that noscapine-treated 
MCF-10F cells significantly (p<0.05) increased Bax, caspase-8 
and IκBα (Fig. 5). However, there was no change in Bcl-xL, 
caspase-9 and NF-κB by the effect of this drug. Fig. 6 shows that 
noscapine significantly (p<0.05) increased Bax, caspase-9 and 
IκBα, gene expression while significantly (p<0.05) decreased 

the levels of Bcl-xL and NF-κB in MCF-7. Caspase-8 did not 
show any significance by the effect of noscapine. Furthermore, 
noscapine treated- MDA-MB-231 cells significantly (p<0.05) 
increased Bax, caspase-8, caspase-9 levels of gene expression, 
but IκBα was not significantly different from its counterparts. 
Noscapine significantly (p<0.05) decreased Bcl-xL and NF-κB 
gene expression in MDA-MB-231 cells as observed in Fig. 7A 
and quantified in Fig. 7B. As shown in Fig. 8 noscapine-treated 
cell lines exhibited increased cleavage of caspase-8 into cleaved 
caspase-8 in MCF-7 and MDA-MB-231 compared to their 
respective controls. MCF-10F cell line did not show cleavage.

Fig. 9 shows NF-κB (p52) protein expression that signifi-
cantly (p<0.05) increased in MCF-10F cells by noscapine and 

Figure 1. Cell viability effects of noscapine in cell lines. (A) MCF-10F, (B) MCF-7 and (C) MDA-MB-231 were exposed to different doses of noscapine 
(0-100 µM) and incubated for 24 and 48 h, then determined by using the MTT assay and an automated cell counter. Bars represent the mean ± SEM of three 
independent experiments.

Figure 2. Internucleosomal DNA fragmentation in (A) MCF-10F, (B) MCF-7 and (C) MDA-MB-231 cell lines treated with noscapine (53, 30 and 20 µm, 
respectively) evaluated after 48 h. 
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decreased NF-κB (p100) protein expression when compared to 
its counterparts. After treatment with noscapine, MCF-7 and 
MDA-MB-231 cell lines significantly (p<0.05 and p<0.001, 
respectively) decreased the levels of both p100 and p52 
(Fig. 9C-F).

Discussion

Our results showed that noscapine had a dose-dependent 
cytotoxic effect after 24 and 48  h in the three cell lines. 

The IC50 demonstrated that noscapine had specific cytotoxic 
effect in MCF-7 and MDA-MB-231 breast cancer cell lines 
requiring higher doses in MCF-10F normal cell line. It was 
also demonstrated that triple-negative cells MDA-MB-231 
was more sensitive than triple-positive MCF-7 cells in treat-
ment with noscapine which agrees with the results of other 
studies (21,22). Noscapine provides promise as an effective 
anticancer agent with lower toxicity on normal cells.

Internucleosomal DNA fragmentation was investigated 
in the three cell lines to determine whether apoptosis was 

Figure 3. Western blot analysis performed to analyze the expression of Bax and Bcl-2 proteins in (A) MCF-10F, (C) MCF-7 and (E) MDA-MB-231 cell lines 
treated with noscapine evaluated at 48 h. β-actin was used as control for loading. Western blot results of MCF-10F, MCF-7 and MDA-MB-231 (B, D and 
F, respectively) were quantified with Adobe Photoshop program and were expressed as average density to β-actin. Bars represent the mean ± SEM of three 
independent experiments. (*p<0.05, **p<0.01 and ***p<0.001 vs. control cells).

Figure 4. Ratio Bax/Bcl-2 from expression protein in (A) MCF-10F, (B) MCF-7 and (C) MDA-MB-231 cell lines. Bars represent the mean ± SEM of three 
independent experiments (*p<0.05, **p<0.01 and ***p<0.001 vs. control cells).
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Figure 5. (A) Effect of noscapine on Bax, Bcl-xL, caspase-8, caspase-9, NF-κB and IκBα gene expression by conventional PCR in MCF-10F cell line treated 
with noscapine (53, 30 and 20 µm, respectively) evaluated after 48 h. (B) The conventional PCR results was quantified with Adobe Photoshop program and 
were expressed as average density to β-actin. Bars represent the mean ± SEM of three independent experiments. (*p<0.05, **p<0.01 and ***p<0.001 vs. control 
cells).

Figure 6. (A) Effect of noscapine on Bax, Bcl-xL, caspase-8, caspase-9, NF-κB and IκBα gene expression by conventional PCR in MCF-7 cell line treated 
with noscapine (53, 30 and 20 µm, respectively) evaluated at 48 h. (B) The conventional PCR results was quantified with Adobe Photoshop program and were 
expressed as average density to β-actin. Bars represent the mean ± SEM of three independent experiments. (*p<0.05, **p<0.01 and ***p<0.001 vs. control cells).

Figure 7. (A) Effect of noscapine on Bax, Bcl-xL, caspase-8, caspase-9, NF-κB and IκBα gene expression by conventional PCR in MDA-MB-231 cell line 
treated with noscapine (53, 30 and 20 µm, respectively) evaluated at 48 h. (B) The conventional PCR results were quantified with Adobe Photoshop program 
and were expressed as average density to β-actin. Bars represent the mean ± SEM of three independent experiments. (*p<0.05, **p<0.01 and ***p<0.001 vs. 
control cells).
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the major mechanism of cell death induced by noscapine. 
Internucleosomal DNA fragmentation was observed in the 
three cell lines studied. These results showed that cytotoxic 
effect of noscapine was mediated by apoptosis, being clearly 
observed on breast cancer cells. Previous research have shown 
that noscapine induced apoptosis in vitro in various types of 
cancer such as ovarian, neuroblastoma, colon, prostate and 
breast cancer among others (18,20,23,24).

Noscapine increased Bax protein expression and there was 
no significance of Bcl-2 in MCF-10F cell line when compared 

to their counterparts. This drug increased Bax protein expres-
sion and decreased Bcl-2 in MCF-7 and MDA-MB-231 breast 
cancer cell lines in comparison to their counterparts. Similar 
results were observed by other researchers and were related with 
Bax/Bcl-2 ratio (23,25). Bax/Bcl-2 ratio was evaluated from 
protein expression in MCF-10F cells treated with noscapine 
and increased ratio from 0.03 to 0.70 of Bax was found in rela-
tion to Bcl-2. The MCF-7 and MDA-MB-231 cells increased 
the ratio from 0.71 to 1.08 and from 0.99 to 3.64, respectively. 
The decrease in ratio Bax/Bcl-2 is characteristic of cancer 

Figure 8. Effect of noscapine on cleavage of caspase-8 in MCF-10F, MCF-7 and MDA-MB-231 cell lines treated with noscapine (53, 30 and 20 µm, respec-
tively) evaluated by western blot analysis at 48 h. β-actin was used as control for loading.

Figure 9. Western blot analysis was performed to analyze the expression of NF-κB (p100/p52) in (A) MCF-10F, (C) MCF-7 and (E) MDA-MB-231 cell lines 
treated with noscapine (53, 30 and 20 µm, respectively) evaluated at 48 h. β-actin was used as control for loading. Western blot results of MCF-10F, MCF-7 and 
MDA-MB-231 (B, D and F, respectively) were quantified with Adobe Photoshop program and were expressed as average density to β-actin. Bars represent the 
mean ± SEM of three independent experiments. (*p<0.05, **p<0.01 and ***p<0.001 vs. control cells).
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cells where proapoptotic proteins are diminished compared to 
antiapoptotic proteins suggesting that mitochondrial apoptosis 
pathway is suppressed as indicated in other studies in different 
types of cancer cells by several authors (20,23,25). Noscapine-
treated cells increased the expression of pro-apoptotic genes 
and decreased anti-apoptotic gene expression. This finding 
was consistent with the expression of proteins, suggesting that 
apoptosis induced by noscapine was due to the increase of gene 
expression of Bax and the decrease of Bcl-xL gene expression.

Caspase-9 gene expression increased in MCF-7 and 
MDA-MB-231 cancer cell lines after treatment with noscapine 
when compared to its counterpart. Caspase-8 increased gene 
expression in MCF-10F and MDA-MB-231 but not in MCF-7. 
Based on these data, it can be assumed that noscapine-induced 
apoptosis is probably due to the involvement of caspase-8 
and caspase-9, activating the extrinsic and intrinsic apoptosis 
pathways as reported previously (26-28). Noscapine exhibited 
an increased cleavage of caspase-8 into cleaved caspase-8 
in MCF-7 and MDA-MB-231 compared to their respective 
controls. MCF-10F cells did not show any cleavage. Studies 
have shown that NF-κB plays an important role on gene expres-
sion that regulates cell death, leading to the upregulation of 
antiapoptotic and pro-survival genes, such as members of the 
Bcl-2 family and inhibitor apoptosis proteins. Anti-apoptotic 
genes and proteins increased in breast cancer cell lines medi-
ated by NF-κB as well as decreased proapoptotic gene and 
protein expression (29-31).

Our results showed that antiapoptotic gene and protein 
expression diminished by the effect of noscapine, and 
proapoptotic gene and protein expression increased. Both 
effects probably are due not only to decreased NF-κB gene 
and protein expression, but also to increase of IκBα induced 
by noscapine, which suppresses activation of NF-κB. Thus, 
our results showed that NF-κB gene and protein expres-
sion increased in MCF-7 and MDA-MB-231 compared 
to MCF-10F cell line, but noscapine treatment induced a 
decrease in MCF-7 and MDA-MB-231 breast cancer cell lines 
compared to its counterparts. The translocation of NF-κB to 
the nucleus is preceded by degradation of IκBα which is an 
inhibitor of NF-κB (15,16,29,32). The present results showed 
that noscapine increased IκBα gene expression in MCF-10F 
and MCF-7 in comparison to its counterparts. Furthermore, 
previous studies have shown high levels of NF-κB polypeptides 
(both p100 and p52) in mammary carcinoma cell lines and 
primary tumors compared to normal breast cells (17,33,34). 
These results with noscapine in breast cancer cell lines are the 
first to be published; however, studies have been reported in 
other cancers (22,32).

We conclude that noscapine selectively induced apoptosis 
in breast cancer cell lines, with little effect in normal breast 
cell line and with stronger effect on triple negative breast 
cancer cell line, possible through IκBα which inactivates 
NF-κB, triggering the expression of genes and proteins and 
favoring intrinsic and extrinsic apoptosis pathways.
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