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ABSTRACT 

Breast cancer remains as a major cause 

of cancer related deaths in women 

worldwide which accounts for about 25% 

of all cancers. Gradual increment in 

mortality rate of breast cancer can be seen 

due to high metastatic potential. Triple-

negative breast cancer (TNBC) is a 

highly aggressive and metastatic group of 

breast cancers which lack the expression 
of estrogen, progesterone and human 

epidermal growth factor-2 receptors. Due 

to the lack of therapeutic targets and due 

to the drawbacks of available treatment 

methods, treating TNBC has become 

challenging.  Hence, to overcome these 

drawbacks new treatment strategies are 

experimenting with the use of natural 

products such as culinary spices & herbs 

and their bioactive agents. The bioactive 

agents in natural compounds like 

Rosemary (Rosmarinus officinalis), 
Turmeric (Curcuma longa), Ginger 

(Zingiber officinale), Garlic (Allium 

sativum) and Red onion (Allium cepa) 

found to have pro-apoptotic, anti-

proliferative, anti-angiogenic, anti-

metastatic and anti-migratory effects in 

triple negative breast cancer cells. 

Moreover, certain bioactive agents shown 

to have synergistic effects with other 

bioactive agents and with conventional 

chemotherapeutics. The effectiveness of 
bioactive agents such as betulinic acid, 

curcumin, gingerols, shogaol, diallyl 

sulfides and quercetin was discussed 

showing that they are efficacious in triple 

negative breast cancer cell line MDA-

MB-231. Thereby, concluding that the 

bioactive agents in natural spices and 

herbs may be potential therapeutic agents 
in treatment of TNBC and in order to 

develop novel treatment strategies, it is 

important to experiment more about their 

therapeutic effects, mechanism of action, 

synergistic effects and side effects. 

Key words:  Triple negative breast 
cancer, spices & herbs, bioactive agents, 

efficacy 

 

INTRODUCTION 

Breast cancer can be simply shown as 

an abnormal growth and proliferation of 

cells in the breast tissue. This is the most 

common cancer with rising incidence in 

women worldwide which accounts for 

about 25% of all cancers. Figure 1 shows 

the distribution of incidence rate of breast 

cancer in the world and incidence rate in 

Sri Lanka is between 24.1-33.9% 

(Ghoncheh, Pournamdar and Salehiniya, 
2016). In average, one third of women 

develop breast cancer metastasis resulting 

in increased mortality rates. According to 

the statistical analysis of American 

Cancer Society, the estimated values of 

new cases and deaths due to breast cancer 

for the year 2018 are 266,120 and 40,920 

respectively (Seigel, Naishadham and 

Jemal, 2018).  
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Considerable improvements have been 

made in treating breast cancer over years 

in receptor positive breast cancers. 

However, regardless of these 

advancements yet it is a frequent cause of 

death in women worldwide (Saadat, 

2008).  

 

 
 
 
 
 
 
 
 
 
 
 
Intrinsic subtypes of breast cancer  

 Based on immunohistochemical (IHC) 
profiling breast cancer can be divided as 

estrogen hormone receptor, progesterone 

hormone receptor and human epidermal 

growth factor receptor-2 sensitive 

categories and the category which lacks 

all the three receptors is known as triple 

negative category. Based on IHC and 

gene expression profiling (GEP) breast 

cancer can be divided into 6 intrinsic 
molecular subtypes as basal-like, claudin-

low, luminal A, luminal B, HER2-

enriched and normal-like as shown in 

figure 2. Each intrinsic subtype has its 

own gene/molecular expression based on 

the receptor expression and other 

molecular expressions such as cyto-

keratins, cell-adhesion molecules etc.  

Receptors are considered as the classical 

biomarkers in IHC profiling which 

determine the tumor size, grade, 

prognosis and survival rate (Dai et al., 
2015; Ribelles et al., 2013). 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

Triple negative breast cancer (TNBC) 

TNBC is the type of breast cancers 
which lack the expression of estrogen 

receptor (ER-), progesterone receptor 

(PR-) and human epidermal growth factor 

receptor-2 (HER2-). This accounts for 

approximately 20% of all breast cancers 

and more common in younger women. 

Especially, young women are of Hispanic 

and African-American descent. It is more 

likely to occur in BRCA1 mutation 

carriers and women with TP53 

alterations. GEP shows that TNBC is a 
heterogeneous group of breast cancers 

which consist of different distinct 

molecular sub-types with distinct patterns 

of metastasis including lung, bone and 

liver metastasis. As shown in the figure 3, 

TNBCs mainly fall under basal-like and 

claudin-low molecular subtype according 

to the GEP (Berrocal and Chagpar, 2017; 

Robertson et al., 2012; Bauer et al., 2011; 

Kreike et al., 2007). 

 
 
 
 
 
 
 
 
 

Figure 2. IHC and GEP based intrinsic classification of breast cancer 

(Adapted from Uscanga-Perales, Santuario-Facio and Ortiz-Lopez, 2016) 

 

Figure 3. Heterogeneity of the TNBC. Approximately 65% is HER2 positive, 15% is 

positive for ER and PR while 20% of the breast cancers lack all the three receptors 

namely TNBC. Majority of TNBCs are basal-like and claudin-low tumors (Berrocal and 

Chagpar, 2017) 

 

Figure 1. Distribution of the incidence rate of breast cancer in world. Incidence rate 

includes approximately 1.7 new cases per year and it ranges from 19.4 per 100,000 people 

in East Africa to 89.7 per 100,000 in West Europe. A growing incidence can be seen in 

South America, Africa and Asia (Ghoncheh, Pournamdar, and Salehiniya, 2016) 
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Basal like tumors accounts for 49% of 

TNBCs and characterized by the triple-

negative phenotype, expression of basal 

cyto-keratins such as CK 5,6,14,17 and 

over-expression of epidermal growth 

factor receptor (EFGR) (Badowska-

Kozakiewicz and Budzik, 2017). 

Whereas, claudin-low tumors are typify 

by triple-negative phenotype, low 
expression of cell-cell adhesion 

molecules like claudin 3, 4, 7 and E-

cadherin. Claudin-low tumors are 

associated with young age of onset, larger 

tumor size, higher tumor grade, poor 

prognosis & low survival outcomes (Bane 

et al., 2017). TNBCs are highly 

aggressive, invasive, metastatic and has a 

poor prognosis due to the absence of 

therapeutic targets. It tends to be more 

invasive and metastatic than the other 

breast cancer types due to its unique 
molecular profile (Maegawa and Tang, 

2010; Bauer et al., 2007). 

 

Available treatment methods  

Commonly available treatment options 
for breast cancer are chemotherapy, 

hormone therapy, targeted therapy, 

radiation therapy, gene therapy and 

surgery. The treatment options are 

determined based upon IHC profiling of a 

tumor (Ribelles et al., 2013). As shown in 

the figure 4, since TNBC lacks the 

receptor expression it does not respond to 

hormone therapy and targeted therapy. 

Hence the main treatment option is 

chemotherapy. 

 
 
 
 
 
 
 
 

Limitations of available treatments and 

TNBC cell lines  

To develop new treatment strategies 
for TNBC, numerous researches have 

been focused on breast cancer cell lines. 

The oldest triple-negative cell line was 

BT20. Later on many triple-negative cell 

lines were established and studied over 

years to observe the cell behavior and to 

explore new drug targets. To date there 

are more than 30 triple-negative cell lines 
available. Some of them are BT-549, 

MDA- MDA-MB-435, MDA-MB-436 

and so on (Chavez, Garimella and 

Lipkowitz, 2010). The current review is 

focused on claudin-low like triple-

negative MDA-MB-231 cell line because 

it is one of the most widely used triple-

negative cell line in many research 

studies due to its highly aggressive, 

invasive and metastatic nature. The figure 

5 shows an epitome to prove the acquired 
drug resistance of triple-negative cell 

lines towards chemotherapeutic agents 

(Smith et al., 2006). Therefore, to 

overcome these drawbacks new treatment 

strategies are experimenting with the use 

of natural products such as culinary 

spices & herbs and their bioactive agents. 

 
 
 
 
 
 
 
 
 

 

Bioactive agents in culinary spices and 

herbs 

Hippocrates is frequently quoted having 
said “Let food be thy medicine and 

medicine be thy food” showing the 

importance of well-being diet.  

 

Figure 4. Available treatment options for TNBC (Adapted from PDQ 

Adult Treatment Editorial Board, 2018; Huang et al., 2015) 

 

Figure 5. The dose-response of relative resistance of MDA-MB-231 and 

MDA-MB-231DR towards doxorubicin over the concentration range 0 to 400 

nmol/L. Doxorubicin is a first-line chemotherapeutic agent in breast cancer 

treatment. The IC50 value of MDA-MB-231DR (25 nmol/L) is significantly less 

than the IC50 value of MDA-MB-231(35 nml/L) showing the acquired 

resistance of MDA-MD-231 towards doxorubicin (Smith et al., 2006) 
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Among the potential alternatives, natural 
spices and herb products contribute for 

high efficacy in cancer therapy due to 

their chemo-preventive properties. 

Culinary spices and herbs are plant 

substances such as seed, leaf, root, fruit, 

bark, bud, stigma or flower which are 

used in insignificant levels in culinary 

purposes as flavourants, colourants or as 
preservatives. They exhibit wide range of 

medicinal benefits due to the presence of 

phytochemicals and the predominant 

phytochemical constituent is polyphenols. 

They contribute in chemo-preventive 

property of culinary spices and herbs by 

inhibiting the carcinogen bio-activation, 

decrease free radical generation, inhibits 

angiogenesis, cancer cell proliferation, 

induce apoptosis and exert anti-obese 

effects in cancer cells. Advantages of 

these natural agents over available 
chemotherapeutics are, induction of 

apoptosis instead of necrosis, reduces 

drug resistance, induces chemo-

sensitization, increases drug 

accumulation in breast cancer cells and 

they reduce the side effects of 

chemotherapeutics as well (Opara and 

Chohan, 2014; Kaefer and Milner, 2011; 

Somers-Edgar et al., 2008). The current 

review discusses the chemo-preventive 

properties and the effectiveness of 
culinary spices & herbs and their 

bioactive agents in treating TNBC.  

 

Rosemary (Rosmarinus officinalis) 

Rosemary is a member of mint family 

which is native to Mediterranean region. 
It contains betulinic acid (BA/BetA) 

which is a pentacyclic triterpene (Figure 

6). Fresh and dried forms of rosemary 

leaves are used for culinary purposes 

(Liburdi et al., 2017). 

 
 
 
 

A study was performed to check the 

cytotoxic effects of BA towards MDA-

MB-231 cells and according to the results 

obtained from the study, BA induced 

apoptosis in MDA-MB-231 cells via 

intrinsic pathway as shown in the Figure 

7 (Yazan et al., 2009).    

 

 
 
 
 
 
 
According to Yazan et al, BA induces 
apoptosis, inhibits cell proliferation and 

angiogenesis. These outcomes were 

achieved by decreasing the expression of 

specificity protein (Sp) transcription 
factors as shown in the figure 8. Usually 

Sp transcription factors and Sp regulated 

gene products are not over-expressed in 

non-tumor tissues.  Since these proteins 

regulate the expression of genes which 

controls the growth, survival, 

angiogenesis and metastasis of MDA-

MB-231 cells, oncogenic microRNA-27a 

targets the genes that regulate the Sp 

levels such as zinc finger ZBTB10 gene 

which is a putative Sp repressor. BA 

down regulates the microRNA-27a and 
up-regulates the ZBTB10 expression. 

Thereby, it inhibits Sp transcription 

factors such as Sp1, Sp3 & Sp4 and 

inhibits the expression of Sp regulated 

angiogenic products such as vascular 

endothelial growth factor (VEGF), 

VEGFR & c-MET. Moreover, BA 

induces Myt-1 which is another target 

gene for microRNA-27. Myt-1 enhances 

the phosphorylation of cdc2 and 

inactivates it. Thereby, it results in G2/M 
arrest (Mertens-Talcott et al., 2013). 

Figure 9 summarizes the outcomes of the 

study. 

 
 

Figure 6. Chemical structure of BA (Aggarwal and Takada, 2003) 

 

Figure 7. Cytotoxic effects in MDA-MB-231 cells induced by BA. 

Characteristic changes in cell morphology was observed after the treatment 

with BA such as cell blebbing and apoptotic body formation in MDA-MB-

231 cells (Adapted from Yazan et al., 2009) 
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Furthermore, BA inhibits breast cancer 
metastasis by reducing matrix 

metalloproteinases (MPPs) and myeloid 

derived suppressor cells (MDSCs). MPPs 

play a major role in cell proliferation, 

migration and metastasis. Certain breast 

cancer cells increase the expression of 
MPPs via transfecting with certain 

oncogenes and involve in breast cancer 

invasion and metastasis. BA activates 

tissue inhibitor of metalloproteinase-2 

(TIMP2) and inhibits the MPP-2 & MPP-

9. As well BA reduces myeloid-derived 

suppressor cells (MDSCs) which are 

important constituents in tumor 

microenvironment that promote 

metastasis. Therefore, by inhibiting MPPs 

and by reducing MDSCs BA inhibits 

metastasis. Figure 10 shows the 
percentage of migrated cell number after 

the treatment with BA. Whereas, figure 

11 summarizes the outcomes of the study 

(Zeng et al., 2018) 

 
 
 
 

 
 
 
 
 
 
 
 

 
 
 
 

The natural compound BA shows potent 
anti-cancer activities through inducing 

apoptosis, inhibiting cell proliferation, 

migration and metastasis in TNBC. BA 

can also be used in combination therapy 

in order to enhance the efficacy of TNBC 

treatments.  Due to the relative 

cytotoxicity BA exerts against MDA-

MB-231 cells compared to normal cells, 

BA can be shown as a promising new 
agent for the treatment of TNBC.  

 

Turmeric (Curcuma longa) 

Turmeric is commonly used by Asians 
in order to flavor and color food. It 

contains phytochemical constituent 
curcumin (Figure 12) (Prasad and 

Aggarwal, 2011). 

 
 
 
 
 
 

Figure 8. Decreased protein expression of Sp transcription factors were assessed by 

western blots. MDA-MB-231 cells were treated with different concentrations of BA 

for 24 hours and Sp expression was determined. Sp1, Sp3 and Sp4 expression has 

decreased with the increased BA concentration (Mertens-Talcott et al., 2013) 

 

Figure 9. Summary of the outcomes. BA inhibit the MicroRNA expression and induce 

ZBTB10 gene expression leading to inhibition of angiogenesis. BA also induces the 

Myt-1 expression leading to G2/M arrest (Adapted from Mertens-Talcott et al., 2013) 

 

Figure 10. Inhibition of migration of breast cancer cells by BA, assessed via trans-well 

migration assays. MDA-MB-231 cells were treated with BA in dose-dependent manner 

for 48 hours. After 48 hours, migrated cells were fixed, stained, graphed and quantified. 

With the increased BA dose migrated cell number has reduced (Zeng et al., 2018) 

 

Figure 11. Summary of the outcomes of the study. BA induces TIMP2 and inhibits 

MPPs. Thereby, inhibits metastasis. BA also inhibits the expression of MSDCs and 

promote metastasis inhibition (Adapted from Zeng et al., 2018) 

 

Figure 12. The chemical structure of curcumin (Liu and Chen, 2013) 
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Curcumin induces p53 activation in 

MDA-MB-231 cells which results in 

growth arrest, DNA repair and apoptosis. 

Figure 13 shows the apoptosis induction 

in MDA-MB-231 cells by curcumin. 

TP53 is known as a principle regulator of 

the cell cycle and a tumor suppressor. It 

stimulates p21 which is a cyclin 

dependent kinase inhibitor (CDKI) which 
interacts with CDK2 and involves in 

growth arrest. p53 up-regulates the 

expression of pro-apoptotic BaX and 

decreases anti-apoptotic Bcl-2 level as 

well. Thereby, curcumin induces 

apoptosis and inhibits cell proliferation. 

Inhibition of migration of MDA-MB-231 

cells were achieved by curcumin via 

suppressing NF-κBp65 which is a major 

transcription factor of MPPs 

(Khosropanah et al., 2016; Chiu and Su, 

2009; el-Deiry et al., 1993). Figure 14 
shows the summary of the outcomes of 

the study. 

 
 
 
 
 
 
 
 

 
 
 
 

Curcumin suppresses MDA-MB-231 
cell proliferation and migration via 

degradation of autophagy dependent Akt 

pathway which involves in apoptosis, 

growth, proliferation and metastasis. 

Aberrant over-expression of Akt proteins 

such as Akt1, 2 & 3 can be seen in breast 

cancer. According to Guan et al, 

curcumin increased the expression of 
autophagy markers such as LC3-I and 

LC3-II confirming the induction of 

autophagy which involves in degradation 

of intracellular proteins including Akt 

degradation. Thereby, curcumin 

suppresses MDA-MB-231 proliferation 

and migration. Figure 15 shows the 

migrated cell number after the treatment 

with curcumin (Guan et al., 2016). 

Whereas, figure 16 summarizes the 

outcomes of the study. 

 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 13: The dose-dependent effect of curcumin on cellular morphology of MDA-
MB-231 cells. The number of MDA-MB-231 cells have reduced when treated with 

curcumin in dose-dependent manner (Chiu and Su, 2009) 

Figure 14. The summary of the outcomes of the study. Curcumin induces P53, BaX and 

inhibits Bcl-2 causing growth arrest and apoptosis of MDA-MB-231 cells. It also 

suppresses NF-κBp65 inhibiting the migration (Adapted from Chiu and Su, 2009) 

 

Figure 15. Effect of curcumin on migration of MDA-MB-231 cells. With 

the increased dose of curcumin, the migrated cell number has gradually 

reduced (Guan et al., 2016) 

 

Figure 16. The summary of the outcomes of the study. Curcumin inhibits 

the Akt pathway and Akt proteins which promote tumor cell proliferation 

and migration (Adapted from Guan et al., 2016) 

 



Author: - Samadhi Manisha Kulasooriya, Punsisi Weerasooriya 

School of Science, BMS, Colombo 

GARI Publisher | Food Science | Volume: 04 | Issue: 07 

Article ID: IN/GARI/05ICHM/2018/175 | Pages: 121-135 (14) 

ISSN 2424-6492 | ISBN 978-955-7153-00-1 

Edit: GARI Editorial Team | Received: 29.01.2019 | Publish: 01.03.2019 
Curcumin increases the drug efficacy 

of docetaxel in metastatic breast cancer 

patients (Bayet-Robert et al., 2010) and it 

chemo-sensitizes paclitaxel, doxorubicin 

and 5-fluorouracil. These synergistic 

effects of curcumin suggest that it may 

achieve high therapeutic index when used 

in combination (Seca and Pinto, 2018). 

Curcumin in combination with 
epigallocatechine gallate (EGCG) 

synergistically inhibits the tumor growth 

by reducing the expression of VEGF and 

by cell cycle arrest (Somers-Edgar et al., 

2008).  The data suggests that curcumin 

has a significant anti-breast cancer 

activity and synergistic effects in MDA-

MB-231 cells. Hence it might be a 

potential agent in treating TNBC. 

 
Ginger (Zingiber officinale) 

Ginger is indigenous to Indian 
subcontinent and the areas of Southeast 

Asia. Usually the root of Zingiber 

officinale is used for culinary purposes. 

Apart from the culinary use ginger 

exhibits chemo-preventive properties by 

its constituent phytochemicals such as 6-

Shogaol (Figure 17), 6-gingerol (Figure 

18) and 10-gingerol (Wallace, 2016).    

 
 
 
 
 
 
 
 

 

 

 

6-Shogaol reduces matrix 
metalloproteinase-9 expression through 

blockade of nuclear factor-κB and 

inhibits the production of tumor-

associated dendritic cell (TADs) derived 

inflammatory mediator CC-chemokine 

ligand 2 (CCL2) (Hsu et al., 2015; Ling 

et al., 2010). CCL2 mediates recruitment 

of tumor-associated macrophages 

(TAMs) which are promoters of tumor 

micro-environment. TAMs secrete 

growth factors, angiogenic factors and 

inflammatory mediators. Furthermore, 

CCL2 stimulates angiogenesis 
independent of TAMs (Steiner and 

Murphy, 2012). Inhibition of MMP-9 and 

TADs by 6-shogaol contributes in 

inhibition of angiogenesis, migration and 

metastasis.    

Another study showed that 6-Shogaol 
inhibits cancer stem cells (CSCs) via 

altering the Notch signaling pathway and 

induces autophagy in MDA-MB-231 

cells. CSCs increase the risk of tumor 

relapse and result in poor prognosis.  

Notch pathway usually involves in self 

renewal of stem cells. Deregulated notch 
pathway is associated with breast cancer. 

6-Shogaol cleaves the Notch1 and down-

regulates the Notch1 target proteins such 

as cyclin D1 which involves in cell cycle 

progression (Ray, Vasudevan and 

Sengupta, 2015). Over-expressed Notch1 

levels are prominent in breast cancer and 

Notch1 regulates proliferation, motility, 

cell-cell adhesion, epithelial-

mesenchymal-transition (EMT) and 

invasion (Yuan et al., 2015). Figure 19 

shows the summary of the outcomes of 6-
shogaol.

 

 
 
Figure 19. The summary of the outcomes of the studies. 6-shogaol inhibits MDA-

MB-231 cell proliferation, migration, metastasis, EMT and cell-cell adhesion via 

inhibiting Notch pathway, NF-κB and TADs (Adapted from Hsu et al., 2015; Ray, 

Vasudevan and Sengupt, 2015; Ling et al., 2010) 
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6-gingerol reduces the expression of 

MMP-2 and MMP-9 inhibiting 

proliferation, invasion and metastasis in 

MDA-MB-231 cells (Lee et al., 2008). 

Whereas, 10-gingerol down-regulate the 

cell cycle regulator proteins such as 

cyclins and CDKs resulting in G2/M 

arrest inhibiting the proliferation. 

Moreover, it suppresses the expression of 
EGFR which is over-expressed in ER- 

breast cancers. Suppression of EGFR 

down-regulate the EGFR dependent 

signaling pathways such as PI3K/Akt and 

p38 MAPK which promotes cell 

proliferation, survival, invasion and 

migration (Joo et al., 2015). Figure 20 

shows the inhibition of cell invasion by 

10-gingerol. Whereas, Figure 21 shows 

the summary of the outcomes of 10-

gingerol. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

These findings show that 6-Shogaol, 6-
Gingerol and 10-Gingerol of ginger are 

potent anti-tumor agents in MDA-MB-

231 cells. Further evaluation and pre-

clinical development of these bioactive 

agents in combination with conventional 

or molecular targeted therapies could be 

effective in TNBC treatment.    

 

Garlic (Allium sativum) 

Garlic is a bulbous plant which is 
native to Central Asia and its bulb is the 

most common part used in culinary 

purposes due to its pungent flavor 

(Nicastro, Ross and Milner, 2015). Garlic 
contains bioactive agents such as diallyl 

diulfide (DADS) and dially trisulfide 

(DATS).  DADS is an oil-soluble organo-

sulfur compound which exhibits anti-

cancer properties via apoptosis induction 

and growth inhibition of MDA-MB-231 

cells. It up-regulates the apoptotic Bax, 

down-regulates anti-apoptotic Bcl-XL 

and activates caspase-3 mediated 

apoptotic pathway. Figure 22 shows the 

cleaved caspase-3 in MDA-MB-231 cells 
by DADS (Nakagawa et al., 2001). 

Another study showed that DADS 

induces apoptosis and inhibits metastasis 

in triple-negative MDA-MB-231 cells via 

inhibition of ẞ-catenine pathway which 

involves in the regulation of Bcl-2 

proteins, MMP-9 and epithelial-

mesenchymal transition (EMT) (Huang et 

al., 2015). Figure 23 summarizes the 

outcomes obtained by DADS.     

 
 
 
 
 
 
 
 
 
 

Figure 20. 10-gingerol inhibits MDA-MB-231 cell invasion. After the 

treatment with 10-gingerol, cell invasion has significantly reduced (Joo 

et al., 2015) 

 

Figure 21. The summary of the outcomes of the study. 10-Gingerol down-

regulate the cell cycle regulator proteins and EGFR which involves in 

MDA-MB-231 cell proliferation, survival, invasion and migration (Adapted 

from Joo et al., 2015) 

 

Figure 22. DADS induced apoptosis was detected by immunohistochemistry 

staining for cleaved caspases-3. Cleaved caspase-3 levels have significantly 

increased after the treatment with DADS (Huang et al., 2015). 
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Diallyl trisulfide (DATS) is another 
bioactive agent present in garlic which is 

effective in TNBC. DATS inhibits the 
MDA-MB-231 proliferation, invasion, 

migration and metastasis via down-

regulating lactose dehydrogenase A 

(LDHA) which is the key enzyme of 

Warburg effect. Most cancer cells acquire 

their energy requirement through aerobic 

glycolysis in the presence of abound 

oxygen along with lactic acid 

fermentation, a process known as 

Warburg effect. This provides energy for 

growing tumors promoting proliferation 
and survival. In glycolysis, glucose is 

converted to pyruvate and under limited 

oxygen conditions pyruvate transform 

into lactate. This transformation is mainly 

based on LDHA. Therefore, targeting of 

LDHA by DATS can be shown as an 

important target in developing novel 

treatment strategy for TNBC. Figure 24 

shows the cell viability after the treatment 

with DATS and figure 25 summarizes the 

outcomes of the study (Cheng et al., 

2016). 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

According to the data, DADS and 
DATS can be shown as potent anti-breast 

cancer agents which promote apoptosis 

and inhibits metastatic potential. Hence, 
DADS and DATS might be potential 

chemotherapeutic agents in TNBC. 

 

Red Onion (Allium cepa) 

Red onion is commonly used in 

culinary purposes as a flavourant. Usually 
the bulbous part of the Allium cepa plant 

is used. One of the main bioactive agent 

of red onion is quercetin (Corea et al., 

2005). Quercetin induces apoptosis in 

MDA-MB-231 cells via intrinsic pathway 

by promoting the activation of caspase-3, 

8 and 9. It was achieved by increasing the 

Bax which is a pro-apoptotic protein and 

by decreasing Bcl-2 which is an anti-

apoptotic protein (Chien et al., 2009). 

Another study showed that quercetin 

induces apoptosis through inhibition of 
fatty acid synthase (FASN) and ẞ-

catenin. FASN involves in fatty acid 

biosynthesis. Figure 26 shows the 

apoptosis induced by quercetin in MDA-

MB-31 cells. Elevated levels of FASN is 

associated with breast cancer which 

promotes estrogen receptor signaling and 

enhance breast cancer cell growth (Sultan 

et al., 2017; Menendez and Lupu, 2017). 

 
 

Figure 23. The summary of the outcomes produced by DADS. DADS induces 

apoptosis and inhibits metastasis via down-regulating ẞ-Catenine pathway, 

Bcl-xL and by up-regulating BaX (Adapted from Huang et al., 2015). 

 

Figure 25. The summary of the outcomes of the study. DATS inhibits 

proliferation, migration and metastasis by down-regulation of LDHA 

(Adapted from Cheng et al., 2016) 

 

Figure 24. Inhibitory effects of DATS on cell viability by MTT assay. MDA-MB-

231 cell viability has gradually reduced after the treatment with DATS in dose-

dependent manner (Cheng et al., 2016) 
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Quercetin induces growth arrest 

through modulation of Foxo3a activity. It 

was found to be achieved via increased 

p51 and p21 expression (Nguyen et al., 

2017). Moreover, it has the ability to 

inhibit breast cancer stem cells (CSCs) 

via down-regulating aldehyde 

dehydrogenase (ALDH1A1), epithelial 

cell adhesion molecule (EpCAM), 

chemokine receptor CXCR4 and Mucin 1 

(MUC1). In majority of the patients, 

breast cancer recurrence occur as a result 
of CSCs. They differentiate and 

proliferate increasing the metastatic 

potential.  ALDH1A1 is an important 

marker of CSCs which has high 

capability to initiate tumor recurrence and 

increase the drug resistance. MUC1 is a 

trans-membrane glycoprotein which 

interacts with EFGR and ẞ-catenine to 

activate growth-related signaling 

pathways. Over-expression of MUC1 

involves in increased proliferation and 

metastasis while EpCAM up-regulates 
the cyclin A and activates Wnt signaling 

pathway that involves in tumor cell 

migration. CXCR4 also plays an 

important role in promoting breast cancer 

carcinogenesis via increasing 

proliferation, migration and metastasis 

(Wang et al., 2018). Therefore, targeting 

of ALDH1A1, EpCAM, MUC1 and 

CXCR4 by quercetin inhibits MDA-MB-

231 cell proliferation, migration, 

metastasis and induces apoptosis. Figure 

27 shows inhibition of migration by 

quercetin and figure 28 shows the 

summary the outcomes of studies. 

 

 
 
 

 
 
 
 

 

 

Synergistic effects of quercetin have 
been proven by exposing quercetin along 

with topotecan which is a 
chemotherapeutic agent. According to the 

study, combination with quercetin 

increased the efficacy of topotecan in 

breast cancer treatment (Akbas, Timur 

and Ozben, 2005).  These studies show 

that, quercetin is highly effective in 

treating MDA-MB-231 cells suggesting 

that quercetin might be a potential 

therapeutic agent in developing novel 

therapies for TNBC.     

Figure 26. Quercetin induced morphological changes in MDA-MB-

231. With the increased dose of quercetin, apoptosis in MDA-MB-231 

cells has increased (Sultan et al., 2017). 

 Figure 27. Analysis of migration via scratch assay. After the 

treatment with quercetin in dose-dependent manner migration has 

reduced when compared with the control (Wang et al., 2018). 

 

Figure 28. The summary of outcomes produced by quercetin. 

Quercetin up-regulates BaX and P53 expression inducing apoptosis 

and growth arrest. It also inhibits FASN and inhibits the estrogen 

receptor signaling which stimulate the breast cancer cell growth. 

Quercetin inhibits MDA-MB-231 proliferation, migration and 

metastasis via down-regulating ALDH1A1, EpCAM, CXCR4 and 

mucin 1 (Adapted from Wang et al., 2018; Sultan et al., 2017) 

 

n 
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Although culinary spices provide a 

wide range of medicinal benefits, 

appropriate doses should be consumed 

and high doses may produce toxic effects 

in the human body. Up to now, none of 

the studies have been reported with any 

negative outcomes in MDA-MB-231 cell 

line in response to treatment with 

different bioactive agents. Majority of the 
bioactive agents have showed high 

efficacies in MDA-MB-231 cell line. 

However, unlike in MDA-MB-231 cell 

line the efficacy may vary in other triple-

negative cell lines. Hence, there might be 

side effects arise with response to 

different doses of different bioactive 

agents in other breast cancer cell lines.   

A study reported the side effects of 
curcumin after being studied for a long 

period in other cancer cell lines. In a 

long-term study (2 years) curcumin has 

induced toxic and carcinogenic effects in 
rats and mice under specific conditions 

while it was found to be effective in 

short-term studies of 3 months (Lopez-

Lazaro, 2008). These data suggests that 

despite the advantages, there might be 

therapeutic limitations in these bioactive 

agents. Hence, further experimentations 

are necessary to reveal negative effects 

and how to overcome those. It may 

include structural modifications, 

alternative formulations, enhancing 

pharmacological potential and increased 
use off effective drug delivery systems.  

 

SUMMARY 

This review scratches the healing 

power of culinary spices and herbs in 

treatment of TNBC. Many studies have 

suggested that culinary spices and herbs 

show anti-breast cancer activities and its 
effectiveness in TNBC. Clinical 

heterogeneity of TNBC results in 

limitations to available treatment 

methods.  

Therefore it is necessary to explore 
promising treatment strategies for TNBC. 

Hence, there is a growing amount of 

literature concerning the potential chemo-

preventive properties of natural spices 

and herbs. In the current review the 

effects of betulinic acid, curcumin, 

gingerols, shogaol, diallyl sulfides and 

quercetin were discussed elaborating their 
effectiveness in triple-negative MDA-

MB-231 cell line suggesting that they are 

potential chemotherapeutic agents in 

treatment of TNBC. In order to develop 

novel treatment strategies, it is important 

to experiment more about their 

therapeutic effects, mechanism of action, 

synergistic effects and side effects. Steps 

should be taken to increase the 

consumption natural products such as 

culinary spices and herbs which may 

promote breast cancer prevention. 
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