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Resumo 

As antocianinas são compostos polifenólicos presentes em inúmeros alimentos e 

bebidas de origem vegetal e representam um dos principais constituintes bioativos 

da alimentação humana. Uma vez que estes compostos desempenham um papel 

importante na prevenção do cancro, alguns estudos têm-se focado na avaliação da 

citotoxicidade seletiva das antocianinas no cancro da mama, nomeadamente no 

cancro da mama triplo negativo (TNBC). O docetaxel (DT) é um inibidor mitótico 

utilizado no tratamento do TNBC e o seu mecanismo de ação é semelhante ao 

mecanismo de ação das antocianinas nas células MDA-MB-231 (linha celular de 

TNBC). Este estudo teve como objetivo avaliar o potencial antiproliferativo de três 

antocianinas: cianidina (C3G), delfinidina (D3G) e malvidina-3-O-glicósidos (M3G) 

e uma antocianidina, luteolinidina (LT), nas células MDA-MB-231, assim como, 

avaliar o efeito combinado das antocianinas com efeito dose-resposta com o DT. A 

citotoxicidade foi avaliada recorrendo ao ensaio do MTT e o efeito combinado do 

DT com as antocianinas foi avaliado com base no método de Chou-Talatay. Das 

quatro antocianinas testadas, a D3G foi a única que apresentou um efeito dose-

resposta, pelo que as restantes antocianinas não foram utilizadas nas combinações 

realizadas com o DT. Após se expor as células à combinação D3G-DT verificou-se 

a existência de um efeito sinérgico moderado para as concentrações mais altas. 

Assim, a combinação do DT com a D3G poderá representar uma terapêutica 

alternativa de forma a reduzir os efeitos secundários do DT. Contudo, é necessário 

estudar o efeito desta combinação em células saudáveis da mama.  

Palavras-chave: Antocianinas; Cancro da mama; Docetaxel; Antiproliferativo; 

Índice de Combinação; Sinergismo. 
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Abstract 

Anthocyanins are polyphenolic compounds, which can be found in a large number 

of food and beverages, being an integral part of the human diet. These compounds 

play an important role in health, specifically in cancer prevention. Therefore, some 

studies have been focused on the evaluation of anthocyanins selective cytotoxicity 

on breast cancer, namely on triple negative breast cancer (TNBC). Docetaxel (DT) 

is a mitotic inhibitor used on the treatment of TNBC and its mechanism of action is 

similar to the mechanism of anthocyanins on MDA-MB-231 cells (TNBC cell line). 

The present study aimed to evaluate the isolated anti-proliferative potential of three 

anthocyanins: cyanidin (C3G), delphinidin (D3G) and malvidin-3-O-glucosides 

(M3G) and one anthocyanidin, luteolinidin (LT), on MDA-MB-231 cells, as well as, 

assess the combined effect of the anthocyanins with a dose-effect curve with DT. 

Cytotoxicity was assessed using the MTT assay. The Chou-Talatay method was 

used to evaluate the individual and combined effect of these compounds. Of the four 

anthocyanins tested, D3G was the only one that showed a dose-effect curve. Thus, 

the remaining anthocyanins were excluded from the combination experiments. 

D3G-DT combination produced a moderate synergistic effect on MDA-MB-231 cells 

proliferation when the inhibition concentration was higher. This synergistic effect 

allows a reduction of the docetaxel concentration. Therefore, D3G may be a 

possibility to be consider in DT chemotherapy in a combined therapeutic or dietary 

supplementation to reduce deleterious side effects of DT. However, is still necessary 

to study the effect of D3G-DT combination on healthy breast cells.  

Keywords: Anthocyanins; Breast cancer; Docetaxel; Anti-proliferative; 

Combination Index; Synergism. 
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List of abbreviations and acronyms 

ANT - Anthocyanin 

C3G – Cyanidin-3-O-glucoside 

CI – Combination index 

D3G – Delphinidin-3-O-glucoside 

DRI – Dose-reduction index 

DT – Docetaxel 

Fa – Fraction affected 

IC – Inhibitory Concentration 
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M3G – Malvidin-3-O-glucoside 

TNBC – Triple Negative Breast Cancer 
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1. Introduction 

Anthocyanins are polyphenolic compounds which belong to the flavonoid group(1). 

There are more than 500 anthocyanins (glycosides of anthocyanidins) spread in 

nature and their basic structure is in C6-C3-C6 form with two benzene rings linked 

by a three carbons linear chain(2-4). The sugar moiety is usually in the 3-position on 

the C-ring or in the 5, 7-positions of the A-ring(1, 4). These compounds are natural 

pigments responsible for the blue, purple and red colours of multiple fruits, tubers, 

flowers and leaves and they can be found in a large number of food and beverages 

of plant origin, being an integral part of the human diet(4-6). The main dietary sources 

of anthocyanins include berries (e.g. blueberries, blackberries, strawberries and 

raspberries), grapes and red or purple vegetables (purple cabbage)(7, 8). The stability 

and colour of anthocyanins depends on the pH, because of their ionic nature. In 

acidic conditions, anthocyanins are more stable and present a reddish colour since 

they are predominantly in the form of flavylium cation. As the pH increase, these 

compounds acquire a purple colour due to the deprotonation of the flavylium cation(1, 

4). Anthocyanins may differ from each other depending on the number and position 

of hydroxyl and methoxyl groups; the type, number and position in which sugars are 

found; the extent sugar acylation and the sugar molecules involved(2, 5). Unlike the 

anthocyanins, anthocyanidins are scarce and unstable compounds(1). Until today, 

more than 23 anthocyanidins have been identified and six of these are predominant, 

such as: cyanidin, delphinidin, petunidin, peonidin, pelargonidin and malvidin, being 

cyanidin the most common aglycone found in food(3, 4). Some studies have 

demonstrated that anthocyanins play an important role in health and can be used to 

prevent cardiovascular diseases, to prevent and control obesity and diabetes, and 

to prevent cancer(5, 8). Since the anti-proliferative effect of anthocyanins over cancer 
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cell lines is well known, some studies have been focused on the evaluation of their 

selective cytotoxicity on breast cancer, namely on triple negative breast cancer 

(TNBC)(9-11). 

Although the decrease of mortality rate and the improvement of screening and 

diagnostic tools, breast cancer is still a public health concern(12, 13). TNBC is a 

subtype of breast cancer that has been characterized by the absence of expression 

of Estrogen Receptor (ER), Progesterone Receptor (PR) and Human Epidermal 

Growth Factor Receptor 2 (HER2) and represents approximately 15-20% of all 

breast cancers(14-17). Most of the current hormone therapies used to treat breast 

cancer are ineffective on this cancer subtype because they target one of these three 

receptors, which contributes to the poor prognosis of the TNBC patients(14, 15). Thus, 

the most therapy used to treat TNBC is chemotherapy.(14, 16) Notwithstanding the 

sensitivity of the TNBC to the chemotherapy this type of cancer is highly aggressive, 

with a huge proliferative, angiogenic and metastatic capacity(16, 18). Some cohort 

studies have demonstrated that there is a negative association between high 

vegetable and fruit intake and the risk of develop TNBC. However, this association 

hasn´t been found for the overall breast cancer, which may suggest that TNBC is 

more sensitive to diet(19, 20). 

One of the chemotherapy medications that is used on the treatment of breast 

cancer, specifically on TNBC, is docetaxel, a mitotic inhibitor with high antineoplastic 

properties(15, 16). Docetaxel binds specifically to β-tubulin subunit and, consequently, 

suppress the microtubule disassembly, which results in cell-cycle arrest at the G2/M 

phase and in cell death by apoptosis(21-23). This mechanism of action is similar to the 

mechanism observed in the MDA-MB-231 cells (TNBC cell line) after being exposed 

to different anthocyanins(10). Although docetaxel is largely used in the treatment of 
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breast cancer, recent studies have shown that some cell lines, namely MDA-MB-

231 cells, have developed resistance to this compound(15, 23). Therefore, docetaxel 

has been used in combination therapies to reduce chemoresistance. When the 

combined compounds have a synergistic effect, it is possible to reduce not only the 

concentration of the chemotherapeutic agents used, but also the side effects 

resulting from the use of higher doses(24). 

2. Objectives 

Anthocyanins seems to have a mechanism of action similar to the mechanism of 

docetaxel and since both compounds present an anti-proliferative effect on breast 

cancer cells, we hypothesize that docetaxel and anthocyanins when combined have 

a synergistic effect on TNBC cells proliferation. Hence, the present study aims to 

evaluate the isolated anti-proliferative potential on MDA-MB-231 cells of three 

anthocyanins: cyanidin and delphinidin-3-O-glucosides, representatives of 3-

hydroxy group of anthocyanins and malvidin-3-O-glucoside representative of the O-

methylated group; as well as one anthocyanidin, luteolinidin representative of 3-

deoxy group. The second phase of the study was to assess the combined effect of 

the anthocyanins with a dose-effect response with the chemotherapeutic with 

docetaxel. The molecular structure of the molecules in study is presented in Figure 

1. 
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Figure 1: Molecular structure of the anthocyanins, the anthocyanidin and docetaxel. 
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3. Material and Methods 

3.1. Chemicals and reagents 

Cyanidin-3-O-glucoside (C3G), delphinidin-3-O-glucoside (D3G), luteolinidin (LT), 

and malvidin-3-O-glucoside (M3G) were purchased from Extrasynthese (Genay, 

France). Fetal Bovine Serum (FBS; EU Approved, South American) was obtained 

from Gibco (Gibco/Life Technologies, Paisley, United Kingdom). Dulbecco´s 

modified Eagle´s high glucose medium (DMEM-HG), penicillin-streptomycin, 

trypsin, 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), DMSO, 

PBS and docetaxel (DT) were purchased from Sigma (Sintra, Portugal). 

Anthocyanins and anthocyanidin stock solutions with 40 mM concentration were 

prepared in 10% DMSO and were stored at 80 ºC. Docetaxel solution at 1000 nM 

concentration was solubilised in DMSO and diluted in PBS. DMSO concentration in 

culture medium never exceeded 0.1% (v/v), and always considered as a control. 

3.2. Cell Culture 

The breast cancer cell line MDA-MB-231 (human Caucasian triple negative (ERˉ, 

PRˉ, HERˉ), claudin-low breast carcinoma) was purchased from the European 

Collection of Authenticated Cell Cultures (ECACC, Salisbury, UK). MDA-MB-231 

cells were grown in monolayers in Complete Medium (CM) constituted by DMEM-

HG medium supplemented with 10% (v/v) FBS, 1% (v/v) penicillin-streptomycin, and 

were used within 25 passages. This cell line was maintained in 75 cm2 cell culture 

flasks in sterile environment at 37 ºC and 5% CO2 and was routinely subcultured at 

80% confluence. Tested compounds were always added during the logarithmic 

phase of cell growth. 
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3.3. Isolated and combined effects 

The evaluation of the isolated effect of each anthocyanin on MDA-MB-231 cells 

proliferation was performed by exposing the cells to six different concentration of 

each isolated anthocyanin: 10, 50, 125, 250, 325 and 400 µM. In the case of DT, a 

different range of concentrations was used: 0.01, 0.1, 1, 10, 100 and 200 nM. All 

compounds solutions were made in CM. The concentrations were selected based 

on previous works, namely Viegas et al. (2019) for anthocyanins and Carvalho et al. 

(2016) for docetaxel(10, 24). Results from anthocyanins with anti-proliferative effect 

and DT experiments were used to fit a dose-response curve for each compound, 

and to calculate the IC50 in the MDA-MB-231 cells. The cytotoxicity of DT combined 

with anthocyanins was studied by exposing the cells to 6 levels of concentration 

according to constant ratio combination design proposed by Chou-Talatay method 

carried out at an equipotency ratio (i.e. (IC50)1/(IC50)2) so that the contributions of 

effects of each drug to the combination would be roughly equal(25). 

3.4. MTT cell viability assay 

The isolated and combined effect of anthocyanins and DT on proliferation of MDA-

MB-231 cells was determined by MTT assay, according to Soares et al (2015)(26).  

Briefly, cells were seeded in 96-well plates at cell density 9 x 103 mL-1 in a final 

volume of 0.2 mL per well, allowing at least 12 h for cell adherence at 37 ºC, and 

then exposed to anthocyanins and DT for 72 h, alone or in combination. At the end 

of incubation period, cellular mitochondrial activity was evaluated by MTT reduction 

to formazan, carried by viable cells. Absorbance was read at 570 nm on Spectrostar 

Nano reader (Ortenberg, Germany). Cells treated with CM alone and with DMSO 

(0.1%) were used as controls to ensure viability of cells during the experiments. 
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3.5. Data Analyses 

All measurements were taken at least in two independent experiments with 6 

replicates per condition and data was reported as mean ± standard deviation. The 

graphs representing the dose-effect curves of each anthocyanin and DT were 

performed using the GraphPad Prism version 8.0.2 for Windows (GraphPad 

Software, La Jolla California USA). CompuSyn software version 1.0 (ComboSyn 

Inc., Paramus, NJ, USA) was used to calculate the inhibitory concentration at 50% 

for combination index studies. This software calculates the IC50 using the median-

effect equation of the mass-action law, considering the shape of dose-response 

curve (when m = 1, hyperbolic, m > 1 sigmoidal, m < 1 flat sigmoidal)(27):  

𝐥𝐨𝐠(𝐟𝐚 ⁄ 𝐟𝐮) = 𝐦𝐥𝐨𝐠𝐃 − 𝐦𝐥𝐨𝐠𝐃𝐦 , 

where D is the dose, Dm is the dose required for 50% inhibition, fa is the fraction 

affected by the dose D, m is the coefficient of the sigmoidicity of the dose effect and 

fu = 1 - fa. 

The combinatory effect of anthocyanins and DT on cells was analysed through the 

combination index (CI) developed for the quantification of synergism or antagonism 

for two drugs(27): 

𝑪𝑰 =  
(𝑫)𝑫𝑻

(𝐃𝐦)𝐃𝐓
+  

(𝑫)𝑨𝑵𝑻
(𝑫𝒎)𝑨𝑵𝑻

 , 

where (Dm)DT and (Dm)ANT are the doses of individual DT and anthocyanins, 

respectively, corresponding to the IC50; and, (D)DT and (D)ANT are the doses of DT 

and anthocyanins, respectively, that combined inhibited half of cells growth (IC50). 

CI can be equally calculated to other inhibitory concentrations. If 0.9 < CI < 1.1, CI 

< 0.9 or CI > 1.1 mean additive effect, synergism and antagonism, respectively. CI 

values were expressed as CI-Plot and isobologram graphs. For those combinations 
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showing synergism, dose reduction indices (DRI) were calculated(28). DRI indicates 

how many folds the dose of each compound in the combination may be reduced to 

achieve the same cell proliferation inhibition comparing with the doses of each 

compound alone. DRI values can be obtained from the reciprocal of CI equation:  

(𝑫𝑹𝑰)𝑫𝑻 =  
(𝑫𝒙)𝑫𝑻
(𝐃)𝐃𝐓

  and (𝑫𝑹𝑰)𝑨𝑵𝑻 =  
(𝑫𝒙)𝑨𝑵𝑻
(𝐃)𝐀𝐍𝐓

 , 

where (Dx)DT and (Dx)ANT are the doses that DT and anthocyanins alone inhibited x 

% of cells, and (D)DT and (D)ANT are the values that DT and anthocyanins combined 

inhibited x % of cells, respectively. 

4. Results and Discussion 

4.1. Individual cytotoxicity of anthocyanins and docetaxel 

The effect of all anthocyanins and docetaxel on MDA-MB-231 cells viability was 

assessed by the MTT assay after 72 h incubation to indirectly determine their growth 

inhibition by measuring the mitochondrial activity of viable cells. Results are 

presented in Figure 2. D3G was the only anthocyanin that induced a dose-effect 

response on MDA-MB-231 cell growth. M3G presented no cytotoxicity on this cell 

line and C3G only reduced about 20% of cell proliferation at the concentrations used 

(10 – 400 µM). Although LT reduced about 50% of the cell viability, this effect was 

not enough to accurately determine its IC50 (Figure 2A). In fact, we could have tested 

higher concentrations of LT, however, its low solubility, resulting from the absence 

of the sugar moiety, would compromise the maximum concentration of the solutions.  
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Figure 2: The effect on MDA-MB-231 cell proliferation induced by anthocyanins and DT after 72 h 

exposure (the results are expressed as percentage mean + SD): (A) isolated effect of M3G, C3G, 

LT, D3G (10-400 µM); (B) isolated effect of DT (0,01-200 nM); (C) combined effect of D3G and DT.  

The cytotoxicity effects of C3G and D3G are in agreement with the results from a 

previous study, where D3G at 200 µM showed a significant higher ability to reduce 

cell proliferation of MDA-MB-231 cells than C3G(10). Other authors found higher 

activities namely antioxidant(29) and pro-apoptotic effect(30) of D3G than C3G which 

can be owed to its largest number of hydroxyl groups in the B-ring(31). Concerning 

LT and M3G activities on MDA-MB-231 cells, to our knowledge, this is the first study 

of these compounds in this cell-line. The anthocyanidin exhibited 50% of cell 

proliferation at 250 μM, however a plateau was achieved, and similar result was 

observed even for the highest concentration (400 μM). Viegas et al. (2019) also 

observed a 50 % reduction of MDA-MB-231 cells proliferation by delphinidin, other 
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anthocyanidin, only at the highest concentration studied (200 μM), however 

concerning cyanidin none anti-proliferative effect was observed(10). 

In Figure 2B is possible to confirm the high anti-proliferative effect of DT against the 

MDA-MB-231 cell line. At the lowest doses (0.01 and 0.1 nM) was not effective, 

however for the other concentrations assayed a dramatic effect can be observed as 

expected. 

To determine the half maximal inhibitory concentration (IC50), we used the 

CompuSyn software. Since no dose-response effect was noticed at the studied 

concentrations for C3G, LT and M3G, their respective IC50 was not possible to 

calculate. CompuSyn software works in a large range of concentrations and for that 

calculates the inhibitory concentrations for several inhibitory levels. Table 1 shows 

the concentration of D3G and DT needed to decrease cells viability in 50% (IC50), 

75% (IC75) and 90% (IC90).  

Table 1: Isolated and combined effect parameters calculated from Compusyn software and based 

on Chou-Talatay method for combination assays(28). 

Symbol description of synergism: Moderate synergism (++); Slight synergism (+); Nearly additive (±)(28). r values represent 
the goodness of the fit-curve; and m signifies the shape of the dose-effect curve (m = 1, hyperbolic, m > 1 sigmoidal, m < 1 
flat sigmoidal).  

 

For DT, concentrations of 10.70, 50.61 and 239.28 nM were determined for IC50, 

IC75 and IC90, respectively. Our results are in agreement with the study of Carvalho 

et al. (2016) that estimated an IC50 of 10.0 nM for DT, using SRB proliferation assay 

Isolated 

  r m IC50 (Dm)  IC75  IC90  

D3G (µM) 0.91 2.66 253.528  382.906  578.87  

DT (nM) 0.85 0.71 10.70  50.6075  239.277  

Combination 

  r m IC50 (Dm) CI value  IC75 CI value  IC90 CI value 

D3G+DT 

(µM/nM) 
0.98 1.20 107.43+6.48 1.03    +  226.57+11.32 0.82  ++  478.40+19.77 0.91  + 
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to access cell proliferation. For the IC50, IC75 and IC90, D3G concentrations were 

253.53, 382.91 and 578.87 µM, respectively. Some works have been focused on 

the study of the anti-proliferative properties of anthocyanins extracts, however, in 

the best of our knowledge, there are no works in which D3G inhibitory 

concentrations at defined levels (e.g. IC50) were assessed (32). 

4.2. Cytotoxicity of combination of docetaxel and delphinidin-3-O-glucoside 

Combined assays were thus performed using D3G, the only anthocyanin that 

showed a clearly defined dose-response effect, to infer its combined effects with DT 

concerning its synergistic, additive or antagonistic activities. That was the reason 

for the C3G, LT and M3G exclusion from combination experiments with docetaxel 

since these compounds did not show an anti-proliferative effect higher than 50%. 

The combination ratios were calculated on the basis of equipotent IC50 values 

obtained from the individual exposure experiments, so that the contribution to the 

effect of each compound would be equal (Table 2) as required by the Chou-Talatay 

method(28). Both higher (2) and lower (3) than the IC50 concentration solutions were 

prepared in a total of 5 points. The final D3G concentrations used for the 

combination experiments varied from 2 to 360 µM and DT concentrations varied 

from 0.09 to 15.41 nM. The concentrations ratios were kept equal to 23.36 for all 

combinations.  

The combination between DT and D3G presented a dose-dependent effect in MDA-

MB-231 cells, decreasing cells viability (%) at higher concentration ratios as can be 

seen in Figure 2C. The maximum level of inhibition (85%) was observed at the 

highest mixture concentration. 
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Table 2: Concentrations of the mixtures and concentrations ratios used in the combination 

experiment assays on MDA-MB-231 cells. 

Concentrations used for combination ratio (IC50D3G/IC50DT) (µM/nM) 

D3G DT IC50D3G/IC50DT 

360 15.41 23.36 

300 12.84 23.36 

250 10.70 23.36 

50 2.14 23.36 

10 0.43 23.36 

2 0.09 23.36 

 

From the calculated combination index (CI) values, that quantify the effect of D3G 

and DT combination (synergistic if CI < 0.9, additive if 0.9 < CI < 1.1 and antagonistic 

If CI > 1.1), effect-oriented graphs (CI-plots) and dose-oriented graphs 

(isobolograms) were built for D3G-DT combination (Figure 3).  

 

Figure 3: D3G-DT combination plots after 72 h exposure on MDA-MB-231 cells: (A) combination 

index plot (CI-Plot) for D3G-DT combination. CI < 1, CI = 1, and CI > 1 indicate synergistic, additive, 

and antagonistic effects, respectively; (B) Isobologram illustrating the combined toxicity at IC50, IC75 

and IC90. All these results were calculated using the Compusyn software. 

 

Although between the 50% and the 90% of inhibition the D3G-DT combination 

showed a synergistic effect, when the fraction affected is below the 50% and above 
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95%, this combination showed an antagonistic effect (Figure 3). However, it should 

be noticed that the level of 95% inhibition involves very high concentration of DT 

and D3G. These are promising results as the synergistic effects noticed at higher 

than 50% effect levels are useful in cancer treatments. Liu et al. (2014) 

demonstrated a synergistic effect between the anthocyanin C3G and the 

trastuzumab (a drug used on treatment of Her-2 positive breast cancer)(33). 

However, Ozbay et al. (2011) demonstrated an antagonistic effect between 

delphinidin and Her-2 treatments (herceptin and lapatinib)(11). To our knowledge, 

this is the first work studying the combined effect of DT with D3G. 

The IC75 of the D3G-DT combination was the inhibition concentration with the 

highest synergistic effect (CI = 0.82, moderate synergism) (Table 1). For the IC50 

and IC90, CI values were 1.03 and 0.91, respectively, which mean that at this effect 

level D3G-DT combination presented an additive effect equal to the sum of the 

individual compounds action. Figure 3 shows the isobologram of D3G-DT 

combination at three inhibition concentrations (IC50, IC75 and IC90). Isobologram are 

graphical representations of the CI values at defined effect levels and usually 

presented to a fast results interpretation. In isobologram graphs, the X axis 

represents D3G concentration and Y axis represents DT concentration. For each 

inhibition concentration (IC), the diagonal line connects the IC of D3G and DT alone, 

and the dot represents the IC of the combination. The dots position determines if 

the combination is synergistic (below the line) or antagonistic (above the line) and 

the distance to the line indicates the strength of the combined effect. 

For those combinations showing synergism, dose reduction indices (DRI) were also 

calculated. DRI indicates how many folds the dose of each compound in the 

combination may be reduced to achieve the same cell proliferation inhibition 
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comparing with the doses of each compound alone. Dose reduction index graph 

was obtained for the studied combination from an effect of 10 to 90% and is 

presented in Figure 4. 

From the values presented, it can be inferred that to decrease cell viability in 50 to 

90%, both DT and D3G required lower concentration when comparing with their 

effect isolated. DRI values for DT ranged from 1.65 to 12.10 while the DRI values 

for D3G were lower ranging from to 1.21 to 2.36. 

 

 

 

 

 

Figure 4: D3G-DT combination plots after 72 h exposure on MDA-MB-231 cells: dose reduction 

index plot (DRI-plot) for D3G-DT combination. DRI > 1 and DRI < 1 indicate favourable and not 

favourable dose-reduction; DRI = 1 indicates no dose-reduction. 

At IC75 the D3G-DT combination requires 4.5-fold less DT plus 1,7-fold less D3G to 

achieve the same 75% inhibition of this isolated compounds (Table 3). The IC90 of 

the mixture D3G-DT was obtained with the highest reduction of DT concentration 

(concentration reduced 12.10 times). The primary goal of cancer treatment is to 

achieve the highest proliferation inhibition of tumour cells with minimal toxicity to 

healthy cells(25). According to our results D3G-DT combination could represent a 

potential therapeutic strategy to treat TNBC, since with this combination scheme it 

is possible to have the same cytotoxicity with lower dosage of DT roughly from 50 

to 90% cell growth inhibition. 
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Table 3: Dose reduction index values (DRI) at inhibition concentrations of 25, 50 and 75% for 

D3G-DT combination in MDA-MB-231 cells. 

 

 

 

5. Conclusions 

The anti-proliferative effect of C3G, D3G, M3G and LT isolated and combined with 

DT on MDA-MB-231 cells was assessed by the MTT assay. Only D3G 

demonstrated a clear dose-effect response with high maximum inhibition while the 

other two anthocyanins as well as the anthocyanidin not showed an anti-proliferative 

effect higher than 50%. D3G and DT combination was tested and resulted in a 

synergistic effect on MDA-MB-231 cells proliferation when the inhibition of cell 

growth was between 50 and 90%. At lower and higher levels of toxicity, the effect of 

the compounds combination on breast cancer cells showed signs of antagonism. 

The referred synergistic effect is of therapeutic importance since the combination of 

these compounds allows the reduction of DT concentration. Therefore, D3G may be 

a possibility to be consider in DT chemotherapy in a combined therapeutic or dietary 

supplementation to reduce deleterious side effects of DT. 

Considering further work development, the next step will be to assess the effects of 

D3G-DT combination on healthy breast cell line. Another study possibility that could 

be considered is the pre-sensitisation of MDA-MB-231 cancer cells with D3G(6), that 

could occur in a balanced human diet since D3G is one of the most abundant 

bioactives, followed by the evaluation of the effect of D3G-DT combination on cell 

growth inhibition. 

 DRI 

 IC50 IC75 IC90 

D3G 2.36 1.69 1.21 

DT 1.65 4.47 12.10 
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