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Introduction 

                  Breast cancer is a malignant tumour that originates in the 

cells of the breast and is one of the most widespread cancer among 

women worldwide.
1
 It is the second most common cancer overall and 

a major cause of cancer-related deaths among women globally.
2
 

Despite the progress in understanding the molecular basis, diagnosis, 

and treatment of breast cancer over the past several years, an outright 

cure remains elusive. Further, the management of breast cancer’s 

malignancy continues to be very costly, particularly for African 

women
3
 due to limited access to early diagnosis and effective 

treatment. Consequently, most breast cancer patients in Africa resort 

to the use of cheaper treatment alternatives including medicinal plants. 

Although plants have been used globally to treat many types of cancer, 

this practice has been abused due to inadequate scientific evidence on 

the safety and efficacy of such plant preparations. Many herbal 

preparations that are single botanical formulations have been studied 

but their synergistic effect has not been evaluated. In practice though, 

the synergistic use of herbs has been proven to be more effective.
4 

This study explores the cytotoxic effects of combining extracts of CP  
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and VA leaves with DHA and I2 as possible agents to manage breast  

cancer. A plant extract is usually regarded as promising if itsin vitro 

cytotoxic activity is IC50 < 30 μg/mL.
5 

Similarly, for pure compounds, 

IC50 value of 4 μg/ml or less is acceptable for their further evaluation 

as chemotherapeutic agents.
6
 Over the years, the screening of natural 

products by the National Cancer Institute (NCI) and other groups has 

resulted in the discovery of a few plant extracts with high anticancer 

activities. However, pure compounds from such extracts often exhibit 

severe side effects.
7
 Therefore, it is highly reasonable to investigate 

natural products with IC50 values higher as stated above to ascertain if 

the extracts have the potential to kill selectively malignant cells with 

minimal harm, if at all, to the normal cells. Isobologram and CI 

analyses are the two most popular methods for evaluating interactions 

of combination drugs
8
 and were adopted in this study to evaluate 

possible synergy between the chosen extracts and compounds. 

CP is an evergreen tree-like herb that has been documented to have 

more than 5 000 compounds associated with anticancer properties. 

These compounds include phenolics, carotenoids, and glucosinolates.
9
 

The plant is rich in the enzyme papain that is effective against cancer 

cells.
10

 Papain breaks down the fibrin of the cancer cell wall and 

protein into an amino acid. Further, CP contains lycopene that is 

highly effective against reactive oxygen and free radicals. CP also 

contains isothyocynate that is effective against breast, lungs, colon, 

pancreas, prostate cancer as well as leukaemia. These enzymes are 

capable of inhibiting both the formation and the development of 

cancer cells. The cytotoxicity was observed when a T47-D breast 

cancer cell line was treated with a protein fraction containing 

ribosome-inactivating proteins isolated from CP leaves with an IC50 

value of 2.8 mg/ml.
10

 The petroleum extract of CP’s aerial parts was 

reported to have a significant anticancer effect on MCF-7 cancer cells. 
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Carica papaya Linn (CP), Vernonia amygdalina Delile (VA), dihydroartemisinin (DHA), 

molecular iodine (I2) were reported to have antiproliferative and cytotoxic activities on breast 

cancer, but their anticancer effect once combined had not been explored. This study assessed the 

cytotoxic effect of combining I2, DHA, methanolic extracts of CP, VA leaves against MCF-7 

and MDA-MB-231 breast cancer cell lines. Cytotoxic activity and cell viability of the plant 

extracts and combinations were determined using trypan blue assay with peripheral blood 

mononuclear cells(PBMCs) and doxorubicin (DOX) as negative and positive controls 

respectively. The study used SigmaPlot software to obtain IC50 values and drug interactions 

were determined using the isobologram and combination index (CI)(Chou-Talalay method).The 

combination of CP + VA revealed the strongest cytotoxic activity amongst tested combinations 

and individual extracts with CI < 1 and IC50 = 18.6 ± 2.5 on MCF-7. A combination of CP + VA 

+ DHA with CI >1 was included in the study based on its possible multi-target mechanism of 

action. The cytotoxic effects of CP + VA, CP + VA + DHA were significantly lower when 

tested on PBMCs in comparison to activity against breast cancer cells. DOX showed higher 

cytotoxic activity on PBMCs when compared with the tested combinations. This study 

suggested CP + VA to be the most efficacious combination with strong antiproliferative effect 

on MCF-7 and lower toxicity to human PBMCs when compared to DOX. Each of the 

combination’s components was found to be less cytotoxic against chosen cell lines. 
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Therefore, CP’s aerial parts can be helpful in cancer prevention and 

treatment.
11

 

VA is a bushy shrub or small tree of 2–5 m with a petiolate leaf of 

about 6 mm diameter and an elliptic shape. It has been documented 

that this shrub has diverse therapeutic effects including anticancer 

properties. Coumarins, flavonoids, sesquiterpene lactones, and 

edotides may be the principal constituents in VAthat are responsible 

for its anticancer activity.
12

 The previous findings from MTT assay 

have revealed that VA ethanol extract inhibits the proliferation of 

MCF-7 and MDA-MB-231 cell lines in both a time- and dose-

dependent manner and induces apoptosis occurring through both 

extrinsic and intrinsic apoptotic pathways. Significantly, about 70% of 

diagnosed breast cancer express ER-α, and VA inhibits the expression 

of ER-α and its downstream player, Akt. Furthermore, when VA 

extract was combined with DOX, there was profound synergism 

suggesting that this combination could complement current 

chemotherapy.
13

 

According to a study,
14

 ancient Chinese medicine used a methyl ether 

derivative of artemisinin (ARTs), artemether injections to successfully 

inhibit proliferation in advanced breast cancer cases. A semisynthetic 

derivative of artemisinin, Dihydroartemisinin (DHA), has also been 

confirmed and documented to be an effective anti-cancer compound
15, 

16
.   Studies

17
 have further established that DHA subdued breast tumor-

induced osteolysis through inhibiting the propagation, migration and 

incursion of MDA-MB-231 cells. Studies have also yielded positive 

results on various combinations of DHA with other compounds.
15,18

  

Iodine is a non-metallic element of the halogen group represented by 

the atomic symbol I. Its atomic number 53, and atomic weight is 

126.90. The molecular effects of iodine and the growing evidence 

regarding these effects point to its possible role in the prevention of 

cancer, especially stomach and breast cancer. This is because of its 

antioxidant, anti-inflammatory, pro differentiating, and pro-apoptotic 

effects.
19

 A study
19

 suggested that Iodine's role in maintaining the 

health of breast tissue is because of its therapeutic effects on benign 

breast conditions. In vitro and in vivo studies suggest that the 

therapeutic form of iodine in breast cancer treatment is I2.
19

 Several 

studies indicate that I2 can protect laboratory animals against 

mammary tumours.
20-22

 In a chemical carcinogenesis model of 

mammary tumours using rats that were given methyl-nitrosurea, I2 

was given as a 0.05% of water source, and the rats were allowed 

unrestricted accessto the drug. The incidence of mammary tumours 

was reduced by 37.5% in the treated rats when compared to the rats in 

the control group.
20

 A study 
21

 also explored the cytotoxicity of iodine 

on cultured human breast cancer cell lines viz, MCF-7, MDA-MB-

231, MDA-MB-453, ZR-75-1, and T-47D. The findings revealed 

iodine-induced apoptosis in all of the tested cell lines except MDA-

MB-231. Further, a study 
22 

suggested that iodine could affect the 

binding of oestrogen receptors to the steroid-binding element. Using 

MCF-7 breast cancer cells, this study demonstrated that Lugol's 

solution (5% iodine/10% iodide) affected 43 genes involved in cell 

cycle growth, proliferation, and differentiation. 

In view of the above, this study tested alternative combinations 

amongst I2, DHA, methanolic extracts of CP and VA leaves against 

MCF-7 and MDA-MB-231 breast cancer cell lines to assess their 

cytotoxic effects. Additionally, to confirm the IC50 values of Ugandan 

botanicals used in this study, single extracts of CP and VA were tested 

for their cytotoxic activity against the chosen cancer cell lines. 

The two breast cancer cell lines, MCF-7 (hormone-dependant breast 

carcinoma) and MDA-MB-231 (hormone-independent breast 

carcinoma) used in this study were selected based on their prevalence, 

aggressiveness, and resistance to treatment. 

 

Materials and Methods 

Plant Material 

The plant materials were collected from certified organic farms in 

Luwero, Uganda and taken to the Makerere University Herbarium 

(MHU) for authentication. The voucher specimens were allocated 

numbers JN/001 and JN/002 for VA and CP respectively. The 

materials for laboratory analysis were collected in the September 

2017, and washed and air-dried in the shade at an ambient temperature 

of 25°C to 30°C for 6 (CP) and 10 (VA) days to constant weight. The 

dried material was pulverized (using mortar and pestle) and kept in an 

airtight container at room temperature until its extraction using 

methanol. 

 

Preparation of methanol extracts 

One kg of plant powder was soaked in 5 l of methanol for 3 days with 

occasional shaking every 8 hours. The acquired extract was filtered 

using the Whatman filter paper (No.1) and concentrated in a vacuum 

below 45
0
C using a rotary evaporator. The extract was left standing in 

a sterile hood until all methanol evaporated to obtain dry crude 

methanol extract that was subsequently stored at -4°C until its use. 

 

Cell lines and culture conditions 

Two human breast cancer cell lines, MCF-7 and MDA-MB-231 were 

purchased from the American Type Culture Collection (ATCC) 

(Virginia, USA). These cell lines were recently authenticated and 

cultured according to ATCC guidelines and were mycoplasma free. 

The MCF-7 cell line was grown in a complete growth medium, i.e., 

the Eagle’s Minimum Essential Medium (EMEM) and supplemented 

with 10% FBS, 1% HEPES buffer, 1% penicillin/streptomycin, and 

insulin (10 μg/mL). The MDA-MB-231 cell line was grown in the 

Leibovitz L-15 Medium and supplemented with 10% FBS, 1% 

HEPES buffer, and 1% Penstrep. The cells were incubated at 37
o
C in a 

5% CO2 incubator for MCF-7 and 37
o
C in a non-CO2 incubator for 

MDA-MB-231 as per the ATCC’s cell culturing guidelines. The cells 

were sub-cultured at a confluence of 85% and a part of the cells was 

stored in liquid nitrogen until further use. The MDA-MB-231 cells 

were sub-cultured for 4 days, while the MCF-7 cells were sub-cultured 

for 10 days to attain enough cells for the cell viability assays. Due to 

experiments being performed in sterile conditions, all of the assays 

were free of mycoplasma contamination. 

 

Reagents and chemicals 

FBS, EMEM, L-15, human insulin, PBS, DMSO, trypan blue, 

penicillin/streptomycin, Hepes buffer, absolute ethanol, and CFSE 

were obtained from Sigma-Aldrich. EMEM, L-15, trypsin-EDTA 

(0.25% trypsin/0.53 mM EDTA) were obtained from the ATCC, DHA 

from the Cayman Chemical Company, USA, and Annexin V, PI, and 

I2 from Biokom, Poland 

 

Preparation of drugs 

The plant extracts, DHA, and iodine were separately dissolved to 

obtain stock solution 1. This solution was prepared in a labelled 

centrifuge tube by weighing and separately dissolving  1 000mg of 

each herbal extract and 100 mg of DHA in 10 mL of DMSO  and 

10mg of I2 in 10 mL of ethanol stock solution 2 was prepared from  

stock solution 1 by dissolving the latter in PBS, as per proportional 

sets formula: C1V1 = C2V2 

where C1 is the concentration of the starting solution, V1 is the 

volume of the starting solution, C2 is the concentration of the final 

solution and V2 is the volume of the final solution. Obtained  stock 

concentrations of VA = 1056 μg/mL, CP = 1600 μg/mL, DHA = 

118.289 μg/mL, and I2 = 16.24 μg /mL were based on 16x extrapolated  

IC50 value of each component taken from previous studies on cancer 

cell lines
5,10-12,14,18,20,22

  to ensure adequate drugs concentration ranges 

in experimental assays. To prepare drug solution 1, stock solutions 2 

were combined and mixed in a ratio of 1:1 in labelled centrifugal tubes 

to obtain the following six combinations: VA + CP, VA + DHA, VA + 

I2, CP + DHA, CP + I2, and DHA + I2. Each of  two extracts and six 

combinations were serially diluted to obtain 5 concentrations (Table 

1). DOX stock solution was prepared at a concentration of 96 μg/mL 

to be used on cells in 5 concentrations as positive controls (Table 1). 

Based on the cytotoxicity of the most effective combinations and the 

possible wider mechanism of anticancer activity, a three-component 

combination of CP + VA + DHA was included for the cytotoxic assay. 

Drug solution 2 (CP + VA + DHA) was obtained by mixing three of 

the stock solutions 2 in a ratio of 1:1:1. The drug was serially diluted 

to obtain 5 concentrations (Tables 1, 2 and 3). 
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Table 1: Concentrations of serially diluted extracts, combinations and DOX used in experiments on both cell lines 
 

  Concentration μg/mL   

Drug 1 2 3 4 5 

CP 800 400 200 100 50 

VA 528 269 132 71 35.5 

CP + VA 664 332 166 83 41.5 

CP + DHA 428.572 214.786 107.393 53.696 26.848 

CP + I 404.04 202.02 101.01 50.505 25.25 

VA + DHA 293.572 146.786 73.393 36.695 18.348 

VA + I 268.04 134.02 67.01 33.505 16.75 

DHA + I 33.612 16.806 8.403 4.201 2.1 

CP + VA + DHA 462.381 231.19 115.595 57.797 28.898 

DOX 48 24 12 6 3 

 

Table 2: Concentrations of stock solutions 2 of compounds, extracts, combinations and DOX used in experiments on both cell lines 
 

Drug Concentration μg/ml 

DHA 118.289 

I2 16.24 

CP 1600 

VA 1056 

CP + VA 1328 

CP + DHA 859.144 

CP + I 808.08 

VA + DHA 587.144 

VA + I 536.08 

DHA + I 67.224 

CP + VA + DHA 924.762 

DOX 96 

 

 

Table 3: Concentrations (μg/mL) of individual components in combinations in 5 concentrations 

CP + VA  CP + DHA  CP + I  VA + DHA  

CP VA CP DHA CP I VA DHA 

400 264 400 29.572 400 4.04 264 29.572 

200 132 200 14.786 200 2.02 132 14.786 

100 66 100 7.393 100 1.01 66 7.393 

50 33 50 3.696 50 0.505 33 3.696 

25 16.5 25 1.848 25 0.252 16.5 1.848 

 

VA + I  DHA + I  VA + CP + DHA   

VA I DHA I VA CP DHA 

264 4.04 29.572 4.04 176.59 266.8 19.74 

132 2.02 14.786 2.02 88.29 133.4 9.87 

66 1.01 7.393 1.01 44.14 66.7 4.93 

33 0.505 3.696 0.505 22.07 33.35 2.46 

16.5 0.252 1.848 0.252 11.03 16.67 1.23 



                                              Trop J Nat Prod Res, March 2021; 5(3):485-493                           ISSN 2616-0684 (Print) 

                                                                                                                                                               ISSN 2616-0692 (Electronic)  
 

488 
© 2021 the authors. This work is licensed under the Creative Commons Attribution 4.0 International License 

Cytotoxic activity of single extracts and combinations on cancer cells 

The cells were removed from their culture flask using the trypsin 

EDTA treatment until they were dislodged with gentle aspiration into 

a single-cell suspension. The cell viability assay was performed in 

triplicate. The cell solution (2 ml) was seeded in a pre-labelled M6 

tissue culture plate at a density of 200,000 cells/mL per well and 

incubated for 1 hour before exposure to the serial solutions of 2 mL 

drugs in each well. The non-stimulated cells and DOX were used as 

negative and positive controls respectively.The cytotoxicity was 

assessed at time intervals of 24 h, 48 h, and 72 h using trypan blue 

exclusion assay. 

 

Isobologram and calculation of the CI 

The drug interactions were determined using the isobologram and CI 

method derived from the median-effect principle of Chou-Talalay 

Method for drug combination
8
. The mathematical model that was 

established to assess drug-drug interactions, employed the median 

effect principle formula fa/fu = [D/Dm]
m
 in which fa is the fraction of 

cells affected, fu = 1-fa is the fraction unaffected, D equals the 

concentration of the drug, Dm is the drug dose required for 50% 

inhibition, and m is the slope of the median effect curve. The 

isobologram that provides a graphical representation of the 

pharmacological interaction is generated by a straight line connecting 

the Fa points against the fixed-ratio combinations of Drug 1 and Drug 

2 on the x and y axes. The data points (Fa) on the lower-left, upper-

right, or hypotenuse indicate synergism, antagonism, or additive effect 

respectively. As proposed by the Chou-Talalay method, the CI for the 

Loewe additivity dose-effect model
8
was adopted to determine the 

most synergistic formulation and was manually calculated following 

the equation stated below: 

    
    

     
  
    

     
 

 

where CA,X and CB,X are the concentration of the drugs A and B 

used in combination to achieve x % drug effect. ICX, A and ICX, B 

are the concentrations for single agents to achieve the same effect. A 

CI of less than equal to or more than 1 indicates synergistic, additive, 

or antagonistic effect respectively. 

 

Assessment of viability of normal cells when treated with 

combinations 

The isolated human PBMCs were used as a control to study the 

toxicity of combinations on human cells. The blood samples were 

collected with consent from a healthy volunteer in 8 ml ACD tubes. 

The cells were extracted from the whole blood by using the Ficoll 

layering technique. These cells were seeded in duplicate on M6 tissue 

culture plates and five concentrations of the serial dilutions of the 

drugs that worked best on the cell lines (CP + VA and CP + VA + 

DHA) were added. The non-stimulated cells and DOX were used as 

negative and positive controls respectively. The trypan blue assay was 

used to test the cell viability at time intervals of 24 h, 48 h, and 72 h. 

 

Statistical analysis 

The IC50 values were obtained using the SigmaPlot software analysis 

from the viability test data by plotting standard dose-response curves. 

To obtain the mean ± standard deviation (SD), the data from the 

different experiments were coded and entered using the IBM SPSS 

Statistics for Windows, Version 22 statistical software (Amonk,NY:IBM 

Corp). The main statistical procedure employed for the analysis was 

one-sample t-test to determine whether significant mean differences 

exist in the means. The mean differences were considered significant 

at p ≤ 0.05. 

 

Results and Discussion 

Cytotoxic activity of single extracts and combinations on cancer cell 

lines 

Two breast cancer cell lines, i.e., MCF-7 and MDA-MB-231 were 

used to screen the in vitro cytotoxic activity of the two extracts and six 

combinations. The highest cytotoxic activity was observed at 72 h and 

expressed as IC50 values following the trypan blue viability test. 

Regarding the IC50 concentration of the individual drug components in 

their respective formulations and CI calculations, the combination of 

CP + VA with IC50 values of 18.6 ± 2.5 μg/mL revealed the strongest 

synergistic cytotoxic activities on MCF-7 (CI < l) and weaker additive 

cytotoxic activity with IC50valueof 336.9 ± 13.6 on MDA-MB-231 (CI 

= 1) after a 72 h drug exposure in a concentration-dependent manner 

(Figure 1, 2). 

In comparison, DOX showed cytotoxic activity with the values of IC50 

= 6.6 µg/ml on MCF-7 and IC50 = 14.8 μg/ml on MDA-MB-231. The 

cytotoxicity of extracts from indigenous Ugandan Carica papaya Linn 

and Vernonia amygdalina Delile was less effective against the MCF-7 

cell line compared to their combined effect (Table 4 and Figure 3,4).  

 

Viability of PBMCs Treated with CP + VA and CP + VA + DHA 

The combinations of CP + VA and CP + VA + DHA showed a 

significantly higher cytotoxic effect on breast cancer cell lines 

compared to their cytotoxic activities on human PBMCs (Table 5, 

Figure 5). At 72 h, the PBMC showed 99.4 ± 0.4 and 90.3 ± 2.6 

viability when treated with combinations of CP + VA and CP + VA + 

DHA at their concentrations equal to IC50 = 18.6 ± 2.5 μg/mL against 

MCF-7 and IC50 = 149.3 ± 6.4 μg/mL against MD-MB-231 breast 

cancer cell lines respectively (Table 5). In contrast, DOX showed 

significantly higher cytotoxicity on human PBMCs than the most 

efficacious combinations. The PBMCs showed 73.89 ± 1.30 viability 

when treated with DOX at a concentration equal to its IC50 = 6.6 

μg/ml value on MCF-7 and 48.82 ± 0.53 viability when treated with a 

concentration of IC50 = 14.8 μg/mL value obtained from the 

experiment on MD-MB-231 at 72 h (Table 5, Figure 5). 

The adverse side effects of chemotherapy and radiotherapy in cancer 

treatment have been evident and documented in several studies
4,23

. 

These include hair loss, a sick feeling, radiation poisoning, or even 

death. The vast potential of plant-based medications in the fight 

against breast cancer remains a valid and viable option that is not only 

affordable and accessible but also has limited side effects
24,25

. In fact, 

a study
26

 stated that in Uganda, in addition to the local herbalists, there 

are complementary practitioners of Chinese and Ayurveda medicines 

whose numbers have recently increased.
27

 All these practitioners are 

adopting a combination of both allopathic and complementary forms 

of treatment. Several studies
24,27 

have observed that most patients on 

allopathic cancer therapy are concurrently self-medicating with one or 

more complementary and alternative medicines (CAM), most common 

among them being herbal medicines
24

. The MCF-7 cell line has been 

documented to be the most common form of breast cancer that is 

responsible for about 83% of the cases,
29

 while the MDA-MB-231 cell 

line is not as common but is much harder to treat
29

. Unlike other 

studies on the use of CP
9, 30

, artemisinin
14,16

, VA, 
12,13 

and iodine
21,22

 to 

treat cancer, this study sheds light on the cytotoxic effect of combining 

the methanolic extracts of CP and VA with DHA and iodine against 

breast cancer cells. Some of the previously reported IC50 values of 

single-plant extracts and compounds include CP petroleum ether and 

aqueous methanolic extracts on MCF-7 breast cancer cell lines that 

were 100 μg/mL
31

 and 130 μg/mL,
32

 respectively. In case of VA it was 

IC50 = 56μg/ml on MCF-7 and 46 μg/mL on MDA-MB-231 cell lines 

respectively
33

; in case of DHA, it was IC50 = 111 nM on MCF-7 and 

11.8 nM on MDA-MB-231 respectively;
34

 and in case of I2, it was IC50 

= 2.7 and 3.1 μM on MCF-7 and MDA-MB-231 respectively.
35

 It 

should be noted that in contrast to pure compounds, plant constituents 

vary both qualitatively and quantitatively according to the ecology, 

weather, age, and time of collection.
36

 Extracts from Ugandan origin 

VA and CP were tested for their IC50 values in this study and hence, 

the results presented different cytotoxic profiles when compared to 

other studies. Although, several reviews have been written on the 

combination effects of complex mixtures,
30,37

 it is still difficult to 

define the term synergy in this context, especially with regard to 

combining herbal extracts and pure compounds.
30,38,39

 The additive 

and non-interactive combinations indicate that the combined effect of 

two substances is a pure summation effect, while an antagonistic 

interaction results in a less than additive effect. Positive interactions, 

known as potentiation or synergy occur when the combined effect of 

the constituents is greater than the expected additive effect.
30,37,38, 40-43
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The most popular model for studying combination effects is based on 

the Loewe additivity principle
30,40-44 

and was used in this study. 

However, it is challenging to draw definite conclusions from the 

resulting data as, in some instances, the combination effects have been 

identified as synergistic by one model but antagonistic by another.
45

 In 

view of the above, considering the IC50 values along with CI, CP + 

VA is potentially the most efficacious combination for both cell lines 

with strong synergistic activities (CI < 1) on MCF-7 (IC50 = 18.6 

μg/mL) and additive activity (CI = 1) on MDA-MB-231 (IC50 = 336.9 

± 13.6 μg/ml). On the other hand, in this study, single extracts of CP 

and VA showed 623.9 ± 80.8, 144.8 ± 37.4 μg/ml IC50 values when 

used alone on MCF-7 and 321.5 ± 223.7, 354.6 ± 24.2 μg/ml IC50 

values on MDA-MB-231 cell lines respectively. Hence, a combined 

application of two synergistically working extracts with a compound 

may lead to enhanced anticancer activity when compared to the use of 

a single plant extract or compound due to the multiple mechanisms by 

which cancer escapes regulated cell growth and avoids apoptosis. 

Thus, the combination CP + VA + DHA, despite its CI being more 

then 1 was chosen for cytotoxic assay against normal cells because of  

 

 

its encouraging IC50 values of 78.6 ± 5.2 and 149.3 ± 6.4 on MCF-7 

and MDA-MB-231 respectively. The use of whole plant extracts and 

their combinations with or without pure compounds may provide an 

advantage over using one isolated plant or synthetic compound as the 

formulation contains several active components with different possible 

intracellular targets. According to a study
46

, the  

mechanisms underlying synergistic therapeutic actions of herbal 

medicines are the following:  

 

1.  Different agents may regulate either the same or different targets 

in various pathways, and therefore cooperate in an agonistic, 

synergistic way; 

2.  Regulate the enzymes and transporters that are involved in 

hepatic and intestinal metabolism to improve oral drug 

bioavailability; 

3.  Overcome the drug resistance mechanisms of microbial and 

cancer cells; and  

4.  Eliminate the adverse effects and enhance pharmacological 

potency of agents by "processing" or by drug-drug interaction.  

 

 

I 

 

 

 

 
 

 

 

 

 

 

 

                      

 

II 

 

 

 

 

    

 

 

 

 

 

                Isobologram: CP + VA on MDA-MB-231                Fa-CI Plot: CP + VA on MDA-MB-231  

 

Figure 1: Isobolograms and Fa-CI Plots of CP + VA on MCF-7 (I) and MDA-MB-231 (II) Cell Lines. 
Key: Fa = effect levels (fraction affected), Dose A = Concentrations (μg/ml ) of VA, Dose B = Concentrations (μg/mL) of CP. 
The MCF-7 and MDA-MB-231 cell lines were treated with a dose series of methanolic extracts of CP, VA, and their combinations. The dose ranges for 

individual and combined drugs were completed in triplicate. Isobologram and Fa-CI plot analysis were completed in accordance with the Chou-Talalay 

method using CalcuSyn. Isobologram: Fa on the lower-left, upper-right, or the hypotenuse indicate synergism, antagonism, or additive effect 

respectively. CP + VA proved to have a strong synergistic effect against MCF-7 showing three data points on the lower-left of the hypotenuse 

compared to the two data points against the MDA-MB-231 cell line. Fa-CI plot: The data points (simulated curves) below, above, or on the CI = 1 

horizontal line indicate synergism, antagonism, or additive effect respectively. Among the four combination data points of CP + VA on MCF-7, all of 

them were on the synergy side (CI < 1). The same combination of MDA-MB-231 presents two data points on synergy and one on antagonism (CI > 1) 

sides. 

               

 

 

      Isobologram: CP + VA on MCF-7                            Fa-CI Plot: CP + VA on MCF-7 
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           I                                                    II 

Figure 2: Dose-effect curve of single extracts (CP, VA) and its combination (CP+VA) against MCF-7 (I) and MDA-MB-231 (II) cell 

lines. 
Key: Fa = fraction affected, Dose = concentrations of CP, VA, and CP + VA against cell lines. 

The MCF-7 and MDA-MB-231 cell lines were treated with a dose series of methanolic extracts of CP, VA, and their combinations. The dose ranges for 

individual and combined drugs were completed in triplicate. The dose-effect analysis was completed in accordance with the Chou-Talalay method using 

CalcuSyn.  

 

 

Table 4: In vitro cytotoxic activity of single extracts, combinations, and DOX against breast cancer cell lines at 72 h drug exposure 

Drug 
                     Cell line (IC50 μg/mL) 

p-value 
MCF-7 MDA-MB-231 

CP 623.9±80.8 321.5±223.7 0.177 

VA 144.8±37.4 354.6±24.2 0.001 

CP + DHA 133.3 ± 8.3 138.7 ± 6.0 0.619 

CP + VA 18.6 ± 2.5 336.9 ± 13.6 0.000 

CP + I 388.2 ± 62.9 438.0 ± 3.9 0.584 

VA + I 136.8 ± 22.9 348.9 ± 33.4 0.006 

VA + DHA 51.4 ± 6.4 288.0 ± 7.9 0.000 

DHA + I 53.4 ± 7.9 105.6 ± 28.6 0.258 

CP + VA + DHA 78.6 ± 5.2 149.3 ± 6.4 0.001 

DOX 6.6 ± 1.2 14.8 ± 1.0 0.003 

Key: In vitro cytotoxic activity of the combinations and DOX against MCF-7 and MDA-MB-231 cell lines at 72 h drug exposure. The data in Table 4 

are shown as means ± SD and are derived from three independent repeats after a 72 h exposure to the test extracts. The means are significantly different 

where p ≤ 0.05 (independent samples t-test). 

I II 

Figure 3: In vitro cytotoxic effects of CP and VA extracts against MCF-7 and MDA-MB-231 cell lines; plates I–II 
Key: Concentration-response curves of the effect of CP and VA on cell growth in MCF-7 and MDA-MB-231 cell lines: (I) CP on MCF-7 and MDA-

MB-231, (II) VA on MCF-7 and MDA-MB-231. The cells were treated with various concentrations of drugs and the cytotoxicity was measured by 

trypan blue assay at 72 h. All the experiments were done in triplicates. The results were expressed as means ± SD (n = 3). 
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Figure 4: In vitro cytotoxic effects of combinations and DOX against MCF-7 and MDA-MB-231 cell lines; plates I–IV 
Key: A = Concentration vs Average Viability at 24 h, B = Concentration vs Average Viability at 48 h, and C = Concentration vs Average Viability at 

72 h. The concentration-response curves of the effect of CP + VA, CP + VA + DHA, and DOX on cell growth in MCF-7 and MDA-MB-231 cell lines: 

(I) CP + VA on MCF-7, (II) CP + VA + DHA on MDA-MB-231, (III) DOX on MCF-7, and (IV) DOX on MDA-MB-231. The cells were treated with 

various concentrations of drugs and the cytotoxicity was measured by trypan blue assay at time intervals of 24 h, 48 h, and 72 h. All the experiments 

were done in triplicates. The results were expressed as means ± SD (n = 3). 
 

Table 5: In vitro viability of PBMCs treated with combinations and DOX 

Drug Reference Viability Mean Difference p-value 

CP + VA Viability with reference to IC50 = 18.6 μg/ml (MCF-7) 99.4 ± 0.4 49.4 0.000  

CP + VA + DHA 
Viability with reference to IC50 = 149.3 μg/ml (MDA-MB-

231) 
90.3 ± 2.6 40.3 0.004 

DOX Viability with reference to IC50 = 6.6 μg/ml (MCF-7) 73.89 ± 1.30 23.9 0.003 

 
Viability with reference to IC50 = 14.8 μg/ml (MDA-MB-

231) 
48.82 ± 0.53 -1.2 0.154 

Key: The PBMCs were treated with combinations and DOX at their respective IC50 concentration values on MCF-7 and MDA-MB-231 cell lines at 72h 

drug exposure. The data are shown as means ± SD and are derived from three independent repeats after 24h, 48h and 72h exposure to different 

concentrations of drugs on PBMCs. Apart from MDA-MB-231 when treated with DOX whose mean value of 48.8 ± 0.53 was insignificant (0.154 > 

0.05), the statistical analysis for the rest of the means were significantly higher than the hypothesized value of 50% (p < 0.05; One sample t-test). That 

is, the predetermined value of 50 was significantly lower than the reported values. 

 

The combined applications of studied herbal extracts and compounds 

may address many causes of breast cancer simultaneously and 

improve the effectiveness of allopathic chemotherapeutic breast 

cancer treatments. In addition, this study has proven the most 

efficacious combinations to be less toxic to normal cells at their 

respective IC50 values when compared to DOX thereby also showing 

their activity to be more selective towards cancer cells. The strongest 

cytotoxic activity of the tested combinations was observed at 72 h 

suggesting that their cytotoxic effect increases in both a time- and 

concentration-dependent manner. The effect of the test combinations 

on the cell lines could be explored for a longer time in continuous 

cultures. 

The exploration of the cytotoxic effects of combining studied herbal 

extracts and bioactive compounds against breast cancer cell lines may 

help researchers in discovering new phytomedicines or drug 

combinations. This study validates and recommends that further 

investigation is called for on cancer cell lines, using an in vivo animal 

model to establish mechanisms of action as well as cytotoxic effects of 

combinations on growth, migration, and invasion of breast cancer in a 

live host. 
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Figure 5: In vitro cytotoxic effects of CP + VA, CP + VA + DHA, and DOX on PBMCs; plates I–III 
Key: A = Concentration vs Average Viability at 24 h, B = Concentration vs Average Viability at 48 h, and C = Concentration vs Average Viability at 

72h.The concentration-response curves of cytotoxic activity of CP + VA (I), CP + VA + DHA (II), and DOX (III) on PMBCs were treated with various 

concentrations, and the cytotoxicity was measured by trypan blue assay at time intervals of 24 h, 48 h, and 72 h. All the experiments were done in 

triplicates. The results were expressed as means ± SD (n = 3). 

 

 

Conclusion 

This study shows the cytotoxic activity of combining CP, VA, DHA, 

and I2 against breast cancer cell lines. Based on the CI calculations, 

the combination of CP + VA revealed the strongest cytotoxic and 

synergistic activity against MCF-7 and additive activity on MDA-MB-

231 cell lines respectively. In comparison, single extracts have shown 

to be less and similarly cytotoxic when tested against MCF-7 and 

MDA-MB-231 cell lines respectively. Due to the potential wider 

mechanism of its cytotoxic activity, the combination of CP + VA + 

DHA was also considered for further testing. All the combinations had 

a minimal cytotoxic effect on PBMCs. In contrast, DOX showed 

higher toxicity against both tested cells and PMBCs, thus proving that 

the cytotoxicity of most efficacious formulations is more selective 

towards cancer cells.  

It is suggested that CP + VA and CP + VA + DHA be further explored 

in relation to their drug resistance, mechanism of action, safety profile, 

immune system stimulatory effects, and in vivo tumour cytotoxicity 

using animal models. 
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