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ABSTRACT

Breast cancer remains a leading cause of cancer-related mortality worldwide, necessitating novel therapeutic strategies. This study
investigates the cytotoxic effects of Curcumin and Phyllanthin, individually and in combination, on MDA-MB-231 (triple-negative)
and MCF7 (estrogen receptor-positive) breast cancer cell lines. Curcumin demonstrated higher potency, with IC50 values of 39.12
UM £ 3.94 for MDA-MB-231 and 32.79 uM =+ 1.53 for MCF7, compared to Phyllanthin’s 75.54 uM + 3.74 and 75.54 uM £ 1.74,
respectively. Combination index analysis revealed additive effects (MDA-MB-231: CI = 1.033; MCF7: CI = 1.11), indicating
effective complementary action between the compounds. Curcumin and Phyllanthin contributed 47.7% and 43.1% to cytotoxicity
variation in MDA-MB-231 cells and 54.7% and 39.2% in MCF7 cells, respectively. Higher Phyllanthin concentrations (P50-P80)
significantly enhanced cytotoxicity across all Curcumin levels (P < 0.001).The observed additive effects underscore the therapeutic
potential of Curcumin and Phyllanthin combinations to enhance cancer treatment outcomes by targeting distinct pathways and
reducing drug dosages. These promising results pave the way for preclinical development of combination therapies to overcome
therapy resistance and reduce tumor recurrence in breast cancer.
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INTRODUCTION

Breast cancer remains the most frequently diagnosed cancer among women and continues to pose a significant challenge in terms
of both incidence and mortality rates worldwide.

Table -1: Breast cancer burden: global and Indian statistics

Category Global Statistics Indian Statistics

New Cases 2.3 million new cases in 2020 (1) 14.6 lakh new cases projected by 2022 (2)

Deaths 685,000 deaths in 2020 (1) 8.09 lakh estimated deaths by 2022 (2)

Age-Standardized 42.0 per 100,000 women in 2020 (1) 62.4 per 100,000 women in 2022 (3)

Mortality Rate (ASR)

Leading Cancer Types Breast cancer: 25% of all new cancer cases in Breast cancer: 27% of new cases, followed by
2020, followed by lung cancer (11%) (1) cervical cancer (18%) (4)

Case Fatality Rate 50% of cancer patients succumb to their 55% case fatality rate, possibly due to delayed
disease (1) diagnosis and limited treatment access (2)

Breast Cancer Recurrence | 13%-41% risk of recurrence over 5-20 years 15%-40% recurrence risk (12)

Risk (11)

Recurrence and Mortality | 25%-30% experience recurrence (11) 20%-35% recurrence and mortality rate (12)

Rate
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Despite advances in early detection and treatment, breast cancer is still a leading cause of cancer-related mortality, accounting for
nearly 685,000 deaths globally in 2020, making it the second leading cause of cancer-related deaths (7). Mortality rates vary
geographically, with higher survival rates in high-income countries due to better access to healthcare, early detection, and advanced
treatment options.

In spite of advancements in therapeutic strategies, breast cancer recurrence and metastasis remain significant challenges,
highlighting the limitations of conventional treatments. A key contributor for this relapse in breast cancer is the presence of breast
cancer stem cells (BCSCs). BCSCs are a small, therapy-resistant subpopulation that drives tumor initiation, progression, and relapse
(8). Their self-renewal capabilities emphasize a needed for more effective treatments.

Hence, there is an immediate need for novel therapeutic strategies targeting the root causes of breast cancer, including cancer stem
cells (9). Recent research has focused on natural compounds for cancer therapy, given their ability to modulate multiple signaling
pathways involved in tumorigenesis with minimal toxicity. One promising approach involves the exploration of natural compounds,
which may reduce recurrence and improve patient outcomes.

1.1 Phyllanthin:

One such compound, Phyllanthin, a lignan derived from Phyllanthus species, has gained significant attention due to its
hepatoprotective, anti-inflammatory, and antioxidant properties (10), (11). Beyond its traditional use in liver diseases, Phyllanthin
has shown promising potential in targeting cancer stem cells, particularly in breast cancer. Studies have revealed that Phyllanthin
modulates key oncogenic pathways, including Wnt/B-catenin, Notch, and NF-xB, which are critical for CSC survival, proliferation,
and metastasis (12). By targeting these pathways, Phyllanthin may reduce tumor growth and metastasis, making it a potential
candidate for therapeutic strategies aimed at overcoming resistance in breast cancer.

Additionally, Phyllanthin induces apoptosis by activating caspases and modulating apoptotic proteins such as Bax (pro-apoptotic)
and Bcl-2 (anti-apoptotic) (12). By selectively inducing cell death in cancer cells, Phyllanthin spares normal cells, enhancing its
therapeutic profile. As an antioxidant, Phyllanthin reduces oxidative stress by scavenging reactive oxygen species (ROS), which are
implicated in DNA damage and cancer progression (11).

Phyllanthin also exerts anti-inflammatory effects by inhibiting inflammatory mediators like TNF-a, IL-6, and COX-2. These
inflammatory cytokines are critical in promoting tumor growth, and by reducing inflammation, Phyllanthin not only mitigates cancer
risk but also enhances the efficacy of chemotherapy (10).

1.2 Phyllanthin and Cancer Stem Cells (CSCs)

Cancer stem cells (CSCs) are a subpopulation of cells within a tumor that drive its initiation, progression, and metastasis. They
possess self-renewal capabilities and exhibit resistance to conventional therapies, contributing to relapse and metastasis. Phyllanthin
has shown potential in targeting breast cancer stem cells (BCSCs) by modulating several molecular pathways involved in CSC
biology.

Phyllanthin inhibits the Wnt/B-catenin pathway, which regulates stem cell proliferation and self-renewal. Dysregulation of this
pathway in breast cancer promotes BCSC survival and tumor growth. By inhibiting Wnt/B-catenin signaling, Phyllanthin reduces
BCSC self-renewal and may decrease tumorigenesis and metastasis (12).

Phyllanthin also impacts the Notch signaling pathway, a crucial regulator of CSC stemness and self-renewal. Dysregulated Notch
signaling is associated with poor prognosis and chemotherapy resistance in breast cancer. By inhibiting this pathway, Phyllanthin
reduces BCSC stemness and improves treatment response (13).

Furthermore, Phyllanthin modulates the NF-kB pathway promotes the survival and metastatic potential of BCSCs, and Phyllanthin’s

ability to suppress this pathway could enhance the efficacy of traditional treatments by targeting the root causes of therapy resistance
(10).
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1.3 Synergistic Effects of Phyllanthin with Other Bioactive Compounds

The anticancer effects of Phyllanthin can be further enhanced when combined with other bioactive compounds such as Curcumin,
silymarin, and andrographolide. These compounds target overlapping mechanisms and act synergistically to improve therapeutic
efficacy. Curcumin is derived from turmeric, Curcumin inhibits multiple CSC pathways, including Wnt/B-catenin, Notch, and NF-
kB. Combined with Phyllanthin, Curcumin strengthens the inhibition of these pathways, leading to reduced BCSC self-renewal and
improved chemotherapy response (13). Silymarin is derived from milk thistle. It inhibits the Notch and Hedgehog pathways, both
crucial for CSC proliferation. Together with Phyllanthin, silymarin provides a robust approach to targeting resistant BCSC
populations (14). Andrographolide is a diterpenoid compound targets inflammation and BCSC survival through the NF-xB pathway.
When combined with Phyllanthin, andrographolide enhances BCSC survival inhibition, offering a potent strategy to prevent
metastasis and recurrence in breast cancer (15). Moreover, the combination of Phyllanthin with other bioactive compounds has
shown synergistic potential in enhancing its therapeutic efficacy.

1.4 Cucumin:

Curcumin, the active compound in turmeric, is another natural agent that has garnered attention for its anticancer properties.
Curcumin has been extensively studied for its ability to inhibit multiple oncogenic pathways, including Wnt/p-catenin, Notch, and
NF-kB, similar to Phyllanthin (16), (17). This overlap in molecular targets suggests that the combination of Phyllanthin and
Curcumin could provide a powerful strategy to Breast cancer treatments more effectively. Additionally, Curcumin’s ability to reduce
oxidative stress and inflammation further complements Phyllanthin’s mechanisms, potentially enhancing overall therapeutic
outcomes (18). Curcumin enhances the efficacy of standard chemotherapeutic agents and reduces their side effects. Curcumin
sensitizes cancer cells to doxorubicin and minimizes its cardiotoxicity (19). Synergistic effects have been observed, improving
cisplatin's anticancer activity while reducing nephrotoxicity (18). Curcumin enhances the outcomes of radiotherapy in cancer cells
by inhibiting DNA repair pathways (20).

1.5 Purpose of the study:

This study aims to elucidate the molecular mechanisms through which Phyllanthin exerts its anticancer effects, particularly in
targeting and eliminating BCSCs. Additionally, Curcumin’s antioxidant and anti-inflammatory properties may further complement
Phyllanthin’s mechanisms, creating a multifaceted approach to breast cancer treatment.

By evaluating the combined impact of these phytochemicals on BCSC-associated pathways and the tumor microenvironment, this
research seeks to provide insights into novel, plant-derived therapeutic strategies for overcoming therapy resistance and improving
breast cancer treatment outcomes.

2. Materials and Methods

2.1 Cell Lines and Culture Conditions: Human breast cancer cell lines, MDA-MB-231 (estrogen receptor-negative, metastatic
carcinoma) and MCF-7 (estrogen receptor-positive, in situ carcinoma), were obtained from the American Type Culture Collection
(ATCC). Cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS),
1% penicillin-streptomycin, and maintained at 37°C in a 5% CO: incubator. Cells were subcultured when they reached 70-80%
confluency.

2.2 Phytochemicals and Drug Formulation: A 2% DMSO stock solution was prepared using culture media. Curcumin (Sigma-
Aldrich, St. Louis, MO, USA): In 2% DMSO, stock solution was prepared, and working solutions were diluted in culture media to
the required concentrations. Phyllanthin (Sigma-Aldrich, St. Louis, MO, USA): In 2% DMSO stock solution was prepared, and
working solutions were diluted similarly to Curcumin. Doxorubicin (Sigma-Aldrich, St. Louis, MO, USA): A 10mM DMSO stock
solution was prepared, and working solutions were diluted in culture medium to achieve the required concentrations for treatment.
A negative control using 2% DMSO was employed to observe cytotoxic effects were due to the phytochemicals rather than the
solvent.

2.3 Cytotoxicity Assays: The MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was used to assess cell
viability after phytochemical treatment. MDA-MB-231 and MCF-7 cells were seeded in 96-well plates at a density of 1 x 10* cells
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per well. Cells were allowed to adhere for 24 hours prior to treatment. The cells were treated with various concentrations of
Curcumin, Phyllanthin, and combinations of both phytochemicals for 24 hours. Doxorubicin was used as a positive control, and 2%
DMSO was used as the negative control.

After 24 hours of treatment, 20 pL of MTT solution (5 mg/mL) was added to each well and incubated for 4 hours at 37°C. The
resulting formazan crystals were dissolved in 100 pL isopropanol containing 0.04 N HCl, and absorbance was measured at 570 nm
using a microplate reader (BioTek Instruments, USA).

2.4 Combination Treatment: For combination treatment, phytochemical concentrations were selected based on their respective
IC50 values, with concentrations below the 1C50 used for dual combinations. The concentration of one compound was fixed, while
the concentration of the second compound was gradually increased. The interaction between the compounds was evaluated using
the combination index (CI), calculated by the following formula:

CI=IC50(druglcombination)/IC50(druglalone)+1C50(drug2combination)/IC50(drug2alone)

Drug interactions are classified as an additive if Cl is between 0.8 and 1.2, antagonistic if Cl is > 1.2, and synergistic if Cl is <0.8.
2.5 Statistical Analysis: All experiments were performed in triplicate, and the results are expressed as the mean * standard deviation
(SD). ICso values are determined from dose-response curves using Very Simple 1C50 Tool Kit (Python version) (21). Data were

analyzed using two-way ANOVA and Dunnett's multiple comparisons test GraphPad Prism software (GraphPad Software, Inc., San
Diego, CA, USA) (22).

3. Results and discussion

Table-2: 1C50 Values (UM) of Selected Compounds in Breast Cancer Cell Lines

Compound MDA-MB-231 (IC50 + SD) MCF7 (IC50 £ SD)
Doxorubicin 3.2005 £ 5.622 (Figure-1) 1.9068 + 1.520 (Figure-8)
Phyllanthin 75.5435 + 3.738 (Figure-2) 75.5435 + 1.738 (Figure-9)
Curcumin 39.1191 + 3.938 (Figure-3) 32.7864 + 1.531 (Figure-10)

Table-3: Combination Index (CI) of Curcumin and Phyllanthin
Cell Line Combination Index Effect
MDA-MB-231 1.033 Additive Effect
MCF7 1.11 Additive Effect
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Figure-1: Dose-Response Curve of Doxorubicin as a Positive Control in MDA-MB-231 Cells

The cytotoxic effect of doxorubicin in MDA-MB-231 breast cancer cells was assessed using an MTT assay. The x-axis represents
the logarithmic concentration of doxorubicin (UM), while the y-axis indicates the percentage of cytotoxicity. Data points (blue
crosses) represent mean values, and the fitted dose-response curve (purple) illustrates the concentration-dependent increase in
cytotoxicity. The IC50 value of doxorubicin was determined to be 3.2005 + 5.622 uM, confirming its role as a positive control for

cytotoxicity in this cell line.
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Figure-2: Dose-Response Curve of Phyllanthin for Cytotoxicity in MDA-MB-231 Cells

The cytotoxic effect of Phyllanthin on MDA-MB-231 breast cancer cells was evaluated using an MTT assay. The x-axis represents
the concentration of Phyllanthin (uM), while the y-axis indicates the percentage of cytotoxicity. Data points (blue crosses) represent
mean values, and the fitted dose-response curve (purple) illustrates the concentration-dependent cytotoxicity. The 1C50 value of
Phyllanthin was determined to be 70.7857 + 4.915 uM, indicating moderate cytotoxic activity in this cell line.
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Figure-3:Dose-Response Curve of Curcumin for Cytotoxicity in MDA-MB-231 Cells

The cytotoxic effect of curcumin on MDA-MB-231 breast cancer cells was assessed using an MTT assay. The x-axis represents the
concentration of curcumin (UM), while the y-axis indicates the percentage of cytotoxicity. Data points (blue crosses) represent mean
values, and the fitted dose-response curve (purple) illustrates the concentration-dependent cytotoxicity. The 1C50 value of curcumin
was determined to be 39.1191 + 3.938 uM, indicating its moderate cytotoxic activity in this cell line.
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Figure-4: Cytotoxic Effects of Phyllanthin and Curcumin Combinations on MDA-MB-231Cells

Cytotoxicity analysis of various combinations of Phyllanthin and Curcumin at different concentrations (Curcumin: CO, C10, C20,
C30, and C40 puM; Phyllanthin: PO, P10, P20, P30, P40, P50, P60, P70, and P80 uM). The percentage of cytotoxicity was measured
and compared for each combination. Significant differences between groups are indicated by statistical symbols (*p < 0.05, **p <
0.01, ***p < 0.001, ns: not significant). Data points represent the mean + standard deviation of at least three independent
experiments.
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Figure-5: Cytotoxic Effects of Combined Curcumin and Phyllanthin Treatments on MDA-MB-231Cells

Cytotoxicity analysis of combined treatments of Curcumin (C0, C10, C20, C30, and C40 puM) and Phyllanthin (PO, P10, P20,
P30, P40, P50, P60, and P70 uM) on cancer cells. The percentage cytotoxicity was evaluated using [insert assay method if
available]. Statistical significance between groups is indicated by symbols (*p < 0.05, **p < 0.01, ***p < 0.001, ns: not
significant). Error bars represent the standard deviation (SD) from at least three independent experiments.
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Figure-6: Heatmap of Cytotoxicity Induced by Phyllanthin and Curcumin Combinations in MDA-MB-231 Cells

Heatmap depicting the percentage cytotoxicity in MDA-MB-231 cells treated with various concentrations of Phyllanthin (PO,
P10, P20, P30, P40, P50, P60, P70 and P80 uM) and Curcumin (CO0, C10, C20, C30, and C40 uM). Cytotoxicity levels are color-

coded from low (purple) to high (red), as indicated by the color scale on the right. Data represent the mean values obtained from
at least three independent experiments.
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Figure-7: Heatmap of Cytotoxic Effects from Combined Curcumin and Phyllanthin Treatments on MDA-MB-231 Cells

Heatmap representation of percentage cytotoxicity in MDA-MB-231 cells treated with varying concentrations of Curcumin (CO,
C10, C20, C30, and C40 uM) and Phyllanthin (PO, P10, P20, P30, P40, P50, P60, and P70 uM). Cytotoxicity levels are color-coded
from low (purple) to high (red), as indicated by the accompanying color bar. Data reflect the mean percentage cytotoxicity obtained
from at least three independent experiments.
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Figure-8: Dose-Response Curve of Doxorubicin as a Positive Control in MCF7 Cells

The cytotoxic effect of Doxorubicin in MCF-7 breast cancer cells was assessed using an MTT assay. The x-axis represents the
logarithmic concentration of doxorubicin (uUM), while the y-axis indicates the percentage of cytotoxicity. Data points (blue crosses)
represent mean values, and the fitted dose-response curve (purple) illustrates the concentration-dependent increase in cytotoxicity.
The IC50 value of doxorubicin was determined to be 1.90681 +/- 1.52 uM, confirming its role as a positive control for cytotoxicity

in this cell line.
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Figure-9: Dose-Response Curve of Phyllanthin for Cytotoxicity in MCF-7Cells

The cytotoxic effect of Phyllanthin on MCF-7 breast cancer cells was evaluated using an MTT assay. The x-axis represents the
concentration of Phyllanthin (uUM), while the y-axis indicates the percentage of cytotoxicity. Data points (blue crosses) represent
mean values, and the fitted dose-response curve (purple) illustrates the concentration-dependent cytotoxicity. The IC50 value of
Phyllanthin was determined to be 75.5435 +/- 3.738, indicating moderate cytotoxic activity in this cell line.
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Figure-10: Dose-Response Curve of Curcumin for Cytotoxicity in MCF7 Cells

The cytotoxic effect of curcumin on MCF-7 breast cancer cells was assessed using an MTT assay. The x-axis represents the
concentration of curcumin (UM), while the y-axis indicates the percentage of cytotoxicity. Data points (blue crosses) represent mean
values, and the fitted dose-response curve (purple) illustrates the concentration-dependent cytotoxicity. The 1C50 value of curcumin
was determined to be 32.7864 +/- 1.531uM, indicating its moderate cytotoxic activity in this cell line.
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Figure-11: Cytotoxic Effects of Phyllanthin and Curcumin Combinations on MCF-7 Cells

Cytotoxicity analysis of various combinations of Phyllanthin and Curcumin on MCF-7 cells at different concentrations (Curcumin:
0, 10, 20, 30, and 40 uM; Phyllanthin: 0, 10, 20, 30, 40, 50, 60, 70, and 80 uM). The percentage of cytotoxicity was measured and
compared for each combination. Significant differences between groups are indicated by statistical symbols (*p < 0.05, **p < 0.01,
***pn < 0.001, ns: not significant). Data points represent the mean + standard deviation of at least three independent experiments.
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Figure-12: Cytotoxic Effects of Combined Curcumin and Phyllanthin Treatments on MCF-7 cells

Cytotoxicity analysis of combined treatments of Curcumin (0, 10, 20, 30, and 40 uM) and Phyllanthin (0, 10, 20, 30, 40, 50, 60,
70 and 80 uM) on MCF-7 cells. The percentage cytotoxicity was evaluated using [insert assay method if available]. Statistical
significance between groups is indicated by symbols (*p < 0.05, **p < 0.01, ***p < 0.001, ns: not significant). Error bars represent
the standard deviation (SD) from at least three independent experiments.
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Figure-13: Heatmap of Cytotoxicity Induced by Phyllanthin and Curcumin Combinations in MCF-7 Cells

Heatmap depicting the percentage cytotoxicity in MCF-7 cells treated with various concentrations of Phyllanthin (PO to P80 uM)
and Curcumin (C0 to C40 uM). Cytotoxicity levels are color-coded from low (purple) to high (red), as indicated by the color scale
on the right. Data represent the mean values obtained from at least three independent experiments.
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Figure-14: Heatmap of Cytotoxic Effects from Combined Curcumin and Phyllanthin Treatments on MCF-7 Cells

Heat-map representation of percentage cytotoxicity in MCF-7 cells treated with varying concentrations of Curcumin (CO0, C10, C20,
C30, and C40 uM) and Phyllanthin (PO, P10, P20, P30, P40, P50, P60, P70 and P80 uM). Cytotoxicity levels are color-coded from
low (purple) to high (red), as indicated by the accompanying color bar. Data reflect the mean percentage cytotoxicity obtained from
at least three independent experiments.

Curcumin exhibited an 1C50 value of 39.12 uM £ 3.94 in MDA-MB-231 and 32.79 pM + 1.53 in MCF7, as shown in Table 2 and
Figure 3, Figure-10 demonstrating higher potency than Phyllanthin, which showed 1C50 values of 75.54 uM * 3.74 in MDA-MB-
231 and 75.54 pM + 1.74 in MCF7 (Table 2 and Figure 2, Figure-9). These findings are consistent with previous studies
demonstrating Curcumin’s potent anticancer properties, particularly its ability to inhibit multiple oncogenic pathways such as NF-
kB, Wnt/B-catenin, and Notch signaling, which are implicated in breast cancer progression and therapy resistance (23), (24). The
slightly higher sensitivity of MCF7 cells (estrogen receptor-positive) to Curcumin compared to MDA-MB-231 (triple-negative)
suggests that estrogen receptor-associated signaling may influence Curcumin’s efficacy, a phenomenon previously reported in breast
cancer studies (25).

The combination of Curcumin and Phyllanthin demonstrated an additive effect in both cell lines, as shown in Table 3, Figure-5,
Figure-7, Figure-12 and Figure-14 indicating that the combined cytotoxicity equals the sum of their individual effects. While
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synergistic effects (CI < 0.8) were not observed, the additive interaction suggests potential utility in combining these compounds to
reduce individual drug concentrations and minimize side effects (25), (26). This additive interaction supports the potential of
combinatorial approaches in cancer treatment, as they allow for lower individual drug doses while maintaining therapeutic efficacy,
thereby reducing potential cytotoxicity and side effects (27). Notably, while synergistic effects would be ideal, even additive effects
can contribute significantly to improved therapeutic outcomes by targeting multiple pathways simultaneously (28).

In MDA-MB-231 cells, Curcumin contributed 47.7% of the total variation in cytotoxicity, while Phyllanthin accounted for 43.1%,
suggesting that both compounds had substantial individual effects. The interaction effect (8.47%) suggests that combining
Phyllanthin and Curcumin leads to cytotoxicity changes beyond their individual effects. A significant increase in cytotoxicity was
observed with higher concentrations of Phyllanthin (P50—P80) across all Curcumin levels (p < 0.001) Figure-5, Figure-6, Figure-7
and Figure-8. These results align with previous studies highlighting the potential of phytochemical combinations in overcoming the
aggressive nature of triple-negative breast cancer (TNBC) (29).

At lower Phyllanthin concentrations (P10, P20), no significant cytotoxicity was observed, reinforcing the need for higher doses to
elicit substantial effects. However, at CO (no Curcumin), cytotoxicity was significantly enhanced at P30 and above (P < 0.001).
Similarly, at C10, C20, and C30, higher Phyllanthin concentrations (P50-P80) induced strong cytotoxicity (P < 0.001), suggesting
that Phyllanthin can contribute meaningfully to cancer cell inhibition at sufficient doses. The combination of Curcumin (C40) and
Phyllanthin (P80) resulted in the most pronounced cytotoxic effects, indicating a possible synergistic effect at higher concentrations,
a finding that has been reported in other phytochemical combination studies (27).

In the combination study on MCF7 cells, Curcumin contributed 54.7% and Phyllanthin 39.2% of the total variation in cell viability,
further confirming Curcumin’s greater potency in this cell line. The interaction effect was statistically significant (5.98%, p< 0.001),
though it contributed a smaller proportion of the variation. The cytotoxicity significantly increased with higher Phyllanthin
concentrations (P40—P80) across all Curcumin levels (p < 0.001), reinforcing the idea that combining these two compounds enhances
their therapeutic potential Figure-11, Figure-12, Figure-13 and Figure-14. These results are in line with previous research on
Curcumin’s ability to sensitize hormone receptor-positive breast cancer cells to apoptosis-inducing agents (25).

4. Clinical and Therapeutic Implications

The additive effects observed in this study provide strong support for the rationale behind combining Curcumin and Phyllanthin in
breast cancer therapy. While synergistic interactions would be preferable, additive effects still offer significant clinical benefits.
Combination therapies using phytochemicals have been shown to reduce individual drug doses, minimizing adverse effects (30),
target multiple signaling pathways, increasing therapeutic efficacy (28), potentially overcome drug resistance mechanisms,
particularly in aggressive subtypes like TNBC (29).

Furthermore, the ability of Curcumin and Phyllanthin to enhance cytotoxicity at higher concentrations suggests that further
optimization of dose ratios may yield synergistic effects. Future studies should explore these interactions in 3D tumor models or in
Vivo systems to better understand their full therapeutic potential.

5. Conclusion

This study highlights the potential of Curcumin and Phyllanthin as effective anticancer agents, both individually and in combination,
against breast cancer cell lines. Curcumin exhibited greater cytotoxicity compared to Phyllanthin, with MCF7 cells showing
increased sensitivity relative to MDA-MB-231 cells. The combination of Curcumin and Phyllanthin showed additive effects,
suggesting that these compounds can complement each other to enhance therapeutic outcomes while reducing the risk of side effects.
(16), (18).

These findings underscore the significance of targeting cancer cells, including breast cancer stem cells, by modulating key molecular
pathways such as NF-kB and Wnt/B-catenin. While the results establish a foundational understanding of the cytotoxic effects and
additive interactions, further investigations are necessary to elucidate the underlying mechanisms, optimize formulations for
improved bioavailability, and assess their efficacy in preclinical and clinical settings (10), (17).
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Overall, this study provides a strong basis for the development of Curcumin- and Phyllanthin-based combination therapies as
promising approaches to combating breast cancer, particularly in addressing therapy resistance and reducing tumor recurrence.

6.Scope for Further Research

Future studies should explore modified concentrations, treatment durations, or the inclusion of additional compounds to potentially
achieve synergistic effects (25), (26). Investigating the specific mechanisms of action for this combination in modulating critical
cancer-related pathways, such as Wnt/f-catenin or NF-xB, would provide further insights (12), (18). Additionally, enhancing the
bioavailability of Curcumin and Phyllanthin using delivery systems like nanoparticles may significantly reduce 1C50 values and
improve therapeutic efficacy (17), (31).
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