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Background & Objective:  Combination chemotherapy has gained attention as a 

promising strategy to improve therapeutic outcomes and circumvent drug resistance 

in malignancies. This research examined the combined effects of colchicine (a 

microtubule-disrupting alkaloid) and melatonin (an agent with antioxidative and 

anti-tumor properties) on survival and the transcriptional profile of BAX and BCL2 

in the MCF-7 breast carcinoma cell line. 

 Materials & Methods:  MCF-7 cells were exposed to either individual agents 

(colchicine, melatonin) or their combination under standard conditions for 24–72 

hours. Viability was quantified via MTT assay, BAX and BCL2 mRNA levels by RT-

PCR. 

Results:  At 48 hours, the half-maximal inhibitory concentration (IC50) was 150 

µg/mL for colchicine and 371 µg/mL for melatonin. Co-administration of colchicine 

(>25 µg/mL) with a constant melatonin level (150 µg/mL) reduced viability by 50% 

(P<0.01). Gene expression revealed that solo treatments of colchicine (75 µg/mL), 

melatonin (250 µg/mL) and their combination (colchicine 25 µg/mL + melatonin 150 

µg/mL) significantly increased BAX while suppressing BCL2 expression relative to 

controls (P<0.05). 

Conclusion:  The colchicine-melatonin duo synergistically diminished MCF-7 cell 

survival and shifted the BAX/BCL2 balance toward pro-apoptotic signaling, 

suggesting its promise as a novel breast cancer regimen. In vivo and clinical 

experiments are needed to validate these observations. 
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1. Introduction
Breast cancer ranks among the most prevalent female 

malignancies globally, presenting ongoing therapeutic 

challenges due to resistance and side effects of standard 

chemo/radiotherapy (1,2). Therefore, developing more 

effective treatments are urgently needed and of great 

importance. Drug combinations can boost efficacy while 

reducing toxicity and resistance.  Researchers are actively 

investigating natural products and repurposed drugs with 

distinct mechanisms. Colchicine, a microtubule-

destabilizing alkaloid, triggers mitotic arrest and apoptosis 

(3–6). Melatonin, a pineal hormone, exhibits antioxidant, 

anti-inflammatory, and oncostatic actions (7,8). It can 

regulate apoptosis through modulation of genes such as 

BAX and BCL2 and has been proposed as an adjuvant in 

cancer therapy (9). 

The rationale for combining colchicine and melatonin is 

based on their complementary mechanisms of action. 

Colchicine interferes with cell division, while melatonin 

modulates cellular signaling pathways and apoptosis-

related gene expression. Prior studies have shown that 

melatonin can augments the action of various anticancer 

agents in combination therapies and may improve 

therapeutic outcomes while reducing toxicity (10–12). 

However, despite the promising individual effects of 

colchicine and melatonin, few studies have investigated 

their combined effects on apoptosis-related gene 

expression in MCF-7 cells. In particular, the synergistic 

effects of this combination on BAX and BCL2 expression 

in MCF-7 cells remain unclear. Therefore, this study 

investigates the effects of Combined Colchicine and 
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Melatonin Treatment on cell viability and apoptosis-

related gene expression in the MCF-7 cells. 

2. Materials and Methods 
2.1 Treatment Regimens with Colchicine, Melatonin, 

and Their Combination in MCF-7 cells 

MCF-7 cells (IBRC, Tehran) were grown supplemented 

with 10% FBS and 1% penicillin/streptomycin (Dena Zist 

Asia, Mashhad, Iran) in RPMI-1640 at 37°C with 5% 

CO₂. At 70–80% confluence, treatments commenced. 

Colchicine and Melatonin (Mofid Pharma, Iran) were 

dissolved in 0.2% DMSO (Sigma-Aldrich, USA) to 

appropriate concentrations for each experiment. Control 

wells received 0.2% DMSO only. The study received 

ethics approval (IR.MAZUMS.REC.1402.17969). 

Experimental Groups: Group 1: Untreated control, Group 

2: Melatonin alone, Group 3: Colchicine alone, Group 4: 

Colchicine + Melatonin 

2.2 Cell Viability Assessment 

Cell viability was assessed using the MTT assay (13). 

Cells (1×10⁴/well) in 96-well plates were treated by 

Colchicine doses: (0, 5, 10, 25, 50, 75, 100, 250, and 500 

µg/mL); melatonin doses: (0, 25, 50, 75, 100, 150, 250, 

500, 750, 1000, and 2000 µg/mL) for 24–72 hours. For 

the combination, we used fixed melatonin (150 µg/mL) 

with escalating colchicine (0, 2.5, 5, 10, 15, 25, 50, 75, and 

100 µg/mL). The concentration ranges of colchicine and 

melatonin were selected due to rudimentary dose–

response Investigation and previously published studies 

that showed their cytotoxic and apoptotic results in breast 

cancer cell lines, particularly MCF-7 cells (3,5,13-16). 

The final concentrations used for gene expression analysis 

were selected according to the obtained IC50 values and 

cell viability results from the present study. Then, 50 µL 

MTT (Sigma-Aldrich) was added for 4 hours at 37°C; 

formazan crystals were dissolved in DMSO and 

absorbance was read at 540 nm. Viability (%) = (treated 

OD / control OD) ×100. 

2.3 Gene expression of BAX and BCL2 gene and Real-

Time PCR 
Cells were treated for 48 hours with either colchicine (75 

µg/mL), melatonin (250 µg/mL), or their combination 

(colchicine 25 µg/mL + melatonin 150 µg/mL). Total 

RNA was then isolated using TRIzol (GeneAll, Korea). 

Concentration and purity were assessed via a NanoDrop 

spectrophotometer (Wilmington, DE, USA) based on 

optical density and ratio of A260/A280. Then cDNA was 

synthesized (GeneAll kits). SYBR Green master mix 

(Yekta Tajhiz, Iran) and a MIC Real-Time PCR system 

(Australia) in RT-PCR analysis were used as previously 

explained (14). Cycling: initial denaturation at 95°C for 

10 min; 40 cycles of 95°C for 15 s: denaturation, 60°C for 

30 s: annealing, 72°C for 30 s: extension. Relative 

expression was calculated via the ΔΔCT method based on 

the Pfaffl technique, and normalized CT values were 

normalized to β2M expression (Table 1). 

 

 
Table 1. Primer sequences used for amplification are presented in Table 1. 

Gene Forward Reverse 
Product 

size 
GC% Tm 

B2M GACCACTTACGTTCATTGACTCC CAGGGTTTCATCATACAGCCAT 150 50 60 

BAX TCAGGATGCGTCCACCAAGAAG TGTGTCCACGGCGGCAATCATC 150 60 62 

BCL2 ATCGCCCTGTGGATGACTGAGT GCCAGGAGAAATCAAACAGAGGC 150 58 61 

 

 

2.4 Statistical Evaluation 

One-way ANOVA followed by Tukey’s test (GraphPad 

Prism 8.0) using GraphPad Prism software version 8.0 

was performed. Data = mean±SD (n=3). P<0.05 = 

significant. 

3. Result 
3.1 Effect of colchicine on MCF-7 cell viability 

Colchicine, significantly reduced MCF-7 viability in a 

dose- and time-dependent manner. IC50 was ~150 µg/mL 

at 48 h, dropping to 5 µg/mL by 72 h, indicating stronger 

cytotoxicity with longer exposure (P<0.05; Figure. 1). 

Higher concentrations of colchicine showed in a 

significant decrease in cell viability compared to the 

control group (P < 0.05). 

These findings indicate that colchicine has a potent 

antiproliferative effect on MCF-7 breast cancer cells. 

Figure 1 shows the effects of colchicine treatment on cell 

viability at 48 and 72 hours. 

3.2 Effect of melatonin on MCF-7 cell viability 

Melatonin also decreased viability in a concentration-

dependent manner but less potently than colchicine. IC50 

values were ~371 µg/mL (48 h) and 367 µg/mL (72 h) 

(P<0.05; Figure. 2). A gradual decrease in cell viability 

was shown at higher melatonin concentrations compared 

with the control (P < 0.05). Figure 2 presents the effects 

of melatonin treatment on MCF-7 cell viability at 48 and 

72 h. 
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Figure 1. Effects of colchicine treatment on the viability of MCF-7 breast cancer cells after 48-72 h (MTT assay). Cells were 

exposed to different concentrations of colchicine. Data = mean±SD (n=3). *P < 0.05, **P < 0.01, and ***P < 0.001 = significant 

that compared with the control group. (Prepared by Authors, 2026). 

 

Figure 2. Effects of melatonin treatment on the viability of MCF-7 breast cancer cells after 48 and 72 h (MTT assay). Cells were 

exposed with different concentrations of melatonin. Data = mean±SD (n=3). *P < 0.05, **P < 0.01, and ***P < 0.001 = significant 

that compared with the control group. (Prepared by Authors, 2026). 

 

3.3 Effect of combined colchicine and melatonin 

exposure 

Co-treatment with fixed melatonin (150 µg/mL) plus 

increasing colchicine yielded significantly lower viability 

than either drug alone (P<0.05). Combination IC50 values 

were ~3.57 µg/mL (48 h) and 1 µg/mL (72 h), indicating 

strong synergy of cytotoxic activity in the combined 

treatment group (Figure. 3). Cell viability significantly 

decreased at increasing colchicine concentrations in the 

presence of a fixed concentration of melatonin (150 

µg/mL) (P < 0.05). These findings indicate a synergistic 

interaction between colchicine and melatonin in reducing 

breast cancer cell survival. Figure 3 illustrates the effects 

of combination treatment on MCF-7 cell viability at 48 

and 72 h. 

 

 

Figure 3. Effects of co-treatment with colchicine and melatonin on MCF-7 breast cancer cells viability after 48 and 72 h as 

determined by the MTT assay. Co-treatment significantly lowered viability of cell compared with alone-agent treatment. Data = 

mean±SD (n=3). *P < 0.05, **P < 0.01, and ***P < 0.001 = significant that compared with the control group. (Prepared by 

Authors, 2026). 
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3.4 Effect of treatments on BAX gene expression 

Colchicine, melatonin, and especially their combination 

significantly elevated BAX mRNA. The combination 

group showed the highest increase in pro-apoptotic BAX 

gene expression compare with single-agent treatment and 

control (P<0.05; Figure. 4). Increased BAX expression 

suggests activation of apoptotic pathways following 

treatment. 
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Figure 4. Relative expression level of the BAX gene in MCF-

7 breast cancer cells following treatment with colchicine, 

melatonin, and combination therapy. Gene BAX mRNA was 

evaluated by Real-time PCR and normalized to B2M 

expression. Data are presented as mean ± SD. *P < 0.05 = 

significant compared with the control group. (Prepared by 

Authors, 2026). 

3.5 Effect of treatments on BCL2 gene expression 

The expression of the anti-apoptotic BCL2 gene 

decreased following treatment with colchicine, melatonin, 

and particularly their combination. The combination 

treatment group showed the greatest reduction in BCL2 

expression compared with the control group (P < 0.05), 

indicating repression of anti-apoptotic signaling 

pathways. Figure 5 illustrates the relative expression  
levels of BCL2 following treatment. 
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Figure 5. Comparative assessment of BCL2 gene expression 

in MCF-7 breast cancer cells exposed to colchicine, 

melatonin, or their combined treatment. Transcript levels 

were measured using Real-time PCR, with B2M serving as 

the normalization reference. Results are shown as mean ± 

SD. (*P < 0.05) indicate. (Prepared by Authors, 2026). 

4. Discussion 
This study evaluated colchicine and melatonin, alone and 

combined, on MCF-7 viability and apoptosis. Both agents 

reduced viability, but co-administration yielded stronger 

effects. Colchicine’s cytotoxicity stems from microtubule 

disruption and cell cycle arrest, ultimately leading to 

apoptosis (16, 17). 

Melatonin, by contrast, has been reported to regulate 

apoptosis through multiple pathways, including 

modulation of oxidative stress and gene expression (18, 

19).  

The enhanced effect observed in the combination 

treatment may be explained by the complementary 

mechanisms of these two agents. This synergistic 

interaction may increase apoptotic signaling more 

effectively than single-agent treatment. Consistent with 

earlier reports, melatonin appears to potentiate the 

responsiveness of malignant cells to chemotherapeutic 

agents by influencing mitochondrial signaling cascades 

and key regulators of programmed cell death. Therefore, 

the stronger reduction in cell viability observed in the 

combination group may result from simultaneous 

targeting of multiple cellular pathways involved in cancer 

cell survival (10,11,20).  

While colchicine interferes with cell division, melatonin 

may enhance apoptotic signaling, resulting in increased 

cancer cell death.  

Similar synergistic effects have been reported in studies 

combining melatonin with other therapeutic agents, 

suggesting its role as a potential adjuvant in cancer 

treatment (13-15,21,22).  

At the molecular level, the observed upregulation of BAX 

alongside the downregulation of BCL2 points to the 

engagement of apoptotic pathways. The relative ratio of 

these two genes serves as a critical determinant of cellular 

survival or death (14). In the combination therapy group, 

the simultaneous rise in BAX and fall in BCL2 levels 

provide evidence for the involvement of the 

mitochondria-mediated (intrinsic) death pathway. These 

observations align with earlier works suggesting that 

melatonin may enhance apoptosis triggered by anticancer 

agents by regulating the BAX/BCL2 equilibrium 

(7,8,10). 

Some variability in gene expression, particularly in 

response to melatonin alone, may reflect differences in 

concentration and exposure time, as reported in previous 

studies (15). Differences in experimental conditions, 

treatment duration, and drug concentration may 

contribute to these variations among studies (15). 

Some limitation should be acknowledged in this work, 

such as relying on only one type of breast cancer cell line 

and non-implementing complementary techniques like 

flow cytometry.  

Further investigations are warranted to explore the 

molecular details more deeply and to confirm the 

observed effects in physiologically relevant settings.  
Nevertheless, our observations suggest that the concurrent 

use of colchicine and melatonin may represent a viable 

approach to enhance apoptosis in breast cancer cells, 
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which aligns with growing evidence in favor of 

synergistic treatment protocols (10,11,20-22). 

5. Conclusion 
Our findings showed that both colchicine and 

melatonin—especially when used together—decreased 

the MCF-7 cell viability and altered the transcriptional 

levels of genes associated with programmed cell death. 

The elevated BAX transcript levels, coupled with reduced 

BCL2 expression suggest activation of apoptotic 

signaling cascades. Based on these observations, the 

concurrent use of colchicine and melatonin may offer a 

novel approach to boost apoptosis in breast cancer cells. 

Nevertheless, additional in vivo investigations and 

clinical trials are necessary to substantiate these results 

and assess the translational feasibility of this combination. 
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