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Abstract: 

The investigation of the synergistic antitumor activity between 

chloroquine and colchicine has been conducted in the context 

of treating breast cancer. Breast cancer is the most prevalent 

malignancy among women and a global health concern. 

Developing resistance to drugs presents an obstacle to the 

efficacy of chemotherapy. The objective of this research 

endeavor was to investigate the potential of colchicine and 

chloroquine in combination as a supplementary or alternative 

therapy to traditional chemotherapy. The study's objective 

was to evaluate the cytotoxic, anti-proliferative, and 

apoptosis-inducing effects on breast cancer cell lines. The 

results of the study indicated that colchicine and chloroquine, 

when combined, exerted a noteworthy synergistic impact on 

breast cancer cells. Enhanced cytotoxicity, inhibition of 

proliferation, induction of morphological changes, and 

apoptosis were all outcomes of the combination therapy. The 

synergistic effect between chloroquine and colchicine was 

confirmed by isobologram analysis, which revealed a high 

degree of synergy. The results of this study underscore the 

potential efficacy of combining colchicine and chloroquine as 

a therapeutic strategy for breast cancer. Combination therapy 

provides the benefit of increased effectiveness with the 

potential to decrease the dosage of traditional treatments, 

mitigate adverse effects, and surmount resistance to 

chemotherapy. Additional research and clinical trials are 

necessary to validate and apply these results in the field. 
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1. Introduction 

 

Cancer is a major public health issue around the world, and it is 

the second leading cause of death. Cancer is a category of 

diseases characterized by the uncontrollable growth and spread 

of abnormal cells. If the spread is not stopped, it can lead to 

death (1). Cancer therapy tries to destroy cancer cells while 

causing the least amount of harm to normal cells (2). Localized 

and / or systemic therapies, as well as supportive therapies, are 

used in cancer treatment to reduce side effects (3). 

Europe accounts for 23.4% of all cancer cases and 20.3% 

of all cancer deaths worldwide. America has 13.3% of the global 

population and is responsible for 21.0% of global incidence and 

14.4% of global mortality. Cancer mortality rates in Asia and 

Africa (57.3% and 7.3%, respectively).  Breast cancer is a global 

health problem and the most common cancer affecting women 

around the world and the second leading cause of cancer related 

death after lung cancer. Breast cancer in women (6.6 percent), 

Breast cancer is the most prevalent cancer diagnosed in women 

(24.2 percent). Breast cancer is the most frequent female tumor 

in Iraq, with the most new cases in 2018 (4). 

In general, breast cancer affects more women than any other 

type of cancer, and it is especially prevalent in Iraq, where 23% of 

all female cancer cases worldwide were caused by breast cancer 

(5).  It is the most frequent type of malignancy in the Iraqi 

population in general, accounting for almost one-third of all 

recorded female malignancies and nearly one-quarter of all 

female cancer deaths (6). 

2. Breast Cancer 
 

Breast cancer has become one of the biggest hazards to Iraqi 

female health during the previous two decades, with a clear 

increase in incidence rates (7). Cell lines are an important 

experimental tool in cancer research because they provide an 

infinite supply of a relatively homogeneous cell population 

capable of self-replication that can be widely distributed to 

facilitate comparative studies (8). 

The development of drug resistance in tumors 

counteracts the therapeutic effects of chemotherapeutic drugs, 

Keywords: Synergistic effect, colchicine, chloroquine, 

combination therapy, breast cancer. 
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resulting in more aggressive tumor recurrence and worse 

prognoses for cancer patients (9). Colchicine is a well-known and 

potent microtubule targeting agent; however, colchicine's 

therapeutic value against cancer is limited by its toxicity to 

normal cells. However, there is no evidence that it has cytotoxic 

potential against lung cancer cells at clinically acceptable or lower 

concentrations that are minimally toxic to non-cancerous cells 

(10). 

Autophagy is an effective intracellular catabolic process 

that uses lysosomal degradation to degrade aberrant cellular 

protein aggregates and damaged organelles. However, it is 

required for cellular homeostasis and renovation (11). The 

autophagy process begins with the formation of the phagophore 

and concludes with the death of the autophagosome. However, 

cell biologists have been interested in the cellular and molecular 

mechanisms of this pathway since the late 1950s (Y) (12). Under 

some conditions, autophagy is regarded a cytoprotective process 

in cancer therapy, and it is implicated in the development of 

therapy resistance as a clinical barrier to successful cancer 

treatment, leading to a poor prognosis in cancer patients (13). 

3. Chloroquine 

As an antimalarial medication, chloroquine (CQ), a 4-

aminoquinoline, has been utilized for decades. It is frequently 

advised to administer CQ in conjunction with primaquine in order 

to mitigate the risk of Plasmodium vivax recurrence (14). At 

present, CQ is recognized as a protonated, weakly basic 

medication that induces an increase in pH and accumulates 

within the food vacuole of parasites. This accumulation hinders 

the malaria parasite's ability to degrade the hemoglobin of the 

host red blood cell and halts its growth (15). The precise 

mechanism necessitates additional inquiry. CQ, akin to other 

antiparasitic medications, has demonstrated promise in the 

therapeutic management of cancer and various other ailments 

(16). CQ, functioning as lysosomotropic compounds, induces a pH 

elevation within the lysosome from 4.5 to 6. This pH variation is 

detrimental to the functionality of lysosomal enzymes. The term 

for this process of action is lysosomotropic effect (17, 18). Hence, 

CQ has the capability to modulate a multitude of biological 

processes through its interactions with transcriptional factors, 

enzymes, and receptors; these interactions dictate the 

therapeutic effects in cancer (19).  

Autophagy inhibition will produce anticancer effects. As 
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an FDA-approved inhibitor of autophagy. Currently, this specific 

function has been the subject of extensive research. By 

preventing the degradation of autophagic proteins like light chain 

3B-II (LC3B-II), CQ obstructs the last stage of the autophagy 

process (20,21). CQ thus inhibits the recycling and production of 

vital nutrients and metabolites, resulting in the destruction and 

injury of tumor cells. Moreover, by promoting cell apoptosis and 

cell cycle arrest, inhibition of the final stage of autophagy 

enhances the cytotoxic effects on cancer cells. By regulating 

immunity, tumor cells can be prevented from escaping. A number 

of studies have demonstrated that the application of ultra-low 

concentrations of chemotherapeutics to tumor cells results in an 

upregulation of gene expression associated with tumor antigens, 

immunity, and inflammation (22-26). This upregulation enhances 

the cell's capability to utilize CTLs for the purpose of inducing 

immunogenic death of tumor cells.  

The initial documentation of the impact of modest 

concentrations of CQ on the immunogenicity of tumor cells was 

presented in a recent study (27). The aforementioned 

investigation observed that the concurrent application of CQ and 

5-fluorouracil to HCT-116 colon cancer cells resulted in a 

substantial upregulation of dendritic cell maturation and an 

increase in the expression of surface markers, such as CD80 and 

CD86, as measured by their cell lysates. In addition, dendritic cells 

stimulated the apoptosis of tumor cells and increased the 

production of CTLs. Following this, they observed an upregulation 

of tumor-associated carcinoembryonic antigen family gene 

expression in the cancer cells that had been treated. However, 

the precise mechanism underlying this effect remains unknown; it 

could potentially be associated with CQ's inhibitory effect on 

autophagy. By altering the pH of the lysosome, CQ has also been 

observed to have a direct effect on the differentiation and 

function of numerous immune cells; this effect is described in 

detail in the aforementioned review (28). 

Regulating a diverse array of critical signaling molecules, 

CQ also serves multiple purposes in malignancies. Platinum 

medications are widely acknowledged as the cornerstones of 

epithelial ovarian cancer treatment (29). On the contrary, cancer 

cells that have developed resistance to anticancer drugs are 

capable of enduring DNA damage by bypassing cell cycle 

checkpoints or utilizing DNA repair pathways (30,31). CQ, on the 

other hand, can reverse the drug resistance of cancer cells by 
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upregulating the expression of p21WAF1/CIP1. The relationship 

between this function and autophagy inhibition remains obscure 

(32). Numerous additional functions of CQ are reliant on its 

autophagy inhibitory effect. CQ, on the other hand, inhibits the 

expression of STAT3, which regulates CXC chemokine receptor 4 

(CXCR4); thus, the stemness of esophageal squamous cell 

carcinoma cells is diminished. The aforementioned process 

operates autonomously from autophagy, as evidenced by the 

unchanged expression of crucial molecules ATG7 and BECN1 in 

the autophagy pathway (33); this indicates that CQ may have 

additional, as yet unidentified effects that are not reliant on 

autophagy inhibition. Furthermore, CQ has the ability to 

modulate the activity of signaling molecules, such as NF-κB and 

p53, thereby demonstrating its anticancer properties (34). 

CQ, an autophagy inhibitor that has obtained approval 

from the FDA, has garnered significant interest and has been the 

subject of comprehensive research regarding its potential clinical 

applications. Numerous clinical investigations utilizing CQ singly 

or in combination for the treatment of cancer have been 

undertaken thus far (35, 36). The majority of results suggest that 

the concurrent use of CQ and other medications was well 

tolerated, and the maximal tolerated dose was higher than when 

CQ was administered alone. Nevertheless, these trials failed to 

identify any noteworthy disparities between the treatment and 

control groups, nor did they detect any substantial enhancement 

in overall survival. This may also be attributable to the tiny 

sample sizes utilized in the phase I clinical trials; therefore, a 

larger sample size should be utilized to further investigate and 

assess the efficacy of CQ. 

4. The Pharmacological Effects of Bioactive Compounds 

 
 

Over the last two decades, there has been a rise in interest in the 

pharmacological effects of bioactive compounds on cancer 

treatment and prevention. It has been shown to possess 

numerous anti-cancer activities in various cancer cells through 

different forms of cytotoxic effects without exhibiting 

considerable damage to normal cells (37,38). 

The half maximum inhibitory concentration (IC50) of a 

pharmacological inhibitor is a measure of its ability to inhibit 

AMJ13. The IC50 value is a quantitative measure used to 

determine how much of a given inhibitory medication is present. 
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(Colchicines, Choloroquin, and Co-treatment) is required to 

prevent the spread of breast cancer. This is because the effect of 

chemotherapy on cells differs according to type, and this is related 

to changes in cancer cells after being treated with drugs. The 

effect of (Colchicines, Choloroquin, and Co-treatment) on breast 

cancer cell lines was shown to be very clear. 

Other studies have employed various strategies, one by 

halving the provided dose of a chemotherapeutic drug (rituximab 

or doxorubicin) to lessen chemotherapy toxicity (39). Tamoxifen, 

an anti-estrogen medication, is currently used widely in the 

prevention and treatment of estrogen receptor positive breast 

cancer (40). However, many patients acquire tamoxifen resistance 

and suffer from severe adverse effects (41).  

The results implied that synergism inhibitor had more 

effect in inhibition of proliferation, anticancer growth action, and 

caused increase in cytotoxicity and lead to induced morphological 

changes and apoptosis. The in vitro results of this study revealed 

that increasing the concentrations each of COL and CLQ in AMJ13 

increases cytotoxicity and improves anti proliferation against 

AMJ13 (39). COL and CLQ were discovered to have a significant 

effect on breast cancer cells. The combination of COL and CLQ had 

the strongest effect on cancer cell lines. CI values revealed high 

synergism between COL and CLQ (CI < 1) in AMJ13 cell lines. They 

have also considered cytotoxicity due to the absence of any death 

rate greater than 50%. AO/PI assay results demonstrated that 

combination therapy was the best inducer of apoptosis, which 

agreed with our previous studies. tumor development and cancer 

prevention Our findings support the study's goal (41). 

Isobologram analysis, or the Chou-Talalay equation 

(Combination index), demonstrating the synergistic effect of COL 

and CLQ in six different doses used of AMJ13. Isobologram 

analyses in AMJ13 showed synergistic effect between drugs. 

Combination medicines provide significant benefits in terms of 

improved efficacy, decreased cancer toxicity, and reduced drug 

resistance development. As a result, these benefits have become a 

standard for the treatment of various diseases and are a potential 

option in cases of unmet medical need (Foucquier and Gued, 

2015). There are numerous methods for determining the synergy 

of two or more chemotherapy regimens combined to treat a 

variety of diseases and tumors; these methods were used by the 

CompuSyn program (42,43).  

The inhibitory rates were seen in the cytotoxicity activity 

of the combination (COL and CLQ) on cell lines. These findings 
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revealed a synergistic effect of six combination concentrations 

employed on AMJ13 cell lines. The current study's findings 

reflected great important of combination therapy in the treatment 

of breast cancer, and it was discovered that the high rates 

obtained from the combination of COL and CLQ in the cell lines 

tumors AMJ13 may also be effective in treating other types of 

cancer (38). 

Morphological alterations and apoptosis observed following 

treatment with Colchicines and Chloroquin are dependent on the 

combination index determined for COL and CLQ for 72 hours. 

Apoptosis was visible as red cells in AO/PI stained cell by 

fluorescent microscopy and treated cells, while healthy cells were 

green. Apoptosis is a natural process of programmed cell death 

that can be triggered by a range of physical and chemical causes 

and is precisely managed by the organism. Although there are 

three major signaling channels in apoptosis (mitochondrion, death 

receptor, and endoplasmic reticulum signaling pathways), 

apoptotic signaling is frequently integrated and amplified at the 

mitochondrial level (44-52). 

5. Conclusion 

The current investigation discovered an alternate or supportive 

treatment for chemotherapy or other conventional treatments by 

employing the inhibitor (COL) or (CLQ) or their combination. In 

addition, anti-tumor effectiveness and cancer cell growth 

inhibition were obtained through apoptosis induction. This can be 

an alternate treatment as a combination therapy that can be used 

to reduce the dose of chemotherapy or other conventional 

treatments while keeping the same or greater anti-proliferative 

activity and overcoming chemotherapy resistance or other 

treatments. The objective of combination therapy is to assault 

tumor cells through many mechanisms of action in order to 

prevent cancer cells from acquiring resistance to therapy (Kumar 

et al., 2014). Furthermore, one of the goals of this study was to 

lessen the harmful side effects of chemotherapy or other 

conventional treatments in breast cancer cell lines by using 

combination therapy (virotherapy and phytotherapy). When using 

chemotherapy with combination therapy, this can be done by 

lowering the provided dose while keeping the same or stronger 

anti-tumor activity 

6. Suggestions for Improvement 
 

▪ Determine the specific mechanisms by which the anticancer 

effects of chloroquine are exerted. Gaining insight into the 
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manner in which chloroquine interacts with cellular 

processes, including autophagy and lysosomal function, can 

yield significant knowledge regarding its efficacy and the 

possibilities it holds for combination therapies. 

▪ Perform meticulously planned clinical trials to assess the 

effectiveness and safety of chloroquine, both as a standalone 

treatment and as an adjuvant for breast cancer. Ruled-down, 

large-scale clinical trials have the capacity to furnish 

substantial empirical support regarding the therapeutic 

advantages, ideal dosage, duration of treatment, and possible 

adverse effects. 

▪  Investigate the potential of chloroquine to counteract drug 

resistance in cells of breast cancer. To determine whether 

chloroquine can sensitize resistant cells to conventional 

chemotherapy drugs, examine its effect on drug-resistant 

mechanisms, including DNA repair pathways and cell cycle 

checkpoints. 

▪ The potential synergistic effects of chloroquine in 

combination with other anticancer agents should be 

investigated. Examine the efficacy of combination therapies 

comprising chloroquine in conjunction with 

immunotherapies, targeted therapies, or conventional 

chemotherapy medications in order to ascertain whether 

such treatments offer synergistic or additive advantages. 

 

▪ Conduct additional research to explore the 

immunomodulatory properties of chloroquine in relation to 

breast cancer. Examine its effects on the function of immune 

cells, the microenvironment of the tumor, and the induction 

of immunogenic cell death. Further investigation into the 

capacity of chloroquine to augment the immune response 

against cancer cells may be facilitated by this study. 

 

▪ Research on Populations and Disparities: Undertake 

population-based investigations to ascertain the prevalence 

and risk factors associated with breast cancer across various 

geographical areas, including Iraq. Determine the 

socioeconomic, environmental, and genetic determinants of 

the elevated incidence of breast cancer in specific 

populations. Developing targeted prevention strategies and 

expanding healthcare access for at-risk populations can be 

aided by this research. 
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  By devoting their future investigations to these 

specific domains, scientists have the potential to advance 

the field of breast cancer research and potentially 

discover novel approaches for the disease's management 

and treatment. Subsequently, the results may facilitate 

the development of individualized and more efficacious 

therapeutic strategies. 
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