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Abstract 

In this study, the anticancer effect of Melittin is shown through antiproliferative and proapoptotic 

effects on HT-29 cells, as well as ability to reverse multidrug resistance. Melittin directly affects 

the death receptor-dependent apoptotic pathway via increase of the Fas receptor protein 

expression, Caspase 8 gene expression and activity of Caspase 8. Results of decreased Caspase 9 

gene and protein expression, and multi-fold increased expression of Bcl-2 gene suggest that 

mitochondria and inner apoptotic pathway are not involved in execution of Melittin induced 

apoptosis, as well as redox regulation of apoptosis based on decreased concentration of superoxide 

anion radicals and no affected glutathione level. Specially significance of this work are results on 

ability of Melittin to modulate the metabolizing and export system in cancer cells. Based on 

increased expression of all investigated genes related to biotransformation process, it can be 

assumed that CYP1A1, CYP1B1, GSTP1 and MRP2 are involved in metabolism of Melittin in HT-

29 cells. P-glycoprotein is associated with the occurrence of resistance in anticancer therapy, so 

its reduced gene and protein expression by Melittin represents significant result in terms of 

possible therapeutic application and examination.  
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1. Introduction 

The most common carcinoma in digestive tract is colorectal carcinoma (CRC), which takes 

the third place in frequency among human malignancies based on data from the World Health 

Organization (Sung et al. 2020).  

Development of multi drug resistance (MDR) is one of the major causes of chemotherapy 

failures. The most investigated mechanisms of MDR are alternations of the genes and the proteins 

involved in the control of apoptosis, drug metabolism, such as the activation of enzymes from 

phase I (Cytochrome P450) and the glutathione detoxification system (phase II), as well as the 

efflux of drugs from the cells by transmembrane proteins (Guengerich 2007, Mansoori et al. 2017, 

Bukowski et al. 2020). ABC transporters (ATP Binding Cassette) are the most extensively studied  

efflux transporters associated with development of MDR (Szakács et al. 2006). The P-glycoprotein 

(PGP1, encoded by MDR1 gene), MRP1 and 2 (Multidrug Resistance-associated Protein 1 and 

2), and BCRP (Breast Cancer Resistance Protein) are most common members of the ABC family 

that efflux a large spectrum of xenobiotics (Dinic et al. 2015). Due to physiological role of colon 

epithelium, there are a high expression level of molecules involved in the metabolism of 

xenobiotics (Ranhotra et al. 2016). Among them, the MDR1 is the most expressed, followed by 

MRP1 and MRP2 (Berggren et al. 2007). Several attempts have been made to identify natural 

products with various chemical structures which can inhibit ABC transporters or supress the 

expression or activity of biotransformation enzymes associated with MDR (Wink et al. 2012). 

Currently used therapy in the treatment of colorectal cancer involves the use of cytostatics 

with various side effects and nonselective activity. Thus, there is on-going need for discovery or 

synthesis of new, more adequate substances for improving current therapy approach (Piasek et al. 
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2009, Pagani 2010). Natural products, as well as those from animal sources, are widely available 

and cost-effective for production with numerous favourable pharmacological effects (Liu et al. 

2014, Seca and Pinto 2018). Honey, propolis, royal jelly, bee pollen, bee bread, venom, and wax 

are the main European honeybee (Apis mellifera) products with potent health beneficial effects 

(Münstedt and Männle 2020, Nainu et al. 2021). The bee venom contains a large spectrum of 

constituents with confirmed anticancer potential (Son et al. 2007, Rady et al. 2017). Among them, 

Melittin is the most abundant component of honeybee venom and takes over 50% of total proteins 

(Raghuraman and Chattopadhyay 2007, Nikodijević et al. 2019) with significant pharmacological 

action (Gajski and Garaj-Vrhovac 2013, Rady et al. 2017). Understanding the specificity of 

molecular action of Melittin against cancer cells is key for developing and optimizing novel 

effective therapeutics from animal natural product. It is important to examine its potential for 

apoptosis induction, as the main process which regulates the occurrence and spread of cancer. 

Previously, the cytotoxic and proapoptotic activity of Melittin and melittin-conjugates have been 

reported on different types of cancer, such as glioma cells, hepatocellular carcinoma cells,  

leukemic cells, osteosarcoma, ovarian, prostate, renal and breast cancer cells (Li et al. 2006, Yang 

et al. 2007, Zhang et al. 2007, Moon et al. 2008, Park et al. 2011, Jo et al. 2012, Gajski and Garaj-

Vrhovac 2013, Rady et al. 2017, Yavari et al. 2020).  

Although Melittin showed pharmacological action in various cancer cell lines, there is still 

a lack of evidence for its anticancer and proapoptotic activity in different CRC cell lines. It is only 

reported that bee venom shows cytotoxic effects in HCT-116 and SW480 CRC cells (Zheng et al. 

2015, Nikodijević et al. 2019), while Melittin inhibited the growth of CT26 CRC cells via 

inhibition of protein translation and synthesis (Soliman et al. 2019). Melittin induced significant 
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cell death in HCT-116 cells (Bei et al. 2015) and pronounce cytotoxicity and apoptosis in HCT-

116 and SW480 cells (Nikodijević et al. 2019).  

In accordance with the literature data mentioned above, the aim of this study was to 

investigate the proapoptotic activity of Melittin in the less sensitive, HT-29 CRC cells.  

Additionally, the potential of Melittin to modulate cancer cell resistance stay poorly understood. 

Potential of Melittin to overcome MDR was confirmed in HCT-116 and SW480 cells (Nikodijević 

et al. 2019), but in the other CRC cells it’s still unknown. Also, according to our knowledge there 

are insufficient data about Melittin metabolism and biotransformation in the CRC cells, which 

deserves detailed investigation. 

2. Material and Methods  

2.1. Chemicals 

Dulbecco’s Modified Eagle Medium (DMEM) were obtained from Capricorn, Germany, 

USA. Ethidium bromide (EB), 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide 

(MTT) and NBT (Nitro Blue Tetrazolium) were obtained from SERVA, Germany. Acridine 

Orange (AO) was obtained from Acros Organics, New Jersey, USA. Primary antibody GSS, was 

obtained from Sigma Aldrich. The High-Capacity cDNK Reverse Transcription Kit and secondary 

antibody conjugated with Cy3, Diamidino-2-phenylindole (DAPI), and primary antibody PGP1 

were from Thermo Fisher Scientific, US. Primers were synthesized by Eurofins Genomics, 

Ebersberg. Sensi FASTTM SYBR Lo-ROX Kit was purchased from Bioline, London, UK. 

Caspase 8 colorimetric assay kits, Fas and Caspase 9 antibody were obtained from R&D Systems, 

USA, Canada. All other solvents and chemicals were of analytical grade.  

2.2. Storage and dissolution of Melittin 
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Melittin (dry powder) was used from Sigma Aldrich (CAS No. 20449-79-0) and stored at 

-20 °C. Initially, Melittin was dissolved in few drops of distilled water before use, while the 

concentration necessary to perform the experiments were made in DMEM.  

2.3. Culturing the cell line 

The human colorectal adenocarcinoma, HT-29 cell line, and fetal lung fibroblasts MRC-5 

(American Type Culture Collection, USA) were cultivated in DMEM according to the protocols 

in Milutinović et al. (2020). After reaching confluency of 70-80%, cells were used for experiments.  

2.4. MTT cell viability assay 

The cytotoxic activity of Melittin on HT-29 and MRC-5 cells was determined by 

colorimetric MTT cell viability method. Healthy MRC-5 cells were used as a control for 

cytotoxicity. The procedures of cell seeding, treating, and results processing were previously 

described in detail in Nikodijević et al. (2021). Cells were treated with Melittin in concentration 

range of 0.1 to 50 μg/ml. The assay was performed 24 and 72 h after treatment.  CalcuSyn program 

was used to determine the IC50 values form dose curves. 

2.5. Determination of cell death type 

For determination of cell death type, the HT-29 cells were cultured and stained with 

Acridine orange/ethidium bromide (AO/EB) dye according to protocol in Nikodijević et al. (2021). 

The HT-29 cells were treated by Melittin (1 and 5 µg/ml), while in the control cells only the 

DMEM was replaced. After treatment, the cells were observed and captured immediately after 

staining on inverted fluorescent microscope (Nikon Ti-Eclipse), 400x magnification.  A percentage 

of viable cells, the cells in different states of apoptosis (early and late), and necrotic cells, were 

calculated according to the protocol described previously in Nikodijević et al. (2021). 

2.6. Immunocytochemistry 
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Level of protein expression (Fas receptor, Caspase 9, PGP1 and glutathione synthetase 

(GSS) was performed by immunofluorescence (Higuchi et al. 2001). HT-29 cells were cultured 

and prepared for microscopy according to the procedure described in Nikodijević et al (2021). The 

cells were treated with Melittin (1 and 5 µg/ml), while in the control cells were added DMEM 

only. The level of cellular fluorescence (observed on microscope Nikon Ti-Eclipse), in control and 

treated cells was quantified on fluorescence micrography using ImageJ software (Wayne Rasband, 

ImageJ, http://rsb.info.nih.gov/ij/). The results are presented as relative fluorescence per cell. 

2.7. Caspase 8 activity assays 

The enzyme activity of Caspase 8 was measured using Caspase 8 colorimetric assay kit. 

HT-29 cells were seeded in 6-well plates (106 cells/well) and treated by Melittin dissolved in 2 ml 

of DMEM (1 and 5 µg/ml), while in the control cells were added DMEM only.  Experimental 

procedure was performed according to the manufacturer protocol, described in Milutinović et al. 

(2015). The level of enzymatic activity is directly proportional to the colour intensity, i.e., the 

obtained absorbances. 

2.8. Quantitative mRNA analysis by qPCR method  

Isolation of total RNA from HT-29 control and cells treated with Melittin (1 and 5 µg/ml) 

was performed by isolation protocol based on the reaction of phenol/chloroform (Tan and Yap 

2009). RNA concentration in all samples was measured on Eppendorf biophotometer. Reverse 

transcription and quantification of mRNA expression for human Bax, Bcl-2, Caspase 8, Caspase 

9, CYP1A1, CYP1B1, GSTP1, MRP1, MRP2 and MDR1 genes was performed using a commercial 

kit (details in Chemicals). β-actin was employed as a housekeeping-reference gene, and results 

were obtained according to the formula described in Nikodijević et al. (2021). Gene-specific 

primer sequences are presented in Table S.1. 

http://rsb.info.nih.gov/ij/


8 
 

2.9. Concentrations of redox status parameters 

2.9.1. Superoxide anion radical level 

The level of superoxide anion radical (O2
.-) was measured by NBT assay (Auclair and 

Voisin 1985). The cells were seeded in a 96-well plate (104 cells/well). After 24 h of incubation, 

the cells were treated by Melittin (1 and 5 µg/ml), while the untreated cells served as a control. 

The experimental procedure was previously described in detail in Nikodijević et al. (2021). The 

results were firstly expressed in nmol/ml and then calculated according to the number of viable 

cells (data obtained by MTT) in each applied concentration.   

2.9.2. Gluthatione level  

The concentration of glutathione (GSH) was determined by the colorimetric method (Baker 

et al. 1990). The cells were seeded in a 96-well plate (5x104 cells/well) and treated by Melittin (1 

and 5 µg/ml) after 24 h. The experimental procedure was previously described in detail in 

Nikodijević et al. (2021). The results were firstly expressed in nmol/ml (related to standard curve 

constituted of known molar BSA concentrations), and then calculated concerning the number of 

viable cells (related to the results of MTT assay).  

2.9.3. Malondialdehyde concentration  

The concentration of malondialdehyde (MDA) as an indicator of lipid and membrane 

damage under conditions of oxidative stress was determined by TBARS assay (Buege and Aust 

1987). The cells were seeded in a 6-well plate (106 cells/well) and treated by Melittin (1 and 5 

µg/ml) after 24 h. The experimental procedure was previously described in detail in Nikodijević 

et al. (2021). The concentration of MDA was calculated by the formula previously described in 

Buege and Aust (1987). The results were presented in pmol/mg of protein.  

2.10. Statistical analysis 
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The data are expressed as mean ± standard error (SE). The Student’s t-test and one-way 

ANOVA (SPSS for Windows, ver. 17, 2008, Chicago, IL) were used to determine a statistical 

significance (p value < 0.05 was considered significant).   

3. Results 

3.1. Cytotoxic effects of Melittin  

The cytotoxic effect of Melittin was shown through significantly reduced HT-29 cell 

viability in relation to non-treated cells (Figure S.1). IC50 values, calculated from cell viability 

curves, indicate strong cytotoxicity of the investigated treatment, 11.38 μg/ml for 24 h and 13.22 

μg/ml for 72 h after treatment. In the highest applied concentration melittin induce cytotoxicity 

also on normal MRC-5 cells but compared to carcinoma cells showed higher IC50 values (28.96 

μg/ml for 24 h, and 23.30 μg/ml for 72 h) and some selectivity (Figure S.1). 

3.2. Apoptosis induced  by Melittin  

Proapototic activity of Melittin was determined by the AO/EB microscopic method. 

Micrographs (Figure 1), showed morphological changes (chromathin condensation and 

fragmentation, decrease in cell volume and nucleus size, membrane blebbing) of the HT-29 cells 

after the treatment by Melittin (1 and 5 μg/ml). The cells morphology and colour changes on 

micrographs indicate the presence of apoptosis in different stages, labeled as early (EA) and late 

(LA) stage. The percentage of cells in apoptosis increased in a dose-dependent manner, compared 

to control (Table 1). Necrotic cells were not detected in applied concentrations (Figure 1).  
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Figure 1. Morphological changes on HT-29 control, and cells treated by Melittin (M1 - 1 µg/ml 

and M5 – 5 µg/ml), after 24 h. VC – viable cells, EA – Early Apoptosis, LA – Late Apoptosis. 

Green fluorescence is product by AO dye. 

Table 1. Percentage of viable (VC), apoptotic (EA - Early Apoptosis; LA -Late Apoptosis) and 

necrotic (N) HT-29 cells, 24 h after treatment by Melittin (1 and 5 µg/ml). 

Melittin 

µg/ml 

VC EA LA NC 

0 

1 

5 

96.57±1.33 

93.21±0.37* 

83.41±0.94* 

3.43±0.32 

6.79±0.36* 

14.75±1.39* 

/ 

/ 

1.84±0.46* 

/ 

/ 

/ 

The data means ± SE of three independent experiments. *p < 0.05 compared to untreated cells 

3.3. Molecular mechanisms of Melittin-induced apoptosis 

3.3.1. Protein expression of proapoptotic molecules 

Protein expression of Fas receptor, as a first activated molecule in the external, death 

receptor-mediated  apoptotic pathway, and Caspase 9, which mediates in inner apoptotic pathway, 

in HT-29 control, and cells treated by Melittin was determined by imunocytochemistry Results 

showed the significant increase of Fas receptor protein expression in treated HT-29 cells (1 and 5 

µg/ml of Melittin) compared to control, non-treated cells (Figure 2).  
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Protein expression of Caspase 9 is significantly decreased in HT-29 cells treated by Melittin in 

concentration of 1 µg/ml and unchanged in concentration of 5 µg/ml, compared to control (Figure 

2). 

 

Figure 2. Protein expression of FAS and Caspase 9 in HT-29 cells. Quantified relative 

fluorescence from micrographs by the ImageJ program (level of protein expression) for Fas 

receptors (A) and Caspase 9 (B) in HT-29 control, and cells treated by Melittin (M1 - 1 µg/ml and 

M5 – 5 µg/ml), after 24 h. Proteins are colored by Cy3 (red), nucleus are colored by DAPI (blue). 

The data means ± SE of three independent experiments. *p < 0.05 compared to untreated cells 

3.3.2. Caspase 8 activity  
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Enzime activity of initiator caspase in external apoptotic pathway, Caspase 8, in HT-29 

cells, under the influence of Melittin was monitored by the colorimetric method. The results 

showed the significant increase of Caspase 8 activity in HT-29 cells, dose-dependly in relation to 

control (Figure 3). 

 

Figure 3. Activity of Caspase 8 in HT-29 control, and cells treated by Melittin (M1 - 1 µg/ml and 

M5 – 5 µg/ml), after 24 h. The data means ± SE of three independent experiments. *p < 0.05 

compared to untreated cells 

3.3.3. Expression of mRNA for apoptosis-related genes 

Expression of mRNA for apoptosis-related genes (proapoptotic Bax, antiapoptotic Bcl-2, 

Caspase 8 and Caspase 9), were determined by qPCR method. Results showed significant increase 

of mRNA expression for all monitored genes compared to control, except the Caspase 9 that was 

significantly decreased (Table 2). 

Table 2. Expression of mRNA for apoptosis-related genes in HT-29 cells treated by Melittin (M1 

- 1 µg/ml and M5 – 5 µg/ml), after 24 h. 

 Bax Bcl-2 Caspase 8 Caspase 9 

Control 1 1 1 1 

M1 2.17±0.01* 4.99±0.02* 2.41±0.01* 0.002±0.0001* 

M5 2.79±0.01* 23.75±0.01* 2.55±0.02* 0.43±0.001* 
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The result is presented as the fold change in mRNA expression in a target sample, relative to a 

control sample normalized to a reference gene (data ± SE of three independent experiments, 

calculated according to the 2^(-∆ΔCt) method; *p < 0.05 compared to untreated cells).  

 

Figure 4. Potential mechanism of the proapoptotic action of Melittin in HT-29 cells – schematic 

view. 

3.4. Impact of Melittin on biotransformation and MDR-related genes and proteins  

3.4.1. Expression of mRNA for biotransformation and MDR-related genes 
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Expression of mRNA for genes involved in metabolism of xenobiotics, as well as genes 

related to MDR (CYP1A1, CYP1B1, GSTP1, MRP1, MRP2 and MDR1), were determined by qPCR 

method. Results showe the significant increase of mRNA expression for all investigated genes 

involved in phase I (CYP1A1 and CYP1B1) and phase II (GSTP1) of biotransformation (Table 3). 

Gene expression for membrane transporter MRP2 is also increased, while other two investigated 

transporters (MRP1 and MDR1) were supressed (Table 3).  

Table 3. Expression of mRNA for biotransformation and MDR-related genes in HT-29 cells 

treated by Melittin (M1 - 1 µg/ml and M5 – 5 µg/ml), 24 h after treatments. 

 CYP1A1 CYP1B1 GSTP1 MRP1 MRP2 MDR1 

Control 1 1 1 1 1 1 

M1 8.00±0.02 1.97±0.01 3.94±0.05 0.89±0.001 4.20±0.01 0.02±0.001 

M5 14.03±0.05 1.85±0.001 5.58±0.01 1.07±0.02 14.83±0.05 0.01±0.001 

 

 The result is presented as the fold change in mRNA expression in a target sample, relative to a 

control sample normalized to a reference gene (data ± SE of three independent experiments, 

calculated according to the 2^(-∆ΔCt) method; *p < 0.05 compared to untreated cells).3.4.2. Protein 

expression of PGP1 and GSS 

Protein expression of PGP1 and Glutathione synthetase (GSS), the second enzyme in the 

GSH biosynthesis pathway, in HT-29 control, and cells treated by Melittin was determined by 

imunocytochemistry Results showed the significant decrease of both investigated protein 

expression in treated HT-29 cells (1 and 5 µg/ml of Melittin) in relation to control (Figure 5).  
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Figure 5. Protein expression of PGP1 and GSS in HT-29 cells. Quantified relative fluorescence 

from micrographs by the ImageJ program (level of protein expression) for PGP1 (A) and GSS (B) 

in HT-29 control, and cells treated by Melittin (M1 - 1 µg/ml and M5 – 5 µg/ml), after 24 h. 

Proteins are colored by Cy3 (red), nucleus are colored by DAPI (blue). The data are means ± SE 

of three independent experiments. *p < 0.05 compared to untreated cells.  
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Figure 6. Biotransformation of Melittin and potential to modulate MDR in HT-29 cells - schematic 

view. 

3.5. Impact of Melittin on redox status parameters 

The concentrations of superoxide anion radical (O2
.-), glutathione (GSH), and 

malondialdehyde (MDA) in control HT-29 cells and cells treated by Melittin, were determined by 

the colorimetric methods. The results showed that the concentration of O2
.- is significantly decresed 

under the influence of Melittin on HT-29 cells, while GSH level is nonsignificantly changed 

compared to control. Melittin significantly increased level of MDA in concentrations of 1, 2 and 

5 µg/ml (Figure 7).  



17 
 

 

Figure 7. Impact of Melittin on concentration of O2
.-, GSH and MDA in HT-29 cells, 24 h after 

treatment. The data means ± SE of three independent experiments. *p < 0.05 compared to untreated 

cells. 

4. Discussion  

Malignant diseases are one of the leading health problems and among the most common 

causes of mortality in the human population regardless of gender (Sung et al. 2020). The increased 

frequency of malignancy requires evaluation the new and modify existing cytostatics, considering 

side effects and increasingly frequent occurrence of the cancer cell resistance to therapy (Piasek et 

al. 2009, Pagani 2010, Mills et al. 2018). Natural products deserve the most attention in this field 

of research, the most common plants and plant components, which show a high antitumor potential 

and at the same time a beneficial effect on healthy cells (Milutinović et al. 2019; Huang et al. 

2023; Gligor et al. 2023). Except plants, different animal products and their constituents were 

examined in this field, like silk of Indian meal moth and spider silk, which show high potential as 

biomaterials useful in antitumor therapy (Milutinović et al. 2020, Kozlowska et al. 2017). Venoms, 

especially those produced in animals, are also an important source of antitumor substances (Roy 

and Bharadvaya 2020). Bee venom, as one of the most frequently investigated venoms for tumor 
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therapy, shows anticancer properties (Gajski and Garaj-Vrhovac 2013), including proapoptotic 

effects in human colon cancer cells (Zheng et al. 2015, Nikodijević et al. 2019). Some of our 

previous results about composition of bee venom showed that the most abundant component of 

bee venom is the lytic peptide - Melittin (Nikodijević et al. 2019). Literature data also indicate that 

Melittin, as a major bioactive component, has the greatest contribution to the bee venom antitumor 

effects (Gajski and Garaj-Vrhovac 2013, Ceremuga et al. 2020). 

Our study deal data about antitumor properties of Melittin on HT-29 colon cancer cells – 

cytotoxicity and  induced changes in activated apoptosis- and biotransformation-related pathways 

under the influence of Melittin compared to untreated cells. Summary of results we tried to show 

schematically (Figures 4 and 6). Considering the literature reports about the less sensitivity of HT-

29 cells compared to other CRC cells (Ikehata et al. 2014), the investigation of the mechanisms of 

action was of great importance. Our results showed that Melittin inhibited HT-29 cell growth and 

induced significant cytotoxicity based on IC50 values for 24 and 72 h. By comparing the observed 

IC50 values of Melittin in HCT-116 and SW-480 cell lines (in range 8.89-10.84 in two investigated 

periods, 24 and 72 h) (Nikodijević et al. 2019), it is evident that the HT-29 cell line is the least 

sensitive to Melittin. The lower sensitivity of the HT-29 cells to cytostatic in some literature data 

is associated with a high expression of microRNA 21 (Deng et al. 2013). Although Melittin 

showed higher IC50 values in HT-29 cells compared to other CRC lines, it exhibited better 

cytotoxicity in comparison with commercial cytostatic 5-fluorouracil in the same cell line (Ikehata 

et al. 2014). Previously, it has been reported that Melittin inhibited growth of cells originated from 

different organs, like U937 cell line from human leukaemia cancer (Moon et al. 2008), human 

prostate cancer cell lines LNCaP, DU145, and PC-3 (Park et al. 2011), human ovarian cancer cell 

lines SKOV3 and PA-1 (Jo et al. 2012), MCF-7 and MDA-MB-231 cells from human breast cancer 
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(Yavari et al. 2020), etc. Several mechanisms of action of Melittin in different types of cancer cells 

were investigated, including inhibition of cancer cell proliferation, induction of apoptosis lysis of 

cell membrane, etc (Gajski and Garaj-Vrhovac 2013, Zarrinnahad et al. 2018). However, the 

mechanism of action of Melittin remains unexplored in HT-29 cells. In addition to cytotoxicity of 

Melittin on HT-29 cells, in the first step of investigation we have examined potential selectivity of 

Melittin related to healthy cells, fetal lung fibroblasts MRC-5. These cells were used as a control 

only for cytotoxicity, where the results showed the presence of selectivity and higher IC50 values 

compared to that observed in HT-29 cells. Our previously published data also reported selectivity 

and weaker effect of Melittin on healthy HaCaT cells compared to cancer cell lines (Nikodijević 

et al., 2019), which we partially confirmed by results on healthy MRC-5 lung fibroblasts, 

especially in the targeted concentrations that we examined (1 and 5 μg/ml).  

Understanding the mechanism of proapoptotic action of Melittin may be of crucial 

importance for antitumor therapy. The morphological changes that occurred in HT-29 cells under 

the influence of Melittin mainly correspond to the stages of early apoptosis, rather than late 

apoptosis and necrosis. An induction of apoptosis, as the most favourable mechanism of action in 

the cancer treatment, with the complete absence of necrosis, is considered a favourable effect. 

Moreover, apoptosis was further confirmed by morphological and biochemical hallmarks on gene 

and protein level. These biomarkers clearly showed that Melittin induced apoptosis via external, 

death receptor dependent pathway in HT-29 cells (Figure 4). Melittin also induced apoptosis 

through activation of death receptor on cell membrane and inhibition of JAK/STAT3 pathway in 

ovarian cancer cells SKOV3 and PA-1 (Jo et al. 2012), which corelate to our detected mechanism 

of proapoptotic activity of Melittin. Acording to our results, the main mechanism of apoptosis 

induction was due increased the Fas receptor protein expression, Caspase 8 gene expression and 
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activity of Caspase 8 in HT-29 cells. On the other hand, Melittin decreased caspase 9 gene and 

protein expression, which suggested that mitochondria and inner apoptotic pathway are not 

involved in execution of apoptosis, regardless of changes in expression of Bcl-2 member of protein 

family in HT-29 cell line. Also, anti-apoptotic gene expression of Bcl-2 was multi-fold increased 

in the Melittin treated cells. It prevents activity of pro-apoptotic Bax to form pores on 

mitochondrial membrane and release pro-apoptotic factors, like cytochrome c (Luo et al. 2020). 

Although, gene expression of Bax was increased, the balance between these two parameters (Bax 

vs Bcl-2) is important, where the balance is disturbed in favour of the anti-apoptotic protein. 

Summary of results indicate to potential mechanism was presented on scheme (Figure 4). 

Since Melittin is a substance from venom we further examined whether the induced 

apoptosis is redox dependent. Many literatures data show prooxidative activity of Melittin, such 

as induction of increased reactive oxygen species formation and oxidative stress in leukocytes 

(Stuhlmeier 2007), human hepatoma HepG2 cells (Wang et al. 2021), gastric cancer SGC-7901 

cells (Kong et al. 2016), as well as increased hydroxyl radicals and hydrogen peroxides production 

in human melanoma cells (Tu et al. 2008). Our results showed that Melittin did not significantly 

change the level of O2
.- and GSH in HT-29 cells, indicating that the Melittin induced redox 

independent cell death in HT-29 cells. The decreased GSS protein expression indicated that there 

was not de novo synthesis of GSH, assuming that de novo synthesis is supressed in HT-29 cell 

line. Recent findings also reported that Melittin did not affect redox status (catalase and free 

radicals’ content) in Melittin injected mice (El Bakary et al. 2020). 

Although decreased or unchanged O2
.- and GSH levels suggested absence of oxidative 

stress, the level of MDA, as sensitive indicator of oxidative stress, was increased in treated HT-29 

cells. Gajski et al. (2016) suggested that Melittin increased formation of reactive oxygen species, 
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reduced GSH level, increased lipid peroxidation and phospholipase C activity, showing induction 

of oxidative stress in human peripheral blood lymphocytes. Also, Han et al. (2002) stated that bee 

venom and Melittin increased lipid peroxides formation in rabbit renal proximal tubule cells. Our 

data confirmed that Melittin significantly increased the level of MDA, which is well-established 

marker of oxidative damage of membrane lipids.  

The cytotoxic action of Melittin may relate to its lytic property, affinity for cell membrane 

lysis. As an amphipathic helical peptide, Melittin can incorporate into the phospholipid bilayer, 

leading to cell membrane disruption and intense cytotoxicity (Ceremuga et al. 2020). The affinity 

of Melittin to disrupt cell membranes is reported on gastric (AGS) and colon cancer cells 

(COLO205, HCT-15), where it leads to swelling and formation of granulations (Soliman et al. 

2019). According to the literature, lipid peroxides can be formed under the influence of Melittin 

as a consequence of its entry in cells, because the integrity of the membrane is disrupted. Namely, 

the entry of Melittin through the cell membrane may leads to increased production of MDA in 

cancer cells (A375 and MCF7 cells), compared to untreated cells (Shaw et al. 2019).  

The presence of upregulated biotransformation process, high activity of biotransformation 

enzymes, upregulated expression and activity of membrane transporters which eject treatment 

from the cells may contribute to less sensitivity of HT-29 cells to many treatments. This data 

supports the fact that HT-29 cells, like many other cell lines originating from colon tissue, may 

have innate resistance (Ranhotra et al. 2016). So, it was of great importance to examine, for the 

first time, the influence of Melittin on the parameters of biotransformation and drug-efflux in HT-

29 cells. Moreover, there is a particular need for inhibition of these parameters, expression and/or 

their activity, with the aim to reduce the risk of resistance development. The metabolism of drugs 

in tumour cells determines their future, whether a more or less toxic compound will be formed, as 
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well as whether it will be retained or ejected from the cell (Gao et al. 2013, Housman et al. 2014). 

An overexpression of biotransformation enzymes from phase I (CYP1A1 and CYP1B1), 

contribute to the hydrolysis, reduction and oxidation to create more soluble forms of xenobiotics 

(Guengerich 2007), while enzyme in phase II (GSTP1 – glutathione S-transferase pi 1), involved 

in reactions of glucuronidation, sulfonation, acetylation, methylation, and conjugation with 

glutathione, can contribute to MDR development (Szakács et al. 2006). According to increased 

expression of all investigated genes related to biotransformation process, it can be assumed that 

those biotransformation enzymes (CYP1A1, CYP1B1, and GSTP1) are necessary for Melittin 

metabolism in HT-29 cells. Additionally, MRP2 was significantly increased, but it is not clear 

whether Melittin is conjugated with GSH as a substrate for MRP2 transporter and exported  (Figure 

6). This transporter was increased in Melittin treated HCT-116 cells, too (Nikodijević et al. 2019), 

while it was decreased in SW480 cells. 

However, the reduced MDR1 gene and PGP1 protein expression represents a significant 

result in terms of possible therapeutic application suggesting potential opportunity for co-

treatments with cytostatic that are PGP1 substrates. Inhibition of efflux pumps, i.e. membrane 

transporters, especially PGP1, is one of the most important strategies for overcoming resistance to 

cytostatics (Robey et al. 2019). Many natural substances, mainly phenols from plants, possess 

ability to reduce the expression or activity of efflux pumps, which can be used to improve the 

effectiveness of cytostatic through reducing its elimination and increasing cytostatic retention in 

the cell (Sjostedt et al. 2017, Milutinović et al. 2019). Currently, there is a few data on this topic 

for animal venoms and their components (Nikodijević et al. 2019, Nikodijević et al. 2021). In 

study by Nikodijević et al. (2019), the authors showed that bee venom and Melittin modulates 

metabolizing enzymes and export pumps in colon cancer cell lines HCT-116 and SW-480 



23 
 

(Nikodijević et al. 2019). The potential of Melittin to enhance efficiency of chemotherapeutics and 

overcome MDR in colon cancer cells is favourable results and deserve future detailed examination. 

Future studies should focus on the method of synergistic action of Melittin with other anti-cancer 

drugs. The results obtained in our study will attract the attention of researchers due to promising 

therapeutic effects of Melittin. 

Acknowledgments 

This work was supported by the Ministry of Education, Science and Technological Development 

of the Republic of Serbia (Agreement no. 451-03-9/2021-14/200122; 451-03-68/2020-14/200378 

and 451-03-68/2022-14/ 200007).  

Declaration of interest statement  

There is no conflict of interests. 

Data availability statement 

Data will be available on demand. 

References 

Auclair, C., Voisin, E., 1985. Nitroblue tetrazolium reduction. In: Greenwald, R.A. (Ed.), 
Handbook of Methods for Oxygen Radical Research, first ed. CRC Press, Boka Raton, p. 123.  

Baker, M.A., Cerniglia, G.J., Zaman, A., 1990. Microtiter plate assay for the measurement of 
glutathione and glutathione disulfde in large numbers of biological samples. Analytical 
Biochemistry, 190(2), 360–365.  

Bei, C., Bindu, T., Remant, K.C., Peisheng, X., 2015. Dual secured nanomelittin for the safe and 
effective eradication of cancer cells. Journal of Materials Chemistry B, 3, 25–29.  

Berggren, S., et al., 2007. Gene and protein expression of P-glycoprotein, MRP1, MRP2, and 
CYP3A4 in the small and large human intestine. Molecular Pharmaceutics, 4(2), 252–257.  

Buege, J.A., Aust, S.D., 1987. Microsomal lipid peroxidation. Methods in Enzymology, 52, 302–

310.  

Bukowski, K., Kciuk, M., Kontek, R., 2020. Mechanisms of multidrug resistance in cancer 

chemotherapy. International Journal of Molecular Science, 21(9), 3233.   

Ceremuga, M., et al., 2020. Melittin–a natural peptide from bee venom which induces apoptosis 
in human leukaemia cells. Biomolecules, 10, 247.   



24 
 

Deng, J., et al., 2014. Targeting miR-21 enhances the sensitivity of human colon cancer HT-29 
cells to chemoradiotherapy in vitro. Biochemical and Biophysical Research Communications, 

443(3), 789–795.  

Dinić, J., et al., 2015. New approaches with natural product drugs for overcoming multidrug 

resistance in cancer. Current Pharmaceutical Design, 21(38), 5589–5604.  

El Bakary, N.M., Alsharkawy, A.Z., Shouaib, Z.A., Barakat, E.M.S., 2020. Role of Bee venom 
and Melittin on restraining angiogenesis and metastasis in γ-Irradiated solid ehrlich carcinoma-

bearing mice. Integrative Cancer Therapies. 19, 1534735420944476.  

Gajski, G., et al., 2016. Melittin induced cytogenetic damage, oxidative stress and changes in gene 

expression in human peripheral blood lymphocytes. Toxicon, 110, 56–67.  

Gajski, G., Garaj-Vrhovac, V., 2013.  Melittin: A lytic peptide with anticancer properties. 
Environmental Toxicology and Pharmacology, 36(2013), 697–705.   

Gao, F., et al., 2013. Biotransformation, a promising technology for anti-cancer drug development. 
Asian Pacific Journal of Cancer Prevention, 14(10), 5599–5608.  

Gligor, O., et al., 2023. An In Vitro and In Vivo assessment of antitumor activity of extracts derived 
from three well-known plant species. Plants 2023, 12, 1840. 

Guengerich, F.P., 2007. Cytochrome P450 and chemical toxicology. Chemical Research in 

Toxicology, 21(1), 70–83.  

Han, H.J., et al., 2002. Involvement of oxidative stress in bee venom-induced inhibition of Naþ/ 

glucose cotransporter in renal proximal tubule cells. Clinical and Experimental Pharmacology and 
Physiology, 29, 564e568. Huang, X., et al., 2023. Antitumor effects of polysaccharides from 
medicinal lower plants: A review. International Journal of Biological Macromolecules, 252, 

126313. 

Housman, G., et al., 2014. Drug resistance in cancer: An overview. Cancers (Basel), 6(3), 1769–

1792.   

Ikehata, M., et al., 2014. Different effects of epigenetic modifiers on the cytotoxicity induced by 
5-fluorouracil, irinotecan or oxaliplatin in colon cancer cells. Biological and Pharmaceutical 

Bulletin, 37(1), 67–73.   

Jo, M., et al., 2012. Anti-cancer effect of bee venom toxin and melittin in ovarian cancer cells 

through induction of death receptors and inhibition of JAK2/STAT3 pathway. Toxicology and 
Applied Pharmacology, 258, 72–81.  

Kong, G., et al., 2016. Melittin induces human gastric cancer cell apoptosis via activation of 

mitochondrial pathway. World Journal of Gastroenterology, 22(11), 3186–3195.  

Kozlowska, A., et al., 2017. Functionalized bioengineered spider silk spheres improve nuclease 

resistance and activity of oligonucleotide therapeutics providing a strategy for cancer treatment. 
Acta Biomaterialia, 59, 221-233.Li, B., et al., 2006. Growth arrest and apoptosis of the human 
hepatocellular carcinoma cell line BEL-7402 induced by melittin. Onkologie, 29, 367–371.  

Liu, C.C., et al., 2014. Biotoxins for cancer therapy. Asian Pacific Journal of Cancer Prevention, 
15(12), 4753–4758.  



25 
 

Luo, X., O'Neill, K.L., Huang, K., 2020. The third model of Bax/Bak activation: a Bcl-2 family 
feud finally resolved? F1000Res, 9, 935.  

Mansoori, B., et al., 2017. The different mechanisms of cancer drug resistance: A brief review. 
Advanced Pharmaceutical Bulletin, 7(3), 339–348.  

Mills, C.C., Kolb, E.A., Sampson, V.B., 2018. Development of chemotherapy with cell cycle 
inhibitors for adult and pediatric cancer therapy. Cancer Research, 78(2), 320–325.   

Milutinović, M., et al., 2020.  The silk of Plodia interpunctella as a potential biomaterial and its 

cytotoxic effect on cancer cells. Animal Вiotechnology, 29(4), 1–9.  

Milutinović, M.G., et al., 2019. Potential of Teucrium chamaedrys L. to modulate apoptosis and 

biotransformation in colorectal carcinoma cells. Journal of Ethnopharmacology, 240, 111951.   

Milutinović, М., et al., 2015. The molecular mechanisms of apoptosis induced by Allium flavum 
L. and synergistic effects with new-synthesized Pd(II) complex on colon cancer cells. Journal of 

Food Biochemistry, 39, 238–250. 

Moon, D.O., et al., 2008. Melittin induces Bcl-2 and caspase-3-dependent apoptosis through 

downregulation of Akt phosphorylation in human leukemic U937 cells. Toxicon, 51, 112–120.   

Münstedt, K., Männle, H., 2020. Bee products and their role in cancer prevention and treatment. 
Complementary Therapies in Medicine, 51, 102390.  

Nainu, F., et al., 2021. Pharmaceutical prospects of Bee products: special focus on anticancer, 
antibacterial, antiviral, and antiparasitic properties. Antibiotics(Basel), 10(7), 822.  

Nikodijević, D., et al., 2021. L-amino acid oxidase from snake venom: Biotransformation and 
induction of apoptosis in human colon cancer cells. European Journal of Pharmacology, 910(2), 
174466.  

Nikodijević, D.D., et al., 2019. Impact of bee venom and melittin on apoptosis and 
biotransformation in colorectal carcinoma cell lines. Toxin Reviews, 40(4), 1272–1279.  

Pagani, M.D., 2010. The complex clinical picture of presumably allergic side effects to cytostatic 
drugs: symptoms, pathomechanism, reexposure, and desensitization. Medical Clinics of North 
America, 94(4), 835–852.   

Park, M.H., et al., 2011. Anti-cancer effect of bee venom in prostate cancer cells through activation 
of caspase pathway via inactivation of NF-B. Prostate, 71, 801–812.    

Piasek, A., Bartoszek, A., Namieśnik, J., 2015. Phytochemicals that counteract the cardiotoxic side 
effects of cancer chemotherapy. Postepy higieny i medycyny doswiadczalnej, 63, 142–158.  

Rady, I., Siddiqui, I.A., Rady, M., Mukhtar, H., 2017. Melittin, a major peptide component of bee 

venom, and its conjugates in cancer therapy. Cancer Letters, 402, 16–31.  

Raghuraman, H., Chattopadhyaym A., 2007. Melittin: a membrane-active peptide with diverse 

functions. Bioscience Reports, 27, 189–223.  

Ranhotra, H.S., et al., 2016. Xenobiotic receptor-mediated regulation of intestinal barrier function 
and innate immunity. Nuclear Receptor Research, 3, 101199.  

Robey, RW., et al., 2019. Revisiting the role of efflux pumps in multidrug-resistant cancer. Nature 
Reviews Cancer, 18(7), 452–464. 



26 
 

Roy, A., Bharadvaja, N., 2021. Venom-derived bioactive compounds as potential anticancer 
agents: A review. International Journal of Peptide Research and Therapeutics, 27, 129–147.  

Seca, A.M.L., Pinto, D.C., 2018. Plant secondary metabolites as anticancer agents: successes in 
clinical trials and therapeutic application. International Journal of Molecular Science, 19(1), 263.  

Shaw, P., et al., 2019. Synergistic effects of melittin and plasma treatment: A promising approach 
for cancer therapy. Cancers, 11(8), 1109.   

Shin, M.C., et al., 2016. Preparation and characterization of gelonin-melittin fusion biotoxin for 

synergistically enhanced anti-tumor activity. Pharmaceutical Research, 33, 2218–2228.  

Sjostedt, N., Holvikari, K., Tammela, P., Kidron, H., 2017. Inhibition of breast cancer resistance 

protein and multidrug resistance associated protein 2 by natural compounds and their derivatives. 
Molecular Pharmacology, 14(1), 135–146.  

Soliman, C., et al., 2019. The membrane effects of melittin on gastric and colorectal cancer. PLoS 

One, 14(10), e0224028.   

Son, D. J., et al., 2007. Therapeutic application of anti-arthritis, pain-releasing, and anti-cancer 

effects of bee venom and its constituent compounds. Pharmacology & Therapeutics, 115, 246–
270.  

Stuhlmeier, K.M., 2007. Apis mellifera venom and melittin block neither NF-kappa B-p50-DNA 

interactions nor the activation of NF-kappa B, instead they activate the transcription of 
proinflammatory genes and the release of reactive oxygen intermediates. The Journal of 

Immunology, 179, 655e664.  

Sung, H., et al., 2020. Global cancer statistics 2020: Globocane estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA: A Cancer Journal for Clinicians, 71(3), 

209–249.  

Szakács, G., et al., 2006. Targeting multidrug resistance in cancer. Nature Reviews Drug 

Discovery, 5(3), 219–324.   

Tan, S.C., Yiap, B.C., 2009. The past and the present. Journal of Biomedicine and Biotechnology, 
1, 1–10.  

Tu, W.C., et al., 2008. Honeybee venom induces calcium-dependent but caspase-independent 
apoptotic cell death in human melanoma A2058 cells. Toxicon, 52, 318e329.  

Wang, C., et al., 2021. Withdrawal: Melittin, a major component of bee venom, sensitizes human 
hepatocellular carcinoma cells to tumor necrosis factor-related apoptosis-inducing ligand 
(TRAIL)-induced apoptosis by activating CaMKII-TAK1-JNK/p38 and inhibiting IκBα kinase-

NFκB. Journal of Biological Chemistry, 296, 100767.  

Wink, M., Ashour, M.L., El-Read,i M.Z., 2012. Secondary metabolites from plants inhibiting ABC 

transporters and reversing resistance of cancer cells and microbes to cytotoxic and antimicrobial 
agents. Frontiers in Microbiology, 3, 130.  

Yang, Z.L., Ke, Y.Q., Xu, R.X., Peng, P., 2007. Melittin inhibits proliferation and induces 

apoptosis of malignant human glioma cells. Nan Fang Yi Ke Da Xue Xue Bao, 27, 1775–1777.  

Yavari, M., et al., 2020. Melittin and Breast Cancer: A Brief Review of the Evidence. Nursing and 

Patient Safety, 20(1), 1–7. 



27 
 

Zarrinnahad, H., et al., 2018. Apoptotic effect of melittin purified from iranian honeybee venom 
on human cervical cancer HeLa cell line. International Journal of Peptide Research and 

Therapeutics. 24, 563–570.  

Zhang, C., et al., 2007. Effects of melittin on expressions of mitochondria membrane protein 7A6, 

cell apoptosis-related gene products Fas and Fas ligand in hepatocarcinoma cells. Zhong Xi Yi Jie 
He Xue Bao, 5, 559–563.  

Zheng, J., et al., 2015. Anti-cancer effect of bee venom on colon cancer cell growth by activation 

of death receptors and inhibition of nuclear factor kappa B. Oncotarget, 6(42), 44437–44451.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



28 
 

Supplementary material 

Table S.1 Gene specific primers 

 

Forward primer Reverse primer 

β-actin 5′-AAGCAGGAGTATGACGAGTCCG-3′ 5′-GCCTTCATACATCTCAAGTTGG-3′ 

Bax 5′-GGACGAACTGGACAGTAACATGG-3′ 5′-GCAAAGTAGAAAAGGGCGACAAC-3′ 

Bcl-2 5′-CTACGAGTGGGATGCGGGAGATG-3′ 5′-GGTTCAGGTACTCAGTCATCCACAG-3′ 

Cas8 5′-AGAGTCTGTGCCCAAATCAAC-3′ 5′-GCTGCTTCTCTCTTTGCTGAA-3′ 

Cas9 5′-GAGTCAGGCTCTTCCTTTG-3′ 5′-CCTCAAACTCTCAAGAGCAC-3′ 

CYP1A1 5′-TAGACACTGATCTGGCTGCAG-3′ 5′-GGGAAGGCTCCATCAGCATC-3′ 
CYP1B1 5′-TGATGGACGCCTTTATCCTCTC-3′ 5′-CATAAAGGAAGGCCAGGACATA-3′ 

GSTP1 5′-TCAAAGCCTCCTGCCTATAC -3′ 5′-AGGTGACGCAGGATGGTATT-3′ 

MRP1 5′-ACCCTAATCCCTGCCCAGAG-3′ 5′-CGCATTCCTTCTTCCAGTTC-3′ 

MRP2 5′-ATACCAATCCAAGCCTCTAC-3′ 5′-GAATTGTCACCCTGTAAGAG-3′ 
MDR1 5′-GCCTGGCAGCTGGAAGACAAATACACAAAATT-3′ 5′-CAGACAGCAGCTGACAGTCCAAGAACAGGACT-3′ 

 

 

Figure S.1. Impact of Melittin (M) on HT-29 and MRC-5 cell viability, 24 and 72 h after 

treatment. 

 

 

 


