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Abstract 

The aim of this work was to assess the phytochemical composition and anticancer effects of 

Strawberry-tree honey (STH) on cellular proliferation, cell cycle and apoptosis in human colon 

adenocarcinoma (HCT-116) and metastatic (LoVo) cancer cells. Kaempferol and gallic acid were 

the major phenolic compounds. STH showed higher cytotoxic and anti-colonogenic effects in a 

time- and dose-dependent manner; it arrested cell cycle in S and G2/M and regulated cell cycle 

genes, such as cyclin D1, cyclin E, CDK2, CDK4, p21Cip, p27Kip and p-RB. STH treatment 

promoted apoptosis by modulating key genes (p53, caspase-3, c-PARP) as well as intrinsic 

(Bax/Bcl2, Cyto C and caspase-9) and extrinsic (Fas L and caspase-8) apoptotic factors. STH also 

caused endoplasmic reticulum stress by increasing ATF-6 and XBP-1 expressions, suppressed 

EGFR, HER2 and downstream markers (p-Akt and p-mTOR) and elevated p-p38MAPK and p-

ERK1/2. In conclusion, STH have shown a chemo-preventive action on different colon cancer cell 

models. 

 

Keywords: Strawberry tree honey; anti-proliferative properties; anti-colonogenic activities; cell 

cycle arrest; apoptosis activation.  
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1. Introduction 

Nutrition has turned into an essential area in government policies after worldwide scientific 

community markedly established that chronic diseases, such as cancers, cardiovascular diseases 

and other main causes of mortality, can be slowed or inhibited by a proper consumption of nutrients 

and bioactive compounds rich food products (Nishida et al., 2004; Bach-Faig et al., 2011). Among 

various natural foods products honey is a good source of several nutritional and non-nutritional 

bioactive compounds, at the same time, of natural antioxidants. Honey has been accounted to show 

a wide variety of biological activities whereas several studies have revealed that the phenolic 

compounds of honey are mostly responsible for its beneficial effects of human health (Alvarez-

Suarez et al., 2016; Afrin et al., 2018a; Afrin et al., 2018b; Cianciosi et al., 2018; Gasparrini et al., 

2018). 

Strawberry tree (Arbutus unedo L., Family: Ericaceae) unifloral honey (STH) is an archetypal and 

famous product of Mediterranean areas and its strong bitter flavor is valued by foodies and honey 

specialists worldwide. Conventionally it has been used generally for curative aims. Despite its 

importance, there is unsatisfactory information on its phytochemical characterization as well as on 

its beneficial functions. The raising interest of this foodstuff is not only for the diverse phenolic 

compositions but also for its high antioxidant capacity. Until now, only few studies have examined 

its physicochemical, melissopalynological and organic acid properties, and only few studies have 

evaluated its antioxidant and phenolic profiles, mainly phenolic acid and flavonoids (Rosa et al., 

2011; Tuberoso et al., 2013; Afrin et al., 2017). The homogentisic acid (2,5-dihydroxyphenylacetic 

acid) is the main phenolic marker and the botanical origin marker of STH (Scanu et al., 2005), that 

is known for its antiradical and protection against thermal cholesterol degradation (Rosa et al., 

2011). 
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Colorectal cancer (CRC) is the fourth main causes of cancer related death worldwide and the third 

most commonly diagnosed cancer (Wu et al., 2016). The available screening techniques have 

decreased the mortality and incidence rate, but the regular screening is still inadequate, mainly in 

resource-limited settings (Siegel et al., 2017). Diet rich with nutritional food and balanced lifestyle 

are the preventative events that have a remarkable effect in decreasing the worldwide load of CRC 

(Reddy, 2018). The majority of the CRC is caused by chromosomal instability, which defects the 

various genes related to cell proliferation, survival, cell cycle, apoptosis and DNA repair 

mechanisms, such as adenomatous polyposis coli, Tp53, Kirsten rat sarcoma virus oncogene 

(Kras), B-raf proto-oncogene (Braf), etc. (Pino & Chubg, 2010). The mitogen-activated proteins 

kinases (MAPKs) signaling are recognized to integrate signals from an extensive range of stimuli 

for controlling cellular propagation, differentiation, inflammatory responses and apoptosis in CRC 

(Dhillon et al., 2007). In 60% to 80% of CRC, epidermal growth factor receptor (EGFR) is 

overexpressed and has been connected to a number of molecular pathways such as 

phosphatidylinositol 3-kinase (PI3K)-protein kinase B (Akt)-mammalian target of rapamycin 

(mTOR) and Kras-Braf-MAPKs (Custodio & Feliu, 2013). 

The efficiency of isolated compounds such as quercetin, kaempferol, luteolin, chrysin, apigenin, 

galangin, catechin etc. (which are the principle phenolic compounds of honey) to modulate 

carcinogenic processes through the alteration of different molecular targets, such as 

PI3K/Akt/mTOR, MAPK (p38MAPK, c-Jun N-terminal kinase (JNK) and extracellular-signal-

regulated kinase 1/2 (Erk1/2)), EGFR/Kras/Braf, nuclear factor-κB (NF-кB), nuclear factor 

erythroid 2–related factor 2 (Nrf2) and cyclin-cyclin dependent kinase (CDK) complexes has been 

proven in several in vitro and in vivo CRC models (González-Vallinas et al., 2013; Lee et al., 
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2011), whereby many of these targets are also represented as the backbone of modern drug 

discovery programs. 

In this study, we investigated the anti-cancer activities of STH in human colon adenocarcinoma 

cells (HCT-116) and Dukes’ type C, grade IV, colon metastasis cells (LoVo) by evaluating the 

anti-proliferative, cell cycle arresting and apoptosis activating effects through regulation of EGFR, 

MAPK, intrinsic and extrinsic apoptotic signaling as well as cell cycle regulatory genes.   

 

2. Materials and methods 

2.1. Honey samples, reagents and chemicals  

STH samples was provided by Prof. Gavino Sanna of the Department of Chemistry and Pharmacy 

(University of Sassari, Italy) and kept at 4 °C until analysis.  McCoy's 5A, F-12K and DMEM 

media for cell culture were obtained from Carlo Erba Reagents (Milan, Italy). Fetal bovine serum 

and antibiotic (100 IU/mL penicillin and 100 IU/mL streptomycin) were purchased from Sigma-

Aldrich (Milan, Italy). Tali Apoptosis assay™ and Cell Cycle kit was bought from Invitrogen, Life 

Technologies. The EvaGreen 2X qPCRMaster Mix kit and the primers for real time PCR (RT-

PCR) were purchased from Applied Biological Materials Inc. (Canada) and Sigma-Aldrich (Milan, 

Italy). The primary and secondary antibodies were obtained from Santa Cruz Biotechnology 

(Dallas, TX, USA) and Sigma-Aldrich (Milan, Italy). All other chemicals were purchased from 

Sigma-Aldrich (Milan, Italy). 

 

2.2. Extraction, identification and quantification of STH phenolic compounds 

The solid-phase extraction of phenolic compounds was performed according to previous study 

(Sun et al., 2016). Thermo Scientific System equipped with a Spectra SYSTEM P 4000 pump, a 
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Spectra SYSTEM AS 3000 auto sampler and a Finnigan Surveyor PDA Plus Detector was used 

for the measurement of HPLC. Chromatographic separation was carried out using a LunaC18 

analytical column (150×3mm ID, 3-μm particle) with a guardcolumn (4 × 3 mm ID) containing 

the same packing material (Phenomenex. Torrance, CA, USA).  

 

2.2.1. Determination of phenolic acids  

An aliquot (20 µL) was injected into the column and eluted at 35°C with a constant flow rate of 

0.4 mL/min. The mobile phase was composed of 2% (v/v) acetic acid in water (Component A) and 

of acetic acid in water and acetonitrile (1:49:50, v/v/v; Component B). The following gradient was 

used: 90% A for 10 min, change to 45% A in 50 min, change to 2% A in 10 min, change to 90% 

A in 2 min and, finally hold for 10 min giving an analysis time of 82 min. A photodiode-array 

detector (DAD) was employed in full-scan mode (range between 200 and 600 nm) for the 

determination of phenolic acids (Afrin et al., 2018c).  

 

2.2.2. Determination of flavonols 

An aliquot (20 µL) was injected into the column and eluted at 35°C with a constant flow rate of 

0.4 mL/min. The mobile phase was composed of water/formic acid/acetonitrile (87:10:3), v/v/v; 

Component A) and water/formic acid/acetonitrile (40:10:50, v/v/v; Component B). The following 

gradient was used: 90% A, change to 75% A in 10 min, change to 69% A in 5 min, change to 60% 

A in 5 min, change to 50% A in 10 min, change to 0% in 10 min, hold for 5 min and, finally change 

to 90% A in 5 min giving an analysis time of 50 min. A DAD was employed in full-scan mode 

(range between 200 and 600 nm) for the determination of flavonols (Afrin et al., 2018c).  
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For quantitative analysis, stock standard solutions of individual compounds were prepared at 500 

mg/L in ethanol and stored at -20°C. Multi compound working standard solutions were prepared 

in methanol by dilution of the stock solutions and stored in amber colored vials at -20°C. A 

maximum characteristic wavelength was selected as it can be seen in results section.  

 

2.3. Total antioxidant capacity  

Total antioxidant capacity of STH was assessed through Trolox equivalent antioxidant capacity 

(TEAC), ferric reducing antioxidant power (FRAP) and 2,4-DNP 2,2-diPhenyl-1-picrylhydrazyl 

(DPPH) assays, as earlier reported (Afrin et al., 2017). Results were expressed as μmol of Trolox 

equivalents (TE) per 100 g of honey. 

 

2.4. Cell culture 

Human colon adenocarcinoma (HCT-116), Dukes’ type C, grade IV, colon metastasis (LoVo) and 

healthy human dermal fibroblast (HDF) cells were purchased from the American Type Culture 

Collection (ATCC-TIB71). McCoy’s 5A medium were used for culturing HCT-116 cells, F-12K 

medium were used for culturing LoVo cells and DMEM medium were used for culturing HDF 

cells with 10% heat-inactivated fetal bovine serum, 100 IU/mL penicillin and 100 IU/mL 

streptomycin at 37 °C in a 5% CO2 humidified atmosphere. For the subsequent experiment, cells 

were used between the 6th and 10th passages. 

 

2.5. Cell proliferation assessment by MTT assay 

Cell proliferation was determined with the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazoliumbromide (MTT) assay. To evaluate the anti-proliferative effect of STH on 
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human colon cancer cells, cell suspensions (5 × 103/well) were seeded in 96-well plates in growth 

medium, overnight. Cells were treated with various concentrations of STH varied from 0 to 20 

mg/mL for HCT-116 cells, 0 to 60 mg/mL for LoVo cells and 0 to 65 mg/mL for non-cancer cells 

for 24 to 72 h. 30 μL of RPMI medium containing 2 mg/mL of MTT was added and the cells were 

incubated for 2 to 4 h and the generated formazan crystals were dissolved by 100 μL of 

dimethylsulfoxide. The absorbance was read at 590 nm by a microplate reader (Thermo Scientific 

Multiskan EX, Monza, Italy) and the results were expressed by the proportion of viable cells that 

were computed as the absorbance of treated cells/absorbance of untreated cells ×100. 

 

2.6. Clone formation assay  

Cells at a density of 50,000 cells/well were evenly seeded on six-well plates. The cells were treated 

with STH (0, 3, 6, 9 and 12 mg/mL for HCT-116 cells and 0, 10, 20, 30 and 40 mg/mL for LoVo 

cells) for 48 h. After the incubation time, the cells were trypsinized and 1000 cells were seeded in 

a six-well plate and were permitted to grow for another 10 to 12 days until small colonies were 

visible. After washing with PBS, the visible colonies were fixed with methanol and stained with 

0.2% methylene blue stain. Then, the counts of recognized colonies were manually scored and the 

images were recorded by a digital camera, and the results are expressed as previously described 

(Afrin et al., 2018d).  

 

2.7. Cell cycle analysis 

Cells were seeded in six-well plates (3.8×105 cells/ well) and incubated with various concentration 

of STH (0, 3, 6, 9 and 12 mg/mL for HCT-116 cells and 0, 10, 20, 30 and 40 mg/mL for LoVo 

cells) for 48 h. After the incubation, cellular pellets were fixed with 70% cold ethanol and were 
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put over night at -20°C. The fixed cells were washed with PBS, re-suspended in 100 μL PBS-based 

propidium iodide (PI) (Invitrogen™, Life Techonoliges, Milan, Italy) solution containing 0.1% 

Triton® X-100, 0.2 mg/ml RNase A (Invitrogen), and 20 μg/mL PI, and incubated for 30 min at 

room temperature into dark. Cell cycle analysis was carried out by the Tali® Cell Cycle Kit 

(Invitrogen™, Life Techonoliges, Milan, Italy) as earlier reported (Afrin et al., 2018c) and the 

results were expressed as the percentage of cells in each phase.  

 

2.8. Determination of apoptotic cells  

Cells were seeded in six-well plates (1.5×105 cells/ well) and incubated with various concentrations 

of STH (0, 3, 6, 9 and 12 mg/mL for HCT-116 cells; 0, 10, 20, 30 and 40 mg/mL for LoVo cells 

and 0, 12 and 40 mg/mL for healthy cells) for 48 h. After that, cellular pellets were re-suspending 

with 100 μL of Annexin binding buffer (ABB) and 5 μL of Annexin V Alexa Fluor® 488 and 

incubated for 20 min at room temperature into the dark. Again pellets were centrifuged for 

removing the excess mixture and re-suspending with 100 μL of ABB and 1 μL of Tali™ PI, and 

incubated 1 to 5 min at room temperature into dark before reading the sample by Tali™ Cellular 

Analysis Slide's chamber and analyzed in the Tali™ Image-Based Cytometer (Invitrogen™, Life 

Techonoliges, Milan, Italy). The annexin V-negative/PI negative cells were identified as viable 

cells and the annexin-V positive/ PI negative cells were recognized as apoptotic cells whereas the 

annexin V positive/ PI positive cells were identified as dead cells (Giampieri et al., 2018). 

 

2.9. RNA isolation and real time PCR 

Cells were treated with various concentrations of STH (0, 3, 6, 9 and 12 mg/mL for HCT-116 cells 

and 0, 10, 20, 30 and 40 mg/mL for LoVo cells) for 48 h. Total RNA content of cells was isolated 
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using a PureLink® RNA Mini Kit (Invitrogen, Carlsbad, CA, USA) and cDNA was synthesis 

following reverse transcription (5X All-In-One RT MasterMix kit, Applied Biological Materials 

Inc. Canada) according to the manufacturer’s protocol. RT-PCR was carried out using EvaGreen 

2X qPCR MasterMix (EvaGreen 2X qPCR MasterMix kit, Applied Biological Materials Inc. 

Canada) of forward and reverse primers (Table 1) of cell cycle regulatory genes (CDK2, CDK4, 

cyclin D1, cyclin E, p21waf1/cip1, p27kip1, phosphorylated (p)-retinoblastoma (Rb)) and 

apoptotic genes (p53, caspase-3, -8, -9, cleaved-Poly (ADP-ribose) polymerase (c-PARP), B-cell 

lymphoma-2 (Bcl-2), Bcl-2 associated X protein (Bax), cytochrome c (Cyt c), fatty acid synthase 

ligand (FasL)) on a RT-PCR system (Corbett Life Science, Rotor-Gene 3000, Mortlake, Australia). 

Glyceraldehyde-3-phosphate dehydrogenase (GADPH) was used for normalizing quantitative data 

and the 2‒∆∆ct method was used for calculating while the results expressed by fold change.  

 

2.10. Western blotting  

Protein extraction of cellular pellet was performed by previously described method (Afrin et al., 

2018d). By using 8 to 10% polyacrylamide gel, proteins are separated and transferred into a 

nitrocellulose membrane with the help of the trans-blot SD semidry electrophoretic transfer cell 

(Bio-Rad, Hercules, CA, USA). The membranes were blocked with Tris HCl buffered saline with 

Tween 20 (TBST) and with 5% non-fat-milk for 1 h at room temperature. The primary antibodies 

p53, caspase-3, c-PARP, activating transcription factor 6 (ATF6), X-box-binding protein 1 

(XBP1), EGFR, human epidermal growth factor receptor 2 (HER2), p-Akt, p-mTOR, p-

p38MAPK, p-Erk1/2 and GADPH, were used after at 4°C incubation, overnight. Membranes were 

washed with TBST and again incubated with secondary antibodies for another 1h. Immunolabeled 

proteins were recognized by using a chemiluminescence method (C-DiGit Blot Scanner, LICOR, 
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Bad Homburg, Germany) and bands density were quantified by image studio digits software 3.1 

(C-DiGit Blot Scanner, LICOR, Bad Homburg, Germany).  

 

2.11. Statistical analysis 

Data were expressed as mean ± standard deviation (SD) of three independent experiments. 

Statistical analysis was performed by using one-way analysis of variance (ANOVA) followed by 

Tukey’s honestly significant difference (HSD) post hoc test (*P < 0.05, **P < 0.01 and ***P < 

0.0001, compared to the control group and #p< 0.05; ##p< 0.01 compared to the treatment group).  

 

3. Results 

3.1. Phenolic profile and total antioxidant capacity of STH 

In the present study, we observed 12 phenolic compounds in STH that are listed in Table 2. All 

concentrations were calculated using the calibration curve of each analyte. Two different families 

have been determined: flavonols including rutin, myricetin, fisetin, quercetin, luteolin, apigenin, 

kaempferol and isorhammetin and phenolic acids including gallic acid, protocatechuic acid, 4-

hydroxybenzoic acid, vanillic acid, caffeic acid, syringic acid, p-coumaric acid, trans-ferulic acid, 

ellagic acid and trans-cinnamic acid (Figure 1). It was found that gallic acid and kaempferol were 

the main components (3.92 and 1.90 mg/100 g honey, respectively). Other flavonols (quercetin 

and luteolin; 0.90 and 0.79 mg/100 g honey, respectively) and phenolic acids (4-hydroxybenzoic 

acid and caffeic acid; 1.29 and 1.22 mg/100g honey, respectively) were presented in low 

concentrations. 

Furthermore, total antioxidant capacity of STH was quantified by TEAC, FRAP, and DPPH 

assays. The values were 392.13±0.45µmol TE/100g for TEAC, 539.01±0.27µmol TE/100 g for 

FRAP, and 200.83±0.68 µmol TE/100 g for DPPH (Table 3). 
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3.2. Anti-proliferative effects of STH in colon cancer cells 

The colon cancer HCT-116 and LoVo cells were treated with various concentration of STH for 24 

to 72 h and their viability was assessed by MTT assay. As shown in Figure 2A and 2B, STH 

decreased the viability of both colon cancer cells in a dose and time-dependent manner. In HCT-

116 cells, the cytotoxic effect was more prominent at less concentration (Figure 2A), but in LoVo 

cells, only the high concentrations of STH induced cytotoxic effects because of the metastatic 

nature of this cell lines (Figure 2B). In the case of non-cancer cells, STH treatment did not induce 

any toxicity up to 45 mg/mL for 72 h (Figure 2C), which was highly toxic for the both colon 

cancer cells. 

As such, for HCT-116 cells, the STH concentrations of 3, 6, 9 and 12 mg/mL at 48 h were selected 

for further experiments, while for LoVo cells the chosen concentrations were 10, 20, 30 and 40 

mg/mL at 48 h. These concentrations led to a cell viability from 80% to 40%. Additionally, in 

healthy fibroblast cells, the highest concentration of STH (12 mg/mL and 40 mg/mL) used for the 

both cancer cell lines were chosen to investigate the cytotoxic effects of STH on non-cancer cells.  

 

3.3. Anti-clonogenic effects of STH in colon cancer cells 

The colony formation assay is a well-established method to determine the in vitro malignant 

transformation in cells. As shown in Figure 3A and 3B, STH treatment decreased the colony 

formation in HCT-116 cells up to 86% at the highest concentration (12 mg/mL) while in LoVo 

cells, the colony formation decreased up to 77% at the concentration of 40 mg/mL compared to 

control (0 mg/mL). Moreover, in non-cancer cells (Figure 3C), STH exposure increased the 

colony formation up to 225% at the concentration of 12 mg/mL and 126% at the concentration of 

40 mg/mL compared to control (0 mg/mL). 
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3.4. STH treatments exerts cell cycle arrest in colon cancer cells 

One of the most attractive target in cancer therapy is the modulation of cell cycle progression. The 

percentage of cells in each phase of cell cycle was determined by flow cytometry analysis after 

STH treatment (Figure 4). In HCT-116 cells, STH treatment arrested the cell cycle at S phase by 

significantly (p < 0.01) increasing the accumulation of cells up to 56% compared to control (23%) 

and the effects were dose dependently, while the percentage of cells at G1 and G2/M phase were 

decreased (Figure 4A). Furthermore, in LoVo cells, STH treatment arrested the cell cycle at G2/M 

phase by accumulating up to 30% of cells compared to control 9% and at the same time percentage 

of cells at G1 and S phase were decreased in a dose-dependent way (Figure 4B). 

 

3.5. Modulations of cell cycle regulatory genes after STH treatment 

The regulation process of cell cycle is controlled by several CDKs which bind with their cyclin 

subunits, modulating the CDK inhibitors (p21Cip and p27Kip) and phosphorylating the Rb genes 

for activation of the cell cycle regulatory genes (Vermeulen, Van Bockstaele & Berneman, 2003). 

The results shown in Figure 4 confirmed that the STH treatment arrested the cell cycle in both 

colon cancer cells.  

Furthermore, we observed the cell cycle regulatory genes (CDK2, CDK4, cyclin D1, cyclin E, 

p21Cip1, p27kip1 and p-Rb) expression after the STH exposure (Figure 5). In HCT-116 cells, 

STH treatment significantly (p < 0.01) suppressed the expression of CDK2 up to 0.67 fold, CDK4 

up to 0.54 fold, cyclin D1 up to 0.64 fold, cyclin E up to 0.48 fold and p-Rb up to 0.55 fold at the 

highest concentration compared to control (1.00 fold) (Figure 5A). At the same time, the 

expression of p21Cip and p27kip significantly (p < 0.01) increased up to 1.77 fold and 1.61 fold. 

Vice versa, in LoVo cells, no changes were observed in the expression of CDK2, CDK4 and cyclin 
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E after STH treatment, while increased p21Cip1 up to 1.83 fold and p27Kip1 up to 2.06 fold, and 

decreased cyclin D1 up to 0.57 fold and p-Rb up to 0.42 fold expressions were observed (Figure 

5B). Therefore, STH arrested the cell cycle at S phase through decreasing the mRNA expression 

of cyclin D1, cyclin E, CDK2, CDK4, p-Rb and increasing p21Cip and p27Kip expressions in 

HCT-116 cells. In LoVo cells, STH arrested the cell cycle at G2/M phase by suppressing the 

expression of cyclin D1 and p-Rb and at the same time increasing p21Cip and p27Kip expressions, 

respectively.  

 

3.6. Induction of apoptosis by STH in colon cancer cells 

Activation of apoptosis is a well-established method for exerting anti-cancer effects. STH 

treatment significantly increased the number of apoptotic cells in a dose-dependent way in both 

colon cancer cells (Figure 6). In HCT-116 cells, the percentage of apoptotic cells was 25% after 

STH exposure (12 mg/mL) compared to control 7% (0 mg/mL) and the numbers of dead cells were 

increased up to 60%, respectively, compared to untreated cells 84% (Figure 6A). Inversely, the 

number of live cells was significantly (p < 0.01) decreased up to 20% compared to control 5% at 

the highest concentration of STH (Figure 6A). Additionally, in LoVo cells, we observed the 18% 

of apoptotic cells after STH treatment while in the control it was 2% (Figure 6B). The number of 

live cells was decreased in a dose-dependent manner up to 47% compared to control 83% and vice 

versa, the dead cells number increased up to 34% while the number of untreated cells was 8% 

(Figure 6B). Furthermore, we observed the apoptotic effects of STH in non-cancer cells and 

examined no statistical difference compared to control while at the concentration 40 mg/mL very 

few effects were observed on the number of live cells (decreased) and dead cells (increased) 

(Figure 6C).  
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3.7. STH exerts intrinsic and extrinsic apoptosis and ER stress on colon cancer cells 

For confirming the apoptosis activation, the levels of several intrinsic and extrinsic markers were 

analyzed by RT-PCR on HCT-116 and LoVo cells untreated or treated for 48h with STH (Figure 

7). The expression of all the apoptotic markers were increased dose-dependently: p53 increased 

up to 3.26 fold for HCT-116 cells and 1.76 fold for LoVo cells, Bax/Bcl-2 increased up to 3.06 

fold for HCT-116 cells and 5.01 fold for LoVo cells, Cyto C increased up to 1.25 fold for HCT-

116 cells and 3.50 fold for LoVo cells, FasL increased up to 1.83 fold for the both cells, caspase-

3 increased up to 1.55 fold for HCT-116 cells and 1.81 fold for LoVo cells, caspase-8 increased 

up to 1.34 fold for HCT-116 cells and 1.80 fold for LoVo cells, caspase-9 increased up to 1.36 

fold for HCT-116 cells and 2.26 for LoVo cells and c-PARP increased up to 3.10 fold for HCT-

116 cells and 1.77 fold for LoVo cells, respectively. 

Subsequently, the gene expression of three main apoptotic markers p53, caspase-3 and c-PARP 

were further investigated at protein level by western blotting (Figure 8A and 8B). The results 

confirmed more than 2-fold upregulation of p53 (2.35 fold for HCT-116 cells and 2.27 fold for 

LoVo cells), caspase-3 (2.16 fold for HCT-116 cells and 3.09 fold for LoVo cells) and c-PARP 

(2.33 fold for HCT-116 cells and 2.70 fold for LoVo cells) expression after the highest doses of 

STH compared to untreated control.  

Activation of ER stress is also associated for the induction of apoptosis; we further investigated 

the probable alteration of ATF6 and XBP1 protein expression on colon cancer cells after STH 

treatment (Figure 8C and 8D). In HCT-116 cells, the expression of ATF6 and XBP1 increased 

up to 2.27 fold and 2.12 fold while in LoVo cells it increased up to 2.45 fold and 2.34 fold at the 

highest concentrations.  
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3.8. STH modulates expression of EGFR and MAPK signaling pathways on colon cancer cells 

The anti-cancer effects of STH on HCT-116 and LoVo cells were also evaluated at the molecular 

levels by examining the protein expression of several genes related to proliferation, survival and 

apoptosis. STH treatment significantly (p < 0.01) altered the expression of EGFR, HER2 and 

downstream target p-Akt, p-mTOR on both colon cancer cells treated or untreated for 48h with 

STH (Figure 9A and 9B).  EGFR (up to 0.52 fold for HCT-116 cells and 0.41 fold for LoVo 

cells), HER2 (up to 0.55 fold for HCT-116 cells and 0.57 fold for LoVo cells), p-Akt (up to 0.44 

fold for HCT-116 cells and 0.41 fold for LoVo cells) and p-mTOR (up to 0.51 fold for HCT-116 

cells and 0.43 fold for LoVo cells) were down-regulated. Strongest up-regulation was observed at 

p-p38MAPK (up to 2.25 fold for HCT-116 cells and 1.87 fold for LoVo cells) and p-ERK1/2 (up 

to 3.40 fold for HCT-116 cells and 2.09 fold for LoVo cells) and the effects were more prominent 

in HCT-116 cells compared to LoVo cells (Figure 9C and 9D).  

 

4. Discussion  

In the last decade, there is an increasing interest on the consumption of the antioxidant rich food 

stuffs because of their protective role against different chronic diseases such as cancer (Pandey & 

Rizvi, 2009). 

Table 2 shows the phenolic compounds identified in STH. With respect to flavonols, kaempferol 

represents 41.12% of the total flavonols identified. On the other hand, gallic acid is the main 

phenolic acid representing 54.44% of the total phenolic acids. Two previous studies addressed the 

characterization of the phenolic composition in STH. Petretto et al., (2015) studied the phenolic 

composition (flavonols and phenolic acids) on ten monofloral honeys by HPLC-DAD analysis. In 

agreement with the present study, kaempferol and luteolin were the main flavonols identified in 
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STH, showing a concentration of 1.06 and 0.96 mg/100 g of honey, respectively. In another study, 

Tuberoso et al., (2013) determined two phenolic compounds in STH (homogentisic acid and gallic 

acid).  

The antioxidant capacity of STH was moderately lower compared to the capacity accounted in a 

previous study (Tuberoso et al., 2013). It is noted that STH presented higher antioxidant capacity 

(Table 3) compared to well-known honey such as Manuka honey (Afrin et al., 2017), Portuguese 

honey (Ferreira et al., 2009), Cuban honey (Alvarez-Suarez et al., 2010), and Malaysian honey 

(Kishore et al., 2011). According to the previous studies, a significant correlation was observed 

between the phenolic parameters and the antioxidant capacity (Afrin et l., 2017; Kishore et 

al.,2011).  

To the best of our knowledge, this is the first report to demonstrate the anti-proliferative and 

apoptotic effects of STH on colon cancer cells. As shown above, STH is able to significantly 

decrease the proliferation and colony formation of colon cancer HCT-116 and LoVo cells, while 

at the same concentrations, it is not toxic in non-cancer cells (Figure 2 and Figure 3). The anti-

proliferative results of other types of honey such as Manuka (Afrin et al., 2018c), Nenas and Gelam 

(Wen et al., 2012) honeys used concentration were 2 to 8 times higher compared the concentration 

of STH used in this study. This dissimilarity is mostly due to the honey phenolic composition, 

which depends on this floral and geographical origin. The representative major phenolic 

compounds of STH (Table 2), such as flavonols: kaempferol, quercetin, and luteolin, and phenolic 

acid: gallic acid, caffeic acid, ferulic acid and cinnamic acid are well recognized for their 

chemopreventive effects on colon cancer by preventing initiation to progression stages whereas 

some of the phenolic compounds are already on phase II and phase III clinical trial (González-

Sarrías et al., 2015; Afrin et al., 2018e). 
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Cell cycle arrest is one of the effectual strategies to prevent uncontrolled cell proliferation. 

Therefore, we evaluated the mode of action of STH to prevent cancer progression by arresting cell 

cycle. Our results showed that dose-dependently, STH caused cell cycle arrest in S phase of HCT-

116 cells and G2/M phase for LoVo cells (Figure 4). Previous studies reported that Manuka honey 

(Afrin et al.,2018c) or representative phenolic compounds of honey, such as cinnamic acid 

(Anantharaju et al., 2017), ellagic acid (González-Sarrías et al., 2016), apigenin (Wang et al., 2000) 

etc. has also been accounted to elicit S and G2/M phase cell cycle arrest in HCT-116, Caco-2, 

SW480 and HT-29 colon cancer cells. Cyclin-CDK complex are the main regulators for the cell 

cycle progressions whereas the CDK inhibitors, p21Cip and p27Kip promotes the cell cycle arrest 

(Vermeulen, Van Bockstaele & Berneman, 2003). We evaluated that STH exposure dose-

dependently and significantly decreased the mRNA levels of CDK2, CDK4, cyclin D1 and cyclin 

E for HCT-116 at S phase and only cyclin D1 for LoVo cells at G2/M phase (Figure 5). In addition, 

STH significantly increased the levels of p21Cip and p27Kip, as well as decreased the p-Rb levels 

for both colon cancer cells. There are a good number of studies on natural compounds and colon 

cancer cells that support our present results. For example, cinnamic and gallic acid arrest the cell 

cycle at S and G2/M phase through increasing p21 expression (Anantharaju et al., 2017; González-

Sarrías et al., 2016), flavokawain c arrest at S phase by decreasing cyclin E, CDK2, CDK4, p-Rb 

and increasing p21Cip and p27Kip expression (Phang et al., 2016) as well as flavonols arrest at 

G2/M phase by reducing cyclin D1 expressions (Gómez-Alonso et al., 2012).  

Apoptosis induction is another vital approach for controlling cancer cells growth. Several natural 

compounds that activated apoptosis by regulating the apoptotic signals have the potentiality for 

cancer prevention (Elmore, 2007). In the present study, STH increased the accumulation of 

apoptotic and dead cells number and at the same time decreased the number of live cells in both 
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HCT-116 and LoVo cells and the effects were dose-dependent (Figure 6). These results were 

reliable with earlier reports showing that honey or bee products induced cellular apoptosis in 

several cancer cells (Afrin et al., 2018c; Giampieri et al., 2018; Kang et al., 2017).  

P53 is one of the main apoptosis signaling pathways consist of the p53 tumor suppressor and this 

protein is a nuclear transcription factor that controls the expression of a wide-ranging of genes 

implicated in apoptosis, DNA repair and growth arrest in response to drug (Fridman and Lowe, 

2003). In addition, caspase-3 play a key role in the implementation of the apoptotic program, is 

mainly accountable for the cleavage of PARP through cell death process (Nicholson et al. 1995). 

The molecular mechanism by which STH induced apoptosis induction was further evaluated by 

the expression of p53, caspase-3 and c-PARP. Activation of tumor suppressor p53, main caspase 

protein caspase-3 and its downstream targets c-PARP confirmed the STH induction of apoptosis 

in both HCT-116 and LoVo colon cancer cells (Figure 8). Furthermore, STH treatment elevated 

the levels of Bax/Bcl2, Cyto C and caspase-9 in a dose-dependent manner activating intrinsic 

pathway, as well as Fas L and caspase-8, activating extrinsic apoptotic pathways (Figure 7). 

Existing data support that the honey phenolic compounds such as luteolin (Kang et al., 2017), 

quercetin (Kee et al., 2016), myricetin (Kim et al., 2014), kaempferol (Wang et al., 2018), caffeic 

acid (Tang et al., 2017) etc. mediated their anti-cancer effects by activating intrinsic and extrinsic 

apoptotic pathway.  

There is a strong relation between ER-stress and apoptosis increasing the therapeutic efficacy 

through eliminating the injured cells (Sano & Reed, 2013). Our results demonstrated that STH 

treatment increased the expression of ATF6 and XBP1 in both colon cancer cells (Figure 8). These 

findings were consistent with earlier reports showing that quercetin induced apoptotic cell death 
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by activating ATF6, XBP1 and other ER stress markers on HCT-116 colon cancer cells (Khan et 

al., 2016).  

The EGFR/HER2 and its downstream signaling pathway p-Akt and p-mTOR represent an 

attractive anti-carcinogenic target which plays a significant role for the progression of colon cancer 

by initiating cell survival, proliferation, apoptosis, invasion, angiogenesis as well as metastasis 

(Custodio & Feliu, 2013). Caffeic acid and kaempferol suppress the expression of EGFR (Wu et 

al., 2011), p-Akt and p-mTOR (Chiang et al., 2014; Wang et al., 2018) pathways, exerting anti-

proliferative effects and activating apoptosis in several cancer models. In agreements with previous 

studies, we showed that STH could potentially suppressed the colon cancer cells proliferation and 

inducing apoptosis by inhibiting the expression of EGFR, HER2, p-Akt and p-mTOR (Figure 9). 

The p38MAPK and p-ERK1/2 are the major markers of MAPK signaling which prompts a large 

number of signal associated with proliferation, apoptosis, differentiation as well as inflammation 

on several carcinogenic pathways (Zhang & Liu, 2002). We examined that STH treatment 

increased in a dose-dependent way the expression of p-p38MAPK and p-ERK1/2 in HCT-116 and 

LoVo cancer cells (Figure 9). In agreement with our results, similar efficacy was observed after 

luteolin treatment on HT-29 cells (Kang et al., 2017) and quercetin treatment on CT-29 cells (Kee 

et al., 2016); both studies found that the MAPK activation was responsible for the induction of 

apoptosis.  

 

5. Conclusion 

Our results provide evidence that STH induced anti-proliferative effects in HCT-116 and LoVo 

through reducing colony formation ability and suppressing the expression of EGFR, HER2 and 

corresponding markers p-Akt and p-mTOR. Exposure of STH induced cell cycle arrest at the S 
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phase in HCT-116 cells and G2/M phase in LoVo cells, leading to regulate the mRNA levels of 

cell cycle regulatory genes. In addition, STH induced apoptosis in both cancer cells through 

activating the intrinsic and extrinsic pathways, increasing the ER stress and elevation of MAPK 

signaling. Currently, we are trying to observe the oxidative stress induced cancer cells death, 

metabolic alteration and chemo-sensitizing effects of STH on colon cancer cells. This is an initial 

step to observe the biological as well as the anti-cancer effects of STH. All this observation 

provides the fundamental approaches into the molecular mechanism of STH induced cancer cell 

death, reinforcing the interest for this foodstuff for the prevention and management of colon 

cancer. Additionally, this study also highly encourages to examine the most important single 

compound in STH depending on the effectiveness of growth suppression and apoptosis induction 

on cancer cells. 
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Figure Legends 

Figure 1. DAD-chromatogram in full-scan mode (range between 200 and 600 nm) for the 

determination of (A) phenolic compounds in STH; (B) Flavonols; (C) Phenolic acids. Peak 

identification: Flavonols: (1) Rutin; (2) Myricetin; (3) Fisetin; (4) Quercetin; (5) Luteolin; (6) 

Apigenin; (7) Kaempferol; (8) Isorhammetin; Phenolic acids: (9) Gallic acid; (10) Protocatechuic 

acid; (11) 4-Hydroxybenzoic acid; (12) Vanillic acid; (13) Caffeic acid; (14) Syringic acid; (15) 

p-coumaric acid; (16) trans-ferulic acid; (17) Ellagic acid; (18) trans-cinnamic acid. 

 

Figure 2. Effect of STH in HCT-116, LoVo and non-cancer cells proliferation. (A) HCT-116, 

(B) LoVo and (C) non-cancer cells were pre-treated with different concentrations of STH for 24, 

48 and 72 h, and the cell viability was assayed by MTT assay. Results were expressed as 

percentage (%) of viable cells compared to untreated cells and showed mean ± standard deviation 

(SD). n=3. 

 

Figure 3. Effect of STH in HCT-116, LoVo and non-cancer cells colony formation. The cells 

were seeded at low density in McCoy’s 5A, F-12 K and DMEM media supplements with or 

without different concentrations of STH for 12 days. The results were expressed as a % of the 

colonies that corresponds to untreated cells. The colonies were fixed with 70% ethanol and stained 

with methyleneblue for the analysis of colony formation. Quantitative image analysis of colonies 

in cultured (A) HCT-116, (B) LoVo and (C) non-cancer cells. Results expressed as the mean ± SD 

(n = 3). *p< 0.05; **p< 0.01 vs. control group. #p< 0.05; ##p< 0.01 vs. treatment group.  
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Figure 4. Cell cycle analysis after the treatment of STH in HCT-116 and LoVo cells. Images 

represent an example of the response of (A) HCT-116 and (B) LoVo cells with or without different 

concentrations of STH for 48 h. Percentages in each cell cycle phase (G1, S and G2/M) are 

presented in the bar diagram. Results expressed as the mean ± SD (n = 3). *p< 0.05; **p< 0.01 vs. 

control group. #p< 0.05; ##p< 0.01 vs. treatment group. 

 

Figure 5. Effect of STH on cell cycle regulatory mRNA levels in HCT-116 and LoVo cells.  

(A) HCT-116 and (B) LoVo cells were pre-treated with or without different concentrations of STH 

for 48 h. Cyclin D1, cyclin E, CDK2, CDK4, p21Cip, p27Kip and p-Rb mRNA levels were 

analyzed by RT-PCR and the data were normalized by GADPH mRNA levels. Results are 

expressed as median, first quartiles, third quartiles, minimum and maximum values and expressed 

as the mean ± SD (n = 3). *p< 0.05; **p< 0.01 vs. control group. #p< 0.05; ##p< 0.01 vs. treatment 

group. 

 

Figure 6. Effect of STH on apoptosis induction in HCT-116 and LoVo cells. (A) HCT-116, 

(B) LoVo and (C) non-cancer cells were pre-treated with or without different concentrations of 

STH for 48 h. Tali™ Image-based Cytometer were used for calculating the number of viable, death 

and apoptotic cells after Annexin V Alexa Fluor® 488 and PI staining. Fluorescence image shows 

the effect of STH with or without treatment: blue color represents live cells, green color represents 

apoptotic cells and red and yellow colors represent dead cells. Results are expressed as the mean 

± SD (n = 3). *p< 0.05; **p< 0.01 vs. control group. #p< 0.05; ##p< 0.01 vs. treatment group. Scale 

bar 50 μm. 
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Figure 7. Effect of STH on intrinsic and extrinsic apoptotic related signaling mRNA levels in 

HCT-116 and LoVo cells. (A) HCT-116 and (B) LoVo cells were pre-treated with or without 

different concentrations of STH for 48 h. p53, Bax/Bcl2, Cyto C, Fas L, caspase-3, -8, -9 and c-

PARP mRNA levels were analyzed by RT-PCR and the data were normalized by GADPH mRNA 

levels. Results are expressed as median, first quartiles, third quartiles, minimum and maximum 

values and expressed as the mean ± SD (n = 3). *p< 0.05; **p< 0.01 vs. control group. #p< 0.05; 

##p< 0.01 vs. treatment group.  

 

Figure 8. Effect of STH on apoptotic and ER stress proteins in HCT-116 and LoVo cells. 

Cells were pre-treated with or without different concentrations of STH for 48 h. The apoptotic 

proteins p53, caspase-3 and c-PARP expression was determined by immunoblotting in (A) HCT-

116 and (B) LoVo cells (normalized to GADPH loading control). Similarly, the ER stress protein 

ATF-6 and XBP1 expression were determined by immunoblotting in (C) HCT-116 and (D) LoVo 

cells (normalized to GADPH loading control). Results are expressed as median, first quartiles, 

third quartiles, minimum and maximum values and expressed as the mean ± SD (n = 3). *p< 0.05; 

**p< 0.01 vs. control group. #p< 0.05; ##p< 0.01 vs. treatment group.  

 

Figure 9. Effect of STH on EGFR and MAPK signaling in HCT-116 and LoVo cells. Cells 

were pre-treated with or without different concentrations of STH for 48 h. The marker of EGFR 

signaling (EGFR, HER2, p-Akt and p-mTOR) in (A) HCT-116 and LoVo (B) cells, and the marker 

of MAPK signaling (p-p38MAPK and p-ERK1/2) in (C) HCT-116 and LoVo (D) cells expression 

were determined by immunoblotting in HCT-116 and LoVo cells (normalized to GADPH loading 

control). Results are expressed as median, first quartiles, third quartiles, minimum and maximum 
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values and expressed as the mean ± SD (n = 3). *p< 0.05; **p< 0.01 vs. control group. #p< 0.05; 

##p< 0.01 vs. treatment group.  
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Table Captions. 

 

Table 1. The sequences of real-time PCR oligonucleotide primers.  

 

Table 2. CAS number, retention time (RT, min), maximum absorption wavelengths (λ, nm) and 

concentration (mg/100 g of honey) for the considered phenolic compounds determined in 

Strawberry Tree Honey (STH). 

 

Table 3. Total antioxidant capacity of Strawberry tree honey. 
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Figure 1 
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Figure 2
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Figure 3 
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Figure 4 
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Figure 5 

 

 

 

 

 

 

 

 

 

 



40 
 

Figure 6 
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Figure 7 
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Figure 8 
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Figure 9 
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Table 1. The sequences of real-time PCR oligonucleotide primers.  
 

 

 

Table 2. CAS number, retention time (RT, min), maximum absorption wavelengths (λ, nm) and 

concentration (mg/100 g of honey) for the considered phenolic compounds determined in 

Strawberry Tree Honey (STH). 

Gene Direction Sequence (5 ׳3-׳) 

p53 Forward AGACCTATGGAAACTGTGAGTGGA 

 Reverse GAAGCCTAAGGGTGAAGAGGA 

Caspase-3 Forward CTGGACTGTGGCATTGAGACA 

 Reverse CGGCCTCCACTGGTATTTTATG 

c-PARP Forward GGGAGGAGATGGAATGTCAG 

 Reverse CTGCTGGGTCCAAAAGAGAC 

Bcl-2 Forward CCTGTGGATGACTGAGTACC 

 Reverse GAGACAGCCAGGAGAAATCA 

Bax Forward GTTTCATCCAGGATCGAGCAG 

 Reverse CATCTTCTTCCAGATGGTGA 

Cyt C Forward TTTGGATCCAATGGGTGATGTTGAG 

 Reverse CCATCCCTACGCATCCTTTAC 

Fas L Forward GGATTGGGCCTGGGGATGTTTCA 

 Reverse TTGTGGCTCAGGGGCAGGTTGTTG 

Caspase-8 Forward AGAGTCTGTGCCCAAATCAAC 

 Reverse GCTGCTTCTCTCTTTGCTGAA 

Caspase-9 Forward TGTCCTACTCTACTTTCCCAGTTTT 

 Reverse GAGACAGCCAGGAGAAATCA 

Cyclin D1 Forward GAACAAACAGATCATCCGCAA 

 Reverse TGCTCCTGGCAGGCACGGA 

Cyclin E Forward GAGCCAGCCTTGGGACAATAA 

 Reverse GCACGTTGAGTTTGGGTAAACC 

CDK2 Forward TTTGCTGAGTGGTGACTCGCCG 

 Reverse CCGGCCCACTTGGGGAAAC 

CDK4 Forward CTTCCCGTCAGCACAGTTC 

 Reverse GGTCAGCATTTCCAGTAGC 

p21waf1/cip1 Forward GCGATGGAACTTCGACTTTGT 

 Reverse GGGCTTCCTCTTGGAGAAGAT 

p27kip1 Forward ATGTCAAACGTGCGAGTGTC 

 Reverse TCTCTGCAGTGCTTCTCCA 

p-Rb Forward ATCCGAGGCAACTACAGCCTA 

 Reverse CCTTTCCAACCGTGGGAATAAT 

GADPH Forward GACCCCTTCATTGACCTCAACTACATG 

 Reverse GTGCACCACCCTGTTGCTGTAGCC 
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Phenolic compounds CAS 

number 

RT (min) λ (nm) Concentration 

(mg/100g of honey) 

Flavonols     

Rutin 153-18-4 13.34 352 nd 

Myricetin 529-44-2 17.07 368 0.61±0.04 

Fisetin 528-48-3 19.73 361 nd 

Quercetin  117-39-5 24.65 371 0.90±0.02 

Luteolin 491-70-3 25.69 347 0.79±0.10 

Apigenin 520-36-5 31.91 337 0.19±0.06 

Kaempferol 520-18-3 31.93 365 1.90±0.05 

Isorhammetin 480-19-3 34.83 370 0.23±0.07 

Total flavonols content    4.62 

Phenolic acids     

Gallic acid 149-91-7 3.11 270 3.92±0.16 

Protocatechuic acid 99-50-3 5.65 259 nd 

4-Hydroxybenzoic acid 99-96-7 10.52 254 1.29±0.02 

Vanillic acid 121-34-6 15.65 260 nd 

Caffeic acid 331-39-5 16.54 322 1.22±0.06 

Syringic acid 530-57-4 19.87 274 nd 

p-coumaric acid 501-98-4 27.46 308 0.10±0.03 

trans-ferulic acid 537-98-4 33.19 322 0.53±0.00 

Ellagic acid 476-66-4 38.08 251 nd 

trans-cinnamic acid 140-10-3 55.88 273 0.14±0.01 

Total phenolic acid content    7.20 

nd: not detected. Data are means (n=3). 
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Table 3. Total antioxidant capacity of Strawberry tree honey. 

Parameter Quantification 

TEAC Values (µmol TE/100 g) 392.13±0.45 

FRAP Values (µmol TE/100 g) 539.01±0.27 

DPPH Values (µmol TE/100 g) 200.83±0.68 
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Graphical abstract 

 


