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ABSTRACT 

The aim of this study was to investigate the effect of melatonin nanodoses adsorbed to PEG microspheres during different phases of the 

day on oxidative stress and apoptosis in human colostrum mononuclear (MN) cells co-cultured with breast cancer tumor cells (MCF-7). 

The MCF-7 cells were obtained from the American Type Culture Collection, and the MN cells were obtained from volunteer donors. 

The cells were preincubated for 24 h with or without 100 ng.mL-1 melatonin (MLT), PEG microspheres (PEG) or 100 ng.mL-1 MLT 

adsorbed to PEG microspheres (PEG-MLT). Superoxide, superoxide dismutase (SOD), intracellular calcium and apoptosis in the MN 

cells, MCF-7 cells and co-cultures were determined. The MN cells and co-cultured cells during the nocturnal period and the MCF-7 cells 

during the diurnal period exhibited increased superoxide release in the presence of PEG-MLT. MN cells treated with MLT during both 

periods of the day exhibited the highest SOD concentrations, whereas the MCF-7 cells had high SOD levels when incubated with PEG-

MLT during the nocturnal period. The nocturnal period co-culture, independent of treatment, showed the highest levels of the enzyme. 

The highest amount of intracellular Ca2+ release was observed in MN cells and MCF-7 cells co-cultured with PEG-MLT during the 

nocturnal period. Irrespective of the phase of the day, the highest apoptosis index was observed in co-cultures of cells incubated with 

MLT-PEG. These data suggest that nanodoses of melatonin-modified release plus physiological melatonin produced in higher 

concentrations during the night can increase the effective activity of this hormone against tumors. 

Keywords:Breast cancer; drug delivery; melatonin; MN cells; MCF-7. 

 

1. INTRODUCTION 

 Clinical and experimental evidence has supported the 

hypothesis that colostrum is important in the protection against 

breast cancer [1] and can reduce the risk of disease in women who 

breastfeed [2,3]. Colostrum contains soluble and cellular 

components, such as lipids, carbohydrates, cytokynes, viable 

leukocytes [particularly macrophages] [4], and hormones, which 

are important for immune defense [5] and exhibit a circadian 

rhythm [6].  

 Melatonin, one of the hormones present in milk that is 

produced by the pineal gland [7] exhibits a pronounced circadian 

rhythm, has an important role in the control of the sleep-wake 

cycle, and is directly connected to the regulation of several 

neuroendocrine axes [8].  

 Many of the benefits of melatonin and its metabolites are 

related to their antioxidant, anti-inflammatory [9,10] and pro-

oxidative effects [11]. Oxidative stress, chronic inflammation and 

cancer are closely linked. Studies have shown the action of 

melatonin against free radicals [8]. It is known that oxidative 

stress can lead to chronic inflammation, which in turn can mediate 

most chronic diseases, among them cancer [12].  

 Melatonin has anti-tumor effects on human MCF-7 breast 

cancer cells, being able to increase apoptosis in these cells, likely 

because of modifications to intracellular Ca2+ release [13]. 

However, the oral bioavailability of this hormone is lower due to  

hepatic metabolism and variable rates of absorption [14-16]. Thus, 

PEG-drug conjugates are being used as possible modified release 

systems for a variety of molecules and drugs [17-21].  

 The administration of drugs adsorbed to PEG microspheres 

has been an alternative treatment for a number of diseases [22], 

including breast cancer. Polymeric systems with melatonin can 

prevent the degradation hormone and increase of bioavailability 

within an organism, decrease degradation via metabolic enzymes 

and reduce or eliminate the immunogenicity of proteins [18,23]. 

The PEG microspheres when combined with melatonin, has 

shown to reduce cell viability and to induce apoptosis in breast 

cancer tumor cell lines [13].  

 Additionally, regarding disease infections, studies have 

reported different effects of melatonin depending on the phase of 

day [5,6]  and on the actions associated with PEG microspheres in 

human colostrum phagocytes [24]; despite the influence of this 

hormone on anti-tumor mechanisms, the effects of interactions of 

colostrum MN cells and melatonin during different phases of the 

day on tumor cells have not yet been elucidated. 

 The action of melatonin on human cells suggests that this 

hormone exerts effects differently depending on time. 

Determining the best time for the actions of this hormone is 

important in order to allow adequate treatment, and this 

information can be the basis of possible therapeutic techniques. 

Additionally, the immunomodulatory potential of melatonin on 

colostrum cells in the initiation of tumor cell killing should be 
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considered in order to clarify its possible use as a treatment for 

breast cancer. The objective of this work was to analysis the effect 

of melatonin adsorbed to PEG microspheres on oxidative stress 

and apoptosis in human colostrum MN cells co-cultured with 

breast cancer tumor cell lines [MCF-7]. 

2. MATERIALS AND METHODS 

2.1. Subjects.  

 This cross-sectional study evaluated 60 mothers clinically 

healthy who had no diagnosed diseases, such as hypertension and 

diabetes, and who reported not consuming alcoholic beverages or 

tobacco at the Municipal Hospital of Barra do Garças, Mato 

Grosso, Brazil.  

2.2. Polyethylene glycol [PEG] microsphere preparation. 

 Polyethylene glycol [PEG] 6000 was used for produce 

microsphere according to previously described protocol [19, 25].  

20 g of PEG 6000 was resuspended in 100 mL of a 2% sodium 

sulfate solution in phosphate-buffered saline [PBS] and incubated 

at 37°C for 45 min. After period, the PEG microspheres were 

diluted 3:1 in PBS and washed twice in PBS [500 x g, 5 min]. The 

PEG microspheres were resuspended in PBS. The formation of the 

microspheres was thermally induced by subjecting the solution to 

95°C for 5 min. For adsorption, the suspensions of PEG 

microspheres in PBS were incubated with MLT [Sigma, St. Louis, 

USA; concentration 100 ng/mL] at 37°C for 30 minutes. After this 

period the PEG microspheres with adsorbed MLT was washed 

twice in PBS [500 x g, 5 min]. The loading efficient of adsorption 

the PEG microspheres with adsorbed melatonin [MLT] were then 

analyzed by fluorescence microscopy using a fluorescently labeled 

with a solution of Dylight-488 [Pierce Biotechnology, Rockford, 

USA; 10 µg/mL] [24].  

2.3. Obtaining colostrum samples and colostrum cells 

separation. 

 Colostrum from each woman was collected in sterile plastic 

tubes. The collection of colostrum from the lactating participants 

was performed following the protocol developed by França et al. 

[6]. Two breast milk samples were collected [diurnal and 

nocturnal] from each mother at 3 days postpartum [colostrum] for 

a total of 120 samples. 

 The samples were centrifuged [160 x g, 4°C] for 10 min. 

Cells were separated by a Ficoll-Paque gradient [Pharmacia, 

Upsala, Sweden]. The cells were adjusted at a final concentration 

of 2x106 cells/ml. 

2.4. Colostrum  MN cells treatment. 

 Colostrum MN cells [diurnal and nocturnal collection] 

were pre-incubated for 24 h with or without 50 µL of melatonin 

[MLT -100 ng/mL final concentration] [5], 50 µL of polyethylene 

glycol [PEG] microspheres or 50 µL of melatonin adsorbed in 

PEG microspheres [PEG-MLT - 100 ng/mL final concentration]. 

Next, the cells were diluted in RPMI 1640 medium supplemented 

with 10% fetal bovine serum [FBS] [Sigma, St. Louis, MO, USA], 

penicillin [20 U/mL] and streptomycin [20 µg/mL] [Sigma, St. 

Louis, MO, USA] at 37°C for 24h in a humid atmosphere 

containing 5% CO2.  

2.5. MCF-7 cell culture. 

 Human breast cancer cells (MCF-7) were acquired from 

American Type Culture Collection [ATCC, USA]. The cells 

cultures were sustained in 75 cm2 plastic culture flasks in RPMI 

1640 medium supplemented with 10% fetal bovine serum [FBS] 

[Sigma, St. Louis, MO, USA], penicillin [20 U/mL] and 

streptomycin [20µg/mL] [Sigma, St. Louis, MO, USA] at 37°C in 

a humid atmosphere containing 5% CO2. The cells were 

subcultured every 5±2 days.  

2.6. MCF-7 Cell treatment. 

 Subconfluent [MCF-7 cells were treated with of trypsin 

[Sigma, St. Louis, USA] and adjusted for 5x105 cells/mL. Then, 

the trypsinized cells were pre-incubated for 24h with or without 50 

µL of MLT [100ng/mL final concentration], 50 µL of PEG 

microspheres [PEG] or 50 µL of MLT adsorbed in PEG 

microspheres [PEG-MLT] [100 ng/mL final concentration]. After, 

the cells were diluted in RPMI 1640 medium supplemented with 

10% fetal bovine serum [FBS] [Sigma, St. Louis, MO, USA], 

penicillin [20 U/mL] and streptomycin [20 µg/mL] [Sigma, St. 

Louis, MO, USA] at 37°C for 24 h in a humid atmosphere 

containing 5% CO2. The cells were cultured in two periods 

[diurnal and nocturnal] according to colostrum collection. 

2.7. Co-culture of MN cells and MCF-7 cells. 

Cell co-culture systems incorporating MN and MCF-7 cells [26] 

were performed using the same protocol described above.  

2.8. Release of superoxide anion. 

 Superoxide release was determined by cytochrome C 

[Sigma, ST Louis, USA] reduction [5,27]. Briefly, MN cells, 

MCF-7 cells and co-culture were treated according to the 

described above. The suspensions were then placed in PBS with 

2.6 mM CaCl2, 2 mM MgCl2, and cytochrome C [Sigma, ST 

Louis, USA; 2 mg/mL]. The suspensions [100 μL] were incubated 

for 60 min at 37°C on culture plates and  were subsequently read 

at  550 nm, and the results expressed as nmol/O2
-. All experiments 

were performed in duplicate. 

2.9. CuZn-superoxide dismutase determination [CuZn-SOD – 

E.C.1.15.1.1]. 

 Analysis of the CuZn-SOD enzyme in culture supernatant 

of MN, MCF-7 and co-culture was performed using the nitroblue 

tetrazolium [NBT] reduction method [Sigma]. The individual 

samples were placed in glass tubes, with another tube containing a 

standard solution. Each tube contained 0.5 mL of the sample, and 

the standard tube contained 0.5 mL of hydro-alcoholic solution. 

Next, 0.5 mL of chloroform-ethanol solution [1:1 ratio] and 0.5 

mL of reactive mixture [NBT increased by EDTA] was added to 

the tubes. The experimental and standard solutions received 2.0 

mL of buffer carbonate, and the pH was increased to 10.2 after the 

addition of hydroxylamine. The tubes remained still at room 

temperature for 15 min and were subsequently read at 560 nm 

[28].  

2.10. Intracellular Ca
2+

 release determination. 

 The MN cells or/and MCF-7 cells  were incubated with 5 

µL of Fluo3-acetoxymethyl [Fluo3-AM; Sigma, St. Louis, USA - 

1μg/mL] for 30 min at 37°C. After period, the cells were washed 

twice in PBS containing BSA [5mg/mL; 160 x g, 10 min, 4°C] 

and then analyzed by flow cytometry [FACSCalibur system; BD, 

San Jose, USA]. Fluo-3 was detected using a 530/30 nm filter for 
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intracellular Ca2+. The rate of intracellular Ca2+ release was 

expressed as the geometric mean fluorescence intensity of Fluo-3.  

2.11. Apoptosis assay. 

 The cells [MN cells or/and MCF-7 cells] were resuspended 

in 500 μL of binding buffer with 5 μL of annexin V-FITC] and 5 

μL of PI [Annexin V-FITC Apoptosis Detection Kit, AlexisTM, 

San Diego, USA and then incubated for 10 min at room 

temperature. As negative and positive controls  untreated cells  

and cells treated with staurosporine [Sigma, St. Louis, USA] were 

used respectively. The fluorescence of the cells was analyzed by 

flow cytometry [FACS Calibur system; BD, San Jose, USA]. The 

obtained data were analyzed using CellQuest software. The cells 

were classified as follows: viable cells [annexin־/PI־], early 

apoptotic cells [annexin+/PI־], late apoptotic cells [annexin+/PI+], 

and necrotic cells [annexin־/PI+]. 

2.12. Statistical analysis. 

 An analysis of variance [ANOVA] was used to evaluate 

superoxide release, culture supernatant SOD levels, intracellular 

calcium and apoptosis index of cells [MN, MCF-7 and MN/MCF-

7] in the presence or absence of PEG microspheres with adsorbed 

melatonin. Statistical significance was considered when P<0.05.

3. RESULTS  

3.1. The effect of melatonin adsorbed to PEG microspheres 

on superoxide release. 

 Melatonin increased the release of superoxide from 

colostrum phagocytes compared to the spontaneous release. 

Additionally, independent of the phases of the day, the phagocytes 

exposed to melatonin adsorbed to PEG microspheres displayed 

increased superoxide release when compared to the phagocytes 

exposed to the PEG microspheres alone. Furthermore, the release 

of superoxide during the diurnal period decreased significantly in 

the presence of PEG-MLT (Figure 1A). 

 The MCF-7 cells showed higher superoxide release when 

treated with melatonin during both phases of day when compared 

to untreated cells. Superoxide release during the nocturnal period 

decreased significantly in the presence of melatonin adsorbed or 

not to PEG microspheres (Figure 1B). 

 
Figure 1.Superoxide  release from the colostrum MN cells, MCF-7 cells 

and co-cultures [colostrum MN and MCF-7 cells]. The results represent 

the mean ± SD of 10 experiments. RPMI1640 medium; polyethylene 

glycol [PEG] microspheres; melatonin [MLT]; melatonin adsorbed to the 

PEG microsphere [PEG-MLT]. *p<0.05: comparing spontaneous release 

from non-treated cells to cells treated with MLT or PEG-MLT, 

considering the same collection period [diurnal or nocturnal]; #p<0.05: 

comparing MLT and PEG-MLT, considering the same collection period 

[diurnal or nocturnal]; †p<0.05 comparing superoxide release between the 

different collection periods [diurnal or nocturnal], considering the same 

treatment. 

 

 Melatonin increased the release of superoxide by cells in 

co-culture. The MN cells in co-culture with the MCF-7 cells 

exposed to melatonin adsorbed to PEG microspheres during the 

nocturnal period displayed increased superoxide release (Figure 

1C). 

 

3.2. The effect of melatonin adsorbed to PEG microspheres on 

the superoxide dismutase [SOD] enzyme. 

 MN cells during both periods of the day exhibited the 

highest SOD concentrations in culture supernatant when the cells 

were treated with MLT. The PEG-MLT increased the SOD 

concentration in the culture supernatant of MN cells during the 

nocturnal period and decreased the concentration during the 

diurnal period [Table 1]. 

MCF-7 cells incubated with MLT and PEG-MLT during the 

nocturnal period had high SOD concentration, whereas during the 

diurnal period, the cells treated with PEG-MLT exhibited a 

decreased concentration. The enzyme concentration in the culture 

supernatant of the MCF-7 treated with MLT or MLT adsorbed to 

PEG microspheres was significantly higher during the nocturnal 

period than during the diurnal period [Table 1].  

During the diurnal period, MN cells and MCF-7 cells in co-culture 

showed lower SOD levels when they were incubated with PEG 

microspheres. Higher SOD concentrations were observed when 

the co-culture was treated with MLT adsorbed or not to the PEG 

microspheres during the nocturnal period (Table 1). A comparison 

of the periods showed that the MN cells in co-culture with the 

MCF-7 cells, independent of treatment, showed the highest levels 

of SOD concentration during the nocturnal period compared to the 

diurnal period (Table 1). 

Table 1. CuZn-superoxide dismutase concentrations in the culture 

supernatants from MN cells collected during both the diurnal and 

nocturnal periods, from MCF-7 incubated during the diurnal and 

nocturnal periods, and from co-cultures [MN cells and MCF=7 cells 

during both periods]. 

 
 

SOD 

[IU] 

 

Phases 

 

RPMI 

Medium 

 

PEG 

 

 

MLT 

 

PEG-MLT 

 

MN 

cells 

Diurnal 37.5 ± 5.7 24.5 ± 7.9* 41.3 ± 4.4* 21.0 ± 6.0*# 

Nocturnal 19.5 ± 2.1† 19.9 ± 2.7 31.7 ± 3.8*† 26.3 ± 3.8*# 

 

MCF-7 

cells 

Diurnal 35.7±1.8 13.9±3.8* 34.1±3.5 24.5±6.3*# 

Nocturnal 37.6±4.3 38.8±2.2† 45.9±1.5*† 49.0±2.5*† 

 

Co-

culture 

Diurnal 14.0±4.1 5.1 ± 1.9* 9.6 ± 1.7 9.8 ± 2.4 

Nocturnal 18.4±5.3 24.2 ± 2.4† 28.1 ± 2.4*† 30.2 ± 2.5*† 

 

International units [IU]; RPMI1640 medium; polyethylene glycol [PEG] 

microsphere; melatonin [MLT]; melatonin adsorbed to the PEG 



Nanodoses of melatonin induce apoptosis on human breast cancer cells co-cultured with colostrum cells 

Page | 4419 

microspheres [PEG-MLT]. The results represent the mean ± SD of 10 

experiments. *p<0.05: comparing non-treated cells to cells treated with 

MLT or PEG-MLT, considering the same collection period [diurnal or 

nocturnal]; #p<0.05: comparing MLT and PEG-MLT, considering the 

same collection period [diurnal or nocturnal]; †p<0.05 comparing 

superoxide release between the different collection periods [diurnal or 

nocturnal], considering the same treatment. 

3.3. The effect of melatonin adsorbed to PEG microspheres on 

intracellular Ca2
+
 release. 

 Table 2 shows the rate of intracellular Ca2+ release in MN 

cells, MCF-7 cells and co-culture of MN and MCF-7 cells. The 

PEG microspheres reduced the release of intracellular Ca2+ from 

the MN cells during the diurnal period. When these cells were 

incubated with MLT, independent of the phases of day, they 

showed higher intracellular Ca2+ release than the non-treated cells 

did. The highest intracellular Ca2+ release was observed in MN 

cells treated with MLT during the diurnal period. The MLT 

adsorbed to PEG microspheres increased intracellular Ca2+ release 

in the MN cells during the nocturnal period (Table 2). 

MCF-7 cells exhibited low spontaneous intracellular Ca2+ release. 

When these cells were incubated with MLT or MLT adsorbed to 

PEG microspheres during the diurnal period, they exhibited 

increased intracellular Ca2+ levels (Table 2).  

In co-culture, independent of the day period, the cells showed 

higher intracellular Ca2+ release when they were incubated with 

MLT adsorbed or not to PEG microspheres. The highest 

intracellular Ca2+ was observed during the nocturnal period when 

the cells were treated with MLT adsorbed or not to PEG 

microspheres (Table 2). 

 

Table 2.Release of intracellular Ca2+ from the MN cells, MCF-7 cells 

and co-cultures [MN cells Intracellular Ca2+ release is represented by 

mean fluorescence intensity as determined by flow cytometry. 
 

Intracellular 

Ca2+  

 

Phases 

 

PBS 

 

PEG 

  

 

MLT 

 

PEG-MLT  

 

MN cells 

Diurnal 12.5 ± 5.6 5.7 ± 2.2* 19.5 ± 

1.0* 

15.6 ± 1.5 

Nocturnal 4.8 ± 2.5† 5.4 ± 2.6 10.9 ± 

3.7*† 

16.3 ± 3.1* 

 

MCF-7 cells 

Diurnal 5.6 ±1.7 6.7±1.5 21.5±3.4* 27.1±8.6* 

Nocturnal 5.4±0.4 6.1±0.4 6.0 ±0.8† 16.1±3.1*†# 

 

Co-culture 

Diurnal 5.3±1.3 18.6 ± 1.9* 21.7 ± 

4.7* 

16.4 ± 4,5* 

Nocturnal 6.7±1.3 6.1 ± 1.6† 16.1 ± 

1.4*† 

25.9 ± 1.4*† 

 

The results represent the mean ± SD of five experiments. Polyethylene 

glycol [PEG] microspheres; melatonin [MLT]; melatonin adsorbed to 

PEG microspheres [PEG-MLT]. Q1: Viable cells [annexin־/PI־]; Q2 

[annexin+/PI־] and Q3 [annexin+/PI+]: total apoptotic cells; Q4: necrotic 

cells [annexin־/PI+].*p<0.05: treated cells compared with non-treated 

cells; #p<0.05: comparing the different treatments [MLT and PEG-MLT]; 
†p<0.05 comparing different collection period [diurnal or nocturnal], 

considering the same treatment. 

 

3.4. The effect of melatonin adsorbed to PEG microspheres on 

apoptosis rates. 

 To evaluate apoptosis induction in MN cells, MCF-7 cells 

and co-culture [MN and MCF-7 cells] cells were stained with 

annexin V and analyzed using flow cytometry [Table 3, Figure 2 

and Figure 3].  

 The apoptosis index of the MN cells was similar when 

these cells were incubated with PEG but increased in terms of 

necrosis during the diurnal period. MLT and MLT-PEG, 

independent of the period of day, increased the apoptosis rates 

(Table 3, Figure 2 and Figure 3). A comparison of the periods 

showed that nocturnal MN phagocytes treated with MLT or PEG-

MLT exhibited decreased necrosis in the MN cells (Table 3). 

 The apoptosis rate was lower in the non-treated MCF-7 

cells than in the treated MCF-7 cells. The PEG microspheres 

increased apoptosis in MCF-7 cells during the diurnal period and 

necrosis during both periods. The apoptosis rates, independent of 

the phase of day, increased in the cells that were treated with 

MLT, and necrosis increased during the diurnal period. MCF-7 

treated with PEG-MLT exhibited increased apoptosis during both 

periods and increased necrosis during the diurnal period [Table 3]. 

A comparison of the periods in regard to the non-treated MCF-7 

showed higher apoptosis rates during the nocturnal period than 

during the diurnal period [Table 3, Figure 2 and Figure 3]. When 

these cells were treated with MLT adsorbed or not, they showed 

decreased necrosis during the nocturnal period [Table 3]. 

 

Table 3. Apoptosis [%] and necrosis [%] of colostrum Mononuclear 

[MN] Cells, MCF-7 Cells and co-culture of colostrum MN Cells and 

MCF-7 Cells in the presence of MLT adsorbed to PEG microspheres. 

 
Cells Phases Viables  

Q1  

Apoptosis 

[Q2+Q3] 

Necrosis 

Q4 

MN Diurnal 92.9 ± 3.6 6.7 ± 3.7 0.4 ± 0.2 

Nocturnal 85.1 ± 5.2 7.3 ± 1.5 0.8 ± 0.1 

MN +PEG Diurnal 80.7 ± 2.5 9.2± 2.9 10.2 ± 1.8* 

Nocturnal 86.7 ± 4.9 6.2± 3.8 0.9 ± 0.4† 

MN +MLT Diurnal 84.2± 2.3 13.9 ± 2.1* 2.0 ± 0.3* 

Nocturnal 81.0 ± 4.7 16.1 ± 4.8* 0.6 ± 0.4† 

MN+PEG- 

MLT 

Diurnal 83.1 ± 8.9 18.9 ± 7.7* 3.0 ± 0.9* 

Nocturnal 82.0 ± 3.8 16.5 ± 2.7* 0.3 ± 0.1† 

M CF-7 Diurnal 97.3 ± 0.8 0.4 ± 0.1 2.3 ± 0.4 

Nocturnal 63.5 ± 6.7† 15.3 ± 0.7† 2.4 ± 1.2 

MCF-7+PEG Diurnal 80.6 ± 0.9 4.9 ± 1.4* 14.5 ± 0.9* 

Nocturnal 57.9 ± 8.9† 15.8 ± 3.2† 6.2 ± 0.4*† 

MCF-7+MLT Diurnal 58.8 ± 3.1* 36.0 ± 2.8* 5.2 ± 3.2* 

Nocturnal 40.4 ± 8.5† 35.1 ± 9.5* 1.0 ± 0.5† 

MCF-7+PEG- 

MLT 

Diurnal 31.7 ± 3.2*# 57.2 ± 6.4*# 6.0 ±1.1*# 

Nocturnal 51.1 ± 5.9†* 47.5 ± 4.3* 0.7 ± 0.4*† 

MN+ MCF-7 Diurnal 65.7 ±7.9 24.4 ± 7.7 9.9 ± 1.6 

Nocturnal 56.7 ± 10.0 20.9 ± 4.1 4.5 ± 2.0† 

MN+ MCF-

7+PEG 

Diurnal 60.1 ± 2.7 30.7 ± 5.9 9.2 ± 2.8 

 Nocturnal 52.9 ± 10.4 18.9 ± 4.0† 8.2 ± 1.6 

MN+ MCF-

7+MLT 

Diurnal 50.6 ±6.7 40.6 ± 6.5* 8.9 ± 2.7 

 Nocturnal 56.7 ± 6.2 48.3 ± 1.6* 4.9 ± 0.8† 

MN+MCF-

7+PEG- MLT 

Diurnal 33.6 ± 4.7*# 60.7 ± 3.6*# 5.8 ± 1.5 

Nocturnal 33.0 ± 

20.9*# 

62.8 ± 

20.7*# 

2.5 ± 0.4†# 

 

The results represent the mean ± SD of five experiments. Polyethylene 

glycol [PEG] microspheres; melatonin [MLT]; melatonin adsorbed to 

PEG microspheres [PEG-MLT]. Q1: Viable cells [annexin־/PI־]; Q2 

[annexin+/PI־] and Q3 [annexin+/PI+]: total apoptotic cells; Q4: necrotic 

cells [annexin־/PI+].*p<0.05: treated cells compared with non-treated 

cells; #p<0.05: comparing the different treatments [MLT and PEG-MLT]; 

†p<0.05 comparing different collection period [diurnal or nocturnal], 

considering the same treatment. 
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 In general, the apoptosis rate in the co-cultures of MN cells 

and MCF-7 cells was increased [Figure 2 and Figure 3].  

During the diurnal period, the co-culture of cells with MLT and 

PEG-MLT increased the apoptosis rates during both of the periods 

that were evaluated. Irrespective of the phase of day, the highest 

apoptosis index was observed in the co-cultures of cells incubated 

with MLT-PEG microspheres. The PEG-MLT decreased the 

necrosis index in the co-culture of cells during the nocturnal 

period [Table 3]. Co-culture in the presence of MLT exhibited 

lower necrosis during the nocturnal period than during the diurnal 

period [Table 3]. 

 
Figure 2. Apoptosis in MCF-7 human breast cancer cells in co-culture of 

diurnal colostrum MN cells in the presence of PEG microsphere adsorbed 

with melatonin. Modes of cell death were using flow cytometry with 

anexinV/PI staining. The summation of the upper-right [Q3] and lower-

right [Q2] quadrants is presented as the percentage of total apoptosis. The 

upper-left [Q4] quadrant is the percentage of necrosis and lower-left [Q1] 

quadrant corresponds to viable cells. Data are representative of an 

experiment with the different treatments. 

 

Discussion. 

 Breast milk itself undergoes chronobiological changes in 

cell immunity. The composition of breast milk contains several 

factors that interfere with human health and may alter disease 

progression as well as its longevity [29]. Nutrition and some 

nutrients can influence the immune system and regulate directly 

by signaling pathways, as well as regulating hormones that, in 

turn, modulate the immune system. [30]. In this study, melatonin 

adsorbed to PEG microspheres exhibited anti-tumor activity 

against MCF-7 human breast cancer cells, especially when in co-

culture with colostrum MN cells, and this activity oscillated as a 

function of the time of day. 

 Polymeric matrices associated with hormones have 

increased the possibility of obtaining new drugs to activate cells 

and act on tumor cells. The generation of free radicals is an 

important mechanism of protection for the organism [31,32].  

In this work, we showed that both the release of superoxide from 

colostrum MN phagocytes and the SOD concentration increased 

during both phases of day in association with melatonin. The 

adsorption of melatonin into PEG increased superoxide and SOD, 

and this effect was more evident during the nocturnal period than 

during the diurnal period, suggesting a balance in the mechanisms 

of cellular oxidative stress. It was interesting that the MCF-7 cells 

treated with MLT or PEG-MLT exhibited an increase in 

superoxide release during the diurnal period, while higher 

concentrations of SOD were observed during the nocturnal period. 

Most likely, this imbalance in cellular oxidative metabolism may 

be associated with tumor cell survival. Similar results with other 

cell lines also suggested the involvement of an oxidative 

imbalance in target cells [33].  

 
Figure 3. Apoptosis in MCF-7 human breast cancer cells in co-culture of 

nocturnal colostrum MN cells in the presence of PEG microsphere 

adsorbed with melatonin. Modes of cell death were using flow cytometry 

with anexinV/PI staining. The summation of the upper-right [Q3] and 

lower-right [Q2] quadrants is presented as the percentage of total 

apoptosis. The upper-left [Q4] quadrant is the percentage of necrosis and 

lower-left [Q1] quadrant corresponds to viable cells. Data are 

representative of an experiment with the different treatments. 

 

 In co-culture, the cells treated with PEG-MLT exhibited an 

increase in superoxide release and the highest levels of SOD 

concentration during the nocturnal period, suggesting that the 

antioxidant system presents variations depending on the phase of 

day and that variations in the oxidative mechanisms of colostrum 

MN cells remain, and most likely, the maintenance of this 

oxidative balance may be auxiliary in the control of tumor cells.  

Studies have reported that the effects of melatonin administration 

are different depending on whether the pineal gland is present and 

have suggested that the presence of a daily rhythm in terms of 
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melatonin may affect the sensitivity of specific target tissue to this 

hormone and may be most effective during the nocturnal period 

because tissues are most sensitive to the hormone at this time [34]. 

In this study, we confirmed that the effects of melatonin adsorbed 

to PEG microsphere on oxidative metabolism in MN cells were 

more evidence during the nocturnal period. 

 Previous studies showed that, in MCF-7 cell cultures, 

periodic exposure to melatonin was as effective as continuous 

exposure in terms of antiproliferative effects, although the amount 

of melatonin and the time of cell exposure to the hormone were 

obviously half when under pulsatile exposure [34]. Here, 

considering the phases of day, we observed that, in co-culture 

rather than in isolated cells, the treatment of melatonin adsorbed to 

PEG microspheres was capable of acting on the oxidative cellular 

mechanisms.  

 Some studies of free radical regulatory mechanisms have 

suggested that superoxide dismutase plays a protective role [20]. 

However, the fact that melatonin follows a day-night variation 

makes it an important immunomodulatory agent that can improve 

cell activation processes. Melatonin has an influence on the 

activity and the expression of superoxide dismutase, under both 

physiological and elevated oxidative stress [31], and acts on 

scavenged free radicals [35], suggesting that the actions of 

melatonin can be considered in support of its possible antitumoral 

effects.  

 An important mechanism for protecting the body in various 

processes has been attributed to the free radical generation [36,37] 

and physiological signaling pathways [38]. Excessively high 

levels of free radicals cause damage to cellular proteins, 

membrane lipids and nucleic acids [39] and increase DNA damage 

and ATP depletion, leading to the induction of apoptosis [40,41]. 

Cancer development and progression is characterized by dynamic 

changes in the expression and function of protein kinases [42] or 

their signaling pathways, which can lead to malignant 

transformation of breast cells [43]. Studies have reported that a 

modified release system with antibodies [44] or melatonin [13] are 

capable of activating the signaling pathways involving calcium 

intracellular mechanisms and of inducing apoptosis in breast 

cancer cells.  

 In this study, the intracellular calcium showed 

chronobiological variation in the different cells evaluated. In MN 

cells, melatonin increased the intracellular calcium during both 

periods. In the modified release system, this hormone was capable 

of increasing the calcium during the nocturnal period. This 

variation was different in the MCF-7 cells since high levels of 

intracellular calcium were observed during the diurnal period, 

suggesting modified actions of melatonin on the MCF-7 cells. 

Melatonin introduced to the co-culture increased intracellular 

calcium release with a profile similar to that of the MN cells, 

which can be interpreted as immunostimulatory action towards 

immune cells in co-culture with malignant cells. 

 Changes in intracellular Ca2 + release by human cells may 

result in cell damage and activation of cell death pathways [45], 

and the release of large amounts of intracellular Ca2 + has been 

associated with induction of apoptosis in human cells. [13, 44, 46]. 

In this work, independent of the phases of day, the highest levels 

of apoptosis were observed in cells in the presence of melatonin 

adsorbed to the PEG microsphere, and the most expressive 

apoptosis was observed in the co-cultures. The MN cells, despite 

the increase in apoptosis in the presence of the treatment, 

maintained viability indices regardless of the time of day, 

specifically above 80%. Interestingly, during the nocturnal period, 

a lower index of necrosis was observed, which may be associated 

with the effects of endogenous melatonin. Further studies are 

needed to confirm the involvement of endogenous melatonin in 

the process of necrosis. 

 The role of melatonin as an antiproliferative agent in breast 

cancer has been extensively studied, showing that melatonin 

reduces the invasive and metastatic properties of MCF-7 cells 

[47,48]. Studies have shown that melatonin decreased cell 

proliferation and increased expression of p53 and p21 proteins in 

MCF-7 cells [49] which are proteins that are capable of inducing 

apoptosis [49]. 

The importance of the period of administration and of the use of 

the modified system of melatonin for the development of future 

anti-tumor therapies should be considered since the PEG 

microsphere system increases the bioavailability of hormones in 

terms of both concentration and time [13]. 

In the present study, the PEG microspheres were shown to be an 

important melatonin vehicle that wascapable of improving 

immune responses through the activation of colostrum cells to act 

on breast tumor cells. This polymer has important properties that 

modulate and prolong the action of melatonin when this drug is 

administered orally, and it seems to be more effective during the 

nocturnal period, particularly under the activation of antioxidant 

systems. 

 

4. CONCLUSIONS 

 In conclusion, these data suggested that a melatonin-

modified release and, most likely, physiological melatonin 

produced in higher concentrations during the nocturnal period can 

potentialize the activity of this hormone in being more effective 

against tumors. In addition, an increase in apoptosis and the 

imbalance in oxidative status in the cancer cells were observed, as 

a result of the immunomodulatory effect of melatonin in co-

cultures of colostrum cells and human breast cancer cells. These 

results implied that chronobiological variations in soluble and 

cellular components present in the colostrum can act as anti-tumor 

agents during different phases of the day. However, clinical tests 

during the nocturnal period must be performed before application 

of melatonin as a supplementary agent for therapeutic use in order 

to confirm the efficacy of this treatment. 

5. REFERENCES 

1. Kent, J.C. How Breastfeeding Works. J. MidwiferyWomens 

Health2007,52, 564–

570,https://doi.org/10.1016/j.jmwh.2007.04.007 

2. França-Botelho, A.C.; Fereira, M.C.; França, J.L.; França, 

E.L.; Honório-França, A.C. Breastfeeding and its Relationship 

with the Reduction of Breast Cancer, A Review. Asian              

https://doi.org/10.1016/j.jmwh.2007.04.007


Rubian Trindade da Silva Fernandes, Eduardo Luzía França, Danny Laura Gomes Fagundes Triches , Mahmi Fujimori, 

Patrícia Gelli Feres Machi, Patrícia Fernandes Massmman, Inês Aparecida Tozetti, Adenilda Cristina Honorio-França 

Page | 4422 

Pac. J. Cancer Prev.2012,13, 5327-

5332,https://doi.org/10.7314/APJCP.2012.13.11.5327. 

3. França, E.L.; França-Botelho, A.C.; França, J.L.; Ferrari, 

C.K.B.; Honório-França, A.C. Repercussions of Breastfeeding 

for Diabetes and Breast Cancer.Asian Pac.                                   

J. Cancer Prev.2013,14, 6233-6239, 

https://doi.org/10.7314/apjcp.2013.14.11.6233. 

4. Fagundes, D.L.G.; França, E. L.; Gonzatti, M.; Rudge, 

M.V.C.; Calderon, I.M.P.; Honorio-França, A.C. The 

modulatory role of cytokines IL-4 and IL-17 in the functional 

activity of phagocytes in diabetic pregnant women. 

APMIS2018,126, 56-64, https://doi.org/10.1111/apm.12772. 

5. Honório-França, A.C.; Hara, C.C.P.; Ormonde, J.V.S.; 

Nunes, G.T.; França, E.L. Human colostrum melatonin exhibits 

a Day-night variation and modulates the activity of colostral 

phagocytes. J. Applied Biomed.,2013,3,153-

162,https://doi.org/10.2478/v10136-012-0039-2. 

6. França, E.L.;Nicomedes, T.R.; Calderon, I.M.P.; Honório-

França, A.C. Time-dependent alterations of soluble and cellular 

components in human milk. Biol. Rhythm Res.2010, 41, 333–

347,https://doi.org/10.1080/09291010903407441. 

7. Claustrat, B.; Brun, J.; Chazot, G. The basic physiology and 

pathophysiology of melatonin. Sleep Med. Rev.2005, 9, 11-

24,https://doi.org/10.1016/j.smrv.2004.08.001. 

8. Kireev, R.A.A.; Tresguerres, C.F.; Garcia, C.; 

Ariznavarreta, C.; Vara, E.; Tresguerres, J.A.F. Melatonin is 

able to prevent the liver of old castrated female rats from 

oxidative and pro-inflammatory damage. J. Pineal Res.2008,45, 

394–402,https://doi.org/10.1111/j.1600-079X.2008.00606.x 

9. Cardinali,D.P.; Hardeland, R. Inflammaging, metabolic 

syndrome and melatonin: a call for treatment studies. 

Neuroendocrinology 2017, 104, 982-392, 

https://doi.org/10.1159/000446543. 

10. Bejarano, I.; Espino, J.; Barriga, C.; Reiter, R.J.; Pariente, 

J.A.; Rodríguez, A.B. Pro-Oxidant Effect of Melatonin in 

Tumour Leucocytes, Relation with its Cytotoxic and Pro-

Apoptotic Effects. Basic Clin. Pharmacol. Toxicol.2011, 108, 

14–20,https://doi.org/10.1111/j.1742-7843.2010.00619.x. 

11. Morceli, G.; Honório-França, A.C.; Fagundes, D.L.G.; 

Calderon, I.M.P.; França, E.L. Antioxidant Effect of Melatonin 

on the Functional Activity of Colostral Phagocytes in Diabetic 

Women. Plos One,2013,8,e56915, 

https://doi.org/10.1371/journal.pone.0056915. 

12. Reiter, S.; Gupta, S.C.; Chaturvedi, M.M.; Aggarwal, B.B. 

Oxidative stress; inflammation; and cancer, How are they 

linked? Free Radic Biol. Med.2010,49, 1603-

16,https://doi.org/10.1016/j.freeradbiomed.2010.09.006. 

13. França, E.L.; Honório-França, A.C.; Fernandes, R.T.; 

Marins, C.M.; Pereira, C.C.; Varotti, F.P. The Effect of 

Melatonin Adsorbed to Polyethylene Glycol Microspheres on 

the Survical of MCF-7 Cells. Neuroimmunomodulation, 

2015,23, 27-32, https://doi.org/10.1159/000439277. 

14. Lee, B.; Parrott, J.K.A.; Ayres, J.W.; Sack, R.L. Design and 

evaluation of an oral controlled release delivery system for 

melatonin in human subjects. Internat. J. Pharm.1995,124, 

119–127, https://doi.org/10.1016/0378-5173(95)00088-Z. 

15. Benes, L.; Claustrat, B.; Horriere, F.; Geoffriau, M.; Konsil, 

J.; Parrott, K.A.; Degrande, G.; Mcquinn, R.L.; Ayre, J.W. 

Transmucosal; oral controlled-release; and transdermal drug 

administration in human subjects, A crossover study with 

melatonin. J. Pharm. Sci.1997,86, 1115-

1119,https://doi.org/10.1021/js970011z. 

16. Mao, S.; Chen, J.; Wei, Z.; Liu, H.; Bi, D. Intranasal 

administration of melatonin starch microspheres. Int. J. 

Pharm.2004,272, 37–43, 

https://doi.org/10.1016/j.ijpharm.2003.11.028. 

17. Greenwald, R.B.; Choe, Y.H.; Mcguire, J.; Conover, C.D. 

Effective drug delivery by PEGylated drug conjugates. Adv. 

Drug Deliv. Rev.,2003,55, 217-250, 

https://doi.org/10.1016/S0169-409X(02)00180-1. 

18. Yu, D.; Peng, P.; Dharap, S.S.; Wang, Y.; Mehlig, M.; 

Chandna, P.; Zhao, H.; Filpula, D.; Yang, K.; Borowski, V.; 

Borchard, G.; Zhang, Z.; Minko, T. Antitumor activity of poly 

[ethylene glycol]-camptothecin conjugate, The inhibition of 

tumor growth in vivo. J. Control Release2005,110, 90-

102,https://doi.org//10.1016/j.jconrel.2005.09.050. 

19. Scott, E.A.; Nichols, M.D.; Kuntz-Willits, R.; Elbert, D.L. 

Modular scaffolds assembled around living cells using poly 

[ethylene glycol] microspheres with macroporation via a non-

cytotoxic porogen. ActaBiomater. 2010, 6, 29–38, 

https://doi.org/10.1016/j.actbio.2009.07.009. 

20. Silva, F.H.; Ribeiro, A.A.L.; Deluque, A.; Cotrim, A; 

Marchi, P.G.F.; França, E.L.; Honorio-França, A.C. Effects of 

barium chloride adsorbed to polyethylene glycol (PEG) 

microspheres on co-culture of human blood mononuclear cell 

and breast cancer cell lines (MCF-7). 

ImmunopharmacolImmunotoxicol, 2018, 40, 18-24, 

https://doi.org/10.1080/08923973.2017.1392563. 

21. Araujo, R.L.; Savazzi, S.; Fujimori, M.; Deluque, A.; 

França, E.L.; Konda, P.B.P.; Honorio-França, A.C. Effects of 

mangaba fruit extract (Hancorniaspeciosa) adsorbed to PEG 

microspheres on blood cells co-cultured with MCF-7 breast 

cancer cells.. Asian Pac J Cancer Pre 2019,20, 253-

259,https://doi.org/10.31557/APJCP.2019.20.7.1995. 

22. Jevsevar, S.; Kunstel, J.M.; Porekar, V.G. PEGylation of 

therapeutic proteins. Biotechnol. J.2010,5, 113-128, 

https://doi.org/10.1002/biot.200900218. 

23. Dong, X.;  Shu, X.; Wang, Y.; Niu, Z.; Xu, S.; Zhang, Y.; 

Zhao, S. Synthesis, characterization and in vitro release 

performance of the pegylatedvalnemulinprodrug. J. Vet. Med. 

Sci.2018,80, 173–180, https://doi.org/10.1292/jvms.17-0434 

24. Hara, C.C.P.; Honório-França, A.C.; Fagundes, D.L.G.; 

Guimarães, P.C.L.; França, E.L. Melatonin Nanoparticles 

Adsorbed to Polyethylene Glycol Microspheres as Activators of 

Human Colostrum Macrophages. J. Nanomater.2013, 2013, 

https://doi.org/10.1155/2013/973179. 

25. Scherer, E.F.; Honório-França, A.C.; Hara, C.C.P.; 

Reinaque, A.P.B.; Cortes, M.A.; França, E.L. 

Immunomodulatory effects of poly [ethylene glycol] 

microspheres adsorbed with nanofractions of 

Momordicacharantia L. on diabetic human blood phagocytes. 

Sci. Adv. Mater. 2011, 3, 687-

694,https://doi.org/10.1166/sam.2011.1236. 

26. Ribeiro, A.A.L.; Silva, F.H.; Cotrim, A.C.M.; Deluque, 

A.L.; Marchi, P.G.F.; Fagundes, D.L.G.; Sousa, C.P.; França, 

E.L.; Honorio-França, A.C. Herbal Mixture adsorbed to 

polyethylene glycol microspheres induces apoptotic effects on 

breast cancer cells. Curr. Drug Deliv. 2018,15, 227-

234,https://doi.org/10.2174/1567201814666171002141430. 

27. Pick, E.; Mizel, D. Rapid microassays for the measurement 

of superoxide and hydrogen peroxide production by 

macrophages in culture using an automatic enzyme 

immunoassay reader. J. Immunol. Methods1981,46, 211-

226,https://doi.org/10.1016/0022-1759(81)90138-1. 

https://doi.org/10.7314/APJCP.2012.13.11.5327
https://doi.org/10.7314/apjcp.2013.14.11.6233
https://doi.org/10.1111/apm.12772
https://doi.org/10.2478/v10136-012-0039-2
https://doi.org/10.1080/09291010903407441
https://doi.org/10.1016/j.smrv.2004.08.001
https://doi.org/10.1111/j.1600-079X.2008.00606.x
https://doi.org/10.1159/000446543
https://doi.org/10.1111/j.1742-7843.2010.00619.x
https://doi.org/10.1371/journal.pone.0056915
https://doi.org/10.1016/j.freeradbiomed.2010.09.006
https://doi.org/10.1159/000439277
https://doi.org/10.1016/0378-5173(95)00088-Z
https://doi.org/10.1021/js970011z
https://doi.org/10.1016/j.ijpharm.2003.11.028
https://doi.org/10.1016/S0169-409X(02)00180-1
https://doi.org/10.1016/j.jconrel.2005.09.050
https://doi.org/10.1016/j.actbio.2009.07.009
https://doi.org/10.1080/08923973.2017.1392563
https://doi.org/10.31557/APJCP.2019.20.7.1995
https://doi.org/10.1002/biot.200900218
https://doi.org/10.1292/jvms.17-0434
https://doi.org/10.1155/2013/973179
https://doi.org/10.1166/sam.2011.1236
https://doi.org/10.2174/1567201814666171002141430
https://doi.org/10.1016/0022-1759(81)90138-1


Nanodoses of melatonin induce apoptosis on human breast cancer cells co-cultured with colostrum cells 

Page | 4423 

28. Novelli, E.L.; Rodríguez, N.L.; França, E.L.; Gebra, 

L.M.N.; Ribas, B.O. High Dietary Carbohydrate and Panceatic 

lesion.  Braz. J Med. Biol Res.1993, 26,31-36. 

29. Vass, R.A.; Kemeny, A.;  Dergez, T.; Ertl, T.; Reglodi, D.; 

Jungling, A.; Tamas, A.Distribution of bioactive factors in 

human milk samples.Internat Breastfeeding J.2019, 14, 

https://doi.org/10.1186/s13006-019-0203-3. 

30. Morais, T.C.; Abreu, L.C.; Quental, O.B.; Pessoa, R.S.; 

Fujimori, M.; Daboin, B.EG.; França, E.L.; Honorio-França, 

A.C. Obesity as An Inflammatory Agent Can Cause Cellular 

Changes in Human Milk due to the Actions of the 

AdipokinesLeptin and Adiponectin. Cells2019,8, 519, 

https://doi.org/10.3390/cells8060519. 

31. Rodriguez, C.; Mayo, J.C.; Sainz, R.M.; Antolín, I.; Herrera, 

F.; Martín, V.; Reiter, R.J. Regulation of antioxidant enzymes, a 

significant role for melatonin. J. Pineal Res.2004, 36, 1-9, 

https://doi.org/10.1046/j.1600-079X.2003.00092.x. 

32. Pereira, Q.L.C.; Hara, C.C.P.; Silva, R.T.; Fagundes, 

D.L.G.; Botelho, A.C.F.; Gomes, M.A.; França, E.L.; Honorio-

França, A.C. Human colostrum action against Giardia lamblia 

infection influenced by hormones and advanced maternal age. 

Parasitol Res, 2018, 117, 1783-1791, 

https://doi.org/10.1007%2Fs00436-018-5860-4. 

33. Plaimee, P.; Khamphio, M.; Weerapreeyakul, N.; Barusrux, 

S.; Johns, N,P. Immunomodulatory effect of melatonin in SK‐

LU‐1 human lung adenocarcinoma cells co‐cultured with 

peripheral blood mononuclear cells. Cell Prolif.2014,47,406-

415, https://doi.org/10.1111/cpr.12119. 

34. Cos, S.; Sânchez-Barceló, E.J. Melatonin and mammary 

pathological growth. Front. Neuroendocrinol.2000,21, 133-

170,https://doi.org/10.1006/frne.1999.0194. 

35. Tan. D.X.; Manchester, L.C.; Terron, M.P.; Flores, L.J.; 

Reiter, R.J. One molecule; many derivatives, A never-ending 

interaction of melatonin with reactive oxygen and nitrogen 

species? J. Pineal Res., 2007, 42, 28–

42,https://doi.org/10.1111/j.1600-079X.2006.00407.x. 

36. França-Botelho, A.C.; França, J.L.; Oliveira, F.M..; Franca, 

E.L.; Honório-França, A.C.; Caliari, M.V. Melatonin reduces 

the severity of experimental amoebiasis. Parasit. Vectors.2011, 

4, e62, https://doi.org/10.1186/1756-3305-4-62. 

37. Fagundes, D.G.; França, E.L.; Hara, C.C.P,; Honorio-

França, A.C. Immunomodulatory effects of poly [EtileneGlicol] 

Microspheres adsorbed with cortisol on activity of colostrum 

phagocytes. Int. J. Pharmacol.2012; 6, 510-

518,https://doi.org/10.3923/ijp.2012.510.518. 

38. Finkel, T. Signal transduction by reactive oxygen species. J. 

Cell Biol. 2011, 194, 7-

15,https://doi.org/10.1083/jcb.201102095. 

39. Reiter, R.J.; Rosales-Corral, S.A.; Tan, D.X. Melatonin, a 

full service anti-cancer agent: inhibition, progression and 

metastasis. Int J Mol Sci. 2017,18, 

https://doi.org/10.3390/ijms18040843. 

40. Lo, Y.L.; Wnag, W. Formononetin potentiates epirubicin-

induced apoptosis via ROS production in HeLa cells in vitro. 

Chem. Biol. Med. 2013,57, 188-197, 

https://doi.org/10.1016/j.cbi.2013.07.003. 

41. Deponte, M. Glutathione catalysis and the reaction 

mechanisms of glutathione-dependent enzymes. Biochim. 

BiophysActa.2013,1830, 3217-

3266,https://doi.org/10.1016/j.bbagen.2012.09.018. 

42. Kumar, R.; Wang, R.A. Protein kinases in mammary gland 

development and cancer. Res. Tech.2002,59, 49-57, 

https://doi.org/10.1002/jemt.10176. 

43. Andrechec, E.R.; Muller, W.J. Tyrosine kinase signalling in 

breast câncer, tyrosine kinase-mediated signal transduction in 

trangenic mouse models of human breast câncer. Breast Cancer 

Res.2000,2, 211-216, https://doi.org/10.1186/bcr56. 

44. Honorio-França, A.C.; Nunes, G.T.; Fagundes, D.L.G.; 

Marchi, P.G.F.; Fernandes, R.T/S.; França, J.L.; Botelho, 

A.C.F.; Moraes, L.C.A.; Varotti, F.P.; França, E.L. Intracellular 

calcium is a target of modulation of apoptosis in MCF-7 cells in 

the presence of IgA adsorbed to polyethylene glycol. Onco 

Targets Ther.2016, 9, 617-

626,https://doi.org/10.2147/OTT.S99839. 

45. Dass, C.R.; Choong, P.F.M. Carrier-mediated delivery of 

peptidic drugs for câncer therapy. Pepides2006,27, 3020-3028, 

https://doi.org/10.1016/j.peptides.2006.05.020. 

46. Zhang, T.; Tan, Y.; Zhao, R.; Liu, Z. DNA damage induced 

by oridonin involves cell cycle arrest at G2/M phase in human 

MCF-7 cells. Contemp. Oncol.2013, 17, 38-

44,https://doi.org/10.5114/wo.2013.33772. 

47. Xia, Y.; Chen, S.; Zeng, S.; Zhao, Y.; Zhu, C.; Deng, B.; 

Zhu, G.; Yin, Y.; Wang, W.; Hardeland, R.; Ren, W. Melatonin 

in macrophages biology: current inderstanding and future 

perspectives. J Pineal Res. 2019, 66, e12547, 

https://doi.org/10.1111/jpi.12547. 

48. Cos, S.; Mediavilla, M.D.; Fernández, R.; González-

Lamunäo, D.; Sánchez-Barceló, E.J. Does melatonin induce 

apoptosis in MCF-7 human breast cancer cells in vitro? J. 

Pineal Res.2002, 32, 90-96,https://doi.org/10.1034/j.1600-

079x.2002.1821.x 

49. Tamm, I.; Schriever, F.; Dorken, B. Apoptosis: Implications 

of basic research for clinical oncology. Lancet Oncol.2001; 2, 

33-42,https://doi.org/10.1016/S1470-2045(00)00193-5. 

 

6. ACKNOWLEDGEMENTS 

 This work was supported by the Conselho Nacional de Desenvolvimento Científico e Tecnológico [CNPq No: 447218/2014-0; 

No: 305725/2018-1], Brazil. 

 

 

© 2019 by the authors. This article is an open access article distributed under the terms and conditions of the 

Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/). 

 

https://doi.org/10.1186/s13006-019-0203-3
https://doi.org/10.3390/cells8060519
https://doi.org/10.1046/j.1600-079X.2003.00092.x
https://doi.org/10.1007%2Fs00436-018-5860-4
https://doi.org/10.1111/cpr.12119
https://doi.org/10.1006/frne.1999.0194
https://doi.org/10.1111/j.1600-079X.2006.00407.x
https://doi.org/10.1186/1756-3305-4-62
https://doi.org/10.3923/ijp.2012.510.518
https://doi.org/10.1083/jcb.201102095
https://doi.org/10.3390/ijms18040843
https://doi.org/10.1016/j.cbi.2013.07.003
https://doi.org/10.1016/j.bbagen.2012.09.018
https://doi.org/10.1002/jemt.10176
https://doi.org/10.1186/bcr56
https://doi.org/10.2147/OTT.S99839
https://doi.org/10.1016/j.peptides.2006.05.020
https://doi.org/10.5114/wo.2013.33772
https://doi.org/10.1111/jpi.12547
https://doi.org/10.1034/j.1600-079x.2002.1821.x
https://doi.org/10.1034/j.1600-079x.2002.1821.x
https://doi.org/10.1016/S1470-2045(00)00193-5

