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Abstract 
Caffeine is an alkaloid present in a wide variety of plants. Currently the most 
consumed psychostimulant worldwide, its consumption is associated with 
several health benefits, including modulation of the innate and adaptive im-
mune response, reduction of oxidative cellular stress, and decreased incidence 
of some cancers, including breast cancer. Breast cancer is the most common 
cause of cancer among women and the second leading cause of cancer death 
in women worldwide. The interaction between biomaterials and drugs has 
enabled a great advance in science for developing controlled drug delivery 
systems and has been used to treat numerous pathologies. This work aimed to 
evaluate the immunomodulatory effects of caffeine associated or not with 
polyethylene glycol adsorbed in microemulsion (MLP) on MCF-7 cells, pha-
gocytic cells (MN), and coculture. For biological assays, ATCC (American 
Type Culture Collection, USA) cell lines of breast adenocarcinoma (MCF-7) 
and phagocytes (MN) obtained from voluntary donors were used. The cells 
(MN and MCF-7) and coculture were treated with caffeine and MLP and in-
cubated for rheological characterization analyses: flow curve and viscosity, 
oxidative stress: superoxide anion assay ( 2O− ), and activity of the enzyme su-
peroxide dismutase (Cu-Zn-SOD). Caffeine and MLP increased viscosity and 
blood and MCF-7 cells and affected the immunomodulation of oxidative 
stress metabolism of MN and MCF-7 cells treated with caffeine and asso-
ciated caffeine to the MLP. These data suggest that caffeine is associated or 
not with MLP-induced immunomodulatory effects on MN phagocytes and 
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MCF-7 cells, demonstrating the antitumor activity via oxidative stress and 
can be a complementary alternative for treating breast cancer.  
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1. Introduction 

Breast cancer is the type of cancer that mostly affects women and is the second 
leading cause of cancer death worldwide [1] [2]. According to the Global Cancer 
Observatory, in 2018, it was the cancer with the highest incidence, with ap-
proximately 2 million cases recorded worldwide, estimated to increase to more 
than 3 million in 2040 [3]. Breast cancer is rare in women under the age of 25, 
but with increasing age, the incidence also increases. For example, a woman who 
lives up to 90 years has a chance in eight to develop breast cancer. 

The number of diagnosed cases increased significantly after 1980 due to the 
introduction of mammography screening [4]. However, a stable screening rate is 
currently observed in 65% to 75% of women. The main factors contributing to 
the development of breast cancer are advanced age, genetic factors, hereditary 
mutations, first-degree relative with breast cancer, life habits, first pregnancy af-
ter 30 years of age, early menarche (11 years or less), late menopause (55 years or 
more), the decline in breastfeeding and obesity [5]. Breast cancer prevention 
strategies are divided into primary prevention and secondary prevention. Pri-
mary prevention applies to moderation in alcohol consumption, regular physical 
activity, and healthy body weight control [6] in the secondary prevention strate-
gy aims at early detection of breast cancer through screening [7]. 

The immune system plays an integral and complex role in the biology of 
breast cancer [8] [9]. The tumor microenvironment comprises cancerous and 
non-cancerous cells, including fibroblasts, adipocytes, endothelial cells, and 
immune cells (e.g., macrophages, lymphocytes, and NK cells) that recognize and 
destroy cancer cells primarily through cytotoxic mechanisms [3]. Doxorubicin 
[10] and cisplatin [11] are examples of effective chemotherapy for the treatment 
of breast cancer. 

Breast cancer treatment varies and usually involves surgery, radiotherapy, and 
chemotherapy. In recent years, molecular target therapy, immunotherapy, and 
modified release system are gaining strength. Chemotherapy is the main ap-
proach for the treatment of metastatic tumors. However, it is associated with se-
rious side effects such as bone marrow suppression, gastrointestinal reaction, 
and liver and kidney damage, as well as low specificity and toxicity to normal 
healthy cells [12] [13] [14]. 

Modified release systems are a promising therapeutic alternative, enabling the 
administration of biologically active molecules at a specific location with re-
duced therapeutic levels and decreased side effects. In this context, microemul-
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sions (ME) and Polyethylene Glycol-400 (PEG-400) stand out as interesting 
pharmaceutical forms for the dissemination of molecules with therapeutic activ-
ity [15] [16]. 

Microemulsions are water, oil, optically isotropic, thermodynamically stable 
[17] [18] [19], and low viscosity systems with a diameter of 10 to 100 nm, which 
form after mixing oil, water, and tensoactives [20] [21]. The tensoactive can be 
pure, mixed, or combined with other components, whose main function is re-
ducing interfacial tension [22]. These mycelial systems may better solubilize 
drugs or unsolvable materials besides improving their bio-pharmaceutical and 
pharmacokinetic properties [23]. PEG-400 is a polymer that forms micropar-
ticles with various pharmacological properties in modulating and prolonging 
drug action [24]. PEG-400 is a polymer that forms microparticles with various 
pharmacological properties in modulating and prolonging the action of drugs. 
They are promising because they prevent the degradation of adsorbed sub-
stances. The administration of PEG-adsorbed drugs has been an alternative 
treatment for some diseases, including breast cancer [25] [26]. 

Caffeine is an alkaloid present in more than sixty plant species. The main 
sources are beans, coffee beans and leaves, cola nuts, cocoa beans, yerba mate, 
and guarana [27] [28]. It can influence cognitive performance by increasing 
alertness and wakefulness and can also improve performance in memory tasks 
[29] [30] [31]. 

Caffeine consumption is associated with some health benefits, including re-
duced risk of cardiovascular disease, lower incidence of diabetes mellitus and 
Alzheimer’s disease, decreased mortality from inflammatory diseases [32] [33], 
and decreased incidence of some types of cancers, including colorectal, colon, 
endometrial, prostate and breast cancer [34] [35] [36]. 

Caffeine can modulate both the innate and adaptive immune response [37]. It 
affects the cell cycle [38] and acts on protein kinases that play important roles in 
repairing DNA damage, which induces strain of the cell cycle in phase G1 and 
signaling apoptosis [39]. It also can increase antioxidant defenses [38], and 
chronic intake improves oxidative stress [40]. Strategies to eliminate tumor cells 
include modulation of oxidative metabolism and strengthening of antitumor ef-
fects of drugs associated with a modified release system [25] [41]. Since caffeine 
contains antioxidant properties [42] [43] that probably modulate the oxidative 
stress of tumor cells, the present study produced a controlled release system + 
PEG-400 adsorbed with caffeine and tested its effects on breast adenocarcinoma 
cells (MCF-7), mononuclear cells (MN) and in coculture with blood MN cells. 

2. Material and Methods 
2.1. Composition of the Microemulsified System Containing PEG  

400 

Polyethylene glycol adsorbed in microemulsion (MLP) was formulated from an 
aqueous phase (distilled water), oily phase (isopropyl myristate-IPM®-EHL 11.5 
(Bianquimica®, São Paulo, Brazil)), tensoactive (polysorbate 80-Tween 80® (TW)- 
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EHL = 15.0 (Dynamics®, São Paulo, Brazil)) and polyethylene glycol 400-PEG 
400@EHL = 8.5 (Dynamics®, São Paulo, Brazil) modified according to the me-
thod of Torres et al. (2021) where each component ranged from 10% to 75%. 
Being used for formulation, 10% of the oily phase, 15% of the phase aqueous, 
and 75% of tensoactive [44]. 

2.2. Caffeine Preparation 

Caffeine was weighed on an analytical scale, diluted in Buffered Saline Solution 
(PBS), and adjusted at a 100 ng/mL concentration. Diluted caffeine was asso-
ciated with the microemulsified system containing PEG 400 in the equivalent 
amount of the aqueous phase of the formulation, where diluted caffeine was 
homogenized with PEG 400, plus the oily phase, and then the tensoactive was 
added. Caffeine concentration was determined based on a previous study in 
which cellular modulation was observed [26]. 

2.3. Obtaining and Separating Mononuclear Cells (MN) from  
Human Peripheral Blood 

A 10 mL of the peripheral blood sample from 18 clinically healthy donors aged 
18 to 35 was collected in Vacutainer tubes with EDTA (Beckton Dickinson, 
Franklin Lakes, NJ, USA®) to obtain MN cells. Then, the cell populations were 
separated by density gradient with Ficoll-Paque (Pharmacia, Upsala, Sweden) by 
centrifugation for 40 minutes at 160 ×g at laboratory temperature (25˚C). Next, 
the mononuclear phagocyte ring (MN) was removed with a Pasteur pipette and 
centrifuged twice at 160 ×g for 10 minutes with buffered saline solution (PBS) 
for cell washing. Finally, the supernatant was discarded, and the pellet was added 
1 ml of PBS. The cells were then counted in the Neubauer chamber, and the cell 
concentration was adjusted to 2 × 106 cells/mL according to Honorio-frança [45]. 

2.4. MCF-7 Cell Culture 

ATCC (American Type Culture Collection, USA) cell lines of breast adenocar-
cinoma (MCF-7) were used for the biological assays with the immunomodula-
tor. The cells were cultivated in RPMI medium (Sigma), plus 10% Bovine fetal 
serum (FBS, Cultilab), 1.0 ml pyruvate, 1.0 ml Hepes, 4.5 ml glucose, 100 μl gen-
tamicin, the final volume of 100 ml of the medium. The cells were grown in bot-
tles and maintained at 5% CO2 and 37˚C until the formation of a cell monolayer. 
Every 96 hours, the cells were removed from the CO2 oven, added in a 15 ml 
falcon tube, and 1 ml of trypsin was placed in each bottle for 5 minutes. Trypsin 
was removed from the bottles and added to the corresponding falcon tubes. The 
bottles with RPMI medium were washed and added to the corresponding falcon 
tubes to avoid cell loss. The cells in the falcon tube were centrifugated for 10 
minutes at 160 g. The Avernum was discarded, and the pellet was suspended in a 
2 ml RPMI medium. Next, 1 ml of MCF-7 cells were added in two new bottles; 
each bottle was completed with 4 ml of RPMI medium and taken to a CO2 kiln 
repeating the cycle until the number of cells suitable for the experiment was ob-
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tained. 

2.5. Superoxide Anion ( 2O− ) 

The MN and MCF-7 cells were incubated with caffeine associated or not with 
polyethylene glycol adsorbed in microemulsion to verify the release of superox-
ide anion, using the chromogen Ferricitochrome C, according to the Pick and 
Mizel method [46] and adapted by Honório-França et al. [47]. They were ana-
lyzed by spectrophotometer at 550 nm absorbance. For the assays, the samples 
were divided into groups containing 500 μL of MN, MCF-7 cells, and cocultures 
incubated with 50 μL of caffeine associated or not with polyethylene glycol ad-
sorbed in microemulsion and without stimuli used as control. 

The samples were incubated for 24 hours at 37˚C in a greenhouse with 5% 
CO2. 

At the and of this time, the samples were centrifuged at 1600 g for 10 min. The 
supernatant was collected and reserved for analysis of the SOD enzyme, while 
the pellets were resuspended in 150 μL of ferricytochrome C solution (2 mg/mL 
of glucose PBS). Subsequently, the samples were transferred to a 96-well plate 
and accommodated in an oven at 37˚C for 1 hour without light. Finally, the 
reading was performed in a spectrophotometer (Thermo Plate TP-Reader) with 
a 540 nm filter. 

The concentration of the superoxide anion was calculated according to the 
method adapted from Pick and Mizel [46] by the equation: 

Concentration 2O−  = (DO/6.3) × 100 

where: DO: Optical density. 

2.6. Superoxide Dismutase Enzyme (Cu-Zn-SOD) 

The spectrophotometer performed the enzymatic activity of superoxide dismu-
tase (Cu-Zn-SOD) at 560 nm absorbance. For the dismutation assays, 500 μL of 
the cell suspension overeating was pipetted in different tubes, and the stimulus 
was removed from the 2O−  dosage. Then, in each tube, in the following order 
were added: 500 μL of the chloroform-ethanol mixture (1:1), 500 μL of the reac-
tive mixture of Nitro Bluetetrazolium (NBT) and tetraacetic ethylenediamine 
acid (EDTA) (1:1.5) and 2 mL of carbonate and hydroxylamine buffer solution. 
For calibration of the device, from the reactive mixture of NBT and EDTA. The 
standard absorbance was measured from the following solutions: 500 μL of the 
hydroalcoholic mixture (1:4), 500 μL of the chloroform-ethanol mixture (1:1), 
500 μL of NBT and EDTA reactive mixture, and 2 mL of carbonate buffer and 
hydroxylamine. 

SOD values were expressed in SOD g−1 units, i.e., in terms of enzyme activity, 
a SOD unit is defined as the amount of enzyme required to inhibit 50% of the 
NBT reduction. The equation gives the calculation of % inhibition: 

% reduction of NBT = (Abs. standard − Abs. sample)/Abs. standard × 100 
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where: 
Abs. standard: Absorbance of standard sample; 
Abs. Sample: Absorbance of each sample at 560 nm. 

2.7. Rheological Characterization 

Rheological parameters were determined in Modular Compact Rheometer— 
MCR 102 (Anton Paar®, GmbH, Ostfildern, Germany). For the hemorheological 
analyses, 600 μL of blood and 60 μL of MLP stimulus and caffeine associated or 
not with polyethylene glycol adsorbed in microemulsion were added to the sur-
face of the reading plate, and the excess sample was removed. The readings were 
performed with permanent control of the measurement gap with TruGapTM 
support at 0.099 mm, unit measuring cell ToolmasterTM CP 50 (angle 1˚), and 
precise temperature control with T-Ready featureTM, using Software Rheoplus 
V3.61. The rheological charts were all treated with Rheoplus Software. For the 
flow and viscosity curves, the established parameters were based on the control 
of shear stress (τ), and the last 5 points of the ascending curve and the first 5 
points of the descending curve for statistical analysis were used, modified ac-
cording to the method of France et al. [48]. The tests were carried out under 
isothermal conditions at 37˚C. 

2.8. Statistical Analysis 

Statistical analyses were performed in the BioEstat 5.3 program through a va-
riance analysis (ANOVA), followed by the Tukey test for the analyses that pre-
sented p < 0.05. Spearman’s test performed the correlation between the values of 
the viscosity and apoptosis assays. 

3. Results and Discussion 
3.1. Hemorreological Evaluations of Blood Treated with Caffeine  

Associated or Not with Polietylene Glycol Adsorbed in  
Microemulsion 

The rheological evaluations of the blood with caffeine associated or not with po-
lyethylene glycol adsorbed in microemulsion (MLP) were able to alter the rheo-
logical behavior, increasing viscosity (Figure 1) and altering the behavior of the 
blood (Figure 2). A recent study with melatonin associated with microemulsion 
and polyethylene glycol 400 (MLMP) also showed that there was a rheological 
change, where it was observed that the viscosity of the blood treated with MLMP 
increased [44]. 

A similar result was observed in a study conducted with Dillenia, indicating a 
change in the viscosity of peripheral blood in the presence of Dillenia indica ex-
tract at the concentration of (100 ng/ml) [49]. The viscoelastic properties of cells 
are important biomarkers of disease status and progression. A simpler approach 
to defining cells’ viscoelastic properties examines two parameters: stiffness and 
viscosity [50]. 
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Figure 1. The viscosity of hemorheological parameters in the presence of stimuli Caffeine, MLP, MLP with 
Caffeine. *p < 0.05. Differences between blood and Blood + MLP + CAF or blood and Blood + CAF; MLP: Po-
lyethylene glycol adsorbed in microemulsion. Blue line: blood, red line: blood treated with MLP, green line: 
blood treated with caffeine associated with MLP, yellow line: blood treated with caffeine. 

 

 

Figure 2. Flow curve of hemorheological parameters in the presence of stimuli Caffeine, MLP, MLP with 
Caffeine. *p < 0.05. Differences between blood and Blood + MLP + CAF; MLP: Polyethylene glycol adsorbed in 
microemulsion. Blue line: blood, red line: blood treated with MLP, green line: blood treated with caffeine asso-
ciated with MLP, yellow line: blood treated with caffeine. 

3.2. Rheological Evaluations of MCF-7 Cells Treated with Caffeine  
Associated Not with Polyethylene Glycol Adsorbed in  
Microemulsion 

The rheological evaluation of MCF-7 cells with caffeine associated or not with 
polyethylene glycol adsorbed in a microemulsion is presented in Figure 3 and 
Figure 4. An increase in viscosity was obtained (Figure 4) in MCF-7 cells treated  
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Figure 3. Rheological parameters of flow curve of MCF-7 cells treated with caffeine, MLP, MLP with Caffeine. *p < 0.05.  
Differences between MCF-7 and MCF-7 + MLP + CAF; MLP: Polyethylene glycol adsorbed in microemulsion. Blue line: 
MCF-7 cells, red line: MCF-7 cells treated with MLP, green line: MCF-7 cells treated with caffeine associated with MLP, 
yellow line: MCF-7 cells treated with caffeine. 

 

 

Figure 4. Rheological viscosity parameters of MCF-7 cells treated with Caffeine, MLP, and MLP with Caffeine. *p < 0.05. 
Differences between MCF-7 and MCF-7 + MLP + CAF; MLP: Polyethylene glycol adsorbed in microemulsion. Blue line: 
MCF-7 cells, red line: MCF-7 cells treated with MLP, green line: MCF-7 cells treated with caffeine associated with MLP, 
yellow line: MCF-7 cells treated with caffeine. 

 
with MLP and caffeine associated with polyethylene glycol adsorbed in micro-
emulsion. It is observed that there was also a change in the rheological behavior 
of MCF-7 cells (Figure 3). 

Research conducted with cancerous liver cells of the HepG2 line treated with 
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dexamethasone also observed an increase in cellular viscosity, corroborating our 
study [51]. 

A study using mononuclear phagocytes (MN), MCF-7 cells, and coculture 
treated with Parrychloride (BaCl2) adsorbed to PEG microspheres and a study 
using Bryophytes spp. and MCF-7 cells observed that blood flow and viscosity 
curves were not affected [41] [52]. 

3.3. Release of Superoxide Anion from MN Cells, MCF-7 and  
Co-Culture 

The release of 2O−  was higher in MCF-7 cells treated with caffeine adsorbed in 
MLP (Figure 6), suggesting the stimulating effect of MLP in these cells. A study 
previously carried out by the group also observed an increase in the release of 
superoxide in MN phagocytes co-cultivated with MCF-7 cells treated with mangaba 
fruit extract (Hancornia speciosa), adsorbed or not in PEG microspheres [26]. 

A similar result was observed in the combined treatment of menadione (vita-
min K) and calcitriol (vitamin D) in MCF-7 cells. In addition, it was observed 
that many trials performed with menadione and calcitriol increased 2O− , but 
these values intensified when both drugs were administered simultaneously [53]. 

In general, when compared to normal cells, tumor cells produce more ROS 
due to metabolic and signaling alterations [54]. This may explain why MN pha-
gocytes treated with caffeine associated with MLP did not demonstrate a significant 
increase in the release of 2O−  (Figure 5) compared to MCF-7 cells (Figure 6). 

Caffeine showed modulating activity in MCF-7 cells, decreasing 2O−  (Figure 
7). The same was observed in MN and MCF-7 cells in coculture, probably due to 
caffeine’s antioxidant properties. Several studies have shown that coffee reduces 
oxidative stress [40] [42] [43]. A previous study with pomiferin will identify the 
significant regulation of two important genes, the MN-SOD and ACOX1, of an-
tioxidant enzymes that help remove excess superoxide anions in MCF-7 cells 
[55]. 
 

 

Figure 5. Release of superoxide anion ( 2O− ) by MN cells treated with Caffeine, MLP, 
MLP with Caffeine. *p < 0.05. Differences between MN and MLP+MN or MN and MLP + 
CAF + MN. 
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Figure 6. Release of superoxide anion ( 2O− ) by MCF-7 cells treated with Caffeine, MLP, 
MLP with Caffeine. *p < 0.05. Differences between MCF-7 and MLP + CAF + MCF-7 or 
MCF-7 and CAF-MCF-7. 
 

 

Figure 7. Release of superoxide anion ( 2O− ) by MN and MCF-7 cells treated with Caffe-
ine, MLP, and MLP with Caffeine. *p < 0.05. Differences between MCF-7 + MN and MLP 
+ CAF + MCF-7 + MN or MCF-7 and CAF-MCF-7 + MN. 
 

The regulation of oxidative stress is important in tumor development and 
responses to anticancer therapies. Cell survival and death can be influenced by 
oxidative stress. Although high levels of ROS cause cell death, low levels of free 
radicals can directly modulate transcription factors that regulate apoptosis [56]. 
Because of this, scientists are looking for potential modulators of oxidative stress 
as anticancer strategies [26] [44]. 

3.4. The Activity of the Enzyme Superoxide Dismutase (SOD)  
Cellular MN and MCF-7 and Coculture 

In metabolic reactions, they also have antioxidant enzymes that control THE 
concentration. Superoxide dismutase (SOD) is a very important enzyme that 
functions in the dismutation of 2O−  in H2O and O2 [42]. The antioxidant action 
of caffeine can aid in eliminating ROS by avoiding cellular damage. Many stu-
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dies have shown that caffeine can eliminate free radicals and increase the activity 
of superoxide dismutase (SOD) in vivo [57] [58]. SOD activity was increased in 
MN phagocytes treated with MLP and caffeine associated with MLP (Figure 8). 
The result suggests that the antioxidant system of MN phagocytes was main-
tained, where we observed increased SOD activity and O2-reduction. A similar 
result performed with melon-são-Caetano (Momordica charantia) altered the 
SOD production of mononuclear cells, increasing their antioxidant effects [59]. 

There was a reduction in the sod activity of MCF-7 cells when treated with 
caffeine (Figure 9) this is a good factor, as it can prevent the antioxidant escape 
mechanism used by the pre-established tumor. Tumor cells increase their anti-
oxidant defense mechanisms to prevent the high concentration of ROS in the 
tumor microenvironment from inducing cell death [60]. 
 

 

Figure 8. Percentage of NBT inhibition by the enzyme superoxide dismutase (Cu-Zn- 
SOD) in MN cells treated withCaffeine, MLP, MLP with Caffeine. *p < 0.05. Differences 
between MN and MLP + MN or MN and MLP + CAF + MN. 
 

 

Figure 9. Percentage of NBT inhibition by the enzyme superoxide dismutase (Cu-Zn- 
SOD) in MCF-7 cells treated with Caffeine, MLP, MLP with Caffeine. *p < 0.05. Differ-
ences between control group (MCF-7) and the groups treated (MLP + MCF-7; MLP + 
CAF + MCF-7; CAF + MCF-7). 
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Figure 10. Percentage of NBT inhibition by the enzyme superoxide dismutase (Cu-Zn- 
SOD) in MN and MCF-7 cells treated with Caffeine, MLP, and MLP with Caffeine. *p < 
0.05. Differences between MCF-7 + MN and MLP + MCF-7 + MN or MCF-7 + MN and 
MLP + CAF + MCF-7 + MN. 
 

In the present work, modulation was observed MCF-7 cells treated with MLP 
and caffeine associated or not with polyethylene glycol adsorbed in microemul-
sion, in which the MLP and caffeine associated with MLP significantly increased 
the activity of sod of MCF-7 cells (Figure 9). A study conducted with Hancornia 
speciosa adsorbed in PEG microsphere in MCF-7 breast cancer cells and cocul-
tured with blood cells also shows high levels of SOD in these cells when treated 
with H. speciosa ethanol extract (HSEE) [26]. 

Caffeine can potentially increase the antioxidant defenses of breast tumor 
cells. The same was observed in MCF-7 and MDA-MB-231 cells treated with 
caffeine [38]. 

Phagocytes MN and MCF-7 in coculture treated with MLP and caffeine asso-
ciated with MLP had the reduction of SOD (Figure 10). A similar result was ob-
served in a study conducted with MN phagocytes with enteropathogenic Esche-
richia coli (EPEC) bacteria treated with Psidium guajava leaf extract. It was ob-
served that at concentrations of 200 ng/mL and 200 pg/mL, the extract signifi-
cantly reduced the activity of the SOD enzyme [61]. A study conducted with 
cells treated with guarana and their combinations with caffeine and/or taurine 
showed an exponential decrease in SOD activity in human neuronal cells 
(SH-SY5Y) [62]. 

4. Conclusion 

These results suggest that caffeine associated with MLP modulated the superox-
ide anion and the superoxide dismutase enzyme in mcf-7 cells, MN phagocytes, 
and coculture. It may be an important mechanism of antitumor response via 
oxidative stress in breast cancer treatment. 

Acknowledgements 

This work was supported by the National Council for Scientific and Technolo-

https://doi.org/10.4236/abc.2023.131003


T. A. Soares et al. 
 

 

DOI: 10.4236/abc.2023.131003 37 Advances in Biological Chemistry 
 

gical Development (CNPq) and Coordination of The Perfection of Higher Edu-
cation Personnel—CAPES-Brazil. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Wei, H.C. (2019) Mathematical Modeling of Tumor Growth: The MCF-7 Breast 

Cancer Cell Line. Mathematical Biosciences and Engineering, 16, 6512-6535.  
https://doi.org/10.3934/mbe.2019325 

[2] Ding, Y., Chen, X., Zhang, Q. and Liu, K. (2020) Historical Trends in Breast Cancer 
among Women in China from Age-Period-Cohort Modeling of the 1990-2015 
Breast Cancer Mortality Data. BMC Public Health, 20, 1280.  
https://doi.org/10.1186/s12889-020-09375-0 

[3] Dias, A.S., Almeida, C.R., Helguero, L.A. and Duarte, I.F. (2019) Metabolic Cross-
talk in the Breast Cancer Microenvironment. European Journal of Cancer, 121, 
154-171. https://doi.org/10.1016/j.ejca.2019.09.002 

[4] Bonilla, F.A. and Oettgen, H.C. (2010) Adaptive Immunity. The Journal of Allergy 
and Clinical Immunology, 125, 34-39. https://doi.org/10.1016/j.jaci.2009.09.017 

[5] Silva, P.A. and Riul, S.S. (2011) Breast Cancer: Risk Factors and Early Detection. 
Revista Brasileira de Enfermagem, 64, 1016-1021.  
https://doi.org/10.1590/S0034-71672011000600005 

[6] Colditz, G.A. and Bohlke, K. (2014) Priorities for the Primary Prevention of Breast 
Cancer. CA: A Cancer Journal for Clinicians, 64, 186-194.  
https://doi.org/10.3322/caac.21225 

[7] Kolak, A., Kamińska, M., Sygit, K., Budny, A., Surdyka, D., Kukiełka-Budny, B. and 
Burdan, F. (2017) Primary and Secondary Prevention of Breast Cancer. Annals of 
Agricultural and Environmental Medicine, 24, 549-553.  
https://doi.org/10.26444/aaem/75943 

[8] Stanton, S.E. and Disis, M.L. (2016) Clinical Significance of Tumor-Infiltrating 
Lymphocytes in Breast Cancer. Journal for ImmunoTherapy of Cancer, 4, 59.  
https://doi.org/10.1186/s40425-016-0165-6 

[9] Stovgaard, E.S., Nielsen, D., Hogdall, E. and Balslev, E. (2017) Triple Negative 
Breast Cancer—Prognostic Role of Immune-Related Factors: A Systematic Review. 
Acta Oncologica, 57, 74-82. https://doi.org/10.1080/0284186X.2017.1400180 

[10] Manatunga, D.C., de Silva, R.M., de Silva, K.N., Malavige, G.N., Wijeratne, D.T., 
Williams, G.R., Jayasinghe, C.D. and Udagama, P.V. (2018) Effective Delivery of 
Hydrophobic Drugs to Breast and Liver Cancer Cells Using a Hybrid Inorganic 
Nanocarrier: A Detailed Investigation Using Cytotoxicity Assays, Fluorescence Im-
aging and Flow Cytometry. European Journal of Pharmaceutics and Biopharmaceu-
tics, 128, 18-26. https://doi.org/10.1016/j.ejpb.2018.04.001 

[11] Mariani, D., Ghasemishahrestani, Z., Freitas, W., Pezzuto, P., Costa-da-Silva, A.C., 
Tanuri, A., Kanashiro, M.M., Fernandes, C., Horn Jr., A. and Pereira, M.D. (2021) 
Antitumoral Synergism between a Copper(II) Complex and Cisplatin Improves in 
Vitro and in Vivo Anticancer Activity against Melanoma, Lung and Breast Cancer 
Cells. Biochimica et Biophysica Acta (BBA)—General Subjects, 10, Article ID: 
129963. https://doi.org/10.1016/j.bbagen.2021.129963 

https://doi.org/10.4236/abc.2023.131003
https://doi.org/10.3934/mbe.2019325
https://doi.org/10.1186/s12889-020-09375-0
https://doi.org/10.1016/j.ejca.2019.09.002
https://doi.org/10.1016/j.jaci.2009.09.017
https://doi.org/10.1590/S0034-71672011000600005
https://doi.org/10.3322/caac.21225
https://doi.org/10.26444/aaem/75943
https://doi.org/10.1186/s40425-016-0165-6
https://doi.org/10.1080/0284186X.2017.1400180
https://doi.org/10.1016/j.ejpb.2018.04.001
https://doi.org/10.1016/j.bbagen.2021.129963


T. A. Soares et al. 
 

 

DOI: 10.4236/abc.2023.131003 38 Advances in Biological Chemistry 
 

[12] Feng, T., Wei, Y., Lee, R. and Zhao, L. (2017) Liposomal Curcumin and Its Applica-
tion in Cancer. International Journal of Nanomedicine, 12, 6027-6044.  
https://doi.org/10.2147/IJN.S132434 

[13] Malliappan, S.P., Kandasamy, P., Chidambaram, S., Venkatasubbu, D., Perumal, 
S.K. and Sugumaran, A. (2020) Treatment Strategies Targeting Breast Cancer: Promis-
ing Nanocarrier Approaches. Anticancer Agents in Medicinal Chemistry, 20, 1300- 
1310. https://doi.org/10.2174/1871520619666191022175003 

[14] Yu, W., Rui, L.R., Zhou, Y. and Gao, H. (2020) Size-Tunable Strategies for a Tumor 
Targeted Drug Delivery System. ACS Central Science, 6, 100-116.  
https://doi.org/10.1021/acscentsci.9b01139 

[15] Oliveira, A.G., Scarpa, M.V., Correa, M.A., Cera, L.F.R. and Formariz, T.P. (2004) 
Microemulsions: Structure and Application as Drug Delivery Systems. Quimica 
Nova, 27, 131-138. https://doi.org/10.1590/S0100-40422004000100023 

[16] Formariz, T.P., Urban, M.C.C., Júnior, A.A.S., Gremião, M.P.D. and Oliveira, A.G. 
(2005) Microemulsões e fases líquidas cristalinas como sistemas de liberação de 
fármacos. Brazilian Journal of Pharmaceutical Sciences, 41, 301-313.  
https://doi.org/10.1590/S1516-93322005000300003 

[17] Gibaud, S. and Attivi, D. (2012) Microemulsions for Oral Administration and Their 
Therapeutic Applications. Expert Opinion on Drug Delivery, 9, 937-951.  
https://doi.org/10.1517/17425247.2012.694865 

[18] Solanki, S.S., Sarkar, B. and Dhanwani, R.K. (2012) Microemulsion Drug Delivery 
System: For Bioavailability Enhancement of Ampelopsin. ISRN Pharmaceutics, 1-4.  
https://doi.org/10.5402/2012/108164 

[19] Tartaro, G., Mateos, H., Schirone, D., Angelico, R. and Palazzo, G. (2020) Micro-
emulsion Microstructure(s): A Tutorial Review. Nanomaterials, 10, 1-40.  
https://doi.org/10.3390/nano10091657 

[20] Zhu, W., Yu, A., Wang, W., Dong, R., Wu, J. and Zhai, G. (2008) Formulation De-
sign of Microemulsion for Dermal Delivery of Penciclovir. International Journal of 
Pharmaceutics, 360, 184-190. https://doi.org/10.1016/j.ijpharm.2008.04.008 

[21] Callendera, S.P., Mathewsa, J.A., Kobernyka, K. and Wettiga, S.D. (2017) Micro-
emulsion Utility in Pharmaceuticals: Implications for Multi-Drug Delivery. Interna-
tional Journal of Pharmaceutics, 526, 425-442.  
https://doi.org/10.1016/j.ijpharm.2017.05.005 

[22] D’Cruz, O.J. and Uckunb, F.M. (2001) Gel-Microemulsions as Vaginal Spermicides 
and Intravaginal Drug Delivery Vehicles. Contraception, 64, 113-123.  
https://doi.org/10.1016/S0010-7824(01)00233-5 

[23] Egito, E.S.T., Machado, L.A., Alencar, E.M. and Oliveira, A.G. (2021) Microemul-
sion Systems: From the Design and Architecture to the Building of a New Delivery 
System for Multiple-Route Drug Delivery. Drug Delivery and Translational Re-
search, 5, 2108-2133. https://doi.org/10.1007/s13346-020-00872-8 

[24] Hara, C.C., Fagundes, D.L., Honorio-França, A.C. and França, E.L. (2013) Melato-
nin Nanoparticles Adsorbed to Polyethylene Glycol Microspheres as Activators of 
Human Colostrum Macrophages. Journal of Nanomaterials, 2013, Article ID: 
973179. https://doi.org/10.1155/2013/973179 

[25] França, E.L., Honorio-França, A.C., Fernandes, R.T.S., Marins, C.M.F., Pereira, 
C.C.S. and Varotti, F.P. (2016) The Effect of Melatonin Adsorbed to Polyethylene 
Glycol Microspheres on the Survival of MCF-7 Cells. Neuroimmunomodulation, 
23, 27-32. https://doi.org/10.1159/000439277 

[26] Araujo, R.L., Savazzi, S., Fujimori, M., Deluque, A., França, E.L., Konda, P.B.P. and 

https://doi.org/10.4236/abc.2023.131003
https://doi.org/10.2147/IJN.S132434
https://doi.org/10.2174/1871520619666191022175003
https://doi.org/10.1021/acscentsci.9b01139
https://doi.org/10.1590/S0100-40422004000100023
https://doi.org/10.1590/S1516-93322005000300003
https://doi.org/10.1517/17425247.2012.694865
https://doi.org/10.5402/2012/108164
https://doi.org/10.3390/nano10091657
https://doi.org/10.1016/j.ijpharm.2008.04.008
https://doi.org/10.1016/j.ijpharm.2017.05.005
https://doi.org/10.1016/S0010-7824(01)00233-5
https://doi.org/10.1007/s13346-020-00872-8
https://doi.org/10.1155/2013/973179
https://doi.org/10.1159/000439277


T. A. Soares et al. 
 

 

DOI: 10.4236/abc.2023.131003 39 Advances in Biological Chemistry 
 

Honorio-Franca, A.C. (2019) Effects of Mangaba Fruit Extract (Hancornia speciosa) 
Adsorbed to PEG Microspheres on Blood Cells Cocultured with MCF-7 Breast 
Cancer Cells. Asian Pacific Journal of Cancer Prevention, 20, 253.  
https://doi.org/10.31557/APJCP.2019.20.7.1995 

[27] Cappelletti, S., Daria, P., Sani, G. and Aromatario, M. (2015) Caffeine: Cognitive 
and Physical Performance Enhancer or Psychoactive Drug? Current Neurophar-
macology, 13, 71-88. https://doi.org/10.2174/1570159X13666141210215655 

[28] Nehlig, A. (2018) Interindividual Differences in Caffeine Metabolism and Factors 
Driving Caffeine Consumption. Pharmacological Reviews, 70, 384-411.  
https://doi.org/10.1124/pr.117.014407 

[29] Ritchie, K.I., Mendonca, C.A., Portet, F., Dartigues, J.F., et al. (2007) The Neuro-
protective Effects of Caffeine. A Prospective Population Study (the Three City 
Study). Neurology, 69, 536-545.  
https://doi.org/10.1212/01.wnl.0000266670.35219.0c 

[30] Wells, A.J., Hoffman, J.R., Gonzalez, A.M., Beyer, K.S., et al. (2014) Effects of 
28-Days Ingestion of a Slow-Release Energy Supplement versus Placebo on Hema-
tological and Cardiovascular Measures of Health. Journal of the International So-
ciety of Sports Nutrition, 11, 1-7. https://doi.org/10.1186/s12970-014-0059-2 

[31] Torres, A.H.F., Soares, T.A., Silva, K.P.G., et al. (2019) Caffeine Chronopharmacol-
ogy Release as Biomodulating Agent. World Journal of Pharmacy and Pharmaceut-
ical Sciences, 8, 1509-1521. https://doi.org/10.1080/10408398.2017.1369391 

[32] Gokcen, B.B. and Sanlier, N. (2017) Coffee Consumption and Disease Correlations. 
Critical Reviews in Food Science and Nutrition, 52, 336-348.  
https://doi.org/10.1155/2020/8833134 

[33] Yuan, Y., Li, G., Ren, H. and Chen, W. (2020) Caffeine Effect on Cognitive Function 
during a Stroop Task: fNIRS Study. Neural Plasticity, 2020, Article ID: 8833134.  

[34] Nkondjock, A. (2009) Coffee Consumption and the Risk of Cancer: An Overview. 
Cancer Letters, 277, 121-125. https://doi.org/10.1016/j.canlet.2008.08.022 

[35] Grosso, G., Godos, J., Galvano, F. and Giovannucci, E.L. (2017) Coffee, Caffeine, 
and Health Outcomes: An Umbrella Review. Annual Review of Nutrition, 37, 131-156.  
https://doi.org/10.1146/annurev-nutr-071816-064941 

[36] Tej, G., Neogi, K., Verma, S.S., et al. (2019) Caffeine-Enhanced Antitumor Immune 
Response through Decreased Expression of PD1 on Infiltrated Cytotoxic T Lym-
phocytes. European Journal of Pharmacology, 859, Article ID: 172538.  
https://doi.org/10.1016/j.ejphar.2019.172538 

[37] Tej, G. and Nayak, P.K. (2018) Mechanistic Considerations in Chemotherapeutic 
Activity of Caffeine. Biomedicine & Pharmacotherapy, 105, 312-319.  
https://doi.org/10.1016/j.biopha.2018.05.144 

[38] Machado, K.L., Marinello, P.C., Silva, T.N.X., et al. (2020) Oxidative Stress in 
Caffeine Action on the Proliferation and Death of Human Breast Cancer Cells 
MCF-7 and MDA-MB-231. Nutrition and Cancer, 73, 1378-1388.  
https://doi.org/10.1080/01635581.2020.1795693 

[39] Pascua, S.M., McGahey, G.E., et al. (2020) Caffeine and Cisplatin Effectively Tar-
gets. International Journal of Molecular Sciences, 21, 2443.  
https://doi.org/10.3390/ijms21072443 

[40] Kolahdouzan, M. and Hamadeh, M.J. (2017) The Neuroprotective Effects of Caffe-
ine in Neurodegenerative Diseases. CNS Neuroscience & Therapeutics, 23, 272-290.  
https://doi.org/10.1111/cns.12684 

https://doi.org/10.4236/abc.2023.131003
https://doi.org/10.31557/APJCP.2019.20.7.1995
https://doi.org/10.2174/1570159X13666141210215655
https://doi.org/10.1124/pr.117.014407
https://doi.org/10.1212/01.wnl.0000266670.35219.0c
https://doi.org/10.1186/s12970-014-0059-2
https://doi.org/10.1080/10408398.2017.1369391
https://doi.org/10.1155/2020/8833134
https://doi.org/10.1016/j.canlet.2008.08.022
https://doi.org/10.1146/annurev-nutr-071816-064941
https://doi.org/10.1016/j.ejphar.2019.172538
https://doi.org/10.1016/j.biopha.2018.05.144
https://doi.org/10.1080/01635581.2020.1795693
https://doi.org/10.3390/ijms21072443
https://doi.org/10.1111/cns.12684


T. A. Soares et al. 
 

 

DOI: 10.4236/abc.2023.131003 40 Advances in Biological Chemistry 
 

[41] Silva, F.H.S., Ribeiro, A.A.L., Deluque, A.L., et al. (2017) Effects of Barium Chloride 
Adsorbed to Polyethylene Glycol (PEG) Microspheres on Coculture of Human 
Blood Mononuclear Cell and Breast Cancer Cell Lines (MCF-7). Immunopharma-
cology and Immunotoxicology, 40, 18-24. 

[42] Ikram, M., Park, T.J., Ali, T. and Kim, M.O. (2020) Antioxidant and Neuroprotec-
tive Effects of Caffeine against Alzheimer’s and Parkinson’s Disease: Insight into the 
Role of Nrf-2 and A2AR Signaling. Antioxidants, 9, 902.  
https://doi.org/10.3390/antiox9090902 

[43] Ko, J., Kim, J.Y., Kim, J.W. and Yoon, J.S. (2020) Anti-Oxidative and Anti-Adipogenic 
Effects of Caffeine in an in Vitro Model of Graves’ Orbitopathy. Endocrine Journal, 
67, 439-447. https://doi.org/10.1507/endocrj.EJ19-0521 

[44] Torres, A.H.F., Soares, T.A., Leão-Dalcin, L.D., et al. (2021) Evaluation of Viscosity 
and Oxidative Stress Induction in MCF-7 Cells Treated with Melatonin Associated 
with Microemulsion and Polyethylene Glycol 400. Science of Advanced Materials, 
13, 1538-1546. https://doi.org/10.1166/sam.2021.4048 

[45] Honorio-Franca, A.C., Hara, C.C.P., Ormonde, J.V.S., Nunes, G.T. and Franca, E.L. 
(2013) Human Colostrum Melatonin Exhibits a Day-Night Variation and Mod-
ulates the Activity of Colostral Phagocytes. Journal of Applied Biomedicine, 11, 
153-162. https://doi.org/10.2478/v10136-012-0039-2 

[46] Pick, E. and Mizel, D. (1981) Rapid Microassays for Measuring Superoxide and Hy-
drogen Peroxide Production by Macrophages in Culture Using an Automatic En-
zyme Immunoassay Reader. Journal of Immunological Methods, 46, 211-226. 
https://doi.org/10.1016/0022-1759(81)90138-1 

[47] Honorio-Fran Ça, A.C., et al. (1997) Colostral Mononuclear Phagocytes Are Able to 
Kill Enteropathogenic Escherichia coli Opsonized with Colostral IgA. Scandinavian 
Journal of Immunology, 46, 59-66.  
https://doi.org/10.1046/j.1365-3083.1997.d01-86.x 

[48] França, E.L., Ribeiro, E.B., Scherer, E.F., et al. (2014) Effects of Momordica charan-
tia L. on the Blood Rheological Properties in Diabetic Patients. BioMed Research 
International, 2013, Article ID: 840379. https://doi.org/10.1155/2014/840379 

[49] Silva, L.C.P., Corrêa, I.C.S., Torres, A.H.F., et al. (2020) Biological Effects of Cur-
cuma longa L. on Phagocytosis of Enteropathogenic Escherichia coli. World Journal 
of Pharmacy and Pharmaceutical Sciences, 9, 1056-1070. 

[50] Nguyen, T.L., Polanco, E.R., Patananan, A.N., et al. (2020) Cell Viscoelasticity Is 
Linked to Fluctuations in Cell Biomass Distributions. Scientific Reports, 10, Article 
No. 7403. https://doi.org/10.1038/s41598-020-64259-y 

[51] Wu, Y., Shu, W., Zeng, C., et al. (2019) A Mitochondria Targetable and Viscosity 
Sensitive Fluorescent Probe and Its Applications for Distinguishing Cancerous 
Cells. Dyes and Pigments, 169, 134-139.  
https://doi.org/10.1016/j.dyepig.2019.04.049 

[52] Possamai, M.M., Nunes, G., Machado, S.S., et al. (2020) Bryophytes from Cerra-
do-Amazon Transition Region Can Acts on Breast Cancer Cells. World Journal of 
Pharmacy and Pharmaceutical Sciences, 9, 1491-1504. 

[53] Guizzardi, S., Picotto, G., Rodriguez, V., et al. (2020) Combined Treatment of Me-
nadione and Calcitriol Increases the Antiproliferative Effect by Promoting Oxida-
tive/Nitrosative Stress, Mitochondrial Dysfunction, and Autophagy in Breast Can-
cer MCF-7 Cells. Canadian Journal of Physiology and Pharmacology, 98, 548-556.  
https://doi.org/10.1139/cjpp-2019-0585 

[54] Gorrini, C., Harris, I.S. and Mak, T.W. (2013) Modulation of Oxidative Stress as an 

https://doi.org/10.4236/abc.2023.131003
https://doi.org/10.3390/antiox9090902
https://doi.org/10.1507/endocrj.EJ19-0521
https://doi.org/10.1166/sam.2021.4048
https://doi.org/10.2478/v10136-012-0039-2
https://doi.org/10.1016/0022-1759(81)90138-1
https://doi.org/10.1046/j.1365-3083.1997.d01-86.x
https://doi.org/10.1155/2014/840379
https://doi.org/10.1038/s41598-020-64259-y
https://doi.org/10.1016/j.dyepig.2019.04.049
https://doi.org/10.1139/cjpp-2019-0585


T. A. Soares et al. 
 

 

DOI: 10.4236/abc.2023.131003 41 Advances in Biological Chemistry 
 

Anticancer Strategy. Nature Reviews Drug Discovery, 12, 931-947.  
https://doi.org/10.1038/nrd4002 

[55] Yang, R., Hanwell, H., Zhang, X.J., et al. (2011) Antiproliferative Activity of Pomi-
ferin in Normal (MCF-10A) and Transformed (MCF-7) Breast Epithelial Cells. 
Journal of Agricultural and Food Chemistry, 59, 13328-13336.  
https://doi.org/10.1021/jf202898g 

[56] Kaminsky, V.O. and Zhivotovsky, B. (2014) Free Radicals in Crosstalk between Au-
tophagy and Apoptosis. Antioxidants and Redox, 21, 82-102.  
https://doi.org/10.1089/ars.2013.5746 

[57] Liu, R., Gang, L., Shen, X., et al. (2019) Binding Characteristics and Superimposed 
Antioxidant Properties o caffeine Combined with Superoxide Dismutase. Nutrición 
Hospitalaria, 17, 1-8. https://doi.org/10.1021/acsomega.9b02205 

[58] Abreu, R.V., Silva-Oliveira, E.M., Moraes, M.F.D., et al. (2011) Chronic Coffee and 
Caffeine Ingestion Effects on the Cognitive Function and Antioxidant System of Rat 
Brains. Pharmacology Biochemistry Behavior, 99, 659-664.  
https://doi.org/10.1016/j.pbb.2011.06.010 

[59] Oliveira, I.T.A., Torres, A.H.F., Soares, T.A., et al. (2021) Modulation by the Me-
lon-De-São-Caetano (Momordica charantia) of the Oxidative Profile of Cells and 
Correlation with Hemorheological Parameters. Editora Volans, 1, 82-93. 

[60] Ray, G., Batra, S., Shukla, N., et al. (2000) Lipid Peroxidation, Free Radical Produc-
tion, and Antioxidant Status in Breast Câncer. Breast Cancer Research and Treat-
ment, 59, 163-170. https://doi.org/10.1023/A:1006357330486 

[61] Nunes, A.K., Torres, A.H.F., Soares, T.A., et al. (2021) Effect of Psidium guajava 
Leaf Extract on Phagocytic Activity of Human Blood Cells. Editora Volans, 1, 56-69. 

[62] Zeidán-Chuliá, F., Gelain, D.P., Kolling, E.A., et al. (2013) Major Components of 
Energy Drinks (Caffeine, Taurine, and Guarana) Exert Cytotoxic Effects on Human 
Neuronal SH-SY5Y Cells by Decreasing Reactive Oxygen Species Production. Oxida-
tive Medicine and Cellular Longevity, 2013, Article ID: 791795.  
https://doi.org/10.1155/2013/791795   

 
 

https://doi.org/10.4236/abc.2023.131003
https://doi.org/10.1038/nrd4002
https://doi.org/10.1021/jf202898g
https://doi.org/10.1089/ars.2013.5746
https://doi.org/10.1021/acsomega.9b02205
https://doi.org/10.1016/j.pbb.2011.06.010
https://doi.org/10.1023/A:1006357330486
https://doi.org/10.1155/2013/791795

	Modified Caffeine Release System and Its Immunomodulatory Effects on Breast Tumor Cells and Blood Phagocytes
	Abstract
	Keywords
	1. Introduction
	2. Material and Methods
	2.1. Composition of the Microemulsified System Containing PEG 400
	2.2. Caffeine Preparation
	2.3. Obtaining and Separating Mononuclear Cells (MN) from Human Peripheral Blood
	2.4. MCF-7 Cell Culture
	2.5. Superoxide Anion ()
	2.6. Superoxide Dismutase Enzyme (Cu-Zn-SOD)
	2.7. Rheological Characterization
	2.8. Statistical Analysis

	3. Results and Discussion
	3.1. Hemorreological Evaluations of Blood Treated with Caffeine Associated or Not with Polietylene Glycol Adsorbed in Microemulsion
	3.2. Rheological Evaluations of MCF-7 Cells Treated with Caffeine Associated Not with Polyethylene Glycol Adsorbed in Microemulsion
	3.3. Release of Superoxide Anion from MN Cells, MCF-7 and Co-Culture
	3.4. The Activity of the Enzyme Superoxide Dismutase (SOD) Cellular MN and MCF-7 and Coculture

	4. Conclusion
	Acknowledgements
	Conflicts of Interest
	References

