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Abstract: The innate immune system is the first line of defence of organisms, and inflammation is a vital capacity of it. Macrophages 

are essential for the inflammatory process and present a functional plasticity in response to signals present in the microenvironment, 

leading into either pro or anti-inflammatory phenotypes. Mitochondria and lysosomes are involved in these processes through 

metabolic reprogramming and autophagic responses. Several studies enunciated the anti-inflammatory effect of bee honey, but the 

effect of it on the biology of mammalian cells’ organelles involved in inflammation, is poorly reported in the literature. This project is 

based on the study of the modulatory effect of Revamil® (a medical-grade honey) on the organelles from two macrophage cell lines, 

murine and human. First it was optimized the experimental conditions analysing the physicochemical changes in the diluted-honey 

media and characterizing the cell models chosen. It was found that the optimal concentration is 8mg/ml of Revamil®, since it does 

not affect the media characteristics or the cell viability and proliferation. It was also show that there is not a specific modulation on 

the expression of gene markers of macrophage polarization with the honey treatment. Finally, this concentration was used to analyse 

the putative effect of honey on the morphology and abundance of the organelles in several experiments. The lysosomal and 

mitochondrial abundance seem to be increased in Revamil® treated macrophages stimulated or not with LPS. In addition, western 

blot analyses show a transient activation of the mTOR in RAW 264.7 macrophages treated with honey.  
 

1. Introduction 

1.1. Immune system 

The immune system, after the central nervous system, is the 

most complex biological system in nature.1 The immune 

system is a host defence system against the attacks by foreign 

invaders, and is constituted by several biological structures, 

proteins, cells, tissues and organs. An immune system is 

working properly when it stops or prevents the invaders from 

entering the host or detect a high range of the pathogens after 

they enter in the host body. The key for its’ success is the 

complex and dynamic network that activates the immune cells 

starting tactical changes and producing cytokines to regulate 

their own growth, differentiation and activation, to direct 

several cells to the target location.2   

The immune system is classified into two subsystems the 

innate and the adaptive immune system. The immune 

response is usually triggered when the invaders are 

recognised by the pattern recognition receptors, that can bind 

to conserved components of groups of microorganisms, or 

when damaged or stressed cells send out alarm signals, being 

some of that signals also recognise by the same receptors. 

The innate immune system is the dominant system of 

defence, in the majority of the organisms (plants and animals). 

It responds immediately to the pathogens in a generic way, 

so, on the opposite way of the adaptive system, the responses 

are non-specific, and it does not give the organism a long-

lasting immunity against that specific pathogen.1 The innate 

immune system has several barriers, that act as first line 

mechanical, chemical and biological (skin, sneezing, urine, 

mucus, antimicrobial peptides, enzymes, commensal flora). 

1.2. Macrophages 

Infections represent a major cause and/or are associated with 

many human diseases such as common cold, pneumonia, 

hepatitis, herpes, HIV, AIDS. Inflammation is a protective 

immune mechanism that responds to an infection or tissue 

damage. The alarm is given by the recognition of cytokines 

and other chemicals that were released in the 

microenvironment by damaged or infected cells. These 

molecules are recognized by immune cells that start the first 

step of the inflammation which is the infiltration and activation 

of macrophages and dendritic cells. The inflammatory 

reactions are essential to clean microbial infections and after 

to stop the first response of inflammation and start the second 

response that includes the repair of the tissue. Macrophages 

are present/resident in large numbers in all tissues of the 

mammalian organisms being critical for monitoring and 

regulating the local tissue environment.3 The composition of 

the local tissue microenvironment, like metabolites, cytokines, 

oxygen tension and inflammatory signals, including signals 

from other tissue cells are vital determinants of macrophage 

metabolism and functional plasticity. The macrophages are 

not homogeneous cells and they play key roles in 

inflammation (cytokine release, phagocytosis) and tissue 

reparative (stem cell proliferation, angiogenesis, fibrosis) 

responses. They originate from monocytes that circulate in the 

blood and when migrate in the tissues (in response to a 

chemoattractant gradient) differentiated into macrophages. 

The macrophages are dynamic cells that can produce several 

chemicals, act as phagocytic cells that capture invaders 

pathogens and other cell debris, and play a major role in the 

activation alarm for the adaptive immune system.3 The 

macrophages can be polarized, which means they can 

undergo changes in their shape, structure, gene expression 

and metabolism to be able to perform specific functions, in 

response to the environment. The activation of pathogen 

recognition receptors, like the toll-like receptors (TLRs), 

nutrient-based signal that engage lipid nuclear receptors (for 

example peroxisome proliferator activated receptor gamma, 

PARγ, or estrogen-related receptor gamma, ERRγ) and 

kinases (for example mammalian target of rapamycin, mTOR, 

or adenosine monophosphate kinase, AMPK) are common 

occurrences that functionally activate macrophages, so they 

modulate their phenotype as a response to the stimuli. 

Macrophages have diverse functions in tissue homeostasis 

and inflammation and they are generally classified (at the 

extreme opposites) as proinflammatory or M1 macrophages 
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(mainly glycolytic), or anti-inflammatory or M2 macrophages 

(mainly dependent on oxidative phosphorylation for ATP 

production). The M1 macrophages appear in the first 

response of inflammation scenario and after, in the second 

response, the M2 macrophages are stimulated.4  

In the one hand the M1 macrophages are mainly involved in 

acute host defence due to their microbicidal activity, but they 

can also kill tumour cells. They have the capacity to exert 

cytotoxic and anti-proliferative activities, by the production of 

reactive oxygen species (ROS), reactive nitrogen species 

(RNS) and proinflammatory cytokines, like IL-1β, IL-6 and 

tumor-necrosis factor-α (TNFα). In addition, the expression of 

the inducible nitric oxide synthase (iNOS) is also increased.5  

M2 macrophages are known to be involved in immune-

regulatory activities, like matrix remodelling, angiogenesis and 

tissue repair and in pro-tumoral activities, and they are 

generally characterized by low production of pro-inflammatory 

cytokines (IL-1, TNF and IL-6) and by the production of anti-

inflammatory mediators like IL-10. Important to notice that in 

vivo there is a higher range of signals than the ones in vitro, 

so these populations of macrophages can exist all at the same 

moment, basically, exists a balance between the populations, 

as mention before.5  

1.3. Organelles 

Several studies report the role of the mitochondria and 

lysosomes in these mechanisms, since the mitochondria and 

the lysosome play key roles on the regulation of cell 

metabolism. Mitochondria play a role in the cell signalling 

pathways and in cell differentiation.6 Transcriptional regulation 

of mitochondrial biogenesis occurs through the action of the 

peroxisome proliferator-activated receptor 

gamma coactivator-1 (PGC-1) family of co-activators, which 

respond to changes in nutrient status, such as NAD+/NADH 

and AMP/ATP ratios (sensed through NAD-dependent 

deacetylase sirtuin-1, SIRT1, and AMPK, respectively), as 

well as environmental signals. Combinatorial interactions 

between PGC-1 co-activators and specific transcription 

factors (nuclear respiratory factors, NRF1 and NRF2, and 

ERR) balance and specify the major functional pathways 

within mitochondria.7 More recently it has been discovered 

that mitochondria are highly dynamic organelles that 

constantly undergo fusion and fission, which is important for 

maintaining mitochondrial integrity and functions.8 In the 

literature, there are already many studies that try to 

understand whether cells reprogram their metabolism (and 

thus modify mitochondria shape, structure, morphology and 

functions) during the regulation of macrophage activation and 

plasticity.4,9  

The lysosomes are single membrane-enclosed 

compartments, which together with the ubiquitin-proteasome 

system are the intracellular degradation and recycling units of 

eukaryotic cells10, due to their acid hydrolytic enzyme content, 

such as cathepsins, and consequently low pH (around 4-5).11 

Lysosome functions are closely related to immune cell 

functions, such as the lysosomal role in the autophagy, which 

is the natural regulated, destructive mechanism of the cell, 

activated by several cellular stresses. It can digest 

macromolecules and organelles from both external and 

internal origins, autophagy is up-regulated in response to 

amino acid starvation and more specifically in response to 

damaged organelles, including mitochondria 

(mitophagy).12Furthermore the autophagy can be 

nonselective or selective towards protein aggregates and 

different cell compartments, such as ubiquitinated bacteria 

recruited into autophagosomes via sequestosome 1/p62-like 

receptors proteins, or via light chain 3 (LC3) soluble protein 

associated with phagocytosis, the LC3 is known to trigger the 

fusion of autophagosomes with lysosomes. Besides the role 

of degradation and recycling components, the lysosomes are 

also vital for the functionality of immune cells serving as 

signalling platforms to trigger inflammatory responses.10 

1.4. Molecules 

Cytokines are signalling molecules produced by cells for 

specific biological functions. In this study some cytokines were 

used to differentiate the monocytes into macrophages, and to 

polarize them into two extreme polarization state M1 and M2.  

The lipopolysaccharide (LPS) induces the polarization of M1 

macrophages. M1 macrophages have a pro-inflammatory 

phenotype thanks to several cellular and signalling changes. 

Adaptation of the mitochondrial metabolism in response to 

LPS causes two breakpoints in the Krebs cycle. This 

metabolic reprograming promotes pro-inflammatory cytokine 

synthesis, such as IL-1β production.13,14,15 Another interesting 

function of LPS for this study is that it leads to the formation of 

autophagosomes besides the pro-inflammatory cytokines.10 

The mTOR pathway has a central role in the control of cell 

growth and metabolism.16 It also regulates translation, 

cytokine responses, antigen presentation, macrophage 

polarization and cell migration. mTOR activity is regulated in 

response to extracellular and intracellular environment, such 

as energy availability, oxygen levels, and amino acid 

availability. In the presence of available amino acids, the 

mTOR complex 1, mTORC1 is recruited to the lysosomal 

membrane where it initiates anabolic activities including 

protein synthesis, lipid synthesis, as well as autophagy, and 

mitochondrial metabolism and biogenesis. Several studies 

showed that mTORC1 is a lysosomal-related master regulator 

of cellular immunometabolism as it increases glycolytic 

pathways (through HIF-1α and MYC signalling) and 

mitochondrial ROS production by inhibiting mitophagy of 

damaged mitochondria.9 In some studies, it has been reported 

that the transcription factor EB (TFEB) which is inhibited by 

mTORC1, stimulates the expression of genes encoding 

proteins involved in autophagy, lysosomal biogenesis and pro-

inflammatory cytokine production in activated macrophages.17 

1.5. Honey 

Nowadays, the study about natural products, such as honey, 

to use in medicine becomes more intense, since the 

microorganisms are developing resistant to antibiotics. As a 

consequence, the need to find alternatives to antibiotics is 

urgent.18 During the early part of 20th century, researchers 

began to document the wound healing properties of honey. 

Honey is produced by bees from the nectar of plants, which 

the bees collect and convert by combining with specific 

substances of their own. The composition of honey depends 

on the plant species. The carbohydrates are the main 

components of the honey, in particular the monosaccharides, 

fructose and glucose, almost 70 %, since the bees add 

invertase to the nectar, which degrade the sucrose (main 

sugar produced by plants) into the two monosaccharides. 

Although in rather small percentages, the other components, 
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such as organic acids, proteins, amino acids, like proline 

which comes from the salivary secretions of the bee, minerals, 

polyphenols, vitamins and aroma compounds, revealed to 

have high importance for the honey properties too.19 The 

properties that are already known for honey are: anti-bacterial, 

anti-oxidant and possible anti-inflammatory.19 The anti-

bacterial property in most honeys is due to the enzymatic 

production of H2O2 by glucose oxidase. But it is now known 

that even honeys with lower concentrations or none of that 

enzyme (and thus poor in H2O2 production) also have anti-

bacterial activity, a feature probably mediated by 1) the low pH 

of non-diluted honey (generally between 3.2 and 4.5), which 

is acquired by the production of gluconic acid, and 2) the 

higher sugar concentration, generating a hyperosmotic stress. 

A study about the antimicrobial properties of honey in vitro 

discovered that H2O2, methylglyoxal (CH3C(O)CHO), which is 

a protein-glycating agent (present in several honeys, but at 

higher concentration in Manuka honey)20 and an anti-

microbial peptide, denominated bee defensin-1, are distinct 

mechanisms involved in the bactericidal activity of the 

honey.21 The anti-oxidant property is based on the content of 

phenolic acids (such as ellagic, caffeic, p-coumaric and ferulic 

acids), which depends on the plants used to originate the 

honey. Besides the phenolics, honey have other polyphenols 

like several flavonoids (such as apigenin, pinocembrin, 

kaempferol, quercetin, galangin, chrysin and hesperetin), 

which also have anti-oxidant properties. These components 

were reported to display anti-inflammatory activity22, but pure 

and at higher concentrations than the ones find in the honey. 

But it is necessary to understand better the mechanisms 

involved in the anti-inflammatory activity, like the role of the 

mitochondria and the lysosomes in these responses, the 

objective of our study.  

2. Material and Methods 

2.1. Materials 

2.1.1. Honey 

The honey source used was the Revamil® gel that’s a medical-

grade honey used for skin wound healing. It was acquired from 

Bfactory Health Products (Rhenen, The Netherlands) and 

stored at room temperature (RT). This honey is produced 

under standardized conditions in greenhouses, that guarantee 

the batch-to-batch reproducibility23. The honey density is 1,52 

Kg/l, and its main sugar composition is 333 g/kg glucose, 385 

g/kg fructose, 73 g/kg sucrose and 62 g/kg maltose.24 To 

clarify if the effects of the honey are only due to the sugars 

present in the honey, a control solution (from this moment 

called “sugar mix”) was prepared containing an identical sugar 

composition than the one mention above. 

2.1.2. RAW 264.7 cells 

The murine RAW 264.7 macrophage (ATCC) are adherent 

cells. They were maintained in T75 flask in a humidified 

incubator at 37ºC and 5% CO2 (Heracell 2400, Heraeus). The 

cells were grown in DMEM (GIBCO – Life Technologies) with 

4.5 g/l high glucose, L-glutamine and it was added 1.5g/l 

NaHCO3 making the home-made medium denominated from 

this step forward high glucose and low NaHCO3 DMEM (DHG-

L1), supplemented with 10 % heat-inactivated fetal bovine 

serum (HIFBS – GIBCO). Around 80 % confluency (subjective 

eye estimation) the cells were harvested and passed in 1/10 

dilution for two days or in 1/20 dilution for three days in 20 ml 

of medium in both cases. For some experiments, the 

macrophages were either polarized into M1 macrophages by 

a stimulation with 10 ng/ml LPS from Escherichia coli 

(serotype 0111:B4 – Sigma Aldrich,) and 20 ng/ml 

recombinant mouse IFN-γ (R&D Systems), or into M2 

macrophages by an incubation in the presence of 20 ng/ml of 

recombinant mouse IL-4 and of IL-13 (R&D Systems,). The 

cells were incubated with the respective cytokines during 

18h.25   

2.1.3. THP-1 cell culture 

The human THP-1 monocyte cell line (ATCC) were 

maintained in T75 flask in a humidified incubator at 37 ºC and 

5 % CO2 (Heracell 2400, Heraeus). The cells were grown in 

RPMI Medium 1640 (GIBCO – Life Technologies) 

supplemented with 2.5 g/l D(+)-glucose monohydrate (Merck), 

1mM sodium pyruvate (GIBCO), 10 mM HEPES (GIBCO), 50 

μM β-mercaptoethanol (GIBCO) and with 10 % HIFBS 

(GIBCO). The THP-1 monocytes are cells in suspension and 

were counted with the Countess® Automated Cell Counter 

(Invitrogen). When they were confluent, around 7 to 8 million 

cells, they were passed 3.6 million cells for two days in 15 ml 

of medium or 3.0 million for three days in 20 ml. For much of 

the experiments, the monocytes were differentiated into 

macrophages (further denominated M0 macrophages) by a 24 

h incubation with 150 nM PMA (Sigma-Aldrich) (day 1). The 

M0 macrophages, in some cases, were also polarized, after a 

24 h recovery period without PMA (day 2), either into M1 

macrophages by adding 10 pg/ml LPS from Escherichia coli 

(serotype 0111:B4 – Sigma Aldrich) and 20 ng/ml recombinant 

human IFN-γ (R&D Systems) (day 3), or into M2 macrophages 

via addition of 20 ng/ml of recombinant human IL-4 and of IL-

13 (R&D Systems) (day 3), the cells were incubate with the 

respective cytokines during 24 h to obtain the M1 type (day 4) 

and 48 h for the M2 type (day 5) macrophages.26   

2.2. Methods 

2.2.1. pH measurement 

Several concentrations (1, 2, 4, 6, 8, 10 and 40 mg/ml) of both 

solutions Revamil® honey and “sugar mix” were prepared in 

RPMI 1640 serum free culture medium. The pH of the 

prepared media was measured, after leaving it 30 min at RT, 

with the analytical PHM-210 standard pH meter (Radiometer, 

Copenhagen). A Phosphate Buffer Saline solution (PBS) was 

used as reference. 

2.2.2. Osmolality measurement 

Several concentrations (1, 2, 4, 6, 8, 10 and 40 mg/ml) of both 

solutions Revamil® and the “sugar mix” were prepared in 

DHG-L1 medium supplemented with 10 % HIFBS. The 

osmolality of the prepared media was measured, from 100 μl 

of the different samples, with the Micro-Osmometer Type 6 

(LÖSER). The osmolality of serum-free DHG-L1 medium, and 

solutions of 150 mM NaCl (Sigma) (300 mosm/Kg – above is 

hyper-osmotic) and 250 mM sucrose (common sucre) (250 

mosm/Kg - under 280 is consider hypo-osmotic) were used as 

reference.27  
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2.2.3. Cytotoxicity assay 

The cytotoxicity of several concentrations (1, 2, 4, 6, 8, 10 and 

40 mg/ml) of both solutions Revamil® and the “sugar mix”, was 

tested on both type of cells used in this work, and determined 

with the Cytotoxicity Detection kit – LDH (Roche,Switzerland). 

The assay is based on the Lactate Dehydrogenase release by 

cells that display an increase in plasma membrane 

permeability and is based on a colorimetric reaction. The 

absorbance of formazan salts is read at 490 nm (using a 

reference at 655 nm) measured with a spectrophotometer 

(Microplate Absorbance Spectrophotometer, xMarkTM, 

BioRad) with the program MPM6. The cells were seeded in 

24-well plates at a cell density of 25 000 cells/well for RAW 

264.7 cells, and of 80 000 cells/well for THP-1 cells. The 

medium was change every 24 h, losing this way the LDH 

already released into the medium, so the toxicity (cell death) 

was evaluated only for the last 24h of incubation for the 24, 48 

and 72 h. As a positive control, cells from one of the wells for 

each time point were incubated with a solution of PBS 

containing 2 % Triton-X-100 (Sigma) during 1 h to trigger the 

maximal LDH released by the cells. To make sure that the 

honey would not interfere with the measures (inhibition or 

activation of the enzyme used as released marker), it was also 

put in the wells just the media of the several concentrations of 

the honey to be used as a blank.  

2.2.4. Cell Proliferation assays 

For the RAW 264.7 cells protocol, cells were seeded in 6-well 

plates at a cell density of 150 000 cells/well and incubated with 

several concentrations (6, 8, 10 and 40 mg/ml) of either 

Revamil® honey or the “sugar mix” diluted in culture medium 

for 24, 48 and 72 h, being refreshed every 24 h. Protein 

concentration and total protein content (cell biomass) was 

determined using Folin’s reaction method.28 Absorbance was 

measured at 740 nm using a spectrophotometer (Microplate 

Absorbance Spectrophotometer, xMarkTM, BioRad). The lyse 

buffer was used as blank. 

For the THP-1 monocytes, since they are cultured in 

suspension, the medium was not refresh every 24 h and in this 

case the proliferation was measured by cell counting. The 

cells were seeded in T25 flask at a cell density of 880 000 

cells/flask and incubated with several concentrations (1, 4, 8 

and 10 mg/ml) of both solutions Revamil® and the “sugar mix” 

diluted in culture medium and incubated for 24, 48 and 72 h 

and then counted for each time-point.  

2.2.5. Cell lysates for Western Blot analyses 

2.2.5.1. p38 

RAW 264.7 cells were seeded in T25 flasks with a cell density 

of 1.0x106 cells/flask when incubated for 90 min and 5.0x105 

cells/flask for 24 h, both with several concentrations (1, 4, 6, 

8, 10 and 40 mg/ml) of Revamil® or “sugar mix” diluted in 

culture medium. The preparation of the cell lysates was 

perform working on ice and described as follow. The medium 

was collected into 15 ml tubes and centrifuged at 4 ºC during 

5 min at 1 200 rpm. And the cells in the T25 flask were lysed 

for 5 min in 200 μl of lysis buffer. The supernatant was 

discarded, and the pellet lysed with a few of the lysis buffer 

used on the T25 flask. Cell lysates of the both sides, tube and 

flask, were collected in microtubes and then centrifuged at 4 

ºC for 15 min at 13 000 rpm. Supernatants were harvested for 

Pierce’s protein dosage in a new microtube. 

A volume of 10 μl of each sample was dispensed into a 96-

well plate to determine the protein concentration using the 

Pierce’s protein dosage kit from ThermoFisher Scientific. 

Absorbance was measured at 660 nm using a 

spectrophotometer (Microplate Absorbance 

Spectrophotometer, xMarkTM, BioRad). Protein samples 

were then aliquoted and stored at 70 ºC in a Ultra Low 

Temperature Freezer (New Brunswick Scientific, U725). 

2.2.5.2. mTOR 

THP-1 cells (monocytes) were seeded in T25 flasks with a cell 

density of 2.0x106 cells/flask and differentiated into M0 

macrophages as explained in the section 2.1.3. The treatment 

took place after the recovery period of 24 h without PMA. RAW 

264.7 cells (macrophages) were also seeded in T25 flasks 

with a cell density of and 5.0x105 cells/flask. Both types of cells 

were then incubated for 2, 12 and 24 h with 8 mg/ml of 

Revamil® honey or “sugar mix” diluted in the respective culture 

medium and with 100 ng/ml of LPS. The preparation of the cell 

lysates was performed working on ice and as described for the 

p38 analyses. 

2.2.6. Western Blot analyses 

2.2.6.1. p38 

An amount corresponding to 15 μg of proteins was diluted (in 

a total volume of 15 μl) in distilled water and 5x loading buffer 

(home-made). The samples were then heated for 5 min at 100 

ºC, centrifuged for 2 min at 13 000 rpm and then loaded on 12 

% SDS-PAGE home-made gel. A volume of 2 μl of Color 

Protein Standard Board Range (BioLabs) was used as a 

marker for molecular weight determination. The 

electrophoresis was performed at 150V for 45 min. The gel 

was then washed for 5 min with transfer buffer. The 

Immobilon® PVFD 0.45 μm transfer membrane (Merck 

Milipore) was incubated 1 min in 100 % methanol and then 

washed 5 min in transfer buffer. A transfer assembly unit was 

prepared and soaked with transfer buffer. Semi-dry electro-

transfer of the proteins from the gel to the membrane was 

performed at 1 mA/cm2 for 2 h. Membrane was then blocked 

for 1 h at RT in Odyssey® Blocking Buffer (PBS) (LI-COR), 

diluted twice in PBS. The membrane was next incubated 

overnight at 4 ºC with the primary rabbit IgG antibody (diluted 

1 000x) raised against the phosphorylated (p-p38) (CST) or 

total form of p38 (CST) or for 30 min at RT with the primary 

mouse IgG antibody (diluted 10 000x) raised against α-tubulin 

(Sigma-Aldrich). Primary antibodies were diluted in Odyssey® 

Blocking Buffer containing 0.1 % Tween-20 (BioRad). 

Membranes were washed 3 times for 5 min in PBS containing 

0.1 % Tween-20 before the incubation with the secondary 

antibody. Anti-rabbit (LI-COR, IRDye 800nm) or anti-mouse 

secondary fluorescent antibody (LI-COR, IRDye 700nm) 

diluted 10 000x in Odyssey® Blocking Buffer containing 0.1 % 

Tween-20 was incubated for 1h or 30 min at RT and used to 

detect the corresponding primary antibodies. Membranes 

were finally washed 3 times for 5 min in PBS containing 0.1 % 

Tween-20 and twice in PBS. Before scanning with the 

Odyssey Scanner (ODY-1896) (LI-COR), the membranes 

were dried for 45 min at 37 ºC. The abundance of p-p38 or 

p38 (43 kDa both, so analysed in two different gels) was first 
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quantified using the Odyssey software and then normalized 

for the corresponding fluorescence signal obtained for the 

immune-detection of α-tubulin used as loading control. A ratio 

between normalized p-p38 signal and normalized p38 signal 

was then calculated to express the abundance of the p-p38.   

2.2.6.2. mTOR 

An amount corresponding to 15 μg of proteins was diluted (in 

a total volume of 15 μl) in distilled water and 4x loading buffer 

NuPAGE LDS sample buffer (ThermoFischer Scientific). The 

samples were then heated for 5 min at 100 ºC, centrifuged for 

2 min at 13 000 rpm and then loaded on a NuPAGE gradient 

3-8 % tris-acetate protein gel (ThermoFischer Scientifc). A 

volume of 3 μl of HiMarkTM Pre-Stained HMW Protein 

Standard (invitrogen) was used as a marker for high molecular 

weight determination. The electrophoresis was performed at 

150 V for 45 min, immerged in the running buffer (5 % 

NuPAGE Tris-acetate and 0.01 % NuPAGE antioxidant). The 

gel was then washed for 5 min with transfer buffer. The 

transfer of the proteins from the gel to the membrane was 

realized as explained in the section 2.2.6.1. The membrane 

was next incubated overnight at 4 ºC with the primary rabbit 

IgG antibody (diluted 1 000x) raised against the 

phosphorylated (p-mTOR) (CST) or total form of mTOR (CST) 

or for 30 min at RT with the primary mouse IgG antibody 

(diluted 20 000x) raised against Anti-β-Actin (Sigma-Aldrich). 

Primary antibodies were diluted in Odyssey® Blocking Buffer 

containing 0.1 % Tween-20 (BioRad). Membranes were 

washed before the incubation with the secondary antibody. 

Anti-rabbit (LI-COR, IRDye 800nm, USA) or anti-mouse 

secondary fluorescent antibody (LI-COR, IRDye 700nm, USA) 

diluted 10 000x in Odyssey® Blocking Buffer containing 0.1 % 

Tween-20 was incubated for 1 h or 30 min at RT and used to 

detect the corresponding primary antibodies. Membranes 

were washed before scanning with the Odyssey Scanner 

(ODY-1896) (LI-COR), the membranes were dried for 45 min 

at 37 ºC. The abundance of p-mTOR or mTOR (289 kDa  both, 

so analysed in two different gels) was first quantified using the 

Odyssey software and then normalized for the corresponding 

fluorescence signal obtained for the immune-detection of anti-

β-Actin used as loading control. A ratio between normalized 

p-mTOR signal and normalized mTOR signal was then 

calculated to express the abundance of the phosphorylated 

form of mTOR. 

2.2.7. Gene expression analyses 

RAW 264.7 cells were seeded in 6-well plates at a cell density 

of 750 000 cells/well. Cells were polarized in the presence of 

several concentrations (1, 4 and 10 mg/ml) of “sugar mix” or 

Revamil®. At the end of the polarization total RNA was 

extracted using the RNeasy Mini kit (50) in an RNase-free 

environment. The cell lysates were collected and the RNA 

purification was performed with the QIAcube device (Qiagen), 

according to the protocol (ID3368) described in the RNeasy 

Mini kit (50) with DNase digest. The purified RNA was 

collected in 1.5 ml tubes and stored at -70 ºC for further 

analysis.     

RNA samples were quantified using a NanoDrop-1000 

Spectrophotometer (ThermoFischer Scientific). A total 

amount of 2 μg of RNA was prepared in 12 μl of RNAse-free 

water and 1 μl of oligo-dT, and used for reverse transcription 

using the Transcriptor First Strand cDNA Synthesis kit 

(ROCHE). Samples were then added to 7 μl of the cDNA 

master mix and adjusted to a final volume of 20 μl. Samples 

were then incubated for 30 min at 55 ºC to allow 

complementary DNA (cDNA) synthesis, and for 5 min at 85º 

C to stop the reaction. The cDNA samples were stored at -20 

ºC for further analysis. 

cDNA samples were diluted in Milli-Q water and 5 μl of the 

diluted cDNA were used as template. The primers (Integrated 

DNA technologies) were diluted to 3 μM with Mili-Q water and 

were used in the reaction mixture with SYBR® Select Master 

Mix (Applied Biosystems). RT-qPCR was performed using the 

ViiA device (Applied Biosystems). The gene encoding the 

GAPDH was used as HKG for the macrophage polarization 

program, and the gene encoding the 23kDa was used as HKG 

to compare the different treatments (“sugar mix” and honey). 

Results were calculated according the 2-ΔΔCt method, 

normalized for either GAPDH or 23kDa, respectively.  

2.2.8. Confocal microscopy  

THP-1 cells with a cell density of 1x105 cells/well were seeded 

in Lab-Tek® 2 well-chamber slides (Nalge Nunc International), 

differentiated into M0 or polarized into M1 and M2 

macrophages. Several conditions were studied with this 

technique. In the first condition, the macrophages M0, M1 and 

M2 were treated with either 8 mg/ml of “sugar mix” or Revamil® 

diluted in culture medium during their differentiation/ 

polarization, respectively. In the second condition, it was 

studied the effect of honey treatment (8 mg/ml) on all the 

macrophages after their differentiation/polarization during 24 

h. In the third condition, it was studied the treatment with either 

8 mg/ml of “sugar mix” or Revamil® honey diluted in culture 

medium and at the same moment the stimulation with 100 

ng/ml LPS9, of M0 macrophages for three time points – 2, 12 

and 24 h.  

2.2.8.1. Mitochondrial morphology 

To study the mitochondrial morphology the cells were then 

incubated for 30 min with 100 nM Mitotracker® green probe 

(Invitrogen) in a humidified incubator at 37 ºC and 5 % CO2. 

Micrographs were obtained with a confocal microscope (Leica 

Microsystems). Each micrograph could only contain one cell 

to assess the mitochondrial fragmentation with the program 

ImageJ64 (varying from 15 to 20 micrographs analysed by 

condition for one biological independent replicate).29 It was 

determined the aspect ratio (AR) - correlated to the elongation 

of the mitochondria – and the “end point/branch point, E/B” - 

correlated to the connectivity of the mitochondria. A smaller 

AR corresponds to a more fragmented network, and a bigger 

E/B too. 

2.2.8.2. Lysosomal abundance 

To reveal the lysosomal abundance the cells were incubated 

for 30 min with 100 nM Lysotracker® red DND-99 probe 

(Molecular probes, Life technologies) in a humidified incubator 

at 37 ºC and 5 % CO2. Micrographs were obtained also with a 

confocal microscope. Each micrograph could only contain one 

cell to be possible to assess the relative lysosomal area with 

the program ImageJ64. The protocol of lysosomal abundance 

quantification was provided by the master student Jérémy 

Verbeke. It was obtained the total area of the cell and the total 

area of the lysosomal particles and the relative lysosomal area 

was determined by the ratio of both areas. 



    6 
 

2.2.9. Fluorescent-Activated Cell Sorting 

RAW 264.7 cells with a cell density of 1.5x105 cells/well were 

seeded in 6 well-plate. The macrophages were treated with 

either 8 mg/ml of “sugar mix” or Revamil® diluted in culture 

medium at the seeding moment. It was also added or not after 

24 h for both conditions separately 100 ng/ml of LPS9,30 and 

100 mM of sucrose31 and cells were incubated for 24 h. So, 

24 h only with “sugar mix” or Revamil® and plus 24h with or 

without LPS and sucrose. 100 nM of Mitotracker® green probe 

or 1 μM of Lysotracker® red probe was incubated 30 min in 

the dark on the incubator. The fluorochromes filters used were 

FITC (488nm) or PE-CF594 (610/20nm), respectively. Then 

the samples were measured by flow cytometry (BD 

FACSVerse™ flow cytometer). The step up of the machine 

was to read 20 000 cells per condition. It was prepared the 

automatic report with the histograms (to analyse the 

fluorescence intensity) and the statistics table (with the mean 

for fluorochrome filters) and finally ran all the conditions. To 

treat the data obtained it was used the BD FACS Suite Verse 

program.     

2.2.9.1. Statistical analyses 

Plotting of data and statistical analysis was performed using 

GraphPad Prism 5.0 software. For the results presented as 

means ± standard deviation (SD) for three independent 

experiments (n=3) the statistical significance was determined 

by the one-way ANOVA using a Tukey test. P-value, p, < 0.05 

was considered statistically significant. It was used the 

Bartlett's test to ensure an equal variance between conditions 

and if that does not occur (non-homogeneous variance) for a 

certain condition the t-test was used in pairs instead of the 

one-way ANOVA. When the variance was still heterogeneous 

besides the t-test was realized a Welch-correction.

3. Results and Discussion 

The main interest is to test the specific and discriminant effects 

of components of the honey besides the sugars it contains, on 

the biology of the organelles of macrophages. To compared 

this, experimental results obtained with Revamil® honey were 

systematically compared with the “sugar mix” solution, used 

as negative control as explained in the section 2.1.1. 

3.1. Effect of Revamil® on the culture 

media 

In the present work, since it is a new research project in the 

host laboratory, before being able to study the putative effects 

of Revamil® on the biology of mitochondria and lysosomes it 

was required to analyse the possible alterations of the media’s 

characteristics in the presence of honey and the “sugar mix” 

solution. These results are going to be briefly commented but 

not shown, since they aren’t the main objective. No matter the 

concentration tested there was no effect of the Revamil® 

honey on the pH of the media. In addition, for the osmolality 

of the media, no matter the concentrations there was no 

difference between the “sugar mix” and the honey, and there 

was no effect of the honey between the 1 and 8 mg/ml tested. 

For concentrations above the 10 mg/ml the media became 

hyper-osmotic. It was also tested the effect of the honey on 

the osmotic stress of RAW 264.7 cells, to ensure that the cells 

would not suffer osmotic stress due to the concentration of the 

honey used in further experiments. This was determination by 

the activation of p3832,33,34. The abundance of p38 and its 

phosphorylated form (p-p38) was followed by western blot 

analysis, and the results shown that, from 1 to 10 mg/ml 

concentration, neither the Revamil® or the “sugar mix” triggers 

a strong p38 activation when compared to the non-treated 

(control) cells, ensuring that these concentrations of the honey 

does not affect the media osmolality.  

3.2. Effect of Revamil® on macrophages 

These results are going to be briefly commented but not 

shown, since  they aren’t the main objective. In order to 

optimize experimental conditions, optimal concentration and 

time of incubation with the Revamil® and “sugar mix” that are 

fully compatible with the cell viability and proliferation needed 

to be determined. So, the goal was to determine the highest 

concentration of Revamil® that does not affect the viability and 

the proliferation of the cells when compared with the control 

cells (non-treated). For the proliferation between the 6 and 10 

mg/ml concentrations there was not observable any strong 

effect of the honey in both cell lines. And for the viability it was 

observed that concentrations between 1 and 8 mg/ml seem to 

have none effect too, in both cell lines. It is important to note 

that was not observable any difference between “sugar mix” 

and Revamil® treatments. From the combination of all of these 

data the highest concentration that does not affect the media 

or the viability and proliferation of the cells is the 8 mg/ml, the 

maximal and “safe” concentration selected for further 

experiments. 

The effect of honey on the polarization of RAW 264.7 

macrophages was analysed by the expression of some genes 

already known and commonly use as markers of M1 (iNOS 

and IL-6) and M2 (MRC1 and Arg 1) RAW 264.7 cells 

polarization, by RT-qPCR. The results show that, both 

Revamil® and “sugar mix” at 10 mg/ml slightly increase the 

expression of M1 gene markers, and decrease the expression 

of M2 gene markers. However, the fact that there is no 

relevant difference of gene expression between Revamil® and 

“sugar mix” treatments indicate that these changes are most 

likely due to the sugar content and are not specific to any 

honey components. It is important to note that this experience 

was only performed once, but as we did not see any specific 

and discriminant effect of Revamil on these assays, we did not 

pursue these experiments.   

3.3. Effect of Revamil® on the organelles of 

the macrophages 

Next it will be presented some of the results of the assays 

performed in the line of the objective, so, the putative effects 

of honey on the biology of the organelles, mitochondria and 

lysosomes.  
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3.3.1. Effect of Revamil® on mitochondrial 

morphology and lysosomal abundance of THP-1 

macrophages 

From the results of the effects of Revamil® on mitochondrial 

morphology during the differentiation and polarization of THP-

1 macrophages (data not shown). It was observed that the 

mitochondrial population in the M2 macrophages seems more 

fragmented than in M0 or M1 macrophages. However, there 

is no effect of Revamil® or “sugar mix” treatment on the 

fragmentation of mitochondria no matter what the polarization 

status of cells considered (M0, M1 or M2).  

It was also analysed the effect of Revamil® honey on 

lysosomal abundance for the same conditions as mentioned 

before, and there was none statistical difference between the 

conditions and treatments analysed (data not shown). 

The results of the effects of Revamil® honey on mitochondrial 

morphology after the differentiation and polarization of THP-1 

macrophages (data not shown) show that it seems that M1 

macrophages present a mitochondrial morphology that is less 

fragmented than the M0 and M2 macrophages. But between 

“sugar mix” and honey treatments there is no significant 

difference. However, it is important to refer that these results 

came from only one experiment.  

Then it was analysed the effects of Revamil® honey on 

mitochondrial morphology on 100 ng/ml LPS-stimulated or not 

THP-1 macrophages M0 for 2, 12 and 24 h (data not shown). 

The statistical analyses were performed between different 

time points (the same condition) and in the same point 

between the treated cells and non-treated. It seems that at 2 

h the mitochondrial morphology is slightly more fragmented in 

LPS-treated cells than in the respective cells for 12 and 24 h, 

a time point that also correspond to mTOR activation, which 

can inhibit the mitophagy9, the cleaning of fragmented 

mitochondria. However, this effect is not sustained for longer 

period of incubation, so we need to be careful about this 

interpretation. It will be important to make biological triplicates 

of all of these conditions. It is important to mention that there 

is no significant difference between the honey or “sugar mix” 

treatment no matter what the time point or whether they were 

also stimulated with LPS or not. 

Effect of Revamil® on the lysosomal abundance of 

stimulated or not with LPS THP-1 macrophages 

(M0) 

The results of the effects of Revamil® honey on the lysosomal 

abundance on LPS-stimulated or not THP-1 macrophages 

(M0) during 2, 12 and 24 h are shown in the Figure 1. The 

statistical analysis was performed in the same point between 

the treated cells and non-treated and between the conditions 

stimulated or not with LPS. It is observable from the chart, that 

in cells stimulated with 100 ng/ml LPS during 2 h the 

abundance of lysosomes is slightly decreased when 

compared with the control, probably due to the inhibition of the 

mitophagy, since the lysosomes are involved in that process. 

Of course, that could be from other reasons than autophagy 

and is important to dig further, but we are not interest in that 

particular result, but in specific and discriminant effect of 

Revamil on these assays. And that was observable, for the 

first time in these experiments, a difference between the 

“sugar mix” and Revamil® conditions. It was seen in LPS-

stimulated cells that in the presence of Revamil® have more 

lysosomes (12 and 24 h) and also in non-stimulated cells (12 

h). Therefore, it seems that the honey would, possibly, 

activate the biogenesis of lysosomes. It will be important to 

ensure that the results of the sugar mix and Revamil (24 h) 

treated cells are reproducible since they do not match the 

tendency of the increase of lysosomal abundance when 

treated with Revamil. This tendency was confirmed by the 

analysis of the abundance of lysosomes in RAW cells treated 

with Revamil during 48 h (see section 3.3.2). Even being cells 

from different animals, they have in common the type of cell, 

being both macrophages cell lines.  After the reproducibility of 

these results be confirmed, it would be really interesting to 

understand which of the honey components, other than 

sugars will be responsible for that changes. 

 
Figure 1 -  Effect of Revamil® honey on the lysosomal abundance of LPS-stimulated or not M0 THP-1 macrophages. THP-1 cells were treated with 8 mg/ml of 
Revamil® or “sugar mix” and stimulated or not simultaneously with 100 ng/ml of LPS, after their differentiation into macrophages M0, for three incubation times. The relative 
lysosomal area for the M0 macrophages was revealed in cells incubated with 100 nM of Lysotracker red probe for 30 min and fluorescence signals are directly proportional 
to the relative lysosomal abundance. For the M0 macrophages (2 h) non-treated cells 24 micrographs were analysed, for SM 27, for Rev 22, for LPS 48, for LPS + SM 56 
and for LPS + Rev 52. For (12 h) non-treated cells 32 micrographs were analysed, for SM 26, for Rev 25, for LPS 54, for LPS + SM 56 and for LPS + Rev 57. Finally, for 
(24 h) non-treated cells 28 micrographs were analysed, for SM 26, for Rev 31, for LPS 53, for LPS + SM 45 and for LPS + Rev 53. Results are shown as Aspect ratio (A) 
or End point/Branch point (B) and shown as means of the cell populations ± 1 SD. The non-treated cells are used as the negative control (green columns), for the cells 
exposed to 8 mg/ml of “sugar mix” (blue columns), and for the cells treated with 8 mg/ml of Revamil® (orange columns). The 100 ng/ml LPS stimulation is identified by the 
black diagonal lines through the columns. For the cells stimulated with LPS the results are representative of two independent experiments (n=2), for the non-stimulated 
cells with LPS, only one experiment was performed (n=1). The statistical analysis was performed with One-way ANOVA using Tukey test. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 
0.001.
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3.3.2. Effect of Revamil® on mitochondrial and 

lysosomal abundance in RAW 264.7 macrophages 

stimulated or not with LPS or Sucrose  

The impact of Revamil® honey on the abundance of 

mitochondria and lysosomes of RAW 264.7 macrophages was 

assessed by flow cytometry. The change of technique was 

due to the lower size of the RAW 264.7 cells, which 

complicated the treatment of micrographs by the ImageJ 

software. 

The abundance of lysosome and mitochondria in 

macrophages treated with 8 mg/ml of Revamil® or “sugar mix” 

during 48 h was analysed. In addition, we compared the 

results to the abundances found for cells incubated with 

Revamil® or “sugar mix” and stimulated with 100 ng/ml LPS or 

exposed to 100 mM sucrose, for the last 24 h, used as positive 

control (Figure 2). In addition, we added the LPS after the 

Revamil to analyse if cells pre-treated with honey could 

modulate the LPS response, that was not the case. One can 

observe an increase in mitochondrial abundance from control, 

to sugar and even higher for Revamil® treatments (Figure 2 

A). This increase could be due to the inhibition of mitophagy 

by honey components, besides the sugars, leading to an 

accumulation of damaged mitochondria. Or due to the 

activation of biogenesis, such as the activation of the PGC-

1α,7 which is less probable due to the usual time biogenesis 

of mitochondria can take, i.e. around 6 days.  

The increase in the abundance of lysosomes with the 

treatment of sucrose was expected, since the lysosomes 

accumulate the sucrose, since they cannot digest it, which 

leads to an increase in their diameters and stimulation of their 

biogenesis.35 

Furthermore, it is interesting to observe that the Revamil® 

seems to increase significantly the number of lysosomes (48 

h), in the control conditions (without other stimulations) (Figure 

2 B). Which seems to ensure the hypothesis of Revamil 

treatment activates the lysosomal biogenesis. It will be 

important in future experiments to understand which 

components of the honey besides the sugars are responsible 

for these effects, since the sugars seem to also increase, but 

relatively less than Revamil, the abundance of lysosomes. 

 

 

Figure 2 -  Effect of Revamil® honey on mitochondrial and lysosomal abundance in RAW 264.7 macrophages stimulated or not with LPS or Sucrose. (A) The 
mitochondrial abundance was determined by flow-cytometry, the fluorochrome filter used was FITC to excite the Mitotracker® green probe. Results are shown as the ratio 
between the means of fluorescence intensity of each condition by the mean of the control non-treated condition, that gives the pattern of the relative abundance of 
mitochondria. RAW 264.7 cells were treated with 8 mg/ml of Revamil® (orange columns) or “sugar mix” (blue columns) and stimulated with 100 ng/ml of LPS or exposed 
to 100 mM of sucrose, compared to the non-treated cells with or without stimulations (control cells: Ctrl-, green columns). (B) The lysosome abundance was determined 
by flow cytometry in cells loaded with Lysotracker red probe. The fluorochrome filter used was PE-CF594 that excites the Lysotracker® red probe. Results are also shown 
as the ratio between the means of fluorescence intensity by the mean of the control non-treated cells. For all conditions, the results are representative of three independent 
experiments (n=3). The statistical analysis was performed with One-way ANOVA using Tukey test. * p ≤ 0.05, ** p ≤ 0.01, *** p ≤ 0.001.

3.3.3. Effect of Revamil® on mTOR 

phosphorylation in macrophages stimulated or not 

with LPS  

The effects of Revamil® honey on the regulation of 

inflammatory responses in LPS-stimulated or not 

macrophages were analysed trough the study of the activation 

of the mTOR. 

The abundance of the phosphorylated (activated) form of 

mTOR (p-mTOR – activated by phosphorylation at Ser 

(Serine) 2448) in macrophages stimulated or not with 100 

ng/ml of LPS during 2 or 12 h and the abundance of mTOR 

were followed by western blot analysis in fluorescence on 15 

μg of proteins of cell lysates prepared from RAW 264.7 and 

THP-1 macrophages (M0) incubated with 8 mg/ml of Revamil® 

or “sugar mix” and simultaneously stimulated or not with the 

LPS (Figure 3). Results show that, for 2 h for both cell lines, 

the LPS triggers the phosphorylation of the mTOR, as 

expected, so it can be used as positive control. However, it is 

really important to refer that this experiment was only 

performed once, so before making conclusions it will be 

necessary to repeat these experiments. The highest result for 

the cells stimulated with sugar and LPS could be due to 

technical problems leading to a bad transfer, thereby a weak 

signal of mTOR comparing with the p-mTOR. 

More important for this study is the effect of the Revamil, and 

it seems to activate the phosphorylation of mTOR for the RAW 

264.7 cells for the 2 h stimulation, a transient effect, since it is 

not observed for the 12 h. One of the reasons for this transient 

activation not been observable for THP-1 could be due to a 

faster response, so the time chosen did not catch it. Another 

could be that the differentiation of the THP-1 macrophages 

could affect it, especially if exists residual concentration of the 

cytokine PMA. However, this only matter if the results are 

reproducible, of course.    
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Figure 3 -  Effect of Revamil® honey on mTOR phosphorylation in macrophages stimulated or not with LPS. RAW 264.7 (A and B) and THP-1 (C and D) 
macrophages (M0) were treated with 8 mg/ml of Revamil® (orange columns) or “sugar mix” (blue columns) during 2 (A and C) and 12 h (B and D) of incubation with or 
without 100 ng/ml of LPS. Non-treated cells were used as negative control (NT, green columns). The expression of p-mTOR (289 kDa) and total mTOR (289 kDa) was 
analysed by fluorescence western-blot (1). Total mTOR and p-mTOR expression were quantified and normalized against the expression of β-actin (45 kDa) used as loading 
control. A ratio between the normalized p-mTOR abundance and the normalized total mTOR abundance was then calculated for the RAW 264.7 cells incubated during 2 
(A2) and 12 h (B2), and for THP-1 cells during 2 (C2) and 12 h (D2) (n=1).

  

4. Conclusions 

The present project aimed to study the putative effect of 

Revamil® honey, a medical-grade honey, on the biology of the 

organelles, mitochondria and lysosomes, in two cell lines, 

murine RAW 264.7 and human THP-1. 

In summary, the optimal concentration of honey diluted in the 

culture media was determined to be 8mg/ml of Revamil®. It 

was also showed that the expression of the gene markers for 

polarized macrophages of RAW 264.7 cells unchanged in the 

presence of the Revamil® honey compared with the “sugar 

mix” control solution. 

Then, we tested the putative effects of honey on the 

morphology, abundance and metabolism of the organelles in 

several experiments. 

From immunofluorescence confocal microscopy assays, we 

conclude that the Revamil does not seem to affect the 

mitochondrial morphology and the lysosomal abundance 

during the differentiation and polarization of the THP-1 

macrophages. In addition, there was not significant difference, 

on the mitochondrial morphology, caused by the honey 

treatment for 24 h in the macrophages already differentiated 

and polarized. For the LPS-stimulated macrophages there 

was no modulatory effect of the honey on the mitochondrial 

morphology, no matter the duration of the treatment. However, 

for the LPS-stimulated (12 and 24 h) and non-stimulated 

macrophages (12 h) there is visible an increase of the 

lysosomal abundance, when treated with honey. Which could 

mean that the Revamil® probably activates the lysosomal 

biogenesis.   

From flow cytometry assays in RAW 264.7 cells it is 

observable a positive effect of the honey (48 h) on the 

abundance of both organelles, mitochondria and lysosomes. 

Showing the same tendency found for the lysosomal 

abundance in THP-1 cells, but for a higher time of incubation. 

Even though this could be due to an activation of the 

biogenesis of both organelles, another possibility is that the 

inhibition of the mitophagy process, leading to an 

accumulation of mitochondria, may occur. For the LPS-

stimulated macrophages, it is not observable an effect of the 
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honey for neither organelle. It will be really interesting to 

analyse the mitochondrial abundance for THP-1 macrophages 

treated with honey (12, 24 and 48 h) and RAW 264.7 (2, 12 

and 24 h) to compare with the results already obtain, to 

confirm if the effect of the honey is similar in both macrophage 

species. 

Western blot analysis was performed to analyse the activation 

of mTOR by Revamil and also to analyse the modulatory effect 

of honey in LPS-stimulated cells on both macrophages cell 

lines. From these analyses, it is interesting, to  observe a 

transient activation of the mTOR above the basal levels for a 

2 h incubation time of honey in the RAW 264.7 macrophages, 

being that activation possibly correlated with an inhibition of 

mitophagy.9 

In the future will be interesting, to test the effects of Revamil 

on other inflammatory-related mitochondrial parameters, like 

the mitochondrial membrane potential, the mitochondrial ROS 

production. And also evaluate the effect of Revamil® on the 

activity of some enzymes specific for mitochondria and 

lysosomes, to be able to confirm the increase in the 

abundance and global activity of both organelles. 
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