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ABSTRACT

The pressure injury environment is characterized by overproduction of reactive 

oxygen species and exacerbated inflammation, which impair the healing of these 

lesions. Mediterranean-like diet may be a good intervention to improve the 

healing of pressure injury due to its anti-inflammatory and antioxidant 

components. So, this study evaluated the hypothesis that olive oil, as a main 

source of lipid in Mediterranean diet, could improve cutaneous wound healing of 

pressure injury in mice. Male Swiss mice were randomly divided into standard, 

olive oil or soybean oil plus olive oil groups and fat represented 10% of total 

calories in all groups. Four weeks after the beginning of diet administration, two 

cycles of ischemia-reperfusion (IR) by external application of two magnets disks 

were performed in the dorsal skin to induce pressure injury formation. Fourteen 

days after the end of the second IR cycle, olive oil based diet reduced neutrophils 

cells and cyclooxygenase-2 protein expression, increased nitric oxide synthase-

2 and protein and lipid oxidation. Olive oil based diet also increased nuclear factor 

erythroid 2-related factor 2 protein expression and collagen type I precursor 

protein expression. In addition, olive oil based diet administration promoted 

wound closure 7, 10 and 14 days after the end of the second IR cycle. These 

findings support the hypothesis that olive oil based diet improves cutaneous 

wound healing of pressure injury in mice through the reduction of inflammation 

and stimulation of redox equilibrium. 

Keywords: olive oil; pressure lesion; skin; mouse; wound healing; diet.
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1. Introduction

Pressure injury is a damage localized between the skin and underlying soft 

tissue, and a significant factor that collaborates to morbidity and mortality among 

patients with chronic conditions (Salcido et al. 2007; Edsberg et al. 2016). The 

treatment of this type of wound is often complex and costly to the health care 

system (Brem et al. 2010). Some risk factors associated with increased pressure 

injury incidence include immobility, spinal cord injury, elderly and poor nutrition 

(Allman 1989; Allman et al. 1995; Dorner et al. 2009; Taylor 2017). The etiology 

of pressure injury remains unclear, but increasing evidence demonstrates that 

the cycles of ischemia-reperfusion (IR)-induced injury may be a factor in the 

formation of these types of wounds (Salcido et al. 1995; Peirce et al. 2000). 

Previous studies in animals have demonstrated that the repeated IR cycles 

increases the synthesis of reactive oxygen species (ROS) which exceed the 

capacity of endogenous defense mechanisms, leading to an elevated 

inflammatory response and thus to skin necrosis (Peirce et al. 2000; Reid et al. 

2004; Mustoe et al. 2006). 

An environment rich in ROS as observed in pressure ulcers, have 

deleterious effects on lipids, proteins and nucleic acids of cells involved in skin 

repair, hence, cause tissue damage (Schafer and Werner 2008). However, low 

levels of ROS and nitric oxide (NO) are essential mediators of cellular signaling 

and plays an important role in skin wound healing, mainly in initiation of 

inflammatory phase, angiogenesis and matrix deposition (Soneja et al. 2005; 

Schafer and Werner 2008; Sen and Roy 2008). So, a strategy to maintain this  

delicate balance in biological systems and prevent oxidative damage to the cells  
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may include a treatment with antioxidants, thus, improving the healing process   

(Soneja et al. 2005). 

The Mediterranean diet has been associated with good health (Willett et 

al. 1995; Lopez-Miranda et al. 2010), it is characterized as a dietary pattern rich 

in plant foods, moderate intake of fish, dairy products, poultry and eggs and low 

consumption of red meat; and olive oil as the main source of fat (Lopez-Miranda 

et al. 2010). This diet presents low content of saturated fatty acids and high 

content of monounsaturated fatty acids (MUFAs), primarily derived from olive oil 

(Lopez-Miranda et al. 2010; Bach-Faig et al. 2011). The beneficial health effects 

of olive oil are due to its high content of MUFAs and phenolic compounds (mainly 

hydroxytyrosol and oleuropein), which have anti-inflammatory and antioxidant 

properties (Dell'Agli et al. 2006; Fito et al. 2007). Using in vitro studies, it was 

shown that olive oil or oleic acid modulates the production of inflammatory and 

oxidative mediators by neutrophils, macrophages and fibroblasts, important cells 

involved in wound healing process (Yaqoob and Calder 1995; Hatanaka et al. 

2006; de la Puerta et al. 2009; Magdalon et al. 2012; Hatanaka et al. 2013). It 

has already been shown that dietary supplementation with olive oil or its main 

fatty acid, oleic acid, can be beneficial to healing process in animals, through 

reduction of inflammatory response and oxidative damage and increase in 

collagen deposition (Rodrigues et al. 2012; Rosa A dos et al. 2014; Donato-

Trancoso et al. 2016), but there is no data about the effects of olive oil 

consumption, as a regular diet component, on wound healing. Considering that a 

balanced diet can improve the quality of life, especially for people who do not 

have access to supplementation, it would be interesting to evaluate if the 
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beneficial effects of olive oil supplementation could be achieved by its regular 

consumption through diet.

Thus, we hypothesized that previous consumption of olive oil as the main 

source of dietary lipid (mimicking a Mediterranean diet) contribute to improved 

wound healing of pressure injury in mice through the reduction of inflammation 

and stimulation of redox equilibrium. 

2. Materials and methods

2.1 Animals and diets

All procedures were carried out in accordance with Brazilian legislation for 

experimentation with animals. In addition, Ethical Committee for Animal Use of 

Rio de Janeiro State University approved this study (CEUA/043/2018).

Twenty-four male Swiss mice (12-week-old) were randomly divided into 3 

groups (n=8 per group) and subjected to different dietary regimens: standard (SC 

– 10% fat from soybean oil, as proposed by American Institute of Nutrition (AIN-

93M) (Reeves et al. 1993)), olive oil (OO – 10% fat from extra virgin olive oil) and 

soybean oil plus olive oil (SOOO – 2,5% fat from soybean oil + 7,5% fat from olive 

oil). Fatty acid composition of oils used are presented in table 1; SC, SO and 

SOOO diets presented 2.3%, 7.3% and 6% respectively of total energy from 

MUFAs. Diet components, besides fat, were the same for all chows (Table 2). 

Diets were manufactured by PragSoluções (Jaú, São Paulo, Brazil), and were 

administered over a 6 week period. Body mass was measured at the beginning 

and weekly until the end of the experiment.
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2.2 IR-induced injury model 

Mice had free access to their respective diets and water and food intake 

was monitored daily. Four weeks after the beginning of diet administration, all 

animals were intraperitoneally anesthetized with ketamine (150mg/kg) and 

xylazine (15mg/kg) and the dorsal skin was gently pulled up (including epidermis, 

dermis and hypodermis) and placed between a pair of neodymium magnets disks 

(8mm diameter and 3mm thickness) (G.A.M. Equipamentos Eletromagnéticos, 

São Bernardo do Campo, SP, Brazil) (Peirce et al. 2000; Stadler et al. 2004; Assis 

de Brito et al. 2014). Two consecutive cycles of ischemia-reperfusion (IR) 

consisting of 16h of pressure, induced by magnets (ischemia period), followed by 

a release period of 8h (reperfusion period) were performed to develop pressure 

injury. After the second IR cycle, all animals developed two circular lesions 

separated by a bridge of normal skin, and this point was considered day 0. The 

diets were administrated until the end of experimental period. 

2.3 Evaluation of wound closure

To evaluate the wound closure, wound area was recorded as previously 

mentioned (Nascimento and Costa 2006), 0 and 3, 7, 10 or 14 days after 

wounding. 

2.4 Oral glucose tolerance test (OGTT)

Twelve days after the end of the second IR cycle, following a 12 h fast, 

glucose concentration from the tail tip was determined after glucose gavage in 

six randomly selected animals per group and oral glucose tolerance calculated 

as previously described (Otranto et al. 2013). 
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2.5 Intraperitoneal insulin tolerance test (IPITT)

Fourteen days after the end of the second IR cycle, following a 12h fast, 

glucose concentration from tail tip was determined after intraperitoneally insulin 

injection in six randomly selected animals per group and intraperitoneal insulin 

tolerance calculated, as previously described (Otranto et al. 2013). 

2.6 Sacrifice, blood sample collection, tissue harvesting and histologic analyses

Fourteen days after the end of the second IR cycle, animals were 

sacrificed by decapitation, under anesthesia and blood samples were collected. 

Serum alanine transaminase (ALT) was determined using Bioclin kit (Quibasa 

Química Básica, Belo Horizonte, Brazil). 

Also, one lesion of each animal (n=8) was collected and frozen at -80°C 

for biochemical analyses, the other lesions and normal adjacent skin were 

collected, formalin fixed and paraffin-embedded. The sections were stained with 

Sirius Red and analyzed under polarized light to evaluate collagen fiber 

organization. Some sections were immunostained as mentioned below.

The retroperitoneal and epididymal fat were carefully dissected out, after 

the animals were sacrificed, and weighed. The results are expressed as 

retroperitoneal plus epididymal fat (g). 

2.7 Immunohistochemistry and quantification

To evaluate inflammatory cells amount macrophages and neutrophils were 

quantified. For this, sections (n=5/group) were immunolabelled with a rat 

monoclonal antibody F4/80 (Serotec; Raleigh, United Kingdom) (macrophage 
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marker) or a rat monoclonal antibody myeloperoxidase-neutrophil marker (Santa 

Cruz; Santa Cruz, CA) as previously described (Assis de Brito et al. 2014). After 

labeling, slides were digitalized using a Pannoramic MIDI slide scanner 

(3DHistech Kft; Budapest, Hungary). To quantify F4/80-positive macrophages, 5 

random fields per animal (32950 μm2) were captured through image analysis 

software Panoramic Viewer (3DHistech Kft) and evaluated. Data are presented 

as cells per square millimeter. The amount of neutrophils was quantified using a 

stereological tool (point counting) as previously described (Baddeley et al. 1986; 

Gundersen et al. 1988; Romana-Souza et al. 2009). Data are presented as 

volume density of neutrophils (Vv [neutrophils] %). Analysis were performed 

blindly and repeated without difference between the replicates.

The amount of myofibroblasts and blood vessels with alpha-smooth 

muscle actin (α-SM actin) positive pericytes were evaluated in mouse tissue 

immunolabeled with a mouse monoclonal antibody raised against alpha-smooth 

muscle actin (α-SM actin) (DAKO; Carpinteria, CA), as previously described 

(Cardoso et al. 2007). After labeling, slides were digitalized and positive vessels 

and myofibroblasts were quantified as mentioned above. Data are presented as 

blood vessels per square millimeter and volume density of myofibroblasts (Vv 

[myofibroblasts] %). 

2.8 Immunoblotting

Proteins of wound lysate (30 µg) were resolved by sodium dodecyl sulfate-

polyacrylamide gels (SDS-PAGE) and were transferred to nitrocellulose 

membranes. Immunoblotting was performed as previously described (Donato-

Trancoso et al. 2016) for the following proteins: rabbit polyclonal anti-type I 
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collagen (col I) (Millipore, Temecula, CA), mouse monoclonal anti-type III 

collagen (col III) (Millipore), goat polyclonal anti-cyclooxygenase-2 (COX-2) 

(Santa Cruz), rabbit monoclonal anti-total nuclear factor kappa B (NF-κB p65) 

(Cell Signaling, Danvers, MA), rabbit polyclonal anti-phosphorylated nuclear 

factor kappa B (pNF-κB p65) (Cell Signaling), rabbit polyclonal anti- nitric oxide 

synthase inducible (NOS-2) (Santa Cruz), mouse monoclonal anti-nitrotyrosine 

(Santa Cruz Biotechnology) or rabbit polyclonal anti- nuclear factor erythroid 2-

related factor 2 (Nrf2) (Santa Cruz) mouse monoclonal anti-β-actin (Sigma-

Aldrich, São Paulo, Brazil) antibodies. The β-actin was used as a control of 

protein loading. The bands were quantified by densitometry analysis, which was 

performed using Image J software (National Institutes of Health). The results are 

expressed as arbitrary units (a.u.).

2.9 Expression of carbonylated proteins by immunoblotting (post-electrophoresis 

derivatization)

To evaluate protein oxidation, carbonylated protein expression was determined 

by pos-electrophoresis derivatization as already described (Conrad et al. 2000), 

The β-actin was used as a control of loading protein and the results are expressed 

as arbitrary units (a.u.).

2.10 Biochemical analysis 

To evaluate lipid peroxidation, the levels of lipid hydroperoxides were 

measured in wound lysate using the ferrous oxidation in xylenol orange method 

as described (Jiang et al. 1991). The results are expressed as nM of lipid 

hydroperoxides per mg total protein. 
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2.11 Statistical analysis

All data are presented as the mean ± standard error of mean (mean± SEM) 

and were analyzed by one-way analysis of variance with a Tukey’s posttest or by 

a nonparametric Kruskal-Wallis with Dunn’s posttest using GraphPad Prism 

software (version 6.0, GraphPad Software Inc, San Diego, CA). Values of p<0.05 

were considered statistically significant for all tests.

3. Results

3.1 Olive oil based diet did not cause any change on murinometric values, 

glucose metabolism or liver toxicity

The mean body mass of the groups did not present difference throughout 

the experimental period (Fig.1A). The amount of food intake (g/animal/day) was 

the same in all groups (SC: 5.2 ± 0.2; OO: 5.5 ± 0.2; SOOO: 5.3 ± 0.2). 

Considering energy intake (kcal/animal/day) there was no difference between 

groups neither (SC: 20.0 ± 0.8; OO: 21.0 ± 0.9; SOOO: 20.0 ± 0.8). The amount 

of fat/animal mass (g/kg) was for 4.8, 4.8 and 4.7 for SC, OO and SOOO groups 

respectively.

The retroperitoneal plus epididymal fat mass (g) was lower in SOOO group 

when compared to SC (p<0.05) and OO (p<0.05) groups, respectively (Fig. 1B). 

There was no difference between the average fasting blood glucose 

between groups (time 0, data not shown). The time course of glucose clearance 

was the same in all groups. The areas under the curve (AUCs) between 0 and 

120 minutes for the glucose tolerance test did not present any difference between 
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the groups; indicating that the animals were not glucose intolerant (Fig. 1C). The 

IPITT measurement did not show any difference between the groups at the 

beginning of the test (time 0, data not shown), and glucose levels decreased after 

insulin administration during the test. The AUCs between 0 and 20 minutes for 

the insulin tolerance test did not present any difference between the groups, 

showing that the animals did not present insulin resistance (Fig. 1D). 

The serum level of ALT is used as a clinical marker of liver injury (Amacher 

1998). All diets did not induce an alteration in the expression of ALT, thereafter; 

there was no liver injury between groups (Fig. 1E).

3.2 Wound closure is improved by olive oil based diet in mice pressure injuries

Olive oil supplementation increased wound closure of chronically stressed 

and on pressure ulcers of mice (Rosa A dos et al. 2014; Donato-Trancoso et al. 

2016). To evaluate the effect of olive oil from diet in dermal reconstruction of 

pressure injuries, wound areas were measured. Olive oil (OO) group presented 

increased wound contraction of pressure injuries when compared to SC group 7 

days after the end of the second IR cycle (p<0.05; Fig. 2A). In olive oil containing 

groups (OO and SOOO), there was an increase in wound contraction when 

compared to SC group 10 and 14 days after the end of the second IR cycle 

(p<0.05 SC x OO and p<0.01 SC x SOOO; Fig. 2A).

Figure 2B shows representative pictures with the macroscopic aspect of 

cutaneous lesions 3, 7, 10 and 14 days after the end of the second IR cycle. The 

first signs of re-epithelialization were seen 7 days after the end of the second IR 

cycle and were more evident in OO group. 
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3.3 Olive oil based diet modulates inflammatory signalization and oxidative 

damage 

The wound bed of pressure ulcers presents infiltration of inflammatory 

cells, mainly neutrophils (Diegelmann 2003). The oral administration of olive oil 

or its abundant component oleic acid, accelerates the onset of inflammation and 

also its resolution in acute cutaneous lesions and in pressure ulcers of mice 

(Rodrigues et al. 2012; Donato-Trancoso et al. 2016). To characterize the type of 

inflammatory cells present in wounds, sections were immunolabelled. The 

volume density of neutrophils was lower in OO group when compared to SC 

group (p<0.01 Fig. 3A) 14 days after the end of the second IR cycle. The number 

of macrophages did not present any difference between the groups 14 days after 

the end of the second IR cycle (Fig. 3B).

In Figure 3C there was an increase in the ratio pNF-κB p65/ NF-κB p65 

between olive oil containing groups and SC group (p<0.0001 SC x OO and 

p<0.05 SC x SOOO), and between OO and SOOO groups (p<0.01) 14 days after 

the end of the second IR cycle. However, protein expression of NF-κB p65 

(normalized by β-actin) did not present any difference between the groups.  COX-

2 protein expression was decreased when olive oil containing groups were 

compared to SC group (p<0.05 SC x OO and p<0.0001 SC x SOOO; Fig. 3D) 

and in SOOO compared to OO group (p<0.01) 14 days after the end of the 

second IR cycle (Fig. 3D). 

NO and low levels of ROS are essential mediators of cellular signaling and 

play an important role in skin wound healing (Schafer and Werner 2008; Sen and 

Roy 2008). Recently, it was demonstrated that oleic acid stimulated ROS 

production by fibroblasts (Hatanaka et al. 2013). The olive oil group presented a 
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higher NOS-2 and nitrotyrosine protein levels when compared to SC group 14 

days after the end of the second IR cycle (p<0.01; Fig. 3E and p<0.05; Fig. 3F, 

respectively). The carbonylated protein levels in OO group were augmented 

when compared to SC group 14 days after the end of the second IR cycle (p< 

0.01; Fig. 3G and 3H). The levels of lipid hydroperoxides were higher in olive oil 

containing groups when compared to SC group 14 days after the end of the 

second IR cycle (p<0.05 SC x OO and p<0.01 SC x SOOO; Fig. 3I). 

An environment rich in ROS, as observed in pressure injuries, may 

stimulate the activation of transcription factors, like Nrf2, which regulates diverse 

ROS-detoxifying enzymes, such as heme-oxygenase-1 (Schafer and Werner 

2008). The OO group presented a higher Nrf2 protein expression when compared 

to SC (p<0.01) and SOOO (p<0.05) groups 14 days after the end of the second 

IR cycle (Fig. 3J).

3.4 Olive oil based diet improves dermal reconstruction 

The dietary supplementation with olive oil increases collagen deposition 

on chronically stressed and on pressure ulcers of mice (Rosa A dos et al. 2014; 

Donato-Trancoso et al. 2016). The effects of olive oil based diet on dermal 

reconstruction of pressure injuries was evaluated by myofibroblastic 

differentiation and collagen deposition and organization. The density of 

myofibroblasts and blood vessels number did not present any difference between 

the groups 14 days after the end of the second IR cycle (Fig. 4A and 4B). 

Figure 4C presents collagen arrangement in granulation tissue, using 

Sirius red stained sections observed under polarization. The SC group showed, 

in superficial and deep areas of granulation tissue, reduced density and thin 
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yellow-greenish collagen fibers arranged parallel to surface. In superficial and 

deep areas of OO group reduced density and thin yellow-red collagen fibers were 

observed. In SOOO group showed an increased density of thin yellow-greenish 

collagen fibers when compared with SC and OO groups in deep and superficial 

areas of granulation tissue. Type III collagen protein expression was higher in 

SOOO group when compared to SC and OO groups (p<0.0001, Fig. 4D). The 

olive oil containing groups presented a higher type I collagen precursor when 

compared to SC group 14 days after the end of the second IR cycle (p<0.001 SC 

x OO and p<0.05 SC x SOOO; Fig. 4E). 

4. Discussion 

Pressure injury is a damage localized between the skin and underlying soft 

tissue, and a relevant problem that collaborates to morbidity and mortality among 

patients with chronic conditions (Salcido et al. 1995; Edsberg et al. 2016). One of 

the risk factors associated with increased pressure injury incidence is poor 

nutrition (Dorner et al. 2009; Taylor 2017). Obese and underweight patients can 

be considered as having poor nutrition since both have a diet that presents an 

imbalance of nutrients, and more vulnerable to develop pressure ulcer; and an 

improvement in nutrients balance may reduce the risk of developing pressure 

ulcers in these groups (Taylor 2017).

The Mediterranean diet has been associated with good health (Lopez-

Miranda et al. 2010) and its principal fat source is olive oil (Bach-Faig et al. 2011); 

that has beneficial effects on blood lipids (Castaner et al. 2011) and has been 

associated to low cardiovascular mortality (de Lorgeril and Salen 2006; Covas 

2007). In recent studies, it was demonstrated that olive oil supplementation 
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increased wound closure of chronically stressed and on pressure ulcers of mice 

(Rosa A dos et al. 2014; Donato-Trancoso et al. 2016), but the effects of olive oil 

as a main source of diet lipid in wound healing of pressure injury it is still 

undetermined. Although the use of dietary supplements is disseminated 

nowadays, it is possible and interesting to obtain several benefits through the 

adherence to a balanced diet. For this reason, we investigated if the use of olive 

oil as a main source of lipid, with previous administration (mimicking a 

Mediterranean diet), could be a good therapy to improve the cutaneous wound 

healing of pressure injuries due to its anti-inflammatory and antioxidant 

properties. 

Several studies have demonstrated that adherence to Mediterranean diet 

regimen may reduce body weight and blood glucose levels (Tierney and Roche 

2007; Estruch et al. 2016; Agnoli et al. 2018). However, in our study, the diet 

administration did not change these parameters. All experimental groups were 

fed with isoenergetic diets that differ only in source of fatty acids. The 

predominant fatty acid in soybean oil is linoleic acid (approximately 51%, 

polyunsaturated fatty acid) (Reeves et al. 1993). Olive oil is rich in oleic acid, a 

MUFA (Perez-Jimenez et al. 2007). In our study, the content of MUFA was 2.3% 

in SC, 7.3% in OO and 6% in SOOO groups. A meta-analysis demonstrated 

beneficial effects on weight and other parameters for obesity management only 

when the source of total energy was more than 12% from MUFAs and for a long 

period of consumption (Schwingshackl et al. 2011). 

The serum level of ALT is an universal marker used to measure liver injury 

(Amacher 1998). When a liver injury occurs, hepatocytes release this enzyme 

into the extracellular space from where they enter the bloodstream, augmenting 
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its circulating expression. Since, in the present study, there was no difference in 

ALT levels among groups we can conclude that diets were not hepatotoxic.

Some studies have showed that supplementation with olive oil improves 

cutaneous wound healing in impaired lesions due to reduction of local 

inflammatory response, such as neutrophils and macrophage infiltration on 

wound bed (Rosa A dos et al. 2014; Donato-Trancoso et al. 2016). In our study 

olive oil containing groups showed a reduction in wound area and in neutrophils 

density; however we did not observe difference in the amount of macrophage 

cells between groups. Meanwhile, in those studies the olive oil was supplemented 

and the treatment started near wounding induction; in our, olive oil was used as 

main source of diet lipid and its administration started 4 weeks previously to the 

pressure injuries induction, and lasted until the end of experiment. The previous 

administration of olive oil was, probably, a key factor that affected positively the 

healing process.

In chronic pressure ulcers, the synthesis of COX-2 induce prostaglandin 

E2 (PGE2) synthesis and may contribute to chronic inflammation and cell death 

by apoptosis (Abd-El-Aleem et al. 2001). In the present study we showed a 

decrease in COX-2 protein levels in olive oil containing groups. A previous study 

showed a decreased in mRNA for COX-2 in mice treated with oleic acid, the main 

fatty acid presented in olive oil (Cardoso et al. 2011). Mammals lack the 

enzymatic machinery to convert n-9 into arachidonic acid (Arab 2003), a key point 

in prostaglandin synthesis. So, an increased supply of oleic acid might counteract 

arachidonic acid, by reducing the relative abundance of it, and reducing the 

generation of inflammatory mediators (Hostmark and Haug 2013).
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In wound healing process, low levels of reactive oxygen species (ROS) 

are essential mediators of cellular signaling (Schafer and Werner 2008). In the 

present study, there is an increase in oxidative damage (hydroperoxides lipids 

and carbonylated proteins) in olive oil group. These effects could be related to a 

stimulatory effect of fatty acids on nicotinamide adenine dinucleotide 

phosphatase oxidase (NADPH oxidase) activity, which is responsible for ROS 

generation (Schafer and Werner 2008). Recently, it was demonstrated that oleic 

acid stimulates ROS production by fibroblasts, via dose dependent activation of 

NADPH oxidase complex (Hatanaka et al. 2013), and it is also known that mice 

deficient in NADPH oxidase 4 present impaired repair, showing the important role 

of redox signaling in wound repair process (Levigne et al. 2016). Corroborating 

the importance of ROS in wound repair, Hatanaka et al (2006) have showed that 

neutrophils treated with oleic acid have an increment in ROS production, and it is 

associated with phagocyte defense that occurs mainly through the NADPH 

oxidase complex (Hatanaka et al. 2006). 

Nitric oxide plays an important role in skin wound healing. A previous study 

showed that inhibition of NOS cause a delay in wound healing process (Amadeu 

and Costa 2006). The olive oil group also presented an increased in NOS-2 

protein levels. Yaqoob et al (1995) had showed an augment in NO production in 

olive oil group, and suggested the effects of dietary lipids upon NOS might be 

regulated by fatty acids or by compounds derived from them (Yaqoob and Calder 

1995). NO also stimulates the collagen deposition as saw in previous studies 

(Amadeu et al. 2007; Schanuel et al. 2015). Additionally, previous studies showed 

stimulation of collagen III mRNA expression in olive group (Cardoso et al. 2011) 

and an increased type I collagen protein deposition (Donato-Trancoso et al. 
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2016). In the present study, the groups that had olive oil in their composition, 

showed an increased in collagen III (SOOO) and type I collagen precursor (OO 

and SOOO) protein levels and collagen fibers structure, although no difference in 

myofibroblast density was observed. 

Although olive oil stimulate NO expression (Martins et al. 2010) which also 

led to an angiogenic effect (Rizk et al. 2004), there was no difference in blood 

vessels number between experimental groups. Other study also showed no 

difference in blood vessels number, and a decreased in NO production when oleic 

acid was topically applied, but in this study, the NO production was only detected 

until 48 hours and blood vessels were evaluated until 10 days after wounding 

(Cardoso et al. 2004). Our olive oil containing groups had an advanced wound 

healing process, and it is possible that blood vessels were already disappearing 

by apoptosis (Desmouliere et al. 1995). 

Events such as inflammation and oxidative stress, as observed in pressure 

injuries, transmit signals to cells to trigger cytoprotective gene expression for 

preservation of endogenous redox balance, which are regulated by the 

transcription factor Nrf2 (Kobayashi and Yamamoto 2006; Battino et al. 2018). 

Nrf2 acts by stimulating transcription of phase II detoxification enzimes, such as 

antioxidant enzymes, hemeoxigenase-1, glutathione transferase and others 

(Battino et al. 2018). It has been reported that natural compounds may activate 

Nrf2 (Battino et al. 2018), in fact, in our study the olive-oil group showed a higher 

Nrf2 protein expression. Olive oil has been shown to be effective against oxidative 

stress and recent studies support that this effect is mainly related to its high 

content of phenolic compounds, like hydroxytyrosol and oleuropein (Visioli et al. 

1998; Fito et al. 2007). Several studies have demonstrated an activation of Nrf2 

Page 18 of 36

https://mc06.manuscriptcentral.com/apnm-pubs

Applied Physiology, Nutrition, and Metabolism



D
raft

19

after hydroxytyrosol and oleuropein treatment (Martinez-Huelamo et al. 2017). It 

may seem controversial the presence of oxidative damage, as discussed above, 

and high expression of Nrf2, but it is important to remember that the presence of 

ROS is important to wound healing process and we suggest that the balance is 

obtained by both, expression of ROS and Nrf2.

Although the benefits of Mediterranean diet are well described (Lopez-

Miranda et al. 2010) and have already been discussed in this article, it is 

important to emphasize that olive oil is the main source of fat but is not the only 

one. A correct balance in essential fatty acids n-6 (linoleic acid) and n-3 (linolenic) 

is desirable (Reeves et al. 1993). Three groups were included in this study, one 

with the recommended amounts of fatty acid – group SC (Reeves et al. 1993), 

one with only olive oil – group OO, and a group with olive and soybean oil – 

SOOO that aimed to approach the balance in fatty acids composition, mainly by 

including n-6 fatty acids. In fact some results (wound contraction, NF-κB 

activation, COX-2 expression, lipid peroxidation and type I collagen deposition) 

showed that the presence of soybean oil associated with olive oil can also 

improve the wound healing process. It is known that linoleic acid is particularly 

important for cutaneous barrier function (Schurer et al. 1999; Munoz-Garcia et al. 

2014), and in a future study the effects of olive oil and olive oil associated with 

soybean oil need to be addressed. 

In conclusion, olive oil containing diet promotes cutaneous wound healing 

of mice pressure injuries due to the increase of ROS and NO synthesis, 

promoting collagen deposition; reduction in inflammatory response due to the 

reduction of neutrophils and COX-2 protein synthesis; and stimulation of Nrf2 

expression, probably by phenolic compounds.
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Table 1. Fatty acid composition of soybean (SO) and olive (OO) oil 

Fatty acid (%) SO OO

C16:0 (palmitic) 10.84 14.43

C16:1n7(palmitoleic) 0.07 2.10

C17:0 (margaric) 0.08 0.08

C17:1 (cis-10-heptadecanoic) ND 0.21

C18:0 (stearic) 3.32 1.51

C18:1 n9 (oleic) 21.25 70.77

C18:1 (Cis-10-octadecenoic) 1.37 ND

C18:2 n6 (linoleic) 55.11 9.10

C18:3 n3 (α-linolenic) 4,79 0.95

C20:0 (arachidic) 0.35 0.36

C22:0 (behenic) 0.43 0.13

Total saturated (SFA) 15.02 16.51

Total monounsaturated (MUFA) 22.69 73.08

Total polyunsaturated (PUFA) 59.90 10.05

Total n-3 PUFA 4.79 0.95

Total n-6 PUFA 55.11 9.10
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Table 2. - Composition of standard (SC), olive oil (OO) and soybean 
plus olive oil (SOOO) chows

Content (g/Kg) SC  OO SOOO

Casein 140  140 140

Cornstarch 620,7  620,7 620,7

Sucrose 100  100 100

Soybean oil* 40  10

Olive oil*  40 30

Fiber 50  50 50

Vitamin Mix** 10  10 10

Mineral Mix** 35  35 35

L-cysteine 1,8  1,8 1,8

Choline 2,5  2,5 2,5

Antioxidant 0,008  0,008 0,008
*Extra virgin olive oil (Boriello) was supplied by Carla A.F.Rettuci (Contrafortes da Mantiqueira – 
Andradas - MG) and soybean oil (Liza) by Cargill Agrícola S.A. (Mairinque – SP - Brazil).
**Mineral and vitamin mixtures.
Energy content of all diets= 3800 Kcal/g; 
Energy: 76% carbohydrates, 14% protein, 10% lipids; 
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FIGURE CAPTIONS

Fig.1 Evaluation of murinometric values, glucose metabolism and liver toxicity of 

olive oil based diet. A) Body mass over 42 days on diets (One-way ANOVA). B) 

Epididymal plus retroperitoneal fat mass at the end of experiment period (One-

way ANOVA). C) Area under the curve of oral glucose tolerance test (OGTT) 

(n=6/group), 12 days after the end of the second IR cycle (One-way ANOVA). D) 

Area under the curve of intraperitoneal insulin tolerance test (IPITT) (n=6/group), 

14 days after the end of the second IR cycle (One-way ANOVA). E) Activity of 

alanine transaminase (ALT) in the serum of mice (n=7 or 8/group), 14 days after 

the end of the second IR cycle (One-way ANOVA). Values expressed as mean 

and standard error of mean (mean ± SEM). SC, standard chow; OO, olive oil 

chow; SOOO, soybean oil plus olive oil chow; AUC, area under the curve

Fig.2 Effects of olive oil based diet on wound contraction of pressure injury in 

mice. A) Percentage of initial wound area 3 (d3), 7(d7), 10(d10) and 14(d14) days 

after the end of the second IR cycle (n=7 or 8/group/day) (Kruskal-Wallis test). B) 

Photographs of wounds 3 (d3), 7(d7), 10(d10) and 14(d14) days after the end of 

the second IR cycle. Dotted line represents lesion margins. Values expressed as 

mean and standard error of mean (mean ± SEM). *p<0.05; **p<0.01; comparison 

between SC, OO and SOOO groups. SC, standard chow; OO, olive oil chow; 

SOOO, soybean oil plus olive oil chow

Fig.3 Effects of olive based diet on inflammatory signaling and oxidative damage 

14 (d14) days after the end of the second IR cycle. A) Volume density of 
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neutrophils (Vv) (n=5/group) (Kruskal-Wallis test). B) Quantification data of F4/80 

positive cells (cells/mm2) (n=5/group) (Kruskal-Wallis test). C) The ratio between 

phosphorylated nuclear factor kappa B p65 (pNF-κB p65) and nuclear factor 

kappa B p65 (NF-κB p65) protein expression and nuclear factor kappa B p65 

(NF-κB p65) protein expression (n=5/group) (One-way ANOVA). D) 

Cyclooxygenase-2 (COX-2) protein expression (n=5/group) (One-way ANOVA). 

E) Nitric oxide synthase inducible (NOS-2) protein expression (n=5/group) 

(Kruskal-Wallis test). F) Nitrotyrosine protein expression (n=5/group) (Kruskal-

Wallis test). G) Oxidative damage in protein (n=5/group) (Kruskal-Wallis test). H) 

Representative image of carbonylated protein bands. I)  Levels of lipid 

hydroperoxides in wound lysate (n=7 or 8/group) (One-way ANOVA). J) Nuclear 

factor erythroid 2-related factor 2 (Nrf2) protein expression (n=5/group) (Kruskal-

Wallis test). The densitometry is expressed as arbitrary units (a.u.) for all 

immunoblottings. The β-actin was used as a loading control protein for all 

immunoblottings. Values expressed as mean and standard error of mean (mean 

± SEM). *p<0.05; **p<0.01; ****p<0.0001 comparison between SC, OO and 

SOOO groups. SC, standard chow; OO, olive oil chow; SOOO, soybean oil plus 

olive oil chow

Fig.4 Effects of olive based diet on dermal reconstruction 14 (d14) days after the 

end of the second IR cycle. A) Volume density of myofibroblasts (Vv) (n=5/group) 

(Kruskal-Wallis test). B) Quantification data of blood vessels (cells/mm2) 

(n=5/group) (One-way ANOVA). C) Representative images of Sirius red stained 

(scale bar =100μm). D) Type III collagen (col III) protein expression (n=5/group) 

(One-way ANOVA). E) Type I collagen precursor (col I precursor) protein 
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expression (n=5/group) (Kruskal-Wallis test). The densitometry is expressed as 

arbitrary units (a.u.) for all immunoblottings. The β-actin was used as a loading 

control protein for all immunoblottings. Values expressed as mean and standard 

error of mean (mean ± SEM). *p<0.05; ***p<0.001; ****p<0.0001 comparison 

between SC, OO and SOOO groups. SC, standard chow; OO, olive oil chow; 

SOOO, soybean oil plus olive oil chow
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Fig.1 Evaluation of murinometric values, glucose metabolism and liver toxicity of olive oil based diet. A) 

Body mass over 42 days on diets (One-way ANOVA). B) Epididymal plus retroperitoneal fat mass at the end 

of experiment period (One-way ANOVA). C) Area under the curve of oral glucose tolerance test (OGTT) 

(n=6/group), 12 days after the end of the second IR cycle (One-way ANOVA). D) Area under the curve of 

intraperitoneal insulin tolerance test (IPITT) (n=6/group), 14 days after the end of the second IR cycle 

(One-way ANOVA). E) Activity of alanine transaminase (ALT) in the serum of mice (n=7 or 8/group), 14 

days after the end of the second IR cycle (One-way ANOVA). Values expressed as mean and standard error 

of mean (mean ± SEM). SC, standard chow; OO, olive oil chow; SOOO, soybean oil plus olive oil chow; AUC, 

area under the curve 

129x114mm (300 x 300 DPI) 
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Fig.2 Effects of olive oil based diet on wound contraction of pressure injury in mice. A) Percentage of initial 

wound area 3 (d3), 7(d7), 10(d10) and 14(d14) days after the end of the second IR cycle (n=7 or 

8/group/day). B) Photographs of wounds 3 (d3), 7(d7), 10(d10) and 14(d14) days after the end of the 

second IR cycle. Dotted line represents lesion margins. Values expressed as mean and standard error of 

mean (mean ± SEM). *p<0.05; **p<0.01; comparison between SC, OO and SOOO groups. SC, standard 

chow; OO, olive oil chow; SOOO, soybean oil plus olive oil chow 

170x189mm (300 x 300 DPI) 
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Fig.3 Effects of olive based diet on inflammatory signaling and oxidative damage 14 (d14) days after the end 

of the second IR cycle. A) Volume density of neutrophils (Vv) (n=5/group) (Kruskal-Wallis test). B) 

Quantification data of F4/80 positive cells (cells/mm2) (n=5/group) (Kruskal-Wallis test). C) The ratio 

between phosphorylated nuclear factor kappa B p65 (pNF-κB p65) and nuclear factor kappa B p65 (NF-κB 

p65) protein expression and nuclear factor kappa B p65 (NF-κB p65) protein expression (n=5/group) (One-

way ANOVA). D) Cyclooxygenase-2 (COX-2) protein expression (n=5/group) (One-way ANOVA). E) Nitric 

oxide synthase inducible (NOS-2) protein expression (n=5/group) (Kruskal-Wallis test). F) Nitrotyrosine 

protein expression (n=5/group) (Kruskal-Wallis test). G) Oxidative damage in protein (n=5/group) (Kruskal-

Wallis test). H) Representative image of carbonylated protein bands. I)  Levels of lipid hydroperoxides in 

wound lysate (n=7 or 8/group) (One-way ANOVA). J) Nuclear factor erythroid 2-related factor 2 (Nrf2) 

protein expression (n=5/group) (Kruskal-Wallis test). The densitometry is expressed as arbitrary units (a.u.) 

for all immunoblottings. The β-actin was used as a loading control protein for all immunoblottings. Values 

expressed as mean and standard error of mean (mean ± SEM). *p<0.05; **p<0.01; ****p<0.0001 

comparison between SC, OO and SOOO groups. SC, standard chow; OO, olive oil chow; SOOO, soybean oil 
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plus olive oil chow 
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Fig.4 Effects of olive based diet on dermal reconstruction 14 (d14) days after the end of the second IR cycle. 

A) Volume density of myofibroblasts (Vv) (n=5/group). B) Quantification data of blood vessels (cells/mm2) 

(n=5/group). C) Representative images of Sirius red stained (scale bar =100μm). D) Type III collagen (col 

III) protein expression (n=5/group). E) Type I collagen precursor (col I precursor) protein expression 

(n=5/group). The densitometry is expressed as arbitrary units (a.u.) for all immunoblottings. The β-actin 
was used as a loading control protein for all immunoblottings. Values expressed as mean and standard error 

of mean (mean ± SEM). *p<0.05; ***p<0.001; ****p<0.0001 comparison between SC, OO and SOOO 

groups. SC, standard chow; OO, olive oil chow; SOOO, soybean oil plus olive oil chow 
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