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ABSTRACT
Background: Hypotension, increased production of reactive oxygen species, and
inflammation are all observed in experimental models of sepsis induced by
lipopolysaccharide (LPS).
Purpose: The aim of this study was to evaluate the effects of an ethanolic extract
of Brazilian olive leaf (Ex), Brazilian olive oil (Olv), Ex + Olv (ExOlv), and palm oil
(Pal) in comparison to the effects of omega-3 fish oil (Omg) in a rat model of
sepsis-induced acute kidney injury.
Materials:Wistar rats were divided into seven groups (seven per group), which were
either untreated (control) or treated with LPS, LPS + Ex, LPS + ExOlv, LPS + Olv,
LPS + Omg, or LPS + Pal.
Results: Lower values of creatinine clearance and blood pressure were observed in
the LPS-treated group, and these values were not affected by Ex, Olv, ExOlv, Pal,
or Omg treatment. Mortality rates were significantly lower in rats exposed to LPS
when they were also treated with Ex, ExOlv, Olv, Pal, or Omg. These treatments also
decreased oxidative stress and inflammation (Tumor necrosis factor alpha,
interleukin-1 beta) and increased interleukin-10 levels and cell proliferation, which
were associated with decreased apoptosis in kidney tissue.
Conclusion: Ex and Pal treatments were beneficial in septic rats, since they
increased survival rate and did not aggravate inflammation. However, the most
effective treatments for septic rats were Olv in comparison to Omg. These natural
food substances could enable the development of effective therapeutic interventions
to sepsis.
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INTRODUCTION
Acute kidney injury (AKI) is a syndrome characterized by an acute loss of renal function
and is associated with an increased mortality rate (over 50%) and the development of
chronic kidney disease (Liano & Pascual, 1996; Waikar, Liu & Chertow, 2008). AKI is a
newly classified disease, which replaced the concept of traditional acute renal failure
first described in 1952 (Smith, 1952) and was proposed in order to improve clinical
diagnosis of the disease (Makris & Spanou, 2016).

Acute kidney injury is also very common in the setting of sepsis (Makris & Spanou, 2016).
Our knowledge of AKI comes mainly from animal studies, where ischemia-reperfusion,
toxic injury, and septic models are widely studied (Singh et al., 2012). Considering the
complexities of sepsis, investigators rely heavily on in vivo models, the vast majority of which
are based on rodents (Deitch, 1998).

Toxemiamodels often are used to study sepsis and its associated pathological mechanisms.
Several injectable stimulatory agents have been used, including lipopolysaccharide (LPS)
from the outer membrane of gram-negative bacteria, CpG DNA, synthetic lipopeptides, and
zymosan. However, a single injection of endotoxin, or LPS, is the most commonly used
toxemia model (Buras, Holzmann & Sitkovsky, 2005; Deitch, 1998).

The pathophysiology of septic AKI is complex. In 1992, the term systemic inflammatory
response syndrome was developed, including a definition of sepsis as the presence of
this systemic inflammatory response as a result of infection (Bone et al., 1992; Levy et al.,
2003; Taniguchi et al., 2017). Recently proposed changes to this definition reflect the
heterogeneous nature of this syndrome (Singer et al., 2016), where endothelial dysfunction,
inflammation via the secretion of cytokines, apoptosis, and oxidative stress have all been
implicated in the pathogenesis of sepsis (Mikacenic et al., 2017).

Pertinent to this, sepsis is characterized by excessive production of both reactive
nitrogen species and reactive oxygen species (ROS) in affected organs due to mitochondrial
dysfunctional and modified anti-oxidative status, and in the circulation due to activated
immune system cells and endothelial cells (Andrades et al., 2011; Dare et al., 2009; Berger &
Chioléro, 2007).

In recent years, there has been much research into effective therapies for the prevention
and treatment of AKI. In view of this, we aimed to evaluate the potential of natural
Brazilian products in a rat model of sepsis-induced AKI.

The olive tree (Olea europaea L., Oleaceae) is found in many different parts of the world,
including Brazil. Olive leaves have been shown to have anti-atherosclerotic, hypotensive,
antioxidant, anti-inflammatory, and hypocholesterolemic effects (Lockyer et al., 2017;
Casas et al., 2016; Castrogiovanni et al., 2016). Olive oil is more potent than fish oil
at reducing septic pulmonary dysfunction in rats, by enhancing the antioxidant defense
system and suppressing oxidative stress (Glatzle et al., 2007).

Oil palm natural (Elaeis guineensis Jacquin) produces two different kinds of oil namely,
palm oil (Pal) and palm kernel oil. Pal is extracted from the fleshy mesocarp (outer
pulp). It is rich in vitamin E, which inhibits cholesterol synthesis and protects the cell
membrane from lipid peroxidation, thus conferring a protective effect against cardiovascular
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and neurodegenerative diseases and supporting the treatment of cancer (Mancini et al.,
2015). The high vitamin E content in Pal may help to counterbalance proinflammatory
effects. Pal has been shown to have anti-inflammatory effects in myocardial tissue in
LPS-induced sepsis models (Katengua-Thamahane et al., 2014).

Fish oil contains a high concentration of omega-3 polyunsaturated fatty acids. Omega-3
fatty acids and their longer-chain downstream products, such as eicosapentaenoic acid
(EPA), docosapentaenoic acid, and docosahexaenoic acid (DHA) have been reported to be
beneficial in models of critical illness (Firat et al., 2017). The effects of omega-3 fatty
acids include modulation of the immune response, inhibition of proinflammatory factors,
and promotion of anti-inflammatory mediators. Omega-3 fatty acids have also been shown
to be beneficial in models of chronic renal failure (Mas et al., 2016), and in sepsis in
humans (Lu et al., 2017; Chen et al., 2018; Svahn et al., 2016) and animals (Dehkordi et al.,
2015; Frimmel et al., 2016).

Therefore, the present study aimed to compare the effects of an extract of Brazilian olive
leaf (Ex), Brazilian olive oil (Olv), Pal, and omega-3 fish oil (Omg) in an experimental rat
model of sepsis-induced AKI.

MATERIALS AND METHODS
Induction of sepsis
Rats were intraperitoneally injected with 10 mg/kg Escherichia coli LPS (serotype 055: B5;
Sigma, St Louis, MO, USA), dissolved to 0.9% in distilled water. The control (CTL) group
received the same volume of distilled water only. To begin the experimental protocol,
sepsis was stimulated by LPS treatment after 24 and 48 h. Rats were subsequently untreated
or treated with test substances after 24 and 48 h. The treatment protocols are described in
detail below.

Treatment protocol: Brazilian olive
The oil and fresh leaves of Brazilian olive trees were provided by Cerro dos Olivais,
located in Picada Grande, Caçapava do Sul-RGS, Brazil, associated with the Associação
Rio-Grandense de Olivicultores. A lyophilized extract was prepared from the olive
leaves by Universidade de Ribeirão Preto (UNAERP/SP) using ethanol as the solvent.

Ethanol has been reported to be the most suitable solvent for preparing O. europaea L.
(olive leaf extracts) with a high content of phenolic compounds (Lafka et al., 2013; Pérez-
Bonilla et al., 2013).

Olive leaf extracts were analyzed at Phytobios/Centroflora Brazil, using a high-performance
liquid chromatography system (Merck-Hitachi LaChrom Elite; Hitachi, Tokyo, Japan),
equipped with a UV/vis detector (model L-2400 UV).

The olive leaf extract was resuspended in 10 mg/mL methanol, filtered through
membrane with 0.45-mm pores (Fig. S1A), and analyzed by electrospray ionization-mass
spectrometry (ESI-MS, Fig. S1B).

The phenolic compounds in Ex and Olv were evaluated using a UV/vis
spectrophotometer (model SP-220; Biospectro, Curitiba, Brazil). Aliquots of the sample
solution (50 mL) were mixed with 250 mL of Folin-Ciocalteau reagent (Blainski, Lopes & De
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Mello, 2013) and 750 mL of 20% sodium carbonate and the absorbance at 735 nm was
measured after 2 h. A calibration curve was constructed using caffeic acid as the standard
compound, and the results are expressed in terms of milligrams of caffeic acid/liter of sample.

The total phenol content of Olv was higher than that of Ex. The fatty acid content of
Olv was analyzed by Shimadzu gas chromatography, according to the Hartman & Lago
method (Mello & Pinheiro, 2012; Hartman & Lago, 1973), in which a 400-mg aliquot of the
sample was converted to methyl esters using an ammonium chloride solution and
sulfuric acid in methanol as an esterifying agent. The different types of fatty acids were
identified by chromatography through a comparison of retention times of the samples
and standards. Quantification was performed using area normalization, and the results
were expressed as percentage per 100 grams of sample. The results are presented in Table S1.

Rats received 100 mg/kg of lyophilized Ex, administered by gavage daily throughout
the experimental period. Using a pipette, 100 mL of Olv was carefully dispensed by
dripping directly into the mouth of rats. Sepsis was induced by LPS treatment after 24 and
48 h and rats were subsequently treated with Ex, Olv, and Ex + Olv (24 and 48 h).

Treatment protocol: omega-3 fish oil
Omega-3 fish oil was directly extracted from 1,000-mg capsules containing 21.3% EPA and
11.4% DHA. Using a pipette, 100 mL of Omg was carefully dispensed by dripping directly
into the mouth of rats. Sepsis was stimulated by LPS treatment after 24 and 48 h and rats
were subsequently treated with Omg (24 and 48 h).

Treatment protocol: palm oil
The composition of the Pal used in this study was as follows: 42% saturated fatty acids
(39–44% palmitic acid); 5–5.8% stearic acid; 43% monounsaturated fatty acids (38–46%
oleic acid); 10–14% linoleic acid; 500–700 ppm carotenoids; and 600–1,200 ppm
tocopherols, especially tocotrienols. Using a pipette, 100 mL of Pal was carefully dispensed
by dripping directly into the mouth of rats. Sepsis was stimulated by LPS treatment after
24 and 48 h and rats were subsequently treated with Pal (24 and 48 h).

Experimental groups
The experimental protocol was approved by the Ethics Committee of the Universidade Federal
de São Paulo (CEP 0350/12) and was performed in accordance with the Brazilian guidelines
for scientific animal care and use (Concea (CNDCDEA/MDCTEI), 2013; Brazilian Ministry of
Science, Technology, Innovation and Communication, 2016).

Thirty male Wistar rats (weight: 230–250 g), not subjected to sepsis, were divided into
five treated groups; Ex, Olv, Ex + Olv (ExOlv), Omg, and Pal. The baseline analysis values
for these groups are presented in Table S2.

A total of 49 male Wistar rats (weight: 230–250 g) were divided into seven groups
(n ¼ 7). The CTL group was not submitted to sepsis. The LPS group was submitted to
sepsis. Other rats were subjected to sepsis and were treated subsequently with Ex
(LPSEx group), Ex + Olv (LPSExOlv group), Olv (LPSOlv group), Omg (LPSOmg group),
and Pal (LPSPal group).
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Rats were allowed free access to tap water and food during the experimental period.
At 0 and 17 h, blood samples were collected from the orbital sinus and rats were
maintained in metabolic cages for 24 h for urine collection. In some experiments, the urine
was collected after 24 h and the volume was measured. Rats were euthanized, 48 h after the
beginning of the experimental protocol, by intraperitoneal injection of a toxic dose of
ketamine (90 mg/kg)/xylazine (10 mg/kg; Agribands de Brasil Ltda, Sao Paulo, Brazil).
The right and left kidneys were then removed for immunohistochemical analysis.
Biochemical parameters were measured in plasma and urine samples.

Survival
A total of 62 male Wistar rats (weight: 230–250 g), were used exclusively to Survival
experiment, and were divided into the following groups: CTL (n¼ 6), LPS (n¼ 16), LPSEx
(n ¼ 10), LPSExOlv (n ¼ 8), LPSOlv (n ¼ 7), LPSOmg (n ¼ 8), and LPSPal (n ¼ 7).
Survival was assessed at 0, 24, and 48 h. Results were expressed as the percentage of
surviving animals (%).

Measurement of systolic blood pressure
Systolic blood pressure (SBP) was indirectly measured by tail plethysmography. Rats were
placed in a warm chamber for 10 min and the cuff and wrist receiver were attached to the tail.
Blood pressure was recorded using an electric sphygmomanometer coupled to a two-channel
gould model 2200 S polygraph (Record 2200 S; Gould Inc., Cleveland, OH, USA).
Measurements were taken at 0, 24, and 48 h, and the results are expressed as means ± SD.

Creatinine clearance
Serum and urine creatinine levels were assayed spectrophotometrically at 0 and 48 h,
according to standard procedures, using commercially available diagnostic kits
(Labtest Diagnostica, Minas Gerais, Brazil). Creatinine clearance (mL/min) was calculated
according to the following formula: (urine creatinine concentration � urine volume)/
(serum creatinine concentration � 1,440).

Lipidic peroxidation
To assess lipid peroxidation, levels of the peroxidation product, malondialdehyde, were
determined by measuring thiobarbituric acid-reactive substances (TBARS). In this assay,
the reactive substances in the test sample combine with thiobarbituric acid to form a
red compound (Beuge & Aust, 1978). Urine samples were added to a solution of 0.375%
thiobarbituric acid, 15% trichloroacetic acid, and 0.25 N HCl (Sigma, St. Louis, MO,
USA). Subsequently, the samples were continuously agitated while heating to 95 �C for
20 min and were then allowed to cool to room temperature. Finally, the absorbance of the
solution at 534 nm was determined using a spectrophotometer. Assays were performed at
0, 24, and 48 h. Results are expressed as nmol/mg creatinine.

Serum cytokines
Tumor necrosis factor alpha (TNF-a), interleukin-1 alpha (IL-1a), interleukin-1 beta
(IL-1β), interleukin-6 (IL-6), interleukin-10 (IL-10), and granulocyte-macrophage
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colony-stimulating factor receptor (GM-CSF), were measured in rat serum using a
Luminex High Performance Assay (RnD Systems, Minneapolis, MN, USA), according to
the manufacturer’s instructions. Assays were performed at 0, 17, and 48 h, and results are
expressed as pg/mL.

Immunohistochemistry
Hematoxylin and eosin staining was performed on kidney tissue sections. Paraffin-embedded
tissues were cut into four-mm-thick sections on a rotary microtome (Leica Microsystems,
Herlev, Denmark). The kidney slices were then deparaffinized, rehydrated, and boiled in a
target retrieval solution (one mmol/L Tris, pH 9.0, with 0.5 mM EGTA) for 10 min to
facilitate antigen binding. Nonspecific binding was prevented by incubating sections in PBS
containing 1% BSA, 0.05% saponin, and 0.2% gelatin. Endogenous peroxidase activity
was blocked by incubation in 5% H2O2 in absolute methanol for 10 min at 18–21 �C.
Sections were then incubated overnight at 4 �C with primary antibodies against proliferating
cell nuclear antigen (PCNA; diluted 1:500) and cleaved caspase-3 (diluted 1:100).
Sections were washed and incubated with appropriate horseradish peroxidase-conjugated
secondary antibodies (Dako, Glostrup, Denmark) for 1 h at room temperature. The sites of
antibody-antigen reactions were visualized by staining with 0.5% 3,3′-diaminobenzidine
tetrachloride (Dako) in 0.1%H2O2. The areas of PCNA were quantified using image analysis
software (Leica DFC 310 FX, LAS software, version 3.8) to calculate the mean intensity
value and expressed as a stained area. A total of 36 randomized microscope fields from
different groups for cleaved caspase-3 were counted, with the same-sized square and
the mean calculated and expressed as mm2.

Statistical analysis
Results are expressed as the mean ± standard deviation (SD). Data were analyzed by
Kaplan–Meier (survival curves), two-way analysis of variance (treated groups vs CTL and LPS
groups), or simple linear regression analysis (treated groups versus Omg group), followed by a
Bonferroni post hoc test. Values of p < 0.05 were considered statistically significant.

RESULTS
Blood pressure
Figure 1 shows the results of SBP measurements. Mean SBP values (Fig. 1A and 1B) of the
LPS group were significantly lower than those of the CTL group after 24 h. Sepsis was
characterized by hypotension. Treatments had no significant effect on blood pressure in
septic rats. The blood pressure values for all groups are presented in Table S3.

Survival
There were no deaths in animals kept under CTL conditions. A total of 37% (6 out of 16) of
rats in the LPS group survived for the entire 48-h experimental period. In septic rats
treated with Ex, the overall survival rate was 60% (6 out of 10). The survival rate was 75%
(6 out of 8) in the ExOlv and Omg groups and 85% (6 out of 7) in the Olv and Pal groups.
All treatments tested resulted in a significant increase in the mean survival rate of septic
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rats at 48 h in comparison to the LPS group (Fig. 1C). The survival data for all groups are
presented in Table S3.

Creatinine clearance
As shown in Fig. 1D, we observed a significant decrease in creatinine clearance in LPS
group at 48 h, when compared to the CTL group, the sepsis-induced AKI. All treatments
had no significant effect on creatinine clearance in septic rats. The values for all groups are
presented in Table S3.

Urinary levels of TBARS
Abnormal production of ROS may result in cellular injury through peroxidation of
membrane lipids, protein denaturation, and DNA damage (Srivastava & Kumar, 2015).

Figure 1 Physiological parameters analyses. (A, B) Systolic blood pressure. (C) Survival. (D) Creatinine
clearance. (E) Quantification of thiobarbituric acid reactive substances (TBARS), in rats not subjected to
sepsis, which were either untreated (CTL), rats subjected to sepsis (LPS), septic rats treated with an
ethanolic extract of Brazilian olive leaf (LPSEx), Brazilian olive oil (LPSOlv), ethanolic extract of Brazilian
olive leaf + Brazilian olive oil (LPSExOlv), palm oil (LPSPal), or omega-3 fish oil (LPSOmg). Data are
reported as means ± SD. The significance level for the null hypothesis was set at 5% (p < 0.05). (�) LPS
group at 24 h compared to the CTL group at 24 h, (╤╤) LPS group at 48 h compared to the CTL group at
48 h, (¥¥) for all groups at 24 h compared to the LPS group at 24 h, (¥) for all groups at 48 h compared to
the LPS group at 48 h (ANOVA analysis followed by Bonferroni post hoc test).

Full-size DOI: 10.7717/peerj.7219/fig-1
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Figure 1E shows the urinary levels of TBARS in experimental rats and the antioxidant
effect of experimental treatments. There was an increase in lipid peroxidation in LPS
group, compared to the CTL group at 24 h. Conversely, the levels of TBARS were lower in
all treated groups than in the LPS group, within their respective experimental periods,
but Ex and Pal showed the lowest antioxidant effects. The lipid peroxidation data for all
groups are presented in Table S3.

Anti-inflammatory and proinflammatory mediators
Interleukin-10 is an important anti-inflammatory cytokine (Latorre et al., 2014). IL-10
levels in the LPS group were not significantly different from those in the CTL group. When
compared to the LPS group, all other groups showed higher levels of IL-10, within their
respective experimental periods (Fig. 2A). The IL-10 levels for all groups are presented in
Table S3.

Figure 2 Dosage of anti-inflammatory and proinflammatory mediators. (A) Interleukin 10 (IL-10).
(B) Interleukin 6 (IL-6). (C) Tumor necrosis factor alpha (TNF-a). (D) Interleukin 1β (IL-1β).
(E) Interleukin 1a (IL-1a). (F) Granulocyte-macrophage colony-stimulating factor receptor (GM-CSF)
in rats not subjected to sepsis, which were either untreated (CTL), subjected to sepsis (LPS), septic rats
treated with ethanolic extract of Brazilian olive leaf (LPSEx), Brazilian olive oil (LPSOlv), ethanolic
extract of Brazilian olive leaf + Brazilian olive oil (LPSExOlv), palm oil (LPSPal), or omega-3 fish oil
(LPSOmg). Data are reported as means ± SD. The significance level for the null hypothesis was set at 5%
(p < 0.05). (�) LPS group at 17 h compared to the CTL group at 17 h, (╤╤) LPS group at 48 h compared
to the CTL group at 48 h, (¥¥) for all groups at 17 h compared to the LPS group at 17 h, (¥) for all groups
at 48 h compared to the LPS group at 48 h (ANOVA analysis followed by Bonferroni post hoc test).

Full-size DOI: 10.7717/peerj.7219/fig-2
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Interleukin-6 is a reliable marker for the early diagnosis and follow-up of sepsis (Gabay,
Lamacchia & Palmer, 2010). IL-6 levels increased in the LPS group at 17 and 48 h,
compared to the CTL group. However, when compared to the LPS group, the LPSExOlv,
LPSOlv, and LPSOmg groups showed significantly lower IL-6 levels at 17 and 48 h. IL-6
levels in the LPSEx and LPSPal groups were not significantly different from IL-6 levels
in the LPS group, within their respective experimental periods (Fig. 2B). The IL-6 levels for
all groups are presented in Table S3.

The secretion of proinflammatory cytokines, such as TNF-a and IL-1 (including IL-1a
and IL-1β), in sepsis has been demonstrated in numerous studies (Cannon et al., 1990;
Hesse et al., 1988). TNF-a levels increased in the LPS group when compared to the CTL
group at 17 h. However, when compared to the LPS group, there was a significant decrease
in TNF-a levels in all other treatment groups at 17 h. No significant differences in
TNF-a levels were observed between experimental groups at 48 h, indicating a short
half-life of TNF-a (Fig. 2C). The TNF-a levels for all groups are presented in Table S3.

The inhibition of IL-1β protects against LPS-induced sepsis (Kang et al., 2004).
We observed higher levels of IL-1β in the LPS group after 17 h when compared to the CTL
group. Inversely, IL-1β levels were lower at 17 and 48 h in other treatment groups than
in the LPS group (Fig. 2D), suggesting anti-inflammatory effects of the tested oils and
extracts.

Compared to the CTL group, IL-1a levels increased at 17 and 48 h in the LPS group,
which is suggestive of systemic inflammation (Fig. 2E). There was no significant effect
of extract or oil treatment on IL-1a levels, with the exception of the LPSExOlv group,
in which a significant decrease was seen at 17 h, compared to the LPS group. The IL-1a
levels for all groups are presented in Table S3.

Once released, TNF-a and IL-1 act on different target cells to promote the proliferation,
activation, differentiation, and survival of macrophages (Witsell & Schook, 1992; Fahlman
et al., 1994; Conte et al., 2006) and all these effects enhance proinflammatory responses
during sepsis, we confirmed an increase in GM-CSF levels at 17 and 48 h in the LPS group,
when compared to the CTL group. GM-CSF levels only decreased at 17 h in the
LPSOmg group, but were not statistically different from the LPS group at 17 h in the other
treatment groups. However, at 48 h, GM-CSF levels were lower in all treatment groups,
except the LPSEx group (Fig. 2F). The GM-CSF levels for all groups are presented in
Table S3.

Cell proliferation and apoptosis in the kidney
The number of apoptotic cells per field was also analyzed by immunohistochemical
detection of cleaved caspase-3 (Fig. 3). We observed an increase in apoptosis at 48 h in the
LPS group when compared to the CTL group. The number of apoptotic cells in the LPSEx,
LPSExOlv, LPSOlv, LPSOmg, and LPSPal groups was significantly lower the number
of apoptotic cells in the LPS group (Fig. 3). The cleaved caspase-3 immunohistochemistry
data for all groups are presented in Table S3.

Light microscopic images of kidney tissue sections are presented in Fig. 4. We observed
a decrease in PCNA expression in the LPS group compared to the CTL group. However,
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Figure 3 Light microscopy of kidney sections immunestained with cleaved caspase-3 (staining is
shown in brown). (A) Rats not subjected to sepsis which were not treated (CTL). (B) Rats subjected
to sepsis (LPS). (C) Septic rats treated with an ethanolic extract of Brazilian olive leaf (LPSEx). (D) Septic
rats treated with Brazilian olive oil (LPSOlv). (E) Septic rats treated with ethanolic extract of Brazilian
olive + Brazilian olive oil (LPSExOlv). (F) Septic rats treated with omega-3 fish oil (LPSOmg). (G) Septic
rats treated with palm oil (LPSPal). (H) Quantitative analyses of kidney sections stained for cleaved
caspase-3. Data are reported as means ± SD. The significance level for the null hypothesis was set at 5%
(p < 0.05). (╤╤) LPS group at 48 h compared to the CTL group at 48 h, (¥) for all groups at 48 h
compared to the LPS group at 48 h (ANOVA analysis followed by Bonferroni post hoc test).

Full-size DOI: 10.7717/peerj.7219/fig-3
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Figure 4 Light microscopy of kidney sections immunostained with PCNA (staining is shown in
brown). (A) Rats not subjected to sepsis which were not treated (CTL). (B) Rats subjected to sepsis
(LPS). (C) Septic rats treated with an ethanolic extract of Brazilian olive leaf (LPSEx). (D) Septic rats
treated with Brazilian olive oil (LPSOlv). (E) Septic rats treated with ethanolic extract of Brazilian olive +
Brazilian olive oil (LPSExOlv). (F) Septic rats treated with omega-3 fish oil (LPSOmg). (G) Septic rats
treated with palm oil (LPSPal). (H) Quantitative analyses of kidney sections stained for cleaved caspase-3.
Data are reported as means ± SD. The significance level for the null hypothesis was set at 5% (p < 0.05).
(╤╤) LPS group at 48 h compared to the CTL group at 48 h, (¥) for all groups at 48 h compared to the
LPS group at 48 h (ANOVA analysis followed by Bonferroni post hoc test).

Full-size DOI: 10.7717/peerj.7219/fig-4
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a high level of PCNA expression was detected at 48 h in kidneys of the LPSEx, LPSExOlv,
LPSOlv, LPSOmg, and LPSPal groups, when compared to the LPS group, indicating an
increase in cell proliferation. The PCNA expression data for all groups are presented
in Table S3.

Comparative effects of olive and palm products and omega-3 fish oil
Table 1 compares the results of LPSEx, LPSOlv, LPSExOlv, and LPSPal treatments with the
results of LPSOmg treatment. In our experimental conditions, only Olv showed similar
results to Omg, since there was no significant difference in lipid peroxidation, IL-1β, and
IL-6 data between these two treatments.

DISCUSSION
Systemic inflammatory response syndrome in septic patients is characterized by an
exacerbation of inflammation, with increased levels of pro-inflammatory cytokines in the
bloodstream. This stimulates an intense cellular response, characterized by the release
of secondary mediators and the activation of granulocytes, which are responsible for the
reactivation of phagocytic cells, which increases their oxygen consumption, causing the
production of ROS and thus, forming a vicious cycle of inflammation (Pang et al., 1994;
Noworyta-Soko1owska, Górska & Go1embiowska, 2013; Wiersinga et al., 2014).

Renal injury (Park et al., 2012; Stewart et al., 2005) and sepsis are associated with a
significant increase of ROS and lipid peroxidation. In our experimental model, sepsis was
characterized by hypotension and increase of IL-6, early marker of sepsis. Additionally,
sepsis induced AKI was characterized by reduction of creatinine clearance.

The treatments tested in this study resulted in a decrease in lipid peroxidation in the
urine of septic rats. This reduction may be related to the lower level of granulocyte
activation observed under these experimental conditions.

Table 1 Comparative effects of olive and palm products and omega-3 fish oil.

Time (h) LPSOmg LPSOlv LPSExOlv LPSEx LPSPal

TBARS 0 10.3 ± 1.7 9.90 ± 1.7 9.7 ± 2.2 7.3 ± 3.5 8 ± 1.9

24 53.2 ± 10.3 76.5 ± 20 80.7 ± 19 134.3 ± 18.4* 102.6 ± 24.7*

48 58.5 ± 13.2 82.3 ± 26.3 86.8 ± 23.5 164.9 ± 26.4** 130.1 ± 28.3**

IL-6 0 8.69 ± 1.0 9.99 ± 1.04 10.0 ± 1.5 10.1 ± 1.8 9.1 ± 1.4

17 76.3 ± 39.4 92.7 ± 31.5 121.8 ± 45.8 202 ± 51.8* 194.2 ± 62.4*

48 14.2 ± 4.7 12.1 ± 4.5 17.9 ± 13.3** 27.2 ± 5.5** 17.2 ± 3.9**

IL-1β 0 29 ± 3 32 ± 4 32 ± 5 37 ± 2 29 ± 8

17 139 ± 29 166 ± 57 174 ± 77 404 ± 125* 256 ± 140*

48 154 ± 59 198 ± 80 205 ± 114 439 ± 82** 285 ± 103**

Notes:
Quantification of thiobarbituric acid reactive substances (TBARS), interleukin 6 (IL-6) levels, and interleukin 1β (IL-1β)
levels in septic rats treated with an ethanolic extract of Brazilian olive leaf (LPSEx), Brazilian olive oil (LPSOlv), ethanolic
extract of Brazilian olive leaf + Brazilian olive oil (LPSExOlv), palm oil (LPSPal), and omega-3 fish oil (LPSOmg). Data
are reported as means ± SD. The significance level for the null hypothesis was set at 5% (p < 0.05).
* For all groups at 17 or 24 h compared to the LPSOmg group at 17 or 24 h.
** For all groups at 48 h compared to the LPSOmg group at 48 h (simple linear regression analysis followed by Bonferroni
post hoc test).
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Reactive oxygen species also mediates cell cycle arrest by activating inhibitory proteins.
Furthermore, high concentrations of ROS have been shown to induce apoptosis and
necrosis (Dong-Yun et al., 2003). PCNA is an auxiliary protein of DNA polymerase and it
plays a fundamental role in the initiation of cell proliferation. Its expression is used as
an index of renal regeneration (Park et al., 1997; Plotnikov et al., 2018). Therefore, we were
interested in evaluating these parameters in the kidneys of rats in this study.

A decrease in the levels of cleaved caspase-3, an important marker of apoptosis,
accompanied by an increase in PCNA expression, was observed in the kidneys of septic
rats treated with all test substance, suggesting a mechanism of renal repair. However, we
did not observe a normalization of creatinine clearance or blood pressure, which may
need a longer treatment time to take effect.

When evaluating the hyperinflammatory state in septic rats, those all treatments
showed a decrease in TNF-a and IL-1β levels, while those treated with Olv and Omg also
showed a decrease in IL-6 levels. These results demonstrated important anti-inflammatory
effects of all treatments tested, but especially for Olv and Omg.

Interleukin-10 is the main cytokine responsible for the regulation of the innate immune
response (Kosaka et al., 2016). It is considered an anti-inflammatory cytokine that
suppresses the production of proinflammatory cytokines (Barsig et al., 1995). All-treated
septic rats showed an increase in IL-10 levels, indicating the induction of an anti-
inflammatory response.

According to previous reports, the dysregulated expression of the cytokines, IL-6,
TNF-a, and IL-1β, is associated with mortality in patients with sepsis (Stevens et al., 2017;
Walley et al., 1996). A meta-analysis showed that TNF-a-targeted therapies result in
only a 2% improvement in mortality compared to placebo (Lv et al., 2014). Similarly, IL-1
receptor agonist administration has shown limited clinical success (Opal et al., 1997).
However, therapeutic interventions targeting individual cytokines have not conferred a
significant clinical benefit.

Therefore, it is possible that the complications that develop in experimental sepsis and
perhaps also in human sepsis, may be attenuated by therapeutic interventions that either
reduce the levels of proinflammatory mediators or that restore the impaired adaptive
and innate immune responses.

Among all therapeutic strategies, immunomodulation through the use of Omg has
received significant attention and its effects are well established in experimental models of
sepsis (Lu et al., 2017; Chen et al., 2018; Svahn et al., 2016; Dehkordi et al., 2015; Frimmel
et al., 2016). In view of this, we compared the effects of all test substances used in this
study with the effects of Omg.

Treatment Ex and Pal were beneficial in septic rats in this study. These treatments
increased survival rate and did not aggravate inflammation, but they were not as effective
as Olv and Omg. The reduced protection against sepsis observed after Ex treatment
may be explained by the significantly lower total phenol content in this extract when
compared to Olv (Mello & Pinheiro, 2012). The phenol content in several plants is related
to its antioxidant properties (Piluzza & Bullitta, 2011). Additionally, the reduced
protection observed after Pal treatment can be explained by the high percentage of
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palmitic acid (Fattore & Fanelli, 2013). Previous studies showed that palmitic acid-
induced inflammatory injury in many tissues and organs as myocardial (Wang et al., 2017),
brain (Ortiz-Rodriguez et al., 2019), liver (Xu et al., 2016), and kidney (Liu et al., 2018).

Interestingly, only Olv and Omg decreased the sepsis-induced secretion of the
inflammatory cytokines, TNF-a, IL-6, and IL-1β and stimulated the secretion of the
anti-inflammatory cytokine, IL-10. Olv andOmg increased survival rate and down-regulated
ROS levels in septic rats, which was accompanied by a lower level of granulocyte/
macrophage activation. Although Olv and Omg were not effective at improving renal
function or blood pressure during the first 24 to 48 h of sepsis, they did induce a higher
level of cell proliferation in the kidney, which was accompanied by a decrease in apoptosis,
suggesting a mechanism of renal repair.

These results support the hypothesis that Brazilian olive oil (Olv) has similar effects to Omg
on LPS-induced sepsis in rats. A population-based cohort study showed that adherence to a
Mediterranean-style diet is related to lower risk of sepsis (Gray et al., 2018). This diet is
based on vegetables, fruits, legumes, cereal, and omega 3 fatty acid rich fishes. According to
our results, we can speculate that olive oil rich diet could also contribute to the lower the risk
of sepsis. Nevertheless, other studies are necessary to better address this question.

CONCLUSION
The administration of Brazilian olive oil and Omg had considerable beneficial effects on
LPS-induced sepsis, mainly due to reversal of the hyperinflammatory state. Therefore,
these two natural food substances have similar effects and must be studied further in order
to provide a better understanding of the pathophysiological mechanisms underlying sepsis
and thus, enable the development of more effective therapeutic interventions.

ACKNOWLEDGEMENTS
We are grateful to Department of Morphology and Genetics, UNIFESP/EPM, São Paulo,
Brazil.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the Conselho Nacional de Desenvolvimento Científico
Tecnológico (CNPq), Financiadora de Estudos e Projetos (FINEP), Fundação Oswaldo
Ramos (FOR), Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP) and
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES). The funders had
no role in study design, data collection and analysis, decision to publish, or preparation of
the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Conselho Nacional de Desenvolvimento Científico Tecnológico (CNPq).
Financiadora de Estudos e Projetos (FINEP).

Ramos et al. (2019), PeerJ, DOI 10.7717/peerj.7219 14/20

http://dx.doi.org/10.7717/peerj.7219
https://peerj.com/


Fundação Oswaldo Ramos (FOR).
Fundação de Amparo à Pesquisa do Estado de São Paulo (FAPESP).
Coordenação de Aperfeiçoamento de Pessoal de Nível Superior (CAPES).

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Maria Fátima de Paula Ramos conceived and designed the experiments, performed the
experiments, analyzed the data, contributed reagents/materials/analysis tools, prepared
figures and/or tables, approved the final draft, wrote the manuscript.

� Olvania Basso Oliveira performed the experiments, approved the final draft.
� Alceni do Carmo Morais Monteiro de Barros performed the experiments, approved the
final draft.

� Clara Versolato Razvickas performed the experiments, approved the final draft.
� Edson de Andrade Pessoa performed the experiments, approved the final draft.
� Rinaldo Florêncio da Silva performed the experiments, approved the final draft.
� Ana Maria Soares Pereira performed the experiments, approved the final draft.
� Marcia Bastos Convento prepared figures and/or tables, approved the final draft, wrote
the manuscript.

� Fernanda Teixeira Borges conceived and designed the experiments, prepared figures
and/or tables, approved the final draft, wrote the manuscript.

� Nestor Schor conceived and designed the experiments, authored or reviewed drafts of
the paper, approved the final draft.

Animal Ethics
The following information was supplied relating to ethical approvals (i.e., approving body
and any reference numbers):

The experimental protocol was approved by the Ethics Committee (CEP 0350/12), of
the Universidade Federal de São Paulo (UNIFESP).

Data Availability
The following information was supplied regarding data availability:

The raw numeric data is available as a Supplemental File.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.7219#supplemental-information.

REFERENCES
Andrades M, Morina A, Spasi�c S, Spasojevi�c I. 2011. Bench-to-bedside review: sepsis-from the

redox point of view. Critical Care 15(5):230 DOI 10.1186/cc10334.

Barsig J, Küsters S, Vogt K, Volk H-D, Tiegs G, Wendel A. 1995. Lipopolysaccharide-induced
interleukin-10 in mice: role of endogenous tumor necrosis factor-a. European Journal of
Immunology 25(10):2888–2893 DOI 10.1002/eji.1830251027.

Ramos et al. (2019), PeerJ, DOI 10.7717/peerj.7219 15/20

http://dx.doi.org/10.7717/peerj.7219#supplemental-information
http://dx.doi.org/10.7717/peerj.7219#supplemental-information
http://dx.doi.org/10.7717/peerj.7219#supplemental-information
http://dx.doi.org/10.1186/cc10334
http://dx.doi.org/10.1002/eji.1830251027
http://dx.doi.org/10.7717/peerj.7219
https://peerj.com/


Berger MM, Chioléro RL. 2007. Antioxidant supplementation in sepsis and systemic
inflammatory response syndrome. Critical Care Medicine 35(Suppl):S584–S590
DOI 10.1097/01.CCM.0000279189.81529.C4.

Beuge JA, Aust S. 1978. The thiobarbituric acid assay. Method Enzym 52:306–307.

Blainski A, Lopes GC, De Mello J. 2013. Application and analysis of the folin ciocalteu method for
the determination of the total phenolic content from Limonium brasiliense L. Molecules
18(6):6852–6865 DOI 10.3390/molecules18066852.

Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM, Sibbald WJ.
1992. Definitions for sepsis and organ failure and guidelines for the use of innovative therapies
in sepsis. Chest 101(6):1644–1655 DOI 10.1378/chest.101.6.1644.

Brazilian Ministry of Science, Technology, Innovation and Communication. 2016. Diretriz
Brasileira para o Cuidado e a Utilização de Animais em Atividades de Ensino ou de Pesquisa
Científica—DBCA. Resolução Normativa MCTI. 2016. Available at https://ww2.icb.usp.br/icb/
wp-content/uploads/bioterio_etica/RESOLUCAO_NOR_30.pdf (accessed 5 March 2018).

Buras JA, Holzmann B, Sitkovsky M. 2005. Animal models of sepsis: setting the stage.
Nature Reviews Drug Discovery 4(10):854–865 DOI 10.1038/nrd1854.

Cannon JG, Tompkins RG, Gelfand JA, Michie HR, Stanford GG, Van Der Meer JWM,
Endres S, Lonnemann G, Corsetti J, Chernow B, Wilmore DW, Wolff SM, Burke JF,
Dinarello CA. 1990. Circulating interleukin-1 and tumor necrosis factor in septic shock
and experimental endotoxin fever. Journal of Infectious Diseases 161(1):79–84
DOI 10.1093/infdis/161.1.79.

Casas R, Sacanella E, Urpí-Sardà M, Corella D, Castañer O, Lamuela-Raventos RM,
Salas-Salvadó J, Martínez-González M-A, Ros E, Estruch R. 2016. Long-term
immunomodulatory effects of a mediterranean diet in adults at high risk of cardiovascular
disease in the prevención con dieta mediterránea (PREDIMED) randomized controlled trial.
Journal of Nutrition 146(9):1684–1693 DOI 10.3945/jn.115.229476.

Castrogiovanni P, Trovato F, Loreto C, Nsir H, Szychlinska M, Musumeci G. 2016.
Nutraceutical supplements in the management and prevention of osteoarthritis. International
Journal of Molecular Sciences 17(12):2042 DOI 10.3390/ijms17122042.

Chen HS, Wang S, Zhao Y, Luo YT, Tong HS, Su L. 2018. Correlation analysis of omega-3 fatty
acids and mortality of sepsis and sepsis-induced ARDS in adults: data from previous randomized
controlled trials. Nutrition Journal 17(1):57 DOI 10.1186/s12937-018-0356-8.

Concea (CNDCDEA/MDCTEI). 2013. Diretriz brasileira para o cuidado e a utilização de animais
para fins científicos e didáticos. Available at http://pages.cnpem.br/ceua/wp-content/uploads/
sites/56/2015/06/DBCA.pdf (accessed 5 March 2018).

Conte D, Holcik M, Lefebvre CA, LaCasse E, Picketts DJ, Wright KE, Korneluk RG. 2006.
Inhibitor of apoptosis protein cIAP2 is essential for lipopolysaccharide-induced
macrophage survival. Molecular and Cellular Biology 26(2):699–708
DOI 10.1128/MCB.26.2.699-708.2006.

Dare AJ, Phillips ARJ, Hickey AJR, Mittal A, Loveday B, Thompson N, Windsor JA. 2009.
A systematic review of experimental treatments for mitochondrial dysfunction in sepsis
and multiple organ dysfunction syndrome. Free Radical Biology and Medicine 47(11):1517–1525
DOI 10.1016/j.freeradbiomed.2009.08.019.

Dehkordi NG, Noorbakhshnia M, Ghaedi K, Esmaeili A, Dabaghi M. 2015. Omega-3 fatty acids
prevent LPS-induced passive avoidance learning and memory and CaMKII-a gene expression
impairments in hippocampus of rat. Pharmacological Reports 67(2):370–375
DOI 10.1016/j.pharep.2014.10.014.

Ramos et al. (2019), PeerJ, DOI 10.7717/peerj.7219 16/20

http://dx.doi.org/10.1097/01.CCM.0000279189.81529.C4
http://dx.doi.org/10.3390/molecules18066852
http://dx.doi.org/10.1378/chest.101.6.1644
https://ww2.icb.usp.br/icb/wp-content/uploads/bioterio_etica/RESOLUCAO_NOR_30.pdf
https://ww2.icb.usp.br/icb/wp-content/uploads/bioterio_etica/RESOLUCAO_NOR_30.pdf
http://dx.doi.org/10.1038/nrd1854
http://dx.doi.org/10.1093/infdis/161.1.79
http://dx.doi.org/10.3945/jn.115.229476
http://dx.doi.org/10.3390/ijms17122042
http://dx.doi.org/10.1186/s12937-018-0356-8
http://pages.cnpem.br/ceua/wp-content/uploads/sites/56/2015/06/DBCA.pdf
http://pages.cnpem.br/ceua/wp-content/uploads/sites/56/2015/06/DBCA.pdf
http://dx.doi.org/10.1128/MCB.26.2.699-708.2006
http://dx.doi.org/10.1016/j.freeradbiomed.2009.08.019
http://dx.doi.org/10.1016/j.pharep.2014.10.014
http://dx.doi.org/10.7717/peerj.7219
https://peerj.com/


Deitch EA. 1998. Animal models of sepsis and shock: a review and lessons learned. Shock 9(1):1–11
DOI 10.1097/00024382-199801000-00001.

Dong-Yun S, Yu-Ru D, Shan-Lin L, Ya-Dong Z, Lian W. 2003. Redox stress regulates cell
proliferation and apoptosis of human hepatoma through Akt protein phosphorylation.
FEBS Letters 542(1–3):60–64 DOI 10.1016/S0014-5793(03)00338-7.

Fahlman C, Jacobsen FW, Veiby OP, McNiece IK, Blomhoff HK, Jacobsen SE. 1994. Tumor
necrosis factor-alpha (TNF-alpha) potently enhances in vitro macrophage production from
primitive murine hematopoietic progenitor cells in combination with stem cell factor and
interleukin-7: novel stimulatory role of p55 TNF receptors. Blood 84(5):1528–1533.

Fattore E, Fanelli R. 2013. Palm oil, and palmitic acid: a review on cardiovascular effects and
carcinogenicity. International Journal of Food Sciences and Nutrition 64(5):648–659
DOI 10.3109/09637486.2013.768213.

Firat O, Makay O, Yeniay L, Gokce G, Yenisey C, Coker A. 2017. Omega-3 fatty acids inhibit
oxidative stress in a rat model of liver regeneration. Annals of Surgical Treatment and Research
93(1):1–10 DOI 10.4174/astr.2017.93.1.1.

Frimmel K, Sotníková R, Navarová J, Bernátová I, Krizák J, Haviarová Z, Kura B, Slezák J,
Okruhlicová L. 2016. Omega-3 fatty acids reduce lipopolysaccharide-induced abnormalities
in expression of connexin-40 in aorta of hereditary hypertriglyceridemic rats. Physiological
Research 19:65–76.

Gabay C, Lamacchia C, Palmer G. 2010. IL-1 pathways in inflammation and human diseases.
Nature Reviews Rheumatology 6(4):232–241 DOI 10.1038/nrrheum.2010.4.

Glatzle J, Beckert S, Kasparek MS, Mueller MH, Mayer P, Meile T, Konigsrainer A, Steurer W.
2007. Olive oil is more potent than fish oil to reduce septic pulmonary dysfunctions in rats.
Langenbeck’s Archives of Surgery 392(3):323–329 DOI 10.1007/s00423-007-0157-6.

Gray MS, Wang HE, Martin KD, Donnelly JP, Gutiérrez OM, Shikany JM, Judd SE. 2018.
Adherence to mediterranean-style diet and risk of sepsis in the reasons for geographic and racial
differences in stroke (REGARDS) cohort. British Journal of Nutrition 120(12):1415–1421
DOI 10.1017/S0007114518002866.

Hartman L, Lago RC. 1973. Rapid preparation of fatty acid methyl esters from lipids. Laboratory
Practice 22(6):475–477.

Hesse DG, Tracey KJ, Fong Y, Manogue KR, Palladino MA Jr, Cerami A, Shires GT, Lowry SF.
1988. Cytokine appearance in human endotoxemia and primate bacteremia. Surgery Gynecology &
Obstetrics 166(2):147–153.

Kang JS, Jeon YJ, Park S-K, Yang K-H, Kim HM. 2004. Protection against lipopolysaccharide-
induced sepsis and inhibition of interleukin-1b and prostaglandin E2 synthesis by silymarin.
Biochemical Pharmacology 67(1):175–181 DOI 10.1016/j.bcp.2003.08.032.

Katengua-Thamahane E,Marnewick JL, AjuwonOR, ChegouNN, Szűcs G, Ferdinandy P, Csont T,
Csonka C, Van Rooyen J. 2014. The combination of red palm oil and rooibos show anti-
inflammatory effects in rats. Journal of Inflammation 11(1):41 DOI 10.1186/s12950-014-0041-4.

Kosaka J, Lankadeva YR, May CN, Bellomo R. 2016.Histopathology of septic acute kidney injury:
a systematic review of experimental data. Critical Care Medicine 44(9):e897–e903
DOI 10.1097/CCM.0000000000001735.

Lafka T-I, Lazou A, Sinanoglou V, Lazos E. 2013. Phenolic extracts from wild olive leaves
and their potential as edible oils antioxidants. Foods 2(1):18–31 DOI 10.3390/foods2010018.

Latorre E, Matheus N, Layunta E, Alcalde AI, Mesonero JE. 2014. IL-10 counteracts
proinflammatory mediator evoked oxidative stress in Caco-2 cells. Mediators of Inflammation
2014:1–6 DOI 10.1155/2014/982639.

Ramos et al. (2019), PeerJ, DOI 10.7717/peerj.7219 17/20

http://dx.doi.org/10.1097/00024382-199801000-00001
http://dx.doi.org/10.1016/S0014-5793(03)00338-7
http://dx.doi.org/10.3109/09637486.2013.768213
http://dx.doi.org/10.4174/astr.2017.93.1.1
http://dx.doi.org/10.1038/nrrheum.2010.4
http://dx.doi.org/10.1007/s00423-007-0157-6
http://dx.doi.org/10.1017/S0007114518002866
http://dx.doi.org/10.1016/j.bcp.2003.08.032
http://dx.doi.org/10.1186/s12950-014-0041-4
http://dx.doi.org/10.1097/CCM.0000000000001735
http://dx.doi.org/10.3390/foods2010018
http://dx.doi.org/10.1155/2014/982639
http://dx.doi.org/10.7717/peerj.7219
https://peerj.com/


Levy MM, Fink MP, Marshall JC, Abraham E, Angus D, Cook D, Cohen J, Opal SM,
Vincent J-L, Ramsay G. 2003. 2001 SCCM/ESICM/ACCP/ATS/SIS international sepsis
definitions conference. Critical Care Medicine 31(4):1250–1256
DOI 10.1097/01.CCM.0000050454.01978.3B.

Liaño F, Pascual J, The Madrid Acute Renal Failure Study Group. 1996. Epidemiology of acute
renal failure: a prospective, multicenter, community-based study. Kidney International
50(3):811–818 DOI 10.1038/ki.1996.380.

Liu T, Chen X-M, Sun J-Y, Jiang X-S, Wu Y, Yang S, Huang H-Z, Ruan X-Z, Du X-G. 2018.
Palmitic acid-induced podocyte apoptosis via the reactive oxygen species-dependent mitochondrial
pathway. Kidney and Blood Pressure Research 43(1):206–219 DOI 10.1159/000487673.

Lockyer S, Rowland I, Spencer JPE, Yaqoob P, Stonehouse W. 2017. Impact of phenolic-rich
olive leaf extract on blood pressure, plasma lipids and inflammatory markers: a randomized
controlled trial. European Journal of Nutrition 56(4):1421–1432
DOI 10.1007/s00394-016-1188-y.

Lu C, Sharma S, McIntyre L, Rhodes A, Evans L, Almenawer S, Leduc L, Angus DC, AlhazzaniW.
2017. Omega-3 supplementation in patients with sepsis: a systematic review and meta-analysis of
randomized trials. Annals of Intensive Care 7(1):58 DOI 10.1186/s13613-017-0282-5.

Lv S, Han M, Yi R, Kwon S, Dai C, Wang R. 2014. Anti-TNF-a therapy for patients with sepsis:
a systematic meta-analysis. International Journal of Clinical Practice 68(4):520–528
DOI 10.1111/ijcp.12382.

Makris K, Spanou L. 2016. Acute kidney injury: definition, pathophysiology and clinical
phenotypes. Clinical Biochemist Reviews 37(2):85–98.

Mancini A, Imperlini E, Nigro E, Montagnese C, Daniele A, Orrù S, Buono P. 2015.
Biological and nutritional properties of palm oil and palmitic acid: effects on health. Molecules
20(9):17339–17361 DOI 10.3390/molecules200917339.

Mas E, Barden A, Burke V, Beilin LJ, Watts GF, Huang R-C, Puddey IB, Irish AB, Mori TA.
2016. A randomized controlled trial of the effects of n-3 fatty acids on resolvins in chronic
kidney disease. Clinical Nutrition 35(2):331–336 DOI 10.1016/j.clnu.2015.04.004.

Mello LD, Pinheiro MF. 2012. Aspectos Físico-Químicos de Azeites de Oliva e de Folhas de
Oliveira Provenientes de Cultivares do RS. Alimentos e Nutricao (Brazilian Journal of Food
and Nutrition) 23(4):537–548.

Mikacenic C, Price BL, Harju-Baker S, O’Mahony DS, Robinson-Cohen C, Radella F, Hahn WO,
Katz R, Christiani DC, Himmelfarb J, Liles WC, Wurfel MM. 2017. A two-biomarker
model predicts mortality in the critically ill with sepsis. American Journal of Respiratory and
Critical Care Medicine 196(8):1004–1011 DOI 10.1164/rccm.201611-2307OC.

Noworyta-Soko1owska K, Górska A, Go1embiowska K. 2013. LPS-induced oxidative stress and
inflammatory reaction in the rat striatum. Pharmacological Reports 65(4):863–869
DOI 10.1016/S1734-1140(13)71067-3.

Opal SM, Fisher CJ Jr, Dhainaut J-FA, Vincent J-L, Brase R, Lowry SF, Sadoff JC, Slotman GJ,
Levy H, Balk RA, Shelly MP, Pribble JP, LaBrecque JF, Lookabaugh J, Donovan H, Dubin H,
Baughman R, Norman J, DeMaria E, Matzel K, Abraham E, Seneff M. 1997. Confirmatory
interleukin-1 receptor antagonist trial in severe sepsis: a phase III, randomized, doubleblind,
placebo-controlled, multicenter trial. Critical Care Medicine 25(7):1115–1124
DOI 10.1097/00003246-199707000-00010.

Ortiz-Rodriguez A, Acaz-Fonseca E, Boya P, Arevalo MA, Garcia-Segura LM. 2019. Lipotoxic
effects of palmitic acid on astrocytes are associated with autophagy impairment. Molecular
Neurobiology 56(3):1665–1680 DOI 10.1007/s12035-018-1183-9.

Ramos et al. (2019), PeerJ, DOI 10.7717/peerj.7219 18/20

http://dx.doi.org/10.1097/01.CCM.0000050454.01978.3B
http://dx.doi.org/10.1038/ki.1996.380
http://dx.doi.org/10.1159/000487673
http://dx.doi.org/10.1007/s00394-016-1188-y
http://dx.doi.org/10.1186/s13613-017-0282-5
http://dx.doi.org/10.1111/ijcp.12382
http://dx.doi.org/10.3390/molecules200917339
http://dx.doi.org/10.1016/j.clnu.2015.04.004
http://dx.doi.org/10.1164/rccm.201611-2307OC
http://dx.doi.org/10.1016/S1734-1140(13)71067-3
http://dx.doi.org/10.1097/00003246-199707000-00010
http://dx.doi.org/10.1007/s12035-018-1183-9
http://dx.doi.org/10.7717/peerj.7219
https://peerj.com/


Pang G, Couch L, Batey R, Clancy R, Cripps A. 1994. GM-CSF, IL-1a, IL-b, IL-6, IL-8, IL-10,
ICAM-1 and VCAM-1 gene expression and cytokine production in human duodenal fibroblasts
stimulated with lipopolysaccharide, IL-1a and TNF-a. Clinical & Experimental Immunology
96(3):437–443 DOI 10.1111/j.1365-2249.1994.tb06048.x.

Park CH, Tanaka T, Cho EJ, Park JC, Shibahara N, Yokozawa T. 2012. Glycerol-induced renal
damage improved by 7-O-galloyl-D-sedoheptulose treatment through attenuating oxidative
stress. Biological & Pharmaceutical Bulletin 35(1):34–41 DOI 10.1248/bpb.35.34.

Park SK, Kang MJ, Kim W, Koh GY. 1997. Renal tubule regeneration after ischemic injury is
coupled to the up-regulation and activation of cyclins and cyclin dependent kinases. Kidney
International 52(3):706–714 DOI 10.1038/ki.1997.386.

Pérez-Bonilla M, Sánchez SSA, Van Beek TA, Altarejos JA. 2013. Effect of extraction conditions
on the antioxidant activity of olive wood extracts. International Journal of Food Science
2013:1–13 DOI 10.1155/2013/719593.

Piluzza G, Bullitta S. 2011. Correlations between phenolic content and antioxidant properties
in twenty-four plant species of traditional ethnoveterinary use in the Mediterranean area.
Pharmaceutical Biology 49(3):240–247 DOI 10.3109/13880209.2010.501083.

Plotnikov E, Brezgunova A, Pevzner I, Zorova L, Manskikh V, Popkov V, Silachev D, Zorov D.
2018. Mechanisms of LPS-induced acute kidney injury in neonatal and adult rats. Antioxidants
7(8):E105 DOI 10.3390/antiox7080105.

Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D, Bauer M, Bellomo R,
Bernard GR, Chiche J-D, Coopersmith CM, Hotchkiss RS, Levy MM, Marshall JC,
Martin GS, Opal SM, Rubenfeld GD, Van Der Poll T, Vincent J-L, Angus DC. 2016.
The third international consensus definitions for sepsis and septic shock (sepsis-3). JAMA
315(8):801–810 DOI 10.1001/jama.2016.0287.

Singh AP, Junemann A, Muthuraman A, Jaggi AS, Singh N, Grover K, Dhawan R. 2012.
Animal models of acute renal failure. Pharmacological Reports 64(1):31–44
DOI 10.1016/S1734-1140(12)70728-4.

Smith HW. 1952. The kidney: structure and function in health and disease. Postgraduate Medical
Journal 28(317):191–192.

Srivastava KK, Kumar R. 2015. Stress, oxidative injury and disease. Indian Journal of Clinical
Biochemistry 30(1):3–10 DOI 10.1007/s12291-014-0441-5.

Stevens NE, Chapman MJ, Fraser CK, Kuchel TR, Hayball JD, Diener KR. 2017. Therapeutic
targeting of HMGB1 during experimental sepsis modulates the inflammatory cytokine profile
to one associated with improved clinical outcomes. Scientific Reports 7(1):5850
DOI 10.1038/s41598-017-06205-z.

Stewart T, Jung FF, Manning J, Vehaskari VM. 2005. Kidney immune cell infiltration and
oxidative stress contribute to prenatally programmed hypertension. Kidney International
68(5):2180–2188 DOI 10.1111/j.1523-1755.2005.00674.x.

Svahn SL, Ulleryd MA, Grahnemo L, StåhlmanM, Borén J, Nilsson S, Jansson J-O, Johansson ME.
2016.Dietary omega-3 fatty acids increase survival and decrease bacterial load in mice subjected
to Staphylococcus aureus-induced sepsis. Infection and Immunity 84(4):1205–1213
DOI 10.1128/IAI.01391-15.

Taniguchi LU, Pires EMC, Vieira JM Jr, De Azevedo LCP. 2017. Systemic inflammatory
response syndrome criteria and the prediction of hospital mortality in critically ill patients:
a retrospective cohort study. Revista Brasileira de Terapia Intensiva 29(3):317–324
DOI 10.5935/0103-507X.20170047.

Ramos et al. (2019), PeerJ, DOI 10.7717/peerj.7219 19/20

http://dx.doi.org/10.1111/j.1365-2249.1994.tb06048.x
http://dx.doi.org/10.1248/bpb.35.34
http://dx.doi.org/10.1038/ki.1997.386
http://dx.doi.org/10.1155/2013/719593
http://dx.doi.org/10.3109/13880209.2010.501083
http://dx.doi.org/10.3390/antiox7080105
http://dx.doi.org/10.1001/jama.2016.0287
http://dx.doi.org/10.1016/S1734-1140(12)70728-4
http://dx.doi.org/10.1007/s12291-014-0441-5
http://dx.doi.org/10.1038/s41598-017-06205-z
http://dx.doi.org/10.1111/j.1523-1755.2005.00674.x
http://dx.doi.org/10.1128/IAI.01391-15
http://dx.doi.org/10.5935/0103-507X.20170047
http://dx.doi.org/10.7717/peerj.7219
https://peerj.com/


Waikar SS, Liu KD, Chertow GM. 2008. Diagnosis, epidemiology and outcomes of acute kidney
injury. Clinical Journal of the American Society of Nephrology 3(3):844–861
DOI 10.2215/CJN.05191107.

Walley KR, Lukacs NW, Standiford TJ, Strieter RM, Kunkel SL. 1996. Balance of inflammatory
cytokines related to severity and mortality of murine sepsis. Infection and Immunity
64:4733–4738.

Wang Y, Qian Y, Fang Q, Zhong P, Li W, Wang L, Fu W, Zhang Y, Xu Z, Li X, Liang G. 2017.
Saturated palmitic acid induces myocardial inflammatory injuries through direct binding to
TLR4 accessory protein MD2.Nature Communications 8(1):13997 DOI 10.1038/ncomms13997.

Wiersinga WJ, Leopold SJ, Cranendonk DR, Van Der Poll T. 2014. Host innate immune
responses to sepsis. Virulence 5(1):36–44 DOI 10.4161/viru.25436.

Witsell LAL, Schook LB. 1992. Tumor necrosis factor alpha is an autocrine growth regulator
during macrophage differentiation. Proceedings of the National Academy of Sciences of the
United States of America 89(10):4754–4758 DOI 10.1073/pnas.89.10.4754.

Xu W, Guo YB, Li X, He MR, Liu SD. 2016. Palmitic acid induces hepatocellular oxidative
stress and activation of inflammasomes. Journal of Southern Medical University 36(5):655–659.

Ramos et al. (2019), PeerJ, DOI 10.7717/peerj.7219 20/20

http://dx.doi.org/10.2215/CJN.05191107
http://dx.doi.org/10.1038/ncomms13997
http://dx.doi.org/10.4161/viru.25436
http://dx.doi.org/10.1073/pnas.89.10.4754
http://dx.doi.org/10.7717/peerj.7219
https://peerj.com/

	Comparison of olive leaf, olive oil, palm oil, and omega-3 oil in acute kidney injury induced by sepsis in rats
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


