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Syagrus coronata fixed oil attenuates inflammation, oxidative stress
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Abstract

Acute pancreatitis is an inflammatory condition characterized by an intense systemic inflammatory response and increased
oxidative stress, which may compromise distant organs such as the lungs. In this context, natural compounds with anti-
oxidant and anti-inflammatory properties have been investigated as potential therapeutic agents. Therefore, this study
aimed to evaluate the effect of the fixed oil from Syagrus coronata in an experimental model of L-arginine-induced acute
pancreatitis. Pancreatitis was induced in mice by two intraperitoneal injections of L-arginine (8%, 4 g/kg). Animals were
orally treated with Syagrus coronata fixed oil (ScFO) at doses of 25, 50, or 100 mg/kg after disease induction. Serum
biochemical parameters (amylase, lipase, and glucose), inflammatory cytokines (IL-1pB, IL-6, and TNF-a), oxidative stress
markers in lung tissue (MDA, SOD, and CAT), and histological alterations were evaluated. Pancreatitis induction sig-
nificantly increased amylase, lipase, glucose, inflammatory cytokines, and lipid peroxidation, while reducing antioxidant
enzyme activity in lung tissue. Treatment with ScFO at 50 mg/kg reduced amylase (35.12%), lipase (40.74%), and glu-
cose levels (20.24%), whereas the 100 mg/kg dose produced reductions of 56.44%, 59.26%, and 30.95%, respectively.
Decreases in IL-1B (32.05% and 52.56%), IL-6 (31.34% and 52.99%), and TNF-a (29.55% and 50%) were also observed
at doses of 50 and 100 mg/kg. In lung tissue, the oil reduced MDA levels by 34.78% and 54.71% and increased SOD and
CAT activity at higher doses. The 25 mg/kg dose showed no significant effect. These findings indicate that ScFO exerts a
protective effect in experimental pancreatitis by reducing systemic inflammation and oxidative stress, particularly at doses
of 50 and 100 mg/kg.
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Introduction

Acute pancreatitis is characterized by a sudden inflamma-
tory process of the pancreas, clinically manifested by severe
abdominal pain, elevated serum pancreatic enzymes, and
potentially rapid disease progression, often associated with
significant morbidity (Garber et al. 2018; Van den Berg and
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endoscopic procedures, especially endoscopic retrograde
cholangiopancreatography (Lee and Papachristou 2019;
Boxhoorn et al. 2020; Yang and McNabb-Baltar 2020).
Regardless of the triggering factor, the pathophysiology of
the disease involves injury to pancreatic acinar cells and the
premature intrapancreatic activation of digestive enzymes.
This initial event triggers both local and systemic inflamma-
tory responses, characterized by the recruitment of immune
cells and the release of pro-inflammatory mediators. When
this inflammatory process is not adequately controlled,
severe complications may occur, including pancreatic
necrosis, secondary infection, and multiple organ failure
(Waller et al. 2018; Habtezion et al. 2019; Boxhoorn et al.
2020).

Current clinical management of acute pancreatitis is
mainly based on supportive care, including adequate fluid
resuscitation, pain control, oxygen therapy, and appropriate
nutritional strategies (Gliem et al. 2021). Despite advances
in intensive care and risk stratification, no specific phar-
macological therapies are currently available to directly
modulate pancreatic inflammation, highlighting the need to
explore new therapeutic approaches (He et al. 2025).

In this context, natural compounds with traditional
medicinal use and recognized anti-inflammatory proper-
ties have attracted increasing scientific interest as potential
therapeutic agents. Syagrus coronata (Mart.) Becc. (Areca-
ceae), popularly known as licuri, ouricuri, or coquinho, is
a palm species native to the Brazilian semi-arid region and
the Caatinga biome, with well-documented ethnopharma-
cological relevance (Drumond 2007; Oliveira de Souza et
al. 2017). The fixed oil extracted from its fruits is rich in
fatty acids, conferring significant nutritional and pharmaco-
logical value, and has been associated with antibacterial and
antifungal activities (Souza dos Santos et al. 2019; Cintra et
al. 2025), as well as anti-inflammatory and antinociceptive
effects (Barbosa et al. 2024; Oliveira Alves et al. 2024), in
addition to metabolic and cardiovascular benefits (Silva et
al. 2026).

Despite these promising properties, the effects of S. coro-
nata fixed oil (ScFO) on pancreatic inflammation have not
yet been investigated. Therefore, the present study aimed
to evaluate the impact of ScFO in an experimental model
of acute pancreatitis by analyzing inflammatory biomark-
ers, oxidative stress parameters, and potential mechanisms
underlying its biological activity.
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Materials and methods
Plant material

Kernels of Syagrus coronata (Mart.) Becc. (http://www.t
heplantlist.org/tpl1.1/record/kew-198799) were obtained
from the Caatinga region, specifically in the municipality of
Capim Grosso, Bahia, Brazil (11° 22" 54" S, 40° 00’ 46" W).
A voucher specimen was deposited at the Professor Vascon-
celos Sobrinho Herbarium of the Federal Rural University
of Pernambuco (UFRPE) under accession number PEUFR
55,147. The fixed oil was extracted from the kernels using a
cold electric press, yielding a yellowish viscous oil referred
to as Syagrus coronata fixed oil (ScFO).

Determination of fatty acid profile by acid
esterification and gas chromatography

Fatty acids present in the oil were converted into fatty
acid methyl esters (FAMEs) by acid-catalyzed esterifica-
tion using BF; in methanol, according to ISO method 5509
(1978), with minor modifications. Briefly, approximately
150 mg of oil was dissolved in 2 mL of chloroform, fol-
lowed by the addition of 2 mL of 0.5 mol L™! NaOH in
methanol. The mixture was heated in a water bath at 100 °C
for 5 min. Subsequently, 2 mL of BF; in methanol (1.3 M)
was added under an inert atmosphere, and the reaction mix-
ture was maintained under reflux for 30 min.

After cooling, the mixture was transferred to a separatory
funnel, and 5 mL of heptane and 0.5 mL of saturated NaCl
solution were added. Following vigorous shaking and phase
separation, the upper organic phase was collected, dried
over anhydrous sodium sulfate, and filtered. The solvent
was evaporated under a nitrogen stream, and the resulting
sample was used for chromatographic analysis.

FAME identification was performed by gas chroma-
tography coupled to mass spectrometry (GC-MS) using
an Agilent 5975C Series system (Agilent Technologies,
Palo Alto, USA) equipped with a DB-5 capillary column
(30 mx0.25 mm; 0.25 pm film thickness). The oven temper-
ature program was initially set at 60 °C for 2 min, followed
by heating at 3 °C min ' up to 260 °C (held for 40 min), and
subsequently increased at 4 °C min~' to 260 °C and main-
tained for 7.5 min. Helium was used as the carrier gas at a
flow rate of 1.0 mL min '. The injector temperature was set
at 230 °C and the interface temperature at 260 °C. The mass
spectrometer operated in scan mode (35-550 m/z) with an
ionization energy of 70 eV. Compound identification was
performed by comparing the obtained mass spectra with
those available in the NIST and Wiley libraries, as well as
by comparison with authentic FAME standards (C4—C24).


http://www.theplantlist.org/tpl1.1/record/kew-198799
http://www.theplantlist.org/tpl1.1/record/kew-198799

Syagrus coronata fixed oil attenuates inflammation, oxidative stress and pulmonary alterations in... 4723

Quantification of fatty acids was carried out by gas chro-
matography with flame ionization detection (GC-FID) using
a TRACE GC Ultra system (Thermo Scientific) equipped
with a VB-5 column (30 m*0.25 mm; 0.25 pm film thick-
ness). Nitrogen was used as the carrier gas at a flow rate of
1 mL min~'. The oven temperature program was identical
to that used for GC-MS analysis, with injector and detec-
tor temperatures set at 230 °C and 260 °C, respectively. All
analyses were performed in triplicate, and the results were
expressed as mean+standard deviation.

Ethical considerations and animal housing

This study was submitted to and approved by the Animal
Ethics Committee of the Federal University of Pernam-
buco (CEUA/UFPE) under protocol number 0012/2025.
All experimental procedures were conducted in strict accor-
dance with Brazilian legislation governing the use of ani-
mals in scientific research (Law No. 11,794/2008).

Thirty male Swiss mice weighing 3040 g (approxi-
mately 60 days old) were obtained from the Animal Facility
Center (CEBIO) of UFPE. The animals were housed under
standard laboratory conditions with a 12 h light/dark cycle,
controlled temperature (22+2 °C), and relative humidity
of 50-55%. Animals had free access to water and standard
rodent chow ad libitum, following the recommendations
of the Guide for the Care and Use of Laboratory Animals
(National Research Council 2011).

L-arginine-induced acute pancreatitis model

Mice were randomly distributed into five experimental
groups (n=6 per group). The Sham group received only
0.9% saline solution via intraperitoneal (i.p.) injection, fol-
lowed by oral administration of saline solution. The disease
control group received two i.p. injections of L-arginine (8%
solution, 4 g/kg, pH 7.0) with a one-hour interval between
administrations, followed by oral treatment with 0.9%
saline solution (Kui et al. 2015; Ohkawara et al. 2017; Ono
et al. 2023).

The remaining three treatment groups received L-argi-
nine under the same conditions as the disease control group
but were orally treated with ScFO at doses of 25, 50, or
100 mg/kg, respectively, at 24, 48, and 72 h after pancre-
atitis induction. All oral treatments were administered by
gavage in a volume of 10 mL/kg of body weight. Seventy-
two hours after induction, the animals were euthanized
using a lethal dose of ketamine (300 mg/kg) and xylazine
(30 mg/kg) administered intraperitoneally, as recommended
by the guidelines of the American Veterinary Medical Asso-
ciation (AVMA 2020). Immediately after euthanasia, 1 mL
of blood was collected by cardiac puncture from all groups

for biochemical and inflammatory cytokine analyses. Lung
tissue samples were also collected for histological examina-
tion and oxidative stress analysis.

Serum biochemical assessment of pancreatic
function

Blood samples were transferred to tubes without anticoagu-
lant and allowed to clot at room temperature for approxi-
mately 30 min. The tubes were then centrifuged at 3000 rpm
for 10 min to obtain serum, which was carefully separated
and stored at—20 °C until biochemical analysis.

Serum activities of amylase and lipase, used as markers
of pancreatic injury, were determined by colorimetric meth-
ods using commercial diagnostic kits (Labtest Diagnostica
S.A., Lagoa Santa, MG, Brazil), strictly following the man-
ufacturer’s instructions. Reaction readings were performed
using an automated spectrophotometer, and the results were
expressed in international units per liter (U/L). Serum glu-
cose levels were determined using the enzymatic glucose
oxidase—peroxidase method (GOD-POD) with a commer-
cial kit (Labtest Diagnostica S.A., Lagoa Santa, MG, Bra-
zil). Absorbance was measured spectrophotometrically at a
wavelength of 505 nm, and the results were expressed in
mg/dL.

Quantification of serum cytokines

Serum levels of tumor necrosis factor-alpha (TNF-a), inter-
leukin-1 beta (IL-1pB), and interleukin-6 (IL-6) were deter-
mined using enzyme-linked immunosorbent assay (ELISA)
kits (eBioscience, USA) according to the manufacturer’s
instructions. Briefly, 96-well plates were coated with capture
antibodies specific for each cytokine and incubated over-
night at 4 °C. After washing steps, the plates were blocked
and then loaded with standard curves and test samples. Fol-
lowing overnight incubation at 4 °C, the plates were washed
with wash buffer, and biotinylated detection antibodies were
added, followed by incubation at room temperature for 1 h.

After repeated washing, the enzyme conjugate was added,
and the plates were incubated for an additional 30 min at
room temperature. The plates were washed again, and tet-
ramethylbenzidine (TMB) substrate was added, followed
by incubation for 15 min at room temperature in the dark.
The reaction was stopped by adding the stop solution, and
optical density was measured at 450 nm using a microplate
ELISA reader (BioTek Instruments uQUANT MQX200
microplate spectrophotometer). Cytokine concentrations
were calculated based on the standard curve generated for
each analyte. The ELISA technique is widely used for cyto-
kine quantification in experimental models of pancreatitis
(Sendler et al. 2018).
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Histological processing

Lung tissue was surgically excised, and the specimens were
fixed for 48 h in 10% buffered formalin in phosphate-buff-
ered saline (PBS; pH 7.2). The samples were subsequently
washed under running water, dehydrated in increasing
concentrations of ethanol (70%, 80%, 90%, and absolute),
cleared in xylene, and embedded in histological paraffin.

Tissue Sects. (5 um thick) were obtained using a Leica
RM2125RT manual rotary microtome. The sections were
mounted on glass slides and stained using the standard
hematoxylin and eosin (H&E) technique. Microscopic
examination was performed under a Zeiss Primostar 3
bright-field optical microscope, and images were captured
using a Zeiss ERc5s digital camera at 200 x magnification.

Histopathological analysis was conducted through
bright-field microscopy, with emphasis on identifying histo-
logical alterations related to disturbances in cellular growth
and differentiation, inflammatory processes, and hemody-
namic alterations. The results were presented descriptively
(Fischer et al. 2008; Matute-Bello et al. 2011).

Oxidative stress analysis

One lobe of lung tissue (500 mg) from each animal was
surgically removed and homogenized in 50 mM Tris—HCI
buffer (pH 7.4) containing 1 mM EDTA, 1 mM sodium
orthovanadate, and 2 mM phenylmethylsulfonyl fluoride.
The homogenate was centrifuged at 2500 rpm for 10 min at
4 °C, and the supernatant was collected for oxidative stress
analyses.

Total protein content was determined using the Bradford
method (1976). Lipid peroxidation was assessed by measur-
ing thiobarbituric acid reactive substances (TBARS), with
results expressed as nmol of malondialdehyde (MDA) per
mg of protein (Ohkawa et al. 1979). This method is widely
considered a gold-standard approach for evaluating oxi-
dative lipid damage (Tsikas 2017). Superoxide dismutase
(SOD) activity was measured by monitoring the inhibition
kinetics of epinephrine auto-oxidation at 480 nm (Misra and
Fridovich 1972), with enzymatic activity expressed as U/
mg of protein. Catalase (CAT) activity was determined by
monitoring the decrease in absorbance at 240 nm between
the first and sixth minutes of the reaction, with enzymatic
activity expressed as mU/mg of protein (Beers and Sizer
1952).

Statistical analysis
Data are presented as mean=standard deviation for each

experimental group. Statistical comparisons were performed
using one-way analysis of variance (ANOVA) followed by
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Tukey’s post hoc test for multiple comparisons. All statisti-
cal analyses were conducted using GraphPad Prism version
8 (GraphPad Software, San Diego, CA, USA), and statisti-
cal significance was established at p<0.05.

Results and discussion

The fatty acid composition of Syagrus coronata fixed oil was
determined by gas chromatography following derivatization
to fatty acid methyl esters (FAMEs). Compound identifica-
tion was performed by comparing the retention times of the
sample with those of the corresponding analytical standards.
Eight fatty acids were identified, including caprylic (C8:0),
capric (C10:0), lauric (C12:0), myristic (C14:0), palmitic
(C16:0), stearic (C18:0), oleic (C18:1), and linoleic (C18:2)
acids. Lauric acid (C12:0) was the major component of the
oil, accounting for 45.80% of the total composition, fol-
lowed by myristic (13.60%), oleic (13.24%), and caprylic
acids (11.18%).

Overall, saturated fatty acids predominated (85.36%),
whereas unsaturated fatty acids accounted for 14.64% of the
total composition. The total percentage of identified fatty
acids corresponded to 100% of the analyzed oil.

The lipid profile observed for S. coronata fixed oil reveals
a marked predominance of saturated fatty acids, particularly
lauric acid, which accounted for nearly half of the total
composition. This pattern is characteristic of several species
within the Arecaceae family, whose oils typically contain
high concentrations of medium-chain fatty acids such as
caprylic, capric, and lauric acids (Santos Souza et al. 2021,
Ibiapina et al. 2022; Sales et al. 2023; Araujo et al. 2025).

The high proportion of lauric acid (C12:0) has also
been reported in other studies involving S. coronata (San-
tos Souza et al. 2021; Barbosa et al. 2024). This finding is
particularly relevant from a biological perspective, as this
fatty acid exhibits well-documented antimicrobial (Souza
dos Santos et al. 2019), anti-inflammatory (Barbosa et al.
2024; Silva et al. 2026), and antioxidant properties (Oliveira
Alves et al. 2024), which may contribute to the pharmaco-
logical effects observed in experimental studies involving
palm oils. In addition, medium-chain fatty acids are rapidly
metabolized and play an important role in the modulation of
inflammatory processes and in protection against oxidative
damage in tissues (Pereira et al. 2023).

The oil also contained relevant amounts of muyristic
acid (C14:0) and oleic acid (C18:1). Oleic acid, a mono-
unsaturated fatty acid widely found in vegetable oils, has
been associated with cardioprotective, antioxidant, and anti-
inflammatory properties and may contribute to the biologi-
cal effects of the oil (Jagannathan et al. 2020; Smith et al.
2020; Leon-Aparicio et al. 2022; Santa-Maria et al. 2023).
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Although unsaturated fatty acids were present in lower pro-
portions, mainly represented by oleic and linoleic acids,
these compounds play an important role in maintaining cell
membrane stability and modulating inflammatory pathways
(Nava Lauson et al. 2023; Wang et al. 2024).

Overall, the fatty acid profile observed suggests that
S. coronata oil presents a typical composition of oils rich
in medium-chain fatty acids, a characteristic that may be
associated with its antioxidant, anti-inflammatory, and tis-
sue-protective potential, reinforcing its relevance for phar-
macological and biotechnological applications. Based on
these findings, the effect of S. coronata fixed oil was subse-
quently evaluated in an experimental model of L-arginine-
induced acute pancreatitis in mice.

This experimental model is widely used to investigate
pathophysiological mechanisms and potential therapeutic
agents, as it reproduces key features of the disease, includ-
ing acinar cell damage, increased circulating pancreatic
enzymes, and a systemic inflammatory response (Khurana
et al. 2023; Ono et al. 2023). Thus, serum biochemical
parameters related to pancreatic function were evaluated to
determine the possible protective effect of the oil against
experimentally induced pancreatic injury.

Serum biochemical analysis was performed to assess
pancreatic function and the protective effect of ScFO in the
L-arginine—induced acute pancreatitis model. As expected,
the disease control group (L-arginine) showed a significant
increase in serum levels of amylase, lipase, and glucose
compared with the Sham group, confirming the effective
induction of pancreatitis.

Treatment with ScFO produced a dose-dependent effect
on the evaluated parameters. The 25 mg/kg dose did not
significantly reduce serum levels of pancreatic enzymes
or glucose, presenting values similar to those observed
in the disease control group. In contrast, animals treated
with 50 mg/kg of ScFO exhibited a significant reduction
in amylase (35.12%), lipase (40.74%), and glucose levels
(20.24%) compared with the L-arginine group. Even more

pronounced effects were observed with the 100 mg/kg
dose of ScFO, which resulted in reductions of 56.44% in
amylase, 59.26% in lipase, and 30.95% in glucose levels,
approaching the values observed in the Sham group.

These findings suggest that SCFO exerts a significant
protective effect against L-arginine—induced pancreatic
damage, particularly at higher doses, indicating a clear
dose—response relationship in the evaluated experimental
model. Interestingly, the absence of significant protective
effects at the 25 mg/kg dose reinforces the specificity of the
pharmacological response and suggests the existence of a
minimum effective therapeutic threshold for ScFO activity
in experimental pancreatitis.

The results obtained demonstrate that L-arginine admin-
istration significantly increased serum levels of amylase and
lipase, confirming the successful induction of acute pancre-
atitis and the impairment of pancreatic acinar cell integrity.
This increase is associated with the release of digestive
enzymes into the systemic circulation as a consequence of
cellular damage and structural disorganization of the pan-
creas. In addition, the elevated glucose levels observed in
the disease control group suggest dysfunction of pancreatic
B-cells, indicating that the experimental model also com-
promises the endocrine function of the organ. This finding
is consistent with previous reports describing L-arginine—
induced pancreatitis as a model capable of producing both
exocrine pancreatic injury and systemic metabolic distur-
bances (Goodarzi et al. 2021; Hart et al. 2021; Ono et al.
2023) (Tables 1, 2).

In experimental models of pancreatic injury, increased
serum concentrations of amylase and lipase are associated
with acinar cell disruption, resulting in the leakage of these
digestive enzymes into the bloodstream. Conversely, sub-
stances with antioxidant or cytoprotective properties may
contribute to the preservation of cellular membrane integ-
rity, thereby reducing this process (Tenner et al. 2024).

Studies conducted by Bauer et al. (2013), Souza et
al. (2021), and Toledo (2024) indicate that this oil is

Table 1 Fatty acid profile of Syagrus coronata fixed oil determined by gas chromatography

Compounds Retention time Symbol % SD
Methyl ester Fatty acid Sample Standard

Methyl caprylate Caprylic acid 15.65 15.55 C8:0 11,18 0,12
Methyl caprate Capric acid 24.13 24.13 C10:0 6,94 0,06
Methyl laurate Lauric acid 32.34 32.10 C12:0 45,80 0,30
Methyl myristate Mpyristic acid 39.41 39.35 C14:0 13,60 0,21
Methyl palmitate Palmitic acid 45.92 46.00 Cl16:0 6,30 0,06
Methyl linoleate Linoleic acid 50.88 50.84 C18:2 1,40 0,04
Methyl oleate Oleic acid 51.23 51.18 C18:1 13,24 0,22
Methyl stearate Stearic acid 51.87 52.02 C18:0 1,54 0,02
Unsaturated fatty acids 14.64

Saturated fatty acids: 85.36

Total identified fatty acids 100.00
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Table 2 Effect of Syagrus coronata fixed oil (ScFO) on serum bio-
chemical parameters in an L-arginine—induced pancreatitis model

Groups Amylase (U/L) Lipase (U/L) Glucose (mg/dL)
Sham 612+54 48+6 102+8
L-arginine 1825+136*  162+14* 168+12%*
ScFO 25 mg/kg 1768+128*  154+13* 162+11%*
ScFO 50 mg/kg 1184£102*# 96+ 9%# 134+ 10%#
ScFO 100 mg/kg 795+ 74%4# 66+ 7*# 116 £9*#

Values are expressed as mean+standard deviation (SD) (n=6). Sta-
tistical analysis was performed using one-way ANOVA followed
by Tukey’s post hoc test. *p<0.05 compared with the Sham group;
#p<0.05 compared with the L-arginine group

Table 3 Effect of Syagrus coronata fixed oil (ScFO) on serum levels of
pro-inflammatory cytokines in an experimental model of L-arginine—
induced pancreatitis

Groups IL-1B (pg/ IL-6 (pg/mL) TNF-a
mL) (pg/mL)

Sham 88+3 72+4 116+3
L-arginine 312+£12*%  268+10% 352+£14%
ScFO 25 mg/ 298+11*  255+9* 336+£12%
kg+L-arginine

ScFO 50 mg/ 212+9%#  184+£8*#  248+10*#
kg+L-arginine

ScFO 100 mg/ 148+7*#  126+L6%# 176+ 8*#

kg+L-arginine

Values are expressed as mean+standard deviation (SD) (n=6). Sta-
tistical analysis was performed using one-way ANOVA followed
by Tukey’s post hoc test. ¥p<0.05 compared with the Sham group;
#p<0.05 compared with the L-arginine group

predominantly composed of fatty acids such as lauric,
caprylic, and myristic acids, in addition to compounds
with antioxidant activity. These characteristics have been
associated with cellular protection and the maintenance of
membrane stability. Such compounds may modulate inflam-
matory pathways by inhibiting pro-inflammatory mediators
and reducing the production of reactive oxygen species,
thereby contributing to the attenuation of pancreatic dam-
age (Barbosa et al. 2024; Oliveira Alves et al. 2024; Santos
Nunes et al. 2024).

The systemic inflammatory response associated with
acute pancreatitis was evaluated by measuring the pro-
inflammatory cytokines IL-18, IL-6, and TNF-a. As shown
in Table 3, pancreatitis induction significantly increased the
levels of these cytokines compared with the Sham group.
The pancreatitis group presented IL-13 (312 pg/mL), IL-6
(268 pg/mL), and TNF-a (352 pg/mL), corresponding to
approximate increases of 254%, 272%, and 203%, respec-
tively, relative to the Sham group.

Treatment with ScFO demonstrated a dose-dependent
anti-inflammatory effect. The 25 mg/kg dose did not pro-
duce a significant reduction in inflammatory cytokines,
showing values similar to those observed in the pancreatitis
group. In contrast, treatment with 50 mg/kg significantly
reduced IL-1B, IL-6, and TNF-a levels, corresponding to
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decreases of approximately 32.05%, 31.34%, and 29.55%,
respectively, compared with the pancreatitis group. The
highest tested dose (100 mg/kg) produced the most pro-
nounced effect, reducing IL-1pB, IL-6, and TNF-a levels
by approximately 52.56%, 52.99%, and 50%, respectively,
approaching the levels observed in the Sham group. These
findings suggest that SCFO exerts a systemic anti-inflamma-
tory effect by reducing the production of pro-inflammatory
cytokines associated with pancreatic inflammation.

Acute pancreatitis is characterized by a pronounced sys-
temic inflammatory response, primarily mediated by the
release of pro-inflammatory cytokines, including IL-1,
IL-6, and TNF-a, which play a central role in the progres-
sion of pancreatic injury and amplification of the inflamma-
tory cascade (Hoque et al. 2014; Li et al. 2015; Caronni et
al. 2023). TNF-a is one of the earliest cytokines released
during pancreatitis and contributes to leukocyte activation
and the induction of other inflammatory mediators (Qi-
Xiang et al. 2022; Peng et al. 2024). Similarly, IL-1p con-
tributes to the amplification of the inflammatory response
and promotes the recruitment of immune cells to the site of
injury (Li et al. 2015; Caronni et al. 2023). IL-6, in turn, has
been associated with the progression of systemic inflamma-
tion and the severity of pancreatitis (Peng et al. 2024; Liu
etal. 2025).

The reduction observed in inflammatory cytokines may
be associated with the chemical composition of the oil,
characterized by the presence of fatty acids with inflamma-
tion-modulating properties. These compounds may inhibit
the activation of cellular inflammatory pathways, thereby
reducing the production of pro-inflammatory mediators and
attenuating pancreatic injury. Medium-chain fatty acids,
particularly lauric acid, have been reported to modulate
intracellular inflammatory signaling pathways, including
inhibition of NF-kB activation, resulting in reduced tran-
scription of pro-inflammatory cytokines such as TNF-a,
IL-1B, and IL-6. In parallel, antioxidant effects may also
involve activation of Nrf2-dependent pathways, which
regulate the expression of endogenous antioxidant enzymes
and contribute to cellular protection against oxidative stress
(Barbosa et al. 2024; Oliveira Alves et al. 2024).

Taken together, these findings suggest that SCFO has the
potential to modulate the inflammatory response associated
with acute pancreatitis, contributing to the reduction of tis-
sue damage and improvement of the systemic inflammatory
state.

Histological analysis of lung tissue was performed to
investigate possible morphological alterations associated
with experimental pancreatitis and to evaluate the effect of
ScFO treatment. As illustrated in Fig. 1, the Sham group
exhibited relatively preserved pulmonary architecture, with
visible alveolar chambers and mild epithelial thickening,
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Control (Sham)

L-Arginina

Fig. 1 Lung histology in L-arginine—induced pancreatitis follow-
ing treatment with Syagrus coronata fixed oil (ScFO). Representa-
tive photomicrographs of lung tissue from the Sham, L-arginine, and

as well as small amounts of secretion within some alveolar
spaces. In the L-arginine group, alterations in the organi-
zation of alveolar structures were observed, mainly char-
acterized by changes in alveolar chamber morphology and
modification of the thickness of the respiratory epithelium.

In animals treated with ScFO at the dose of 25 mg/kg, the
histological characteristics were similar to those observed
in the disease control group, with persistent alterations
in alveolar chamber morphology associated with mildly
thickened epithelium and the presence of secretion in some
alveolar spaces. In contrast, the group treated with 50 mg/
kg of ScFO exhibited morphological alterations in alveo-
lar chambers accompanied by epithelial thickening and
signs of vascular congestion. In addition, the presence of
blood cells was observed within the lumen of bronchi and
bronchioles. Animals treated with 100 mg/kg of ScFO still
showed morphological alterations in the alveolar chambers;
however, the respiratory epithelium appeared less thickened
compared with the other experimental groups, suggesting a
trend toward structural preservation of lung tissue.

The pulmonary alterations observed in the present study
are consistent with systemic manifestations commonly
associated with experimental acute pancreatitis. Pancreatic
inflammation may trigger a systemic inflammatory response
capable of affecting distant organs, including the lungs, pro-
moting alterations in alveolar architecture, changes in respi-
ratory epithelial thickness, and vascular disturbances (Hu et
al. 2023; Liu et al. 2024; Peng et al. 2024).

In the present study, the L-arginine group exhibited mor-
phological alterations in alveolar chambers and changes in
epithelial thickness. These findings may be associated with
the systemic inflammatory response previously evidenced
by increased levels of the pro-inflammatory cytokines IL-1f,
IL-6, and TNF-a. These cytokines play an important role in
amplifying inflammation and may contribute to structural
alterations in extra-pancreatic tissues, including the lungs
(Hu et al. 2023; Wiley et al. 2023; Kinaci et al. 2024).

ScFO 25 mg/kg ScFO 50 mg/kg
- . LY

ScFO 100 mg/kg
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Syagrus coronata—treated groups (25, 50, and 100 mg/kg). Sections
were stained with hematoxylin and eosin (H&E) and observed at an
original magnification of 200 x

Administration of ScFO demonstrated distinct effects
depending on the dose used. The 25 mg/kg dose presented
histological characteristics similar to those observed in the
L-arginine group, which is consistent with the previously
described biochemical and inflammatory findings, in which
this dose did not produce significant reductions in inflam-
matory markers or pancreatic injury. In contrast, higher
doses, particularly 100 mg/kg, showed a tendency toward
reduced epithelial thickening in alveolar structures, suggest-
ing a possible modulation of structural alterations associ-
ated with systemic inflammation.

These findings may be related to the chemical composi-
tion of ScFO, which is characterized by the predominance of
medium-chain fatty acids, particularly lauric acid, as well as
fatty acids such as myristic, oleic, and caprylic acids. These
compounds have been described in the literature as possess-
ing anti-inflammatory, antioxidant, and immunomodulatory
properties, which may contribute to the attenuation of sys-
temic inflammatory processes (Gaete et al. 2023; Kamins-
kas et al. 2025; Wang et al. 2025). Fatty acids such as oleic
acid, for example, have been associated with the modulation
of cellular inflammatory pathways, while medium-chain
fatty acids may influence metabolic and inflammatory pro-
cesses, favoring the reduction of pro-inflammatory mediator
production (Santa-Maria et al. 2023; Lee et al. 2024).

Thus, the tendency toward reduced epithelial thickness
observed in the group treated with 100 mg/kg of ScFO may
reflect a possible modulation of the systemic inflammatory
response induced by pancreatitis. This result is consistent
with the previous findings of this study, in which higher
doses of the oil significantly reduced inflammatory cyto-
kines and biochemical markers of pancreatic injury. Taken
together, these results reinforce the hypothesis that ScFO
may exert a modulatory effect on systemic inflammatory
processes associated with experimental pancreatitis.

Oxidative stress in lung tissue was evaluated by deter-
mining malondialdehyde (MDA) levels, a marker of lipid
peroxidation, as well as the activities of the antioxidant
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Table 4 Effect of Syagrus coronata fixed oil (ScFO) on oxidative
stress markers in lung tissue in an experimental model of L-arginine—
induced pancreatitis

Groups MDA SOD CAT

Sham 2.13+0.28 9.42+0.81 7.86+£0.72
L-arginine 6.47+0.63* 4.31+£0.47* 3.89+0.41*
ScFO 25 mg/kg 6.12+£0.58* 4.53+0.49* 4.06+0.43*
ScFO 50 mg/kg 422+041*#  5.82+0.61*#  5.16+0.54*#
ScFO 100 mg/kg  2.93+£0.33*#  6.91+£0.69%#  6.16+0.63*#

MDA: malondialdehyde (nmol/mg protein); SOD: superoxide dis-
mutase (U/mg protein); CAT: catalase (U/mg protein). Values are
expressed as mean+standard deviation (SD) (n=6). Statistical analy-
sis was performed using one-way ANOVA followed by Tukey’s post
hoc test. ¥p<0.05 compared with the Sham group; #p<0.05 com-
pared with the L-arginine group

enzymes superoxide dismutase (SOD) and catalase (CAT).
As shown in Table 4, induction of pancreatitis by L-arginine
significantly increased MDA levels in lung tissue, accom-
panied by a reduction in the activities of the antioxidant
enzymes SOD and CAT compared with the Sham group,
indicating increased pulmonary oxidative damage associ-
ated with the systemic inflammatory response.

Treatment with ScFO showed a dose-dependent effect
on the evaluated parameters. Administration of 25 mg/kg
did not produce significant changes in MDA, SOD, or CAT
levels compared with the L-arginine group. In contrast, the
groups treated with 50 mg/kg and 100 mg/kg exhibited a
significant reduction in lipid peroxidation and increased
activity of antioxidant enzymes. Relative to the L-arginine
group, treatment with 50 mg/kg of ScFO reduced MDA
levels by 34.78%, while the 100 mg/kg dose produced a
reduction of 54.71%. In parallel, an increase in antioxidant
enzyme activity was observed, with SOD activity rising
by 35.03% and 60.32%, and CAT activity increasing by
32.65% and 58.35% at doses of 50 mg/kg and 100 mg/kg,
respectively. These results suggest that SCFO contributes to
the modulation of oxidative stress in lung tissue.

Oxidative stress plays an important role in the systemic
complications associated with acute pancreatitis. Pancreatic
inflammation may trigger a systemic inflammatory response
characterized by the release of pro-inflammatory mediators
and reactive oxygen species, which contribute to oxidative
damage in extra-pancreatic tissues (Kong et al. 2021; Xia et
al. 2024; Chen et al. 2025).

In the present study, induction of pancreatitis by L-argi-
nine significantly increased MDA levels in lung tissue,
indicating enhanced lipid peroxidation. Simultaneously, a
reduction in the activities of the antioxidant enzymes SOD
and CAT was observed, suggesting impairment of the pul-
monary antioxidant defense system. These findings are
consistent with previous reports describing oxidative stress
as one of the major mechanisms involved in lung injury
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associated with experimental pancreatitis (Kong et al. 2021;
Jin et al. 2023; Liu et al. 2023).

These effects may be related to the chemical composi-
tion of ScFO, which is characterized by a predominance of
medium-chain fatty acids, particularly lauric acid, as well as
other fatty acids such as myristic, oleic, and caprylic acids.
These compounds have been associated with antioxidant
and anti-inflammatory properties and may contribute to
reducing the formation of reactive oxygen species and pre-
serving the integrity of cellular membranes (Santos Souza et
al. 2021; Barbosa et al. 2024; Sales et al. 2023).

Furthermore, the improvement observed in pulmonary
oxidative stress parameters may be related to the reduction
in the systemic inflammatory response previously observed
in this study, evidenced by decreased levels of IL-1, IL-6,
and TNF-a in the groups treated with higher doses of the
oil. The interaction between inflammation and oxidative
stress is widely recognized in pancreatitis, as inflammatory
mediators can stimulate the production of free radicals and
amplify tissue damage (Xia et al. 2024; Chen et al. 2025).

Although these molecular pathways were not directly
investigated in the present study, the reduction in lipid per-
oxidation associated with increased SOD and CAT activity
suggests that SCFO may modulate redox-sensitive signal-
ing pathways involved in experimental pancreatitis. Taken
together, these results suggest that SCFO may contribute to
the modulation of pulmonary oxidative stress associated
with experimental pancreatitis, reinforcing the protective
effects observed in the other parameters evaluated in this
study.

Conclusion

ScFO demonstrated a protective effect in the experimental
model of L-arginine—induced pancreatitis, particularly at
doses of 50 mg/kg and 100 mg/kg. Treatment reduced mark-
ers of pancreatic injury, pro-inflammatory cytokines, and
oxidative stress, in addition to attenuating histological alter-
ations in lung tissue. These findings suggest that the oil may
modulate inflammatory and oxidative processes associated
with experimental pancreatitis, possibly related to the pres-
ence of bioactive fatty acids in its chemical composition.
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