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Sepsis and Liver

Background: Sepsis is a severe global health problem, with high morbidity and mortality. In sepsis, one of the
main affected organs is the liver. Hepatic alterations characterize a negative prognostic. Omega-3 fatty acids
(u3), eicosapentaenoic acid, and docosahexaenoic acid, are part of the main families of polyunsaturated fatty
acids. u3 has been used in studies as sepsis treatment and as a treatment for non-alcoholic liver disease. Aim:
We aimed to evaluate the effects of treatment with ﬁsh oil (FO) rich in u3 on liver changes and damage resulting
from experimental sepsis. Methodology: A model of severe sepsis in Wistar rats was used. Oxidative stress in the
liver tissue was evaluated by means of tests of thiobarbituric acid reactive substances, 2,7-dihydrodichloroﬂuorescein diacetate , catalase, and glutathione peroxidase, in the serum TBARS, DCF, thiols and, to assess liver
dysfunction, alanine aminotransferase and aspartate aminotransferase. Hepatic tissue damage was evaluated using H&E histology. Results: In assessments of oxidative stress in liver tissue, a protective effect was observed in the
tests of TBARS, DCF, CAT, and GPx, when compared the sepsis versus sepsis+u3 groups. Regarding the oxidative
stress in serum, a protective effect of treatment with u3 was observed in the TBARS, DCF, and thiols assays, in the
comparison between the sepsis and sepsis+u3 groups. u3 had also a beneﬁcial effect on biochemical parameters
in serum in the analysis of ALT, creatinine, urea, and lactate, observed in the comparison between the sepsis and
sepsis+u3 groups. Conclusion: The results suggest u3 as a liver protector during sepsis with an antioxidant effect,
alleviating injuries and dysfunctions. ( J CLIN EXP HEPATOL 2023;13:64–74)
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S

epsis is a severe global health problem, with high
morbidity, high mortality, and high treatment
costs. According to the recent epidemiologic survey by the Intensive Care Over Nations (ICON), sepsis incidence varies from 13.6 to 39.3% in different world regions,
with a mortality in intensive care unit (ICU) varying from
25.8 to 35.3%. It is also the main cause of morbidity and
mortality even in the most moderns ICUs.1,2
Sepsis is the syndrome of inﬂammatory systemic
response caused by an infection.3–5 Immune lack of
control, in sepsis, is represented by a misbalance of proand anti-inﬂammatory mediators, followed by hypotension, oxidative stress, and low antioxidant potential, leading to a multiple dysfunction of the organic systems.5–7
Tissue injuries can last for a long time and can even lead
to death.6 One of the main affected organs is the liver,8–10
being the average incidence of hepatic dysfunction related
to sepsis around 40%.11 Liver alterations characterize a
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MATERIAL AND METHODS
Ethics Approval
The experimental protocol was approved by the Ethics
Committee on the Use of Animals (ECUA) of UFCSPA
(protocol number 244/18).

Federal de Ci^encias da Sa
ude de Porto Alegre (UFCSPA).
Animals were kept in cages, in air-conditioned room, relative humidity ranging between 55 and 65%, a 12 h light–
dark cycle, temperature of 22  2  C, with free access to
food and water. The animals were accommodated in accordance with the Guiding Principles in the Care and Use of
Animals approved by the Council of the American Physiological Society. The experimental protocol was approved by
the Ethics Committee on the Use of Animals (ECUA) of
UFCSPA (protocol number 244/18).

Experimental Sepsis Induction and Treatment
The animals were weighed and then anesthetized with a solution of ketamine (80 mg/kg) and xylazine (20 mg/kg)
intraperitoneally (i.p). The abdomen of each animal was
shaved and cleaned with povidone–iodine solution. A
2 cm midline abdominal incision was made to expose the
linea alba. The peritoneum was opened by blunt dissection.
Sepsis was induced by introducing a sterile gelatin capsule
size “1” in the peritoneal cavity containing another sterile
capsule size “2” containing the Escherichia coli (200 mL,
ATCC 25922) suspension and a non-sterile fecal content
(30 mg), a well-consolidated experimental methodology
used in previous studies.24–26 The animals were then
divided into four groups: control group (Naive) (i), in
which the animals did not undergo any type of surgical
or drug intervention; (ii) sham (rats were implanted with
an empty capsule and received 600 mL/kg of saline
solution via gavage, 1 h before and 4 h after the
procedure); (iii) sepsis (induction of sepsis and
administration of 600 mL/kg of saline solution via gavage,
1 h before and 4 h after sepsis induction); (iv) sepsis+u3
(the induction of sepsis and administration of u3 (EPA/
DHA) (600 mL/kg of FO),27,28 via gavage, 1 h before induction and 4 h after induction). We used ﬁsh oil (Catarinense
pharma), composed of 54% EPA and 36% docosahexaenoic
(DHA), enclosed in gelatin capsules. Each 1000 mg of oil
contains 540 mg of EPA and 360 mg of DHA).
Blood and liver tissue were collected 12 h after sepsis induction, when all animals were euthanized.

Biochemical Tests
Biochemical tests were evaluated on samples of 1 mL of
serum from each animal of all groups, using 100 mL of
serum for each analysis performed.
The parameters of lactate, alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total proteins,
urea, and creatinine were evaluated using a commercial
kit (Bioclin), according to the manufacturer’s protocol.

Oxidative Stress Assay
Animals
Male Wistar Rats (20–24 weeks old), weighting between 350
and 450 g, (n = 40), from the bioterium of Universidade

Oxidative stress assays were performed with 1 g cell lysate
of standard liver tissue from each animal, from all groups.
Thiobarbituric aid reactive substances (TBARS) and
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poor prognostic in sepsis 9,12,13 and can progress from
active hepatocellular disfunction to hepatic injury to liver
failure. Liver dysfunction consists in subtle alterations in
hepatocellular functions, such as decrease of the synthesis
or the clearance functions. Liver injury is deﬁned as an irreversible injury to hepatocytes, and the liver failure is deﬁned
as sustained severe damage and function loss in 80–90% of
liver cells.9,11
The complexity of the inﬂammatory response and systemic dysfunctions in sepsis remain not fully known,
which limits the treatment of the systemic sepsis-related
injuries. The current treatments focus mainly on ﬁghting
the infection and treating the inﬂammatory process.11,14
Therefore, studies that focus on therapeutic and adjuvant
treatment of organs and systems are of great relevance.
Most of the studies look for natural therapeutic agents,
such as plants oils and extracts, as adjuvants on the treatment of liver injury resulting from sepsis.15,16 In such way,
natural molecules that have already shown a protector effect in the liver, as omega-3 (u3), are potential candidates
for new experiments focusing on the treatment of these injuries.
u3 fatty acids constitute one of the main families of
polyunsaturated fatty acid. They can be from vegetable or
animal origin. Eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are found exclusively in aquatic organisms and their main origin is the ﬁsh liver and fat,
such as horse mackerel, salmon, tuna, and sardines. They
can also be found in sea mammals, like seals and
whales.17,18 Recent studies have used u3 to treat nonalcoholic fatty liver disease,19 and have shown decrease of
liver fat and reduction of key proteins for cardiovascular
risk.20–22 In sepsis, u3 has also been used. A study has
administrated nutritional supplementation with u3 in
patients with sepsis admitted in ICUs. Supplementation
can reduce the length of stay in ICUs and the duration
of mechanical ventilation time.15
Considering that there is currently no effective speciﬁc
therapy for hepatic dysfunction resulting from sepsis is
currently available,9,23 this study aims to observe beneﬁcial
effects of the treatment with ﬁsh oil rich in u3 against
oxidative stress, lesions and liver dysfunctions during
experimental sepsis.

OMEGA-3 PROTECTS LIVER IN SEPSIS
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dihydrodichloroﬂuorescein diacetate (DCF) analyses were
also performed in serum samples. Thiols’ analysis was performed only in serum samples.
Catalase (CAT) activity was measured in liver lysate supernatant (0.25 mL) in potassium phosphate buffer (50 mM,
pH 7.0) with H2O2 (2 mM, Sigma–Aldrich, EUA). The
decomposition of H2O2 by CAT was noted by the change
in absorbance at 240 nm (DE) during 1 min (Spectra Max
190, Molecular Devices, Sunnyvale, CA, USA).29
Total thiols were measured by the reaction of 25 mL of
serum with 450 mL of phosphate buffer (0.2 M, pH 8.0)
and 25 mL of 5,50 -dithiobis- (2-nitrobenzoic acid)
(10 mM, Sigma–AldrichÒ, St. Louis, MO, USA), for
30 min in the dark.30 Afterward, 200 mL were transferred
to a microplate and the spectrophotometric reading was
performed at wavelength of 412 nm in a Biochrom microplate reader EZ Read 400.
Glutathione peroxidase (GPx) activity was measured using tert-butyl-hydroperoxide as a substrate. NADPH disappearance was monitored at 340 nm. The medium
contained 2 mM glutathione, 0.15 U/mL glutathione
reductase, 0.4 mM azide, 0.5 mM tert-butyl-hydroperoxide,
and 0.1 mM NADPH. One GPx unit is deﬁned as 1 mmol of
NADPH consumed per minute; the speciﬁc activity is represented as GPx units/mg protein.30
Reactive oxygen species (ROS) production was evaluated in the liver lysate samples and in serum samples by
the ﬂuorescence intensity of the redox-sensitive dye 20 ,70 dichlorodihydroﬂuorescein diacetate (100 mM, Sigma–Aldrich)—(excitation and emission wavelengths of 480 and
535 nm, respectively) using SpectraMax M2e (Molecular
Devices, USA).
TBARS concentration was determined as described by
Ohkawa, et al.31 Brieﬂy, 0.2 mL of liver lysate was added to
sodium dodecyl sulfate (8.1%, 0.05 mL, acetic acid (0.2 mL,
2.5 M, pH 3.4), and 0.8% thiobarbituric acid (0.25 mL, Sigma,
USA) and heated in boiling water (90  C) for 60 min.
After supernatants were transferred to 96 wells microplate
and the absorbance was read at 532 nm (EZReader, EUA).
The same procedure was performed with 100 mL of serum
samples from the same animals in all groups.

Histology—Hematoxylin and Eosin
The liver tissue was perfused in 10% buffered formaldehyde, then embedded in parafﬁn, and sliced in microtome
in 4 mm sections, which were ﬁxed on slides and stained
with Hematoxylin and Eosin (HE). The slides were
analyzed, with image formation, under a Leica microscope
(DM6 B) and captured by a Leica camera (DFC7000 T).

Statistical Analysis
All results are presented as mean  standard deviation (SD)
of values of each group of analysis. One-way analysis of variance (ANOVA) followed by Tukey's multiple comparison
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Figure 1 Assessment of serum lactate levels. Lactate levels were evaluated in serum from Wistar rats in the experimental groups. Data are
presented as mean  standard deviation for each group. ***P < 0.001
between naive and sepsis groups, ###P < 0.001 between sham and
sepsis groups, $$$P < 0.001 between sepsis+u3 and sepsis groups,
and *P < 0.05 between the naive and sepsis+u3 groups. N = 9 in the
naive group; N = 9 in the sham group; N = 11 in the sepsis group;
N = 10 in the sepsis+u3 group.

post-test was used for comparisons between groups in the
assays. A P value < 0.05 was considered statistically
signiﬁcant for the analyzes. Statistical analyses were performed using GraphPad Prism 5.0 (GraphPad Software, San
Diego, CA).

RESULTS
Effects of u3 in Lactate Levels in Experimental
Sepsis
There was a signiﬁcant elevation in lactate levels in the
sepsis group when compared to the control groups naive
(***P < 0.001; Figure 1) and sham (###P < 0.001;
Figure 1), conﬁrming anaerobic respiration due to reduction in the oxygen supply, usually resulting from inﬂammatory process in sepsis, leading to organic failure. u3
treatment was able to decrease the lactate levels, when
compared to sepsis group ($$$P < 0.001; Figure 1), but
they were still higher than naive group (*P < 0.05; Figure 1).

Effects of u3 on the Levels of Liver Injury
Biomarkers During Experimental Sepsis
There was a signiﬁcant elevation of ALT levels in the sepsis
group when compared to the control group naive
(**P < 0.01; Figure 2A), indicating liver injury and alterations in experimental sepsis. Treatment with u3 was
able to maintain low ALT levels during sepsis, with a significant difference between the sepsis+u3 and the sepsis
groups ($$P < 0.01; Figure 2A).

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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showed minimum liver congestion in naive and sham
groups (Figure 3A and B). It was also observed tissue injury
with necrosis, liver congestion, and edema in the sepsis
group (Figure 3C) and mild congestion and inﬂammatory
cell inﬁltrate in the sepsis+u3 group (Figure 3D).

Effects of u3 in Oxidative Stress and in the
Antioxidant Process in Experimental Sepsis
TBARS in Serum
TBARS levels were higher in sepsis group than control
groups naive (***P < 0.001; Figure 4A) and sham
(#P < 0.05; Figure 4A). The u3 treatment was able to restore
the TBARS levels to the same as the control groups naive
and sham ($$$P < 0.001 when compared to sepsis group;
Figure 4A).

TBARS in Liver Tissue

DCF in Serum
Experimental sepsis induced an increase in the DCF levels
compared to control groups naive (***P < 0.001;
Figure 4C) and sham (###P < 0.001; Figure 4C), and the
treatment with u3 restored the levels to the similar values
of control groups ($$$P < 0.001 compared to sepsis group;
Figure 4C).
Figure 2 Evaluation of markers of liver injury alanine aminotransferase
(ALT) and aspartate aminotransferase (AST). The levels of ALT (a) and
AST (b) transaminases were evaluated in Wistar rats’ serum in the experimental groups. Data are presented as mean  standard deviation for
each group (a): **P < 0.01 between the naive and the sepsis groups
and $$P < 0.01 between the sepsis+u3 and in the sepsis groups (b):
***P < 0.001 between naive and sepsis groups, ###P < 0.001 between
sham and sepsis groups, ***P < 0.001 between naive and sepsis+u3
groups and ###P < 0.001 between sham and sepsis+u3 groups.
N = in the naive group; N = 9 in the sham group; N = 11 in the sepsis
group; N = 10 in the sepsis+u3 group.

DCF in Liver Tissue

There was a signiﬁcant increase in AST levels in the
sepsis group when compared to the control groups naive
(***P < 0.001; Figure 2B) and sham (###P < 0.001;
Figure 2B). There was also a signiﬁcant increase in AST
levels in the sepsis+u3 group compared to the control
groups naive (***P < 0.001; Figure 2B) and sham
(###P < 0.001; Figure 2B).

CAT activity in liver tissue was reduced in the sepsis group
when compared to the control groups naive (***P < 0.001;
Figure 5A) and sham (###P < 0.001; Figure 5A). u3 treatment during experimental sepsis increased CAT activity
when compared to sepsis group ($P < 0.05; Figure 5A),
but this activity was lower than control groups naive
(***P < 0.001; Figure 5A) and sham (###P < 0.001;
Figure 5A).
Likewise, the activity of glutathione peroxidase in liver
tissue was signiﬁcantly reduced during experimental sepsis
when compared to control groups naive (***P < 0.001;
Figure 5B) and sham (###P < 0.001; Figure 5B). Treatment

Effects of u3 in Liver Tissue in Experimental
Sepsis
In the histological evaluation, in liver tissue stained with
HE, it was not possible to obtain quantitative data. Images

In the same way as we observed in the serum, DCF levels in
liver tissue were higher in sepsis group than control groups
naive (**P < 0.01; Figure 4D) and sham (##P < 0.01;
Figure 4D). u3 treatment reduced DCF levels during experimental sepsis, when compared to sepsis group
($$$P < 0.001; Figure 4D), but the levels were still slightly
higher than naive group (**P < 0.01; Figure 4D).

CAT and GPx in Liver Tissue
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As observed in serum, there was a signiﬁcant increase in the
TBARS levels in the sepsis group when compared to the
control groups naive (***P < 0.001; Figure 4B) and sham
(###P < 0.001; Figure 4B). In the same way, u3 treatment
decreased the TBARS levels to the control levels
($$$P < 0.001 compared to sepsis group Figure 4B).
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Figure 3 Liver tissue stained with HE. The figure depicts HE liver images for the four groups studied. Images A (naive) and B (sham) present minimal
congestion. In image C (sepsis), it is possible to see congestion, edema, and necrosis: necrosis (blue arrows) and cellular debris (yellow arrows) (arrows
- 20x). Image D (sepsis + u3) shows vascular and sinusoidal congestion (blue arrows) and mild inflammatory cells infiltrate (yellow arrows) (arrows 20x). HE, hematoxylin and eosin.

with u3 increased the enzymatic activity of GPx when
compared to sepsis group ($$$P < 0.001; Figure 5B), but
the levels were still lower than the naive group
(*P < 0.05; Figure 5B). And also observed lower levels of
GPx in the sham group than naive group (**P < 0.01;
Figure 5B).

Thiols in Serum
Thiols levels in serum were signiﬁcantly reduced in the
sepsis group when compared to the control groups naive
(***P < 0.001; Figure 5C) and sham (###P < 0.001;
Figure 5C). u3 treatment during experimental sepsis
signiﬁcantly increased the levels of thiols when compared
to sepsis group ($$$P < 0.001; Figure 5C), with levels slightly
lower than those observed in naive group (*P < 0.05;
Figure 5C).

Effects of u3 in Creatinine, Urea, and Total
Proteins Levels
Creatinine levels were signiﬁcantly higher in sepsis animal
than control groups naive (***P < 0.001; Figure 6A) and
sham (###P < 0.001; Figure 6A). u3 treatment reduced
creatinine levels, compared to sepsis group ($$$P < 0.001;
Figure 6A), being able to restore the levels to the same
values of the control groups.
68

In the same way, the levels of urea were signiﬁcantly
increased in sepsis group, compared to control groups
naive (***P < 0.001; Figure 6B) and sham (###P < 0.001;
Figure 6B). Treatment with u3 in experimental sepsis
reduced urea levels, compared to sepsis group
($$$P < 0.001; Figure 6B); however, the levels were not equal
to those of control naive (***P < 0.001; Figure 6B) and
sham (###P < 0.001; Figure 6B).
The levels of total proteins in serum of sepsis animals
were signiﬁcantly lower than those observed in control
groups naive (**P < 0.01; Figure 6C) and sham
(##P < 0.01; Figure 6C). u3 treatment was not able to increase the total protein levels to the same values of control
groups naive (**P < 0.01; Figure 6C) and sham (##P < 0.01;
Figure 6C).

DISCUSSION
The clinical condition presented by septic patients is due
to, among other factors, the exaggerated inﬂammatory
response and can progress quickly to septic shock.32,33
The organic dysfunction is characterized by high lactate
levels, which is well-documented, and is an useful marker
for organic dysfunction and severity in septic patients.34–
36
In our study, we observed a signiﬁcant increase in

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Figure 4 Assessments of ROS production. The markers of thiobarbituric acid reactive substances (TBARS) (a) and (b) and 2,7dihydrodichlorofluorescein diacetate (DCF) (c) and (d) were evaluated in liver tissue and in serum of Wistar rats in the experimental groups. Data
are presented as mean  standard deviation for each group (a): TBARS in liver tissue, ***P < 0.001 between naive and sepsis groups,
###
P < 0.001 between sham and sepsis groups and $$$P < 0.001 between the sepsis+u3 and sepsis groups (b): TBARS in serum, ***P < 0.001 between naive and sepsis groups, #P < 0.05 between sham and sepsis groups and $$$P < 0.001 between sepsis+u3 and sepsis groups (c): DCF in liver
tissue, ***P < 0.001 between the naive and sepsis groups, ###P < 0.001 between the sham and sepsis groups, $$$P < 0.001 between the sepsis+u3
and sepsis groups and **P < 0.01 between naive and sepsis+u3 groups (d): DCF in serum, ***P < 0.001 between naive and sepsis groups,
###
P < 0.001 between sham and sepsis groups and $$$P < 0.001 between sepsis+u3 and sepsis groups. N = 9 in the naive group; N = 9 in the
sham group; N = 11 in the sepsis group; N = 10 in the sepsis+u3 group. ROS, reactive oxygen species.

serum lactate in the septic animals, indicating a systemic
inﬂammatory state and organic dysfunction due to
severe sepsis experimental model. The u3 administration
to septic animals has been able to signiﬁcantly reduce
serum lactate levels (Figure 1). This could be due to the
anti-inﬂammatory u3 effect described by other studies,
that have indicated a possible modulator mechanism of
EPA and DHA in inﬂammation,19,37 which can attenuate
the condition of organic dysfunction resulting from septic
shock.15,16
The liver is one of the main organs affected during
sepsis. Hepatocellular injuries are characterized and diagnosed, primarily, by an increase in liver enzymes, such as
ALT and AST,38–40 being ALT, the most speciﬁc marker
for liver injury and dysfunction.39,41 Transaminase levels
were signiﬁcantly elevated in the sepsis group, conﬁrming

the hepatic injury resulting from sepsis (Figure 2A).38–40
Treatment with u3 was able to maintain normal ALT
levels in septic animals (Figure 2A), conﬁrming the beneﬁcial effects of u3 to the liver19,42 and suggesting that u3
treatment can also play a protective role against liver tissue
injuries resulting from sepsis. On the other hand, the high
levels of AST transaminase observed in sepsis + u3 might
be due to the fact that AST is twenty times more concentrated than ALT in the striated cardiac muscle.38,43 Once
the hemodynamic dysfunctions are frequent and severe
in sepsis,32,44,45 leading to dysfunctions and injuries in
the cardiac muscle,43,46 the increase in AST may be related
to the potential cardiac injuries resulting from the experimental sepsis model. We emphasize that ALT is the most
speciﬁc liver injury biomarker 39–41 and the one most
relevant to our study.
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In the histological evaluation, in liver tissue stained with
HE, it was possible to observe and describe alterations consistent to the ones related in the literature,33,47 indicating minimum liver congestion in the naive and sham groups
(Figure 3A and B), tissue injury with necrosis, congestion,
and edema in the sepsis group (Figure 3C), and mild congestion and inﬂammatory cell inﬁltrate in the sepsis+u3 group
(Figure 3D), suggesting promising results regarding the role
of u3 in the preservation of liver tissue.
Liver injuries and dysfunctions in sepsis result mainly
from the inﬂammatory process, along with oxidative
stress.9,10,48 In the initial sepsis phase, pro-inﬂammatory
mediators are released in high amounts by many different
type cells in the immune system. This phenomenon can be
ampliﬁed by both an increase in the ROS and reactive nitrogen species.10,49 It is believed that ROS may be important injury cell mediators, contributing to the severe state
of organic injury in the sepsis. The pro-inﬂammatory effects of ROS include tissue and endothelial injuries and
neutrophils recruitment, causing the release of proteolytic
enzymes and even more ROS production, increasing, therefore, hepatocytes injuries.10,50,51 One of the most used assays to access the oxidative stress is the measurement of
TBARS, produced as a subproduct of lipidic peroxidation,
resulting from tissue injuries generated by oxidative
stress.52–54 It was observed a signiﬁcant increase in
TBARS in serum and liver tissue samples in septic
animals in comparison with the other groups, which was
reverted by u3 (Figure 4A,B). Another biomarker used to
evaluate ROS in our study was DCF.55 As well as TBARS,
DCF levels in the sepsis group were signiﬁcantly increased
when compared to the other groups, both in serum and
liver tissue, with u3 being able to reduce these levels similar
to values of the ones in the control groups in serum
(Figure 4C, D). Taken together, DCF and TBARS results
emphasize the potential therapeutical approach of u3
against oxidative stress in sepsis, indicating an apparent
antioxidant effect during experimental sepsis, both in
serum and in liver tissue.
The increase of peroxide production in sepsis and,
consequently, of ROS results in oxidative stress and low
antioxidant potential.6,56 Thus, the activity of antioxidant
enzymes and levels of antioxidant agents, such as CAT,
GPx, and thiols, are predictors of oxidative stress and can
be used in its diagnose.6,10,57 We observed a reduction in
CAT and GPx activity in the liver tissue of the sepsis group,
Figure 5 Assessments of the antioxidant activity of catalase (CAT),
glutathione peroxidase (GPx), and thiols. Activities of CAT (a) and GPx
(b) were evaluated in liver tissue and activity of thiols (c) were evaluated
in Wistar rats’ serum in the experimental groups. Data are presented as
mean  standard deviation for each group (a): ***P < 0.001 between
naive and sepsis groups, ###P < 0.001 between sham and sepsis
groups, $P < 0.05 between sepsis+u3 and sepsis groups,
***P < 0.001 between naive and sepsis+u3 groups and ###P < 0.001 between sham and sepsis+u3 groups (b): ***P < 0.001 between naive and
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sepsis groups, ###P < 0.001 between sham and sepsis groups,
$$$
P < 0.001 between sepsis+u3 and sepsis, **P < 0.01 between naive
and sham groups and *P < 0.05 between naive and sepsis+u3
groups (c): ***P < 0.001 between naive and sepsis groups,
###
P < 0.001 between sham and sepsis groups, $$$P < 0.001 between
sepsis+u3 and sepsis groups and *P < 0.05 between naive and sepsis+u3 groups. N = 9 in the naive group; N = 9 in the sham group;
N = 11 in the sepsis group; N = 10 in the sepsis+u3 group.

© 2022 Indian National Association for Study of the Liver. Published by Elsevier B.V. All rights reserved.

conﬁrming the high levels of ROS in the liver resulting
from sepsis (Figure 5A and 5 B), which has been already
observed in previous studies.6,10 u3 treatment increased
CAT and GPx activity but was not able to restore theirs
levels to the ones observed in the naive group, which could
be explained by the extremely oxidant environment that
occurs in severe sepsis. Previous studies have also described
the u3 capacity of increasing antioxidant enzymes activity,
contributing to reduce ROS production.19,58 The signiﬁcant difference in CAT and GPx activity between sepsis+u3
and the naive groups may be coherent, when we consider
that the natural antioxidant mechanisms are activated
and, therefore, are ﬁghting against the high levels of
ROS and oxidative stress resulting from sepsis, but are suppressed in the septic animals that have received no treatment, as occurs in the severe sepsis condition.6,56 It is
noteworthy that the reduced levels of GPx in the sham
group (Figure 5B) could be explained by the adhesion of
the agar capsule, used in the procedure to induce sepsis,
to the liver, as well as the manipulation of the peritoneum
in the region which most of the liver is located. We can hypothesize this explanation by the fact that no other experiment has shown differences between naive and sham
groups. Likewise, when assessing the levels of thiols in
serum, we observed a signiﬁcant decrease in the sepsis
group, which was practically restored to the control levels
when we administrated u3 (Figure 5C). These results are
like those observed in the CAT and GPx evaluation in
the liver tissue. Taken together, these data can suggest
that u3 has beneﬁcial effects, contribute to re-establish
the redox balance that is compromised during sepsis.
The mechanisms of the protective effect of o
^mega-3
against oxidative stress are not yet fully understood.
Studies have suggested that this effect may be related to
its anti-inﬂammatory and immunomodulator properties.19,37,59 EPA and DHA acids, present in the composition
of u3, play a signiﬁcant role in the regulation of inﬂammation and anti-inﬂammation body homeostasis, modulated
by eicosanoids.60,61,64 EPA and DHA acids may not only increase the production of eicosanoids but also the production of lipoxinis, resolvins, protectins, and maresins that
may increase phagocytosis and the resolution of inﬂammation. They can also inhibit the production of adhesion
molecules (ICAM 1, VCAM-1, ELAM-1). In addition to
these effects, they can limit the generation and activity of
inﬂammatory mediators, including protein kinase (JNK,
MAPK, p38), nuclear factor kB, chemokines, and cytokines
Figure 6 Assessments of markers of kidney and liver injuries: creatinine, urea, and total proteins. Evaluations of creatinine (a), urea (b),
and total proteins (c) were performed in Wistar rats’ serum in the experimental groups. Data are presented as mean  standard deviation for
each group (a): ***P < 0.001 between naive and sepsis groups,
###
P < 0.001 between sham and sepsis groups and $$$P < 0.001 between sepsis+u3 and sepsis groups (b): ***P < 0.001 between naive
and sepsis groups, ###P < 0.001 between sham and sepsis groups,

$$$

P < 0.001 between sepsis+u3 and sepsis groups, **P < 0.01 between naive and sepsis+u3 groups and ##P < 0.01 between sham
and sepsis+u3 groups (c): **P < 0.01 between naive and sepsis groups,
##
P < 0.01 between sham and sepsis groups, **P < 0.01 between naive
and sepsis+u3 groups and ##P < 0.01 between sham and sepsis+u3
groups. N = 9 in the naive group; N = 9 in the sham group; N = 11 in
the sepsis group; N = 10 in the sepsis+u3 group.

Journal of Clinical and Experimental Hepatology | January–February 2023 | Vol. 13 | No. 1 | 64–74

71

Sepsis and Liver

JOURNAL OF CLINICAL AND EXPERIMENTAL HEPATOLOGY

OMEGA-3 PROTECTS LIVER IN SEPSIS

Sepsis and Liver

(TNFa, TNF-1b, IL-1, IL-1, IL- 6, IL-8, and MCP-1). They
are also capable of improving the glucose uptake and hypothalamic regulation.62 Considering that the oxidative
stress in sepsis is due to an inﬂammatory process,9,10,49 it
is possible that the beneﬁcial results of u3 are related to
its anti-inﬂammatory effect.
Urea, creatinine, and total proteins have also been evaluated, with the purpose of analyzing organic dysfunction
related to kidney and liver metabolism in sepsis.63–65
Creatinine levels were restored by treatment with u3
(Figure 6A). The same phenomenon was observed
regarding the urea levels, but the restored levels in the sepsis+u3 group remained a little higher than the control
groups (Figure 6B). Although the u3 treatment was not
able to restore the total proteins levels (Figure 6C), the
overall data conﬁrm the kidney and metabolic dysfunction
that has already been reported in other studies in murine63–65 resulting from sepsis. However, the creatinine
and urea results agree with the other data obtained in
our study, suggesting a beneﬁcial effect of u3 on organ
dysfunction, not only about the liver but also a possible
protective effect against renal dysfunction due to sepsis.
Considering that organic dysfunctions, such as liver
dysfunction, are recurrent and severe during sepsis9,23 and
may leave long-term sequelae, affecting the quality of life
of patients during and after sepsis,6 preclinical studies
focusing on speciﬁc treatments and therapies for hepatic
dysfunction are of great relevance to the advancement of
adjuvant therapy in the organic pathophysiology of
sepsis.9 Treatment with ﬁsh oil rich in u3 has shown an
apparent protective effect against organic dysfunction due
to sepsis, with reduced lactate levels in serum from septic Wistar rats. u3 has shown a beneﬁcial effect against liver injury,
reducing ALT levels. The treatment has also provoked the
decrease of ROS and oxidative stress, with the reduction of
TBARS and DCF, both in serum and liver tissue. CAT and
GPx, antioxidant markers, showed increased activity in liver
tissue in the sepsis+u3 group and, in the same group, thiols
levels in serum were higher than in the sepsis group. Creatinine and urea were also reduced due to u3 treatment. These
are optimistic results and have shown the u3, a promising
tool as a treatment for liver injuries and alterations due to
sepsis, especially in the oxidative stress, acting as an antiinﬂammatory and potent antioxidant.
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