” w
. |
>4 ILJI
Vol.63: €20180612, 2020
http://dx.doi.org/10.1590/1678-4324-2020180612 -
ISSN 1678-4324 Online Edition BAB I

ERAZILIAN ARCHIVES OF
BIOLOGY AND TECHNOLDGY

Article - Human and Animal Health

Anti-inflammatory Effect of a Goji Berry Extract (Lycium
barbarum) in Rats Subjected to Inflammation by
Lipopolysaccharides (LPS)

Caroline Nickel Avilat Julia Neitzel Uecker?
https://orcid.org/0000-0001-9124-7575 https://orcid.org/0000-0003-0467-4056
Fernanda Moura Ribeiro Trindade? Joao Alveiro Alvarado Rincén*
https://orcid.org/0000-0001-8777-8314 https://orcid.org/0000-0002-1413-5120
Julia Oliveira Penteado?® Carlos Castilho de Barros?
https://orcid.org/0000-0002-4843-8971 https://orcid.org/0000-0002-6926-734X
Fernanda Janke? Robson Andreazza®
https://orcid.org/0000-0002-3436-4967 https://orcid.org/0000-0001-9211-9903
Janaina Pereira Schneider? Simone Pieniz%
https://orcid.org/0000-0003-3371-4926 https://orcid.org/0000-0002-7403-1577

1Catholic University of Pelotas, Postgraduate Program in Health and Behavior, Pelotas, Rio Grande do Sul, Brazil;
2Federal University of Pelotas, College of Nutrition, Department of Nutrition, Pelotas, Rio Grande do Sul, Brazil; 3Federal
University of Rio Grande, Postgraduate Program in Health Sciences, Rio Grande, Rio Grande do Sul, Brazil; “Federal
University of Pelotas, Postgraduate Program in Veterinary, Pelotas, Rio Grande do Sul, Brazil; SFederal University of
Pelotas, Engineering Center, Pelotas, Rio Grande do Sul, Brazil.

Received: 2018.10.31; Accepted: 2020.03.19.

*Correspondence: nutrisimone@yahoo.com.br; Tel.: +5553 3284 3831; Fax: +5553 3284 3830 (F.L.)

HIGHLIGHTS
e Lycium barbarum extract displays the potential to reduce inflammatory responses.
e L. barbarum promotes the reduction of the inflammatory response in the palatable diet.
e L. barbarum reduced glutamic-oxaloacetic transaminase activity in the both diets.

e L. barbarum increase the expression of TNF-a and IL-6 genes in the standard diet.

Abstract: The present study aimed to evaluate the anti-inflammatory potential of a Lycium barbarum (L.
barbarum) fruit extract in Wistar rats submitted to a palatable diet presenting systemic inflammation induced
by lipopolysaccharides (LPS). Forty-two Wistar female rats (Rattus Novergicus) were used with 60 days old.
The animals were feed for 60 days and divided in six groups (n=7): standard diet+water; standard diet+L.
barbarum; palatable diet+water; palatable diet+L. barbarum; standard diet+water+LPS; standard diet+L.
barbarum+LPS. A significant difference was shown between the analyzed groups concerning C-reactive
protein, with the standard diet+water+LPS group presenting the highest inflammatory response in
comparison to the other groups. Decreased inflammatory response was observed in the group administered
a palatable diet along with the fruit extract when compared to the group that received only a palatable diet.
Significant decrease in glutamic-oxaloacetic transaminase activity was observed in the standard diet+L.
barbarum+LPS group compared to the standard diet+water group, as well as in the palatable diet+L.
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barbarum group compared to the palatable diet+water group. A significant increase in creatinine in the
standard diet+water+LPS group was observed in according to the L. barbarum administration groups. The
gene expression of the inflammatory markers genes in the liver showed a significant increase in TNF-a and
IL-6 genes in the group treated with standard diet+L. barbarum+LPS when compared to the standard
diet+LPS group. Thus, the administered L. barbarum extract displays the potential to reduce inflammatory
responses induced by LPS and a palatable diet.

Keywords: systemic inflammation; palatable die; proinflammatory cytokines.

INTRODUCTION

Systemic inflammatory responses can be triggered by infectious and non-infectious factors, but the most
applied research models use lipopolysaccharides (LPS), an outer membrane component of gram-negative
bacteria and an important microbial trigger that stimulates innate immunity [1]. Once LPS comes into contact
with the animal organism, excessive production of proinflammatory cytokines occurs, including tumor
necrosis factor (TNF- a) and interleukins (IL) -1b, IL-6 and IL-8 by immunocompetent cells, which may induce
inflammatory responses [2]. LPS may also act on monocytes, neutrophils, blood platelets and endothelial
cells, and, especially, macrophages [3].

TNF-a was discovered by Carswell and coauthors [4] in 1975, and is considered one of the main
cytokines related to inflammatory and immune processes, produced by the immune system and acting in
different parts of the body. It is produced and secreted by macrophages, lymphocytes and monocytes in
response to certain toxic-infectious stimuli [5, 6], and the presence of bacterial LPS is the main stimulus for
the installation of the inflammatory process. Serum TNF-a levels become elevated in some disease states,
such as septic shock, graft rejection, HIV infection, neurodegenerative diseases, rheumatoid arthritis and
cancer [7], and this cytokine is also involved in the pathogenesis of chronic inflammation in both rat and
human models [8]. Thus, the main physiological effect of TNF-a is to promote immune and inflammatory
responses.

IL-6 is a classical pro-inflammatory cytokine produced by a variety of cells, such as T lymphocytes, B
lymphocytes, fibroblasts, monocytes, keratinocytes, endothelial cells and various tumor cells [9]. It plays a
central role in the regulation of inflammatory and immune responses. Its release is stimulated by acute
infections, chronic inflammatory conditions, obesity and physiological stress [10]. IL-6 is involved not only in
the activation of the immune system but also in regenerative processes, as well as in metabolism regulation,
maintenance of bone homeostasis and many neural functions [11].

The determination of C-reactive protein has also been extensively applied in the diagnosis of
inflammatory and infectious conditions. This protein is an acute phase protein produced by the liver as part
of systemic inflammatory responses [12], and its production occurs in response to stimulation by inflammatory
cytokines. The determination of C-reactive protein is useful in the diagnosis and monitoring of many acute
and chronic inflammatory diseases, including infections, periodontal disease, chronic lung disease, obesity,
and metabolic syndrome [13].

Similarly, haptoglobin (Hp) has also been used as an inflammatory process parameter. Haptoglobin
belongs to a family of acute phase serum glycoproteins, induced by the secretion of IL-6, IL-1 and TNF-a. It
is primarily generated by liver hepatocytes and by skin, kidneys and lungs, in small amounts [14]. It is also
found in immune cells, including neutrophils and monocytes [15]. Under normal physiological conditions, it is
absent or present at very low levels. However, haptoglobin may increase significantly in response to acute
infection, inflammation or trauma [14].

Diet is known to play an important and significant role in the regulation of chronic inflammation. In this
context, C-reactive protein and inflammatory cytokines, such as IL-6 and TNF-a, are increased in obese
individuals, correlating positively with Body Mass Index (BMI) and central adiposity, which is, in turn,
associated to increased inflammation [16], with obesity seen as a low intensity inflammatory state. Ingestion
of food in general, especially foods high in carbohydrates (mainly sucrose) and lipids, and, particularly,
excessive food intake, generates oxidative stress, which in turn stimulates inflammation mediators [17].

Extract of plants demonstrating anti-inflammatory and antioxidant properties have been used in several
studies [18]. The fruit Lycium barbarum (L. barbarum) is noteworthy in this scenario, as it has been used as
an anti-inflammatory and antipyretic agent in traditional Chinese medicine [19] and widely marketed as a
health food and anti-aging and anti-oxidant drug substance in Western countries [20]. Studies have reported
that L. barbarum possesses several biological activities, playing an important role in the prevention and
treatment of various chronic diseases such as diabetes, hyperlipidemia, hypoglycemia, metabolic syndrome,
cancer, hepatitis, hypofunction-immunity, thrombosis and male infertility, and also used for renal protection
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[20, 21, 22]. In this context, this study aimed to evaluate the anti-inflammatory response of a L. barbarum
fruit extract in female Wistar rats submitted to a hyperpalatable diet presenting systemic LPS-induced
inflammation.

MATERIAL AND METHODS

Sample characterization

L. barbarum fruits were bought at the Pelotas Public Market, RS, Brazil, obtained from China as dried
fruits. The fruits were sampled in bulk, placed in hermetically closed jars and taken to the Laboratory of
Experimental Nutrition, at the Nutrition School of the Federal University of Pelotas (UFPEL).

Conditions and experimental model

This study was approved by the Ethics Committee on Animal Experimentation (UFPEL), under
registration number 9662-2015. Forty-two female Wistar rats (Rattus novergicus), 60 days old, obtained from
the UFPEL Central Animal Laboratory were used. The animals were maintained in polypropylene boxes in
ventilated cabinets, with controlled temperature and relative humidity conditions (23 °C+1 °C and 65-75 %),
under a 12-hour light/dark cycle. After five days of adaptation, the animals were randomly divided into six
groups, comprising seven animals each, namely SW: standard diet + water; SL: standard diet + L. barbarum;
PW: palatable diet + water; PL: palatable diet + L. barbarum; SWL: standard diet + water + LPS; SLL:
standard diet + L. barbarum + LPS. The palatable diet was composed of 25% standard diet, 34% condensed
milk, 23% corn starch, 8% sucrose and 10% lipid content (soybean oil) [23]. L. barbarum extracts were
prepared daily at a 20% concentration (v/v) using water at room temperature, and applied by gavage (2 mL-
1 of extract per day per animal). LPS was administered 6 hours prior to euthanasia, in the standard diet +
LPS and standard diet + L. barbarum + LPS groups, at 500 ug Kg* animal weight, with body temperature
measured every 30 minutes with commercial digital thermometer. After 60 days, the animals were fasted for
three hours and sedated with isoflurane (Isoflurano, BioChimico, Rio de Janeiro, Brazil). They were
euthanized by cardiac puncture, in accordance with Resolution Protocol n° 714 of June 2002 of the Federal
Council of Veterinary Medicine, following the Ethical Principles in Animal Experimentation adopted by the
Brazilian College of Animal Experimentation.

Blood collection and storage

Blood was collected at moment of rat decapitation in tubes both containing and not containing
ethylenediamine tetraacetic acid (EDTA) and centrifuged at 3,500 rpm for 10 minutes (Centrifuge 5415,
Eppendorf, Westbury, New York, USA). The serum was then transferred to eppendorfs and stored at -80 °C
until analysis.

C-reactive protein quantification

Plasma C-reactive protein (CRP) was determined by the Ultra-Sensitive-Turbidimetric CRP method
using a TARGA 3000 biochemical analyzer (Random Access Chemistry Analyzer Biotechnology
Instruments). Briefly, the samples were treated with a specific antibody to rat CRP in a suitable buffer. The
turbidity induced by the formation of immune complexes was measured at 546 nm, and the values were then
calculated automatically from a known standard. All the assay steps were performed automatically by the
instrument. A commercial control serum was used to verify the assay performance. Abnormality cutoff points,
previously mentioned in the literature [24], comprised values over 3 mg L.

Haptoglobin determination

Plasma haptoglobin determination was performed according to the guaiacol method described by Jones
and Mould [25]. A standard curve was developed with standard haptoglobin solutions diluted from 0.56 to
0.01 g L. Fifty microliter (50 pL) of haptoglobin standard or plasma sample was added to 50 pL of 0.9%
saline solution in each well. Next, 50 pL of rats methemoglobin solution (30 mg dL*) was added and plates
were incubated for 10 min at 20 °C. A blank (50 yL of 0.9% saline) was run with each serum sample. Following
incubation, a guaiacol reagent (150 uL, pH 4.0) and 50 pL of H,O- solution (0.02 mol L) were added. After
10 min, absorbance at 490 nm was measured using a microplate reader. All samples were run in duplicate
and the mean of each duplicate was used to calculate the final concentration based on the standard curve.
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Determination of glutamic-oxaloacetic transaminase and glutamic-pyruvic transaminase enzymes

Serum transaminases (glutamic-oxaloacetic transaminase (GOT) and glutamic-pyruvic transaminase
(GPT)) were performed by a colorimetric method using a commercial kit (Doles®, Goiania - GO, Brazil).
Readings were obtained spectrophotometrically at 505 nm and the results were expressed as IU/L, using
previously published data as reference (GOT = 67.67 IU/L and GPT = 27.56 1U/L) [26].

Determination of creatinine concentrations

Serum creatinine was determined using commercial kits (Creatinine K®, Labtest Diagnostica SA, Lagoa
Santa, Brazil) based on the Jaffé reaction. Briefly, 50 uL of serum sample was mixed with 50 uL of alkaline
picrate and readings were obtained spectrophotometrically at 520 nm after 0 and 60 seconds. Results were
expressed as mg dL, using previously published data as reference (0.96 mg dL?) [26].

Gene expression determination of oxidative stress- related enzymes

To determine gene expression, liver samples were obtained and immediately stored at -800C. The
samples were subsequently homogenized with Qiazol (Qiagen, Valencia, USA), and total RNA was isolated
and purified following the Qiazol protocol. RNA was quantified and adjusted to 200 ng uL?* on a
spectrophotometer (Nanodrop Lite, Thermo Fischer Scientific Inc., USA) applying the 260/280 nm
absorbance ratio. RNA quality was assessed by electrophoresis on agarose gels. Reverse transcription
reactions were performed using 1 pug of RNA with a reverse transcription kit containing RNase inhibitor
(Applied Biosystems, Foster City, USA) in 10 pL. Real-time PCR was performed to assess the expression of
the target genes inflammatory markers tumor necrosis factor alpha (TNF-a) and interleukin 6 (IL-6) using
beta-actin (Actb) as the internal control (Table 1).

PCR reactions were performed in triplicate with 12 pL of each sample using a SYBR Green Mastermix
(Applied Biosystems) and fluorescence was quantified on an Eco Real Time (lllumina, San Diego, California,
USA). For each test, 40 cycles (95°C for 10 seconds and 60°C for 30 seconds) were carried out and a
dissociation curve was included at the end of the reaction, in order to verify the amplification of a single PCR
product. The coefficient of variation was less than 3% for all the pairs of primers used. Relative expression
was calculated as 2A-B/ 2C-D, according to Masternak and coauthors [27]. Each assay plate included a
negative control comprising water.

Statistical analyses

Data were statistically tested by an analysis of variance (ANOVA) and Tukey test, at a 5% of significance
level, in order to compare data means, using the Graph Pad Prism software, version 6.0. Likewise, gene
expression was evaluated after normalization of the target gene expressions by beta-actin applying the one-
way ANOVA using the Graph Pad Prism 6.0 software.

RESULTS

Body temperature

LPS was used as an inflammation inducer. A 35.79 + 0.44 °C increase in body temperature in the
standard diet + water group (control) to 37.84 + 0.11 °C in the LPS (SWL) group was observed, while a
significant decrease (p <0.05) in temperature (36.09 + 0.66 °C) was detected after L. barbarum extract
administration (Figure 1).

C-reactive protein

C-reactive protein values are displayed in Figure 2. A significant difference (p<0.01) was observed
between the analyzed groups, with the standard diet+water+LPS group displaying higher inflammatory
responses in comparison to the other groups. Regarding standard diet groups treated with L. barbarum
(standard diet + L. barbarum and standard diet + L. barbarum + LPS), both presented a significant decrease
in inflammation when compared to the standard diet + water + LPS group (p<0.01). Likewise, a significant
reduction (p<0.01) in the inflammatory response was observed in the palatable diet + L. barbarum group
when compared to the palatable diet + water group. In addition, an increase in the inflammatory response in
the palatable diet group was observed when compared to the standard diet group.
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Inflammatory responses

Inflammatory responses were also assessed by haptoglobin determinations (Figure 3), an acute phase
protein (alpha 2-glycoprotein) produced in the liver. No significant differences (p=0.05) were observed among
groups for this parameter.

Serum transaminases

Glutamic-oxaloacetic transaminase (Figure 4A) and glutamic-pyruvic transaminase (Figure 4B) were
also analyzed for possible LPS- and palatable diet-induced liver damage. Glutamic-oxaloacetic transaminase
was lower than the reference recommended in the literature [26], although a significant decrease (<0.05) of
this parameter was observed when the standard diet + L. barbarum + LPS group was analyzed in relation to
the control group (standard diet + water). Similarly, a significant reduction in the palatable diet + L. barbarum
group when compared to the palatable diet + water group was observed, thus indicating that increased
glutamic-oxaloacetic transaminase is possibly influenced by the presence of a high lipid diet. However,
glutamic-pyruvic transaminase levels were higher than those recommended in the literature (GOT = 67.67
IU/L and GPT = 27.56 IU/L) [26], although, no significant difference (p=0.05) was observed among the
analyzed groups.

Creatinine

Creatinine was determined in order to assess possible renal function alterations (Figure 5). All
experimental groups presented normal reference level for rats (0.96 mg dL™), with the exception of the
standard diet + water + LPS group which was observed a significant increase (p<0.01) when compared to
the standard diet + L. barbarum + LPS group and standard diet + L. barbarum groups.

Gene expression

Gene expression of the inflammatory markers genes TNF-a and IL-6 in liver were also assessed
concerning dietary L. barbarum extract administration (Figure 6). A significant increase (p <0.01) in TNF-a
and IL-6 genes observed between in the liver was observed in the group treated with standard diet + L.
barbarum + LPS when compared to the standard diet + LPS group. However, no significant differences were
observed in the palatable diet groups.

P < 0.0001 Il standard diet

B Palatable diet
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409 4+ a b a a a
— —_
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Figure 1. Rat body temperature obtained by a digital thermometer. Results are expressed as means * standard
deviation. *Values with equal letters do not present significant difference between groups.
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Figure 2. Determination of the anti-inflammatory protective effect of the Lycium barbarum extract by CRP analysis.
Results are expressed as mg L. * Values with equal letters do not present significant difference between groups.
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Figure 3. Determination of the protective anti-inflammatory effect of the Lycium barbarum extract by haptoglobin
analysis. Results were expressed as mg dL1. * The treatments showed no statistical significance.
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Figure 4. Determination of the anti-inflammatory effect of the Lycium barbarum extract on liver function assessed by
glutamic-oxalacetic transaminase (GOT) and glutamic-pyruvic transaminase (GPT) analyses. Results are expressed in

IU L1 * Values with equal letters do not present significant difference between groups. * The Figure with no letters
showed no statistical significance.

between groups.
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Figure 5. Determination of the anti-inflammatory effect of the Lycium barbarum extract on kidney function assessed by

creatinine levels. Results were expressed in mg dL. * Values with equal letters do not present significant difference
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Figure 6. Relative expression levels of TNF-a and IL-6 in liver of animals treated and not treated with Lycium barabarum.
* Values with equal letters do not present significant difference between groups.

Table 1. Primers used in the analysis of gene expression by real-time PCR.

Primers Gene Sequence (5'-3") Length (pb)

Actb (forward) B-actin TCACCACCACAGCCGAGAGA 72
Actb (reverse) CGAAATCCAGTGCGACGTAGC

TNF-a (forward)  Tumor necrosis factor - alpha ACAAGGCTGCCCCGACTAT 585
TNF-a (reverse) CTCCTGGTATGAAGTGGCAAATC

IL-6 (forward) Interleukin - 6 GTCAACTCCATCTGCCCTTCAG 538
IL-6 (reverse) GGCAGTGGCTGTCAACAACAT

DISCUSSION

Authors In this study the LPS was used as an inflammation inducer. This molecule is abundantly found
in the outer membrane of gram-negative bacteria and is considered the main factor responsible for infection
manifestations, involved in a variety of inflammatory disorders [28]. The results indicate that L. barbarum has
the power to reduce LPS-induced inflammation. LPS-induced inflammation led to increased rat body
temperature, and can be considered a defense mechanism against the inflammatory process, in order to
combat the invading microorganism and reestablish physiological functions. L. barbarum administration led
to decreased body temperature of up to 1.8 °C.

L. barbarum has been reported as a strong ally in the fight against infectious processes, due to its high
amount of essential amino acids and anti-inflammatory properties [29]. A study carried out by Yang and
coauthors [30] demonstrated that L. barbarum polysaccharide administration reduced ischemia-reperfusion
injury in a mouse model, by suppressing oxidative stress and reducing inflammation.

In the present study, inflammatory responses were assessed by C-reactive protein levels, an acute
phase protein produced by hepatocytes, synthesized by the liver and regulated by cytokines, predominantly
IL-6, TNF-a and IL-1 [31]. The results indicate that the L. barbarum extract showed protective effect against
LPS-induced inflammation. An increase in inflammatory responses was observed with administration of the
hyperpalatable diet when compared to groups fed standard diets and therefore, decreased C-reactive protein
levels in the palatable diet + L. barbarum group. It is possible that the increases in C-reactive protein levels
in the hyperpalatable diet groups are the result of visceral adiposity, due to the inflammatory effects of
abdominal obesity [32]. C-reactive protein increases rapidly in plasma in response to tissue injury, infection
and inflammation [33] and in some specific conditions, such as obesity [34]. The results obtained in the
present study corroborate data from the study carried out by Hogan and coauthors [35] who observed a
significant increase in C-reactive protein levels after obesity induction in mice fed a diet containing 41% lipids
for 12 weeks.

Possible liver damage induced by inflammation was noted using transaminases glutamic-oxaloacetic
transaminase and glutamic-pyruvic transaminase data. The results obtained by glutamic-oxaloacetic
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transaminase showed that administration of L. barbarum can significantly reduce this parameter in both
standard and palatable diets. Similarly, L. barbarum showed potential to reduce of this ezyme levels when
administered LPS in the standard diet groups.

Matsuzaki and coauthors [36] observed a significant increase in glutamic-oxaloacetic transaminase and
glutamic-pyruvic transaminase activity in the control group, when examined as non-specific and specific
markers in the liver injury in mice receiving LPS administration. In contrast, the group undergoing caloric
restriction (40%) with LPS induction after 6 hours of administration, presented significantly reduced activity
in relation to the control group.

Glutamic-oxaloacetic transaminase is widely distributed in animal and human tissues, and its major
activity is found in the heart and skeletal muscles, as well as brain, liver and kidney [37]. It should be
emphasized, therefore, that this is not a specific enzyme for liver injury, since any change in the
aforementioned tissues may lead to enzymatic alterations.

The glutamic-pyruvic transaminase levels found in the present study were higher than reference values
[26], although not significantly (p=0.05), indicating that high levels of this parameter are found in the liver and
can be considered a specific marker of liver damage. For Rochling [38], transaminases are elevated in the
presence of certain pathologies, such as acute and chronic hepatitis, cirrhosis, hepatic congestion, infiltrative
diseases such as infections or cancer. According to Cheng and Kong [39], L. barbarum significantly improved
hepatic injury, preventing the progression of alcohol-induced liver fat accumulation, improving liver
antioxidant function. Xiao and coauthors [40] report that L. barbarum protected the liver in rats presenting
oxidative stress induced by carbon tetrachloride and inflammatory reactions.

In order to evaluate possible renal function alterations, a creatinine analysis was performed, and alll
groups presented normal reference creatinine values [26]. However, a significant increase (p<0.01) in the
standard diet + water + LPS group was observed in relation to the standard diet + water; standard diet + L.
barbarum + LPS, standard diet + L. barbarum and palatable diet + L. barbarum groups. Thus, L. barbarum
seems to display a protective effect concerning creatinine levels. However, inferring that normal plasma
creatinine values always indicate normal renal function may lead to important misunderstandings, since initial
changes in the glomerular filtration rate may be "hidden" in normal creatinine values [41].

The expression of inflammatory marker genes TNF-a and IL-6 were also assessed, and a significant
increase (p<0.01) was observed in both genes in the standard diet + L. barbarum + LPS group. LPS, as the
major active component of the cell wall in Gram-negative bacteria, can be recognized by the toll-like receptor
4 (TLR4) receptor complex and activate signal pathways to induce cytokine production, resulting in an
inflammatory response [42, 43, 44]. IL-6, on the other hand, mediates a wide range of inflammatory and
immune responses, while TNF-a displays a myriad of pro-inflammatory effects [45]. Pro-inflammatory
cytokines such as TNF-a and IL-6 are essential in activating the innate host defense system and
subsequently modulating adaptive immune responses [46]. Thus, these results indicate that L. barbarum may
lead to the relief of inflammatory responses by down regulating inflammatory cytokine expression [44].

CONCLUSION

Based on the results obtained herein, the assessed L. barbarum extract presented the potential to reduce
inflammatory responses, as C-protein reactive, glutamic-oxaloacetic transaminase and creatinine analyses.
L. barbarum provided protection against LPS-induced inflammatory responses, protecting animals against
systemic inflammation, liver damage and renal function alterations. In addition, the L. barbarum extract
significantly reduced the inflammatory response induced by the palatable diet. It should be noted that L.
barbarum also increased the expression of genes related to inflammatory response (TNF-a and IL-6),
indicating that this fruit can exert immunomodulation functions by regulating inflammatory cytokine
expression.
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