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Fish oil as effective supplement preventing inflammatory and histopathological

alterations in adjuvant-induced arthritis in rats

Oleo de Peixe como suplemento eficaz na prevencao de alteracdes inflamatorias e histopatoldgicas

na artrite induzida por adjuvante em ratos
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In this study was investigated the effect of treatment with a fish oil preparation (FOP) on inflammatory and
histopathological parameters in a rat model of adjuvant-induced arthritis (AlA). Paw edema, the severity of secondary
lesions, the number of synovial leukocytes, and serum nitric oxide and cytokines concentrations were evaluated.
Histological changes in cartilage and bone of the femorotibial articulation in the paws were analyzed by
hematoxylin/eosin and sirius red-hematoxylin staining. Oral treatment with the FOP (75, 150, and 300 mg/kg) that
was initiated on the day of arthritis induction (day zero) and maintained for 21 days inhibited inflammatory signals
and prevented morphological changes in cartilage and bone of the femorotibial articulation of the paws. These effects
could be at least partially attributable to inhibitory and modulatory actions of the FOP on the production and release of

nitric oxide and cytokines that participate in the pathophysiology of AlA.
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Resumo

Nesse estudo foi investigado o efeito do tratamento com uma preparacdo de 6leo de peixe (POP) sobre parametros
inflamatorios e histopatoldgicos na artrite induzida por adjuvante em ratos (AlA). O edema de pata, a gravidade das
lesbes secundarias, 0 nimero de leucdcitos sinoviais e a concentragdo sérica de 6xido nitrico e de citocinas foram
avaliados. AlteragGes histologicas nas cartilagens e nos ossos das articulagbes fémoro-tibiais das patas foram
analisadas pelas técnicas de coloragdo hematoxilina/eosina e sirius red-hematoxilina. O tratamento oral com a POP
(75, 150, e 300 mg/kg) iniciado no dia da inducdo da artrite (dia zero) e mantido por 21 dias inibiu os sinais
inflamatorios e preveniu as alteracfes morfoldgicas na cartilagem e no osso das articulagdes. Esses efeitos podem ser
parcialmente atribuidos a acdo modulatéria e inibitéria da POP sobre a producéo/liberacdo de 6xido nitrico e citocinas
que participam da fisiopatologia da AlA.

Palavras-chave: Oleo de peixe; Adjuvante completo de Freund; Efeito anti-inflamatorio; Citocinas.

Resumen

En este estudio se investigo el efecto del tratamiento con una preparacion de aceite de pescado (PAP) sobre los
pardmetros inflamatorios y histopatolégicos en un modelo de artritis inducida por adyuvante en ratas (AlA). Se evaluo
el edema de la pata, la gravedad de las lesiones secundarias, el nimero de leucocitos sinoviales y las concentraciones
séricas de Oxido nitrico y citocinas. Los cambios histoldgicos en el cartilago y el hueso de la articulacion femorotibial
en las patas se analizaron mediante tincion con hematoxilina / eosina y rojo de sirio-hematoxilina. El tratamiento oral
con PAP (75, 150 y 300 mg / kg) que se inici6 el dia de la induccion de la artritis (dia zero) y se mantuvo durante 21
dias inhibié las sefiales inflamatorios y previno cambios morfol6gicos en el cartilago y hueso de la articulacién
femorotibial de las patas. Estos efectos podrian atribuirse, al menos en parte, a las acciones inhibidoras y moduladoras
de la PAP sobre la produccion y liberacidn de dxido nitrico y citocinas que participan en la fisiopatologia de la AlA.
Palabras clave: Aceite de pescado; Adyuvante completo de Freund; Efecto antiinflamatério; Citocinas.

1. Introduction

Fish oil (FO) is a rich source of n-3 long-chain (also known as omega-3) polyunsaturated fatty acids (PUFAS),
especially eicosapentaenoic acid (EPA; 20:5n-3) and docosahexaenoic acid (DHA,; 22:6n-3), and has many health benefits.
Supplementation with omega-3 PUFAs has been recommended as an adjuvant therapy for rheumatoid arthritis and cancer and
the prevention of ischemic heart disease (Calder, 2014;. Calder; 2010; He et al., 2020; Mattos & Andrade, 2006; Simopoulos,
2002).

Its supplementation has also been recommended for treatments with some drugs that cause severe adverse events or
do not have good pharmacological efficacy in chronic diseases (He et al., 2020; Mori et al., 2000).

The mechanisms of these effects appear to be related to modulation of the signaling and expression of genes, changes
in the composition of the cell membrane, changes in the population of immune cells, and the production of eicosanoid (He et
al., 2020; Mori et al., 2000; Watson et al., 2018).

In adjuvant-induced arthritis (AlA), a plantar injection of Freund’s complete adjuvant (CFA) is an intense and
persistent inflammatory stimulus that significantly increases the number of inflammatory cells and the production and release
of inflammatory mediators in the affected joint. These events contribute to joint cartilage damage, bone resorption, and other
systemic changes in arthritic animals, similar to rheumatoid arthritis in humans (LaBranche et al., 2012). Pharmacological
treatment to inhibit the migration and number of leukocytes that are recruited to the joint can reduce local and systemic
damage and is an interesting therapeutic intervention.

In our previous study, we observed an inhibitory effect of FO preparation (FOP) on the number of leukocytes that
were recruited to the joint cavity and rolling and adhered leukocytes in a rat model of adjuvant-induced arthritis (Estevao-Silva
et al., 2016), but no study has proving the effectiveness of daily supplementation with FO in severe systemic joint and bone
changes that occur in AlA.

The present study investigated the effects of treatment with a FOP on inflammatory and histopathological parameters

in arthritic rats.
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2. Methodology
2.1 Animals

In this study, in vivo experiments were performed on Holtzmann rats, weighing 210-220 g, randomly divided into
standard polypropylene cages, in an environment with a controlled temperature (22°C + 2°C) under a 12 h/12 h light/dark
cycle with standard chow and water available ad libitum. Rats were acclimated for 1 week before initiation of experiment. The
number of animals used was the minimum necessary to obtain statistical significance and were used only in a single
experimental group.The experimental protocol chosen for this study were previously standardized in our laboratory (Estevéo-
Silva et al. 2016; Ritter et al., 2017) and was approved by the Animal Ethics and Experimentation Committee of the State
University of Maringd (CEAE/UEM 045).

2.2 Drugs

The FO consisted of 250 mg DHA and 50 mg EPA and was purchased commercially from Naturalis laboratory (S&o
Paulo, Brazil). Olive oil was obtained from Andorinha (Algés, Portugal). Naproxen was purchased from the Medicinal
pharmacy (Maringa, Parana, Brazil). Ketamine hydrochloride was obtained from Agner Unido (S&o Paulo, Brazil). Xylazine
hydrochloride was obtained from Rompun (Bayer, Sdo Paulo, Brazil). Nujol was obtained from Schering-Plough (Séo Paulo,
Brazil).

2.3 Fish oil preparation and treatment groups

The contents of the FO capsules were diluted in olive oil to obtain the FOP in amounts of 37.5, 75, 150, and 300
mg/kg by considering the amount of DHA in each preparation. These FOPs were based on Estevao-Silva et al. (2016). The rats
were randomly assigned to nine treatment groups (n = 7): Group | (N- normal rats), Group Il (AlA- untreated arthritics rats),
Groups I11-VI1 (arthritics rats treated with the FOP at 37.5, 75, 150, and 300 mg/kg), Group VII (arthritics rats treated with pure
FO at 300 mg/kg), Group VIII (arthritics rats treated with olive oil [i.e., the diluent (Oo) that was used for the FOP] in an
amount that was equivalent to treatment with the FOP), and Group IX (arthritics rats treated with 3 mg/kg of the reference
antiinflammatory drug naproxen [Npx]). The animals were treated with a single daily dose orally by gavage, which was started

on the day of arthritis induction (day zero) and continued until day 21 after AIA induction.

2.4 Arthritis induction and assessment

To induce arthritis, the animals were first anesthetized with a solution of ketamine (50 mg/kg) and xylazine (10
mg/kg), and then 0.1 ml of a CFA suspension (killed and dried Mycobacterium tuberculosis suspended in mineral oil [Nujol®])
at a concentration of 0.5% (w/v) was injected subcutaneously in the left hindpaw. The induction day was set as experimental
day 0. The inflammatory response that was induced by CFA was evaluated in the hindpaws in arthritic rats on days 1, 3, 6, 9,
13, 17, and 21. The volume of the injected paw and non-injected contralateral paw was evaluated with a plethysmograph (Ugo
Basile). The results are expressed as an increase in paw volume (ul) relative to its initial volume. The evaluation of secondary
lesions (i.e., the presence of nodules in the ears and tail and edema in the forepaws) was performed from day 1 to day 21 after
arthritis induction and was maintained until the end of the experiment (day 21). To evaluate these lesions, a numerical scale as
proposed by Rosenthale (1970) was used, in which points are assigned for each of the following events: +1 (appearance of
nodules in the tail), +1 or +2 (appearance of nodules in one or both ears), and +1 or +2 (swelling of one or both forelimbs). The

severity of lesions was graded from 0 (zero) to 5, with zero indicating the absence of lesions.
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2.5 Determination of serum concentrations of nitric oxide and cytokines

On day 21 after arthritis induction, the different animal groups were anesthetized to collect blood from the inferior
vena cava. Samples were centrifuged at 700 x g at 4°C for 15 min and then stored at -70°C for further biochemical analysis.

The concentration of nitric oxide was determined using the Griess colorimetric method. This method indirectly
quantifies nitric oxide by measuring the concentration of nitrite in the sample. Griess’ solution (1% sulfanilamide in 5%
phosphoric acid and 0.1% N-1-naphthyl ethylenediamine dihydrochloride in water) was added to each sample, which was read
at 500 nm after 10 min to determine the nitrite concentration. The results were calculated based on a standard curve and are
expressed as pumol/mil.

The plasma concentration of cytokines, tumor necrosis factor (TNF), interleukin (IL-1, IL-2, IL-6, 1L-10), and
granulocyte-macrophage colony stimulating factor (GM-CSF) were determined using a flow cytometer (MAGPIX Luminex,

Austin, TX, USA) according to the manufacturer’s instructions.

2.6 Histological analysis of femorotibial articulation

Normal, untreated arthritic (control) rats and arthritic rats that were treated with 300 mg/kg FOP, 300 mg/kg FO, 3
mg/kg Npx, or Oo were anesthetized and euthanized with ketamine (500 mg/kg) and xylazine (100 mg/kg) on day 21. The
right and left femorotibial articulations were collected and processed for further histological analysis. The samples were
immersed in 10% formalin for 48 h and then decalcified in 10% ethylenediaminetetraacetic acid (pH 7.4) for 21 days. The
articulations were then dehydrated in different concentrations of alcohol solutions and embedded in paraffin. Semi-serial 6-
pm-thick slices were stained with hematoxylin/eosin or sirius red-hematoxylin. Slides that were stained with HE were used
both (1) to evaluate the intensity of the inflammatory response in the synovial membrane (right and left) and histopathological
changes in articular cartilage (right and left) and (2) to analyze the morphometry of the right and left synovial membrane. Both
evaluations were performed using an Olympus BX41 optical microscope (Tokyo, Japan).

The intensity of the inflammatory response in the synovial membrane in each group of rats was assessed using a score
that ranged from 0 (zero) to 4 points (Ritter et al., 2017). This score was based on the number of inflammatory cells in the
synovial membrane and their distribution in tissue, with zero indicating the absence of inflammatory infiltrate in the tissue and
4 indicating very intense inflammatory infiltrate, with the synovial membrane replete with inflammatory cells. The degree of
structural alterations of articular cartilage (right and left) was assessed by a score that varied from 0 (zero) to 5 points
according to severity!'. This score was based on the cellular type and organization in the cartilage and shape and integrity of
the surface of the articular membrane (Ritter et al., 2017), with zero indicating no change and 5 indicating a change in the
number of chondrocytes, irregularities in the surface of the joint membrane, and pannus invasion into articular cartilage.

The morphometric analysis of the synovial membrane was performed by random measurements of the thickness of the
right (three measurements) and left (three measurements) synovial membrane in each histological section. The measurements
were taken in three histological sections per animal, for a total of 45 measurements per group. The thickness of the right and
left articular cartilage was also determined. Five random measurements were taken for each histological section, for a total of
75 measurements per group. These analyses were performed using an optical microscope (Olympus BX41, Olympus, Tokyo,
Japan) with x4 (synovial membrane) and x10 (cartilage) objectives The results are expressed as micrometers (um).

Sirius red-hematoxylin-stained sections were used to determine the area of the organic matrix on subcondral bone that
underlies the femorotibial articulation in each group. The images were captured under polarized light using a Nikon Eclipse
801 optical microscope coupled to a high-resolution Nikon Ds-FilC camera (Minato-ku, Tokyo, Japan) with a 20x objective
lens and analyzed using ImagePro Plus 4.5 image analysis software (Media Cybernetics, Silver Spring, MD, USA). Three

random images were taken per histological section of each region, for a total of 180 images per group (right tibia [45], left tibia
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[45], right femur [45], and left femur [45]). The results are expressed as the area occupied by the organic matrix (left and right)

in um2,

2.7. Statistical analysis
The results are expressed as the mean + standard error of the mean (SEM). Significant differences among means were
identified using Tukey’s test. Values of p < 0.05 were considered statistically significant. The statistical analyses were

performed using GraphPad Prism 5.0 software (San Diego, CA, USA).

3. Results
3.1 Treatment with FOP inhibited arthritic paw edema in rats

Twenty-four hours after arthritis induction, we observed a significant increase in the volume of the injected paw in
AIA control rats, with a progressive increase in edema until day 21. The volume of the contralateral paw (hon-injected right
hindpaw) progressively increased from day 10 to the end of the experimental period (day 21). Treatment with 75, 150, and 300
mg/kg FOP and 300 mg/kg FO reduced edema in the injected paw (Figure 1A) and non-injected contralateral paw (Figure 1B)
on days 13, 17 and 21. Naproxen (3 mg/kg) reduced edema in the injected paw on days 3, 6, 9, 13, 17, and 21 and contralateral
non-injected paw on days 13, 17, and 21 compared with the AIA control group. Treatment with 37.5 mg/kg FOP and olive oil

(Oo) did not reduce edema in the injected paws or non-injected contralateral paws compared with the AIA group.

3.2 Treatment with the FOP delayed the appearance and reduced the severity of secondary lesions in arthritic rats
The severity of secondary lesions is shown in Table 1. Treatment with 75, 150, and 300 mg/kg FOP, 300 mg/kg FO,
and 3 mg/kg Npx delayed the appearance of lesions, which were also milder compared with the AIA group. Treatment with

37.5 mg/kg FOP and olive oil (Oo) did not alter the severity of secondary lesions.

Table 1. Effect of fish oil preparation (FOP), pure fish oil (FO), olive oil (O0), and naproxen (Npx) on secondary lesion scores

after the induction of adjuvant-induced arthritis (AlA).

Groups Days after AIA induction
11 13 15 17 19 21

AlA 3(1-3) 5(2-5) 5(4-5) 5(5-5) 5(5-5) 5(5-5)
Oo 2(1-3) 4(2-4) 5(3-5) 5(5-5) 5(5-5) 5(5-5)
Npx 1(0-1)* 2(1-3)* 4(3-5)* 5(5-5) 5(5-5) 5(5-5)
FOP375 2(1-3) 5(4-5) 5(4-5) 5(5-5) 5(5-5) 5(5-5)
FOPzs 1(0-2)* 2(1-4)* 4(4-5) 5(4-5) 5(4-5) 5(4-5)
FOP1s0 1(0-2)* 3(1-4)* 4(3-5)* 5(4-5) 5(4-5) 5(4-5)
FOP300 1(0-2)* 3(2-4)* 4(3-5)* 5(4-5) 5(4-5) 5(4-5)
FO 0(0-2)* 3(2-3)* 4(3-5)* 5(4-5) 5(4-5) 5(4-5)

The evaluation of secondary lesions was done by assigning points to each of the following events: appearance of nodules in the tail (+1),
appearance of nodules in one or both ears (+1 or +2), and occurrence of swelling in one or both forelimbs (+1 or +2). The severity these
lesions was graded from 0 to 5, in which zero indicated the absence of lesions. Treatments were administered daily, p.o., beginning on the
same day as arthritis induction and continued until day 21 after the induction. The data are expressed as median (range) for each group (6-7
animals) * p < 0.05, compared with AlA group (one-way ANOVA followed by Tukey test). Source: Authors.

3.3 Treatment with the FOP reduced serum levels of nitric oxide in arthritic rats
The serum concentration of nitric oxide (nitrite) in the AIA group was significantly higher compared with the normal
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group on day 21. The treatment of arthritic rats with 75 and 300 mg/kg FOP and 300 mg/kg FO reduced serum nitrite
concentrations by 39.3%, 38.1%, and 42.0%, respectively, compared with the AIA control group. The treatment of arthritic rats
with 3 mg/kg Npx also reduced serum nitrite concentrations by 40.6%. Treatment with 37.5 mg/kg FOP and olive oil (Oo) did
not alter serum nitrite concentrations compared with the AIA group (Figure 2).

Figure 1. Effect of fish oil preparation (FOP - 37.5, 75, 150, and 300 mg/kg), pure fish oil (FO - 300 mg/kg), olive oil (O0),
and naproxen (Npx - 3 mg/kg) on left injected (A) and right non-injected (B) paws volume 1, 3, 6, 9, 13, 17 and 21 days after
the induction of AIA. Treatments were administered daily, p.o., beginning on the same day as arthritis induction. The data are
expressed as the mean + SEM of 6-7 animals for each experimental group.
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*p < 0.05 compared with control arthritic group (AlA) (one-way ANOVA followed by Tukey test). Source: Authors.
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Figure 2. Effect of fish oil preparation (FOP - 37.5, 75, 150, and 300 mg/kg), pure fish oil (FO - 300 mg/kg), olive oil (O0),
and naproxen (Npx - 3 mg/kg) on serum nitric oxide concentration (NO), 21 days after the induction of adjuvant-induced
arthritis. The data are expressed as the mean + SEM of 6-7 animals for each experimental group. # p < 0.05, compared with
normal group (N); * p < 0.05, compared with control arthritic group (AlIA) (one-way ANOVA followed by Tukey test).

Total of Nitrite (ng/mL)

75 150

FOP (mg/kg)

Arthritics
Source: Authors.

3.4 Treatment with the FOP altered serum cytokine concentrations in arthritic rats

Serum concentrations of proinflammatory cytokines (TNF, IL-1, IL-2, IL-6, and GM-CSF) on day 21 after arthritis
induction increased in the AIA group compared with the normal group. The concentration of the antiinflammatory cytokine IL-
10 did not alter in the AIA group. Treatment with 300 mg/kg FOP, 300 mg/kg FO, and 3 mg/kg Npx reduced the
concentrations of TNF, IL-1, IL-2, IL-6, and GM-CSF compared with the AIA group (Figure 3). In arthritic rats that were
treated with 300 mg/kg FOP and 300 mg/kg FO, the concentrations of IL-10 increased compared with the AIA group.
Treatment with 3 mg/kg Npx and Oo did not alter the concentrations of IL-10 (Figure 3).

3.5 Treatment with the FOP reduced histopathological changes in cartilage and the synovial membrane in the
femorotibial joint and bone matrix

Histological analyses of the left and right femorotibial joints by HE staining in the normal group revealed a preserved and
intact morphological aspect of both articular cartilage and the synovial membrane (Figure 4A, 4B; Figure 5A, 5B). In the AIA
control group, severe changes in the left and right joints were observed on day 21 after arthritis induction, manifested as
thickening of the articular cartilage, the arrangement of chondrocytes in columns, hyperplasia of the synovial membrane and
cartilage, and the presence of inflammatory infiltrates with pannus formation (Figure 4C, 4D; Figure 5C, 5D). In arthritic rats
that were treated with Npx (Figure 4G, 4H; Figure 5G, 5H), 300 mg/kg FOP (Figure 41, 4J; Figure 51, 5J) and 300 mg/kg FO
(Figure 4K, 4L; Figure 5K, 5L), the left and right joints were more preserved compared with the AlA control group. Arthritic
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rats that were treated with Oo did not present any changes.

Figure 3. Effect of fish oil preparation (FOP - 37.5, 300 mg/kg), pure fish oil (FO - 300 mg/kg), olive oil (O0), and naproxen
(Npx - 3 mg/kg) on serum concentration of proinflammatory cytokines (TNF, IL-1, IL-2, IL-6, and GM-CSF) and anti-
inflammatory cytokine (IL-10), 21 days after the induction of adjuvant-induced arthritis. The data are expressed as the mean
SEM of 5-6 animals for each experimental group. # p < 0.05, compared with normal group (N); * p < 0.05, compared with

control arthritic group (AlA) (one-way ANOVA followed by Tukey test).
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Figure 4. Photomicrographs of left femorotibial articulations in groups: N- normal rats (A-B), AlA- arthritics rats (C-D), Oo-
arthritics rats treated with olive oil (E-F), Npx- arthritics rats treated with naproxen at 3 mg/kg (G-H), FOP- arthritics rats
treated with the FOP at 300 mg/kg (I-J), FO- arthritics rats treated with pure FO at 300 mg/kg (K-L). General aspects: Both (A)
articular cartilage (AC) and (B) synovial membrane (SM) preserved, with intact morphological aspect. (C-D and E-F)
thickening of the articular cartilage (arrow), the arrangement of chondrocytes in columns, presence of inflammatory infiltrates
(dotted arrow), hyperplasia of the synovial membrane and cartilage, and the with pannus formation (arrowhead). Npx, FOP and
FO decreased inflammatory infiltrate, synovial membrane hyperplasia and cartilage (G-H, 1-J, K-L). Tibia (TB); femorotibial
articulations (FM); synovial membrane (SM); articular cartilage (CA). The images were captured at 40 magnification.

Hematoxylin/eosin staining.

Source: Authors.
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Figure 5. Photomicrographs of right femorotibial articulations in groups: N- normal rats (A-B), AIA- arthritics rats (C-D),
Oo- arthritics rats treated with olive oil (E-F), Npx- arthritics rats treated with naproxen at 3 mg/kg (G-H), FOP- arthritics rats
treated with the FOP at 300 mg/kg (I-J), FO- arthritics rats treated with pure FO at 300 mg/kg (K-L). General aspects: Both (A)
articular cartilage (AC) and (B) synovial membrane (SM) preserved, with intact morphological aspect. (C-D and E-F)
thickening of the articular cartilage (arrow), the arrangement of chondrocytes in columns, presence of inflammatory infiltrates
(dotted arrow), hyperplasia of the synovial membrane and cartilage, and the with pannus formation (arrowhead). Npx, FOP and
FO decreased inflammatory infiltrate, synovial membrane hyperplasia and cartilage (G-H, 1-J, K-L). Tibia (TB); femorotibial

articulations (FM); synovial membrane (SM); articular cartilage (CA). The images were captured at 40 magnification.

Hematoxylin/eosin staining

» m g‘
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Source: Authors.

Inflammatory infiltrate scores for the synovial membrane and changes in articular cartilage are shown in Table 2. The
AIA group had the maximum score for changes in cartilage (5 points), indicating a predominance of chondrocytes that were
distributed in columns, irregularities in the surface of the articular membrane, and invasion of the pannus. The AIA control
group also had a maximum score (4 points) for cell infiltrates, in which the synovial membrane of the right and left joints was
hyperplastic and invaded by very intense inflammatory infiltrates. Arthritic rats that were treated with FOP, FO, and Npx had
significantly lower scores for right and left cartilage (< 4 points) and inflammatory infiltrate (< 3 points) compared with the

AIA control group. Arthritic rats that were treated with Oo did not present any changes.

10


http://dx.doi.org/10.33448/rsd-v10i4.14046

Research, Society and Development, v. 10, n. 4, 22610414046, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i4.14046

Table 2. Histological scores for alterations in articular cartilage and inflammatory infiltrate in the synovial membrane of the

femoraotibial articulation 21 days after the induction of adjuvant-induced arthritis.

Left Right

Cartilage Inflammatory Cartilage Inflammatory

damage infiltrate damage infiltrate
AlA 5 (4-5) 4 (3-4) 5 (5-5) 4 (3-4)
Oo 4 (3-5) 4 (3-4) 4 (4-5) 3(3-4)
Npx 3 (2-4)* 2 (1-2)* 3 (3-5)* 1(1-3)*
FOP 3 (2-5)* 2 (1-2)* 2 (2-5)* 2 (1-3)*
FO 3 (2-5)* 2 (1-2)* 2 (2-5)* 2 (1-4)*

(AIA) control arthritics rats, (Oo) arthritic rats treated with olive oil, (Npx) arthritic rats treated with naproxen-3mg/kg, (FOP) arthritic rats
treated with the fish oil preparation - 300 mg/Kg, (FO) arthritic rats treated with pure fish oil - 300 mg/Kg. Histological scores for cartilage
damage in femorotibial articulations in rats was graded from 0 to 5 points (Ritter et al., 2017)%: 0 (absence of damage), 1 (increased number
of chondrocytes distributed in columns), 2 (increased number of chondrocytes distributed in columns and also disorganized chondrocytes), 3
(decreased number of chondrocytes with disorganized distribution), 4 (change in the number of chondrocytes and disorganized articular
membrane superficies), and 5 (change in the number of chondrocytes, disorganized articular membrane superficies, and pannus formation in
articular cartilage). Histological scores for the frequency of inflammatory infiltrate in the synovial membrane in femorotibial articulations in
rats were graded from O to 4 points (Ritter et al., 2017): (0) absence of inflammatory infiltrate, normal synovial membrane; (1) low
inflammatory infiltrate scattered across the tissue; (2) moderate inflammatory infiltrate scattered across the tissue with small groups of cells;
(3) high inflammatory cells distributed throughout the tissue; (4) intense inflammatory infiltrate distributed throughout the tissue with evident
membrane thickening. The data are expressed as the median (range) for each group. * p < 0.05, compared with control arthritic group (AlA)
(one-way ANOVA followed by Tukey test). Source: Authors.

The morphometric analysis showed that the AIA group exhibited hyperplasia of cartilage and the synovial membrane
compared with the normal group. In arthritic rats that were treated with 300 mg/kg FOP and 300 mg/kg FO, a reduction of the
thickness of cartilage and the synovial membrane was observed for both the left and right joints (Figure 6A, 6B).

The analysis of the area that was occupied by the organic matrix in subchondral bone in sections that were stained with
sirius red revealed that the average area of the epiphyses of the tibia and femur was 127.824 um? (left side) and 106.818 pum?
(right side) in the normal group, with reductions of approximately 37% and 42%, respectively, in the AIA control group. In
arthritic rats that were treated with 300 mg/kg FOP, 300 mg/kg FO, and 3 mg/kg Npx, the reductions were 29%, 28%, and
21%, respectively, on the left side and 38%, 38%, and 38%, respectively, on the right side. Arthritic rats that were treated with
Oo exhibited no changes (Figure 7).
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Figure 6. Thickness of the left and right synovial membrane (A), and thickness of the left and right articular cartilage (B) 21
days after the induction of adjuvant-induced arthritis. (N) normal rats, (AlA) control arthritics rats, (FOP) arthritic rats treated
with the fish oil preparation - 300 mg/Kg, (FO) arthritic rats treated with pure fish oil - 300 mg/Kg, (Oo) arthritic rats treated
with olive oil, (Npx) arthritic rats treated with naproxen-3mg/kg. The data are expressed as the mean = SEM of 5-6 animals for
each experimental group. # p < 0.05, compared with normal group (N); * p < 0.05, compared with control arthritic group (AIA)
(one-way ANOVA followed by Tukey test).
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Figure 7. Organic matrix area of in the subchondral bone in normal rats (N), control arthritic group (AlA) and arthritics rats
treated with: olive oil (Oo), naproxen (Npx-3 mg/kg), fish oil preparation (FOP-300 mg/kg) and pure fish oil (FO-300 mg/kg),
21 days after the induction of adjuvant-induced arthritis. The data are expressed as the mean + SEM of 6-7 animals for each
experimental group. *p < 0.05, compared with normal group; *p < 0.05, compared with C group (one-way ANOVA followed
by Tukey test).
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4. Discussion

The present study investigated the effects of a FOP on arthritis that was induced by CFA in rats. Inflammatory and
histopathological parameters were evaluated. The FOP consisted of fish oil diluted in olive oil, which was used to enable the
administration of FO in very low amounts (35 and 75 mg/kg). The choice of olive oil (O0) to dilute the FO was based on our
previous studies that evaluated the beneficial effects of FO on the acute inflammatory response and recruitment of leukocytes
into the joint cavity in arthritic rats (Ames et al., 2017; Ames et al., 2020; Arruda et al., 2017; Estevédo-Silva et al., 2016).

The inclusion of a group of arthritic animals that were treated with pure FO was important in the present study
because no differences in the effect were found between the FOP and FO treatments at equivalent amounts (300 mg/kg). This
indicates that the dilution process did not interfere with the effectiveness of FO.

The FOP inhibited the development of AlA. Clinical signals of the disease, such as paw edema, secondary lesions,
and histopathological alterations that are usually caused by the disease were prevented. One possibility is that these effects
could be at least partially attributable to the ability of the FOP to modulate the production or release of nitric oxide and
cytokines that participate in the pathophysiology of AIA, which was observed in the present study.

Corroborating the present results, studies showing that the FO inhibited the inflammatory response in rats with
collagen-induced arthritis and the inflammatory response that was induced by polysaccharide A (derived from Streptococcus
pyrogenes) (lerna et al., 2010; Leslie et al., 1988; Volker et al., 2000).

Moreover, clinical studies demonstrated that treatment with FO can attenuate clinical signs and symptoms in human
rheumatoid arthritis patients (Calder, 2014;. Calder; 2010; He et al., 2020, Mattos & Andrade, 2006; Simopoulos, 2002).

Treatment with the FOP at 75, 150, and 300 mg/kg and pure FO at 300 mg/kg similarly inhibited arthritis. Previous
studies reported that treatment with a FOP at doses of 30 and 300 mg/kg similarly reduced the development of acute
inflammation, indicating that the FOP may have a ceiling effect, suggesting that higher doses may be not necessary for the

treatment of some diseases (Arruda et al., 2017).
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In the AIA model, a severe joint inflammatory process occurs, with the participation of various inflammatory cells
and chemical mediators. In this model, the synovial membrane becomes hyperplastic and rich in inflammatory cells, forming a
pannus between bone and cartilage and promoting angiogenesis and the invasion of neighboring tissues that contribute to self-
perpetuation and greater damage to cartilage and bone (Leslie et al., 1988; Paleolog, 2002). Cartilage degradation occurs when
cytokines (e.g., TNF, IL-1, and IL-6) activate synoviocytes and chondrocytes, which begin to secrete matrix metalloproteinases
that degrade collagen, elastin, glycoproteins, and articular proteoglycans (Boissier et al., 2012; Smolen & Steiner, 2003).

Furthermore, chondrocyte apoptosis occurs through the actions of proinflammatory cytokines and reactive nitrogen
intermediaries that lead to greater cartilage destruction. Bone erosion also occurs through the constant release of cytokines,
such as GM-CSF, and activation of the transcription factor nuclear factor-«B, which promotes the differentiation of osteoclasts
and cellular invasion of the surface adjacent to cartilage. Osteoclasts destroy mineralized tissues, such as cartilage and
subchondral bone, which are replaced by inflammatory tissue (Mcinnes & Schett, 2011).

Nitric oxide plays an important role in many cellular events that are associated with the inflammatory response by
activating cytotoxic effector cells, inducing the apoptosis of chondrocytes and destruction of cartilage and bone (Nakagawa et
al., 2010; Pal et al., 2015). TNF, IL-1, IL-6, and GM-CSF can stimulate the production of other inflammatory cytokines and
adhesion molecules and activation of chondrocytes and osteoclasts that also contribute to joint destruction (Assier et al, 2010;
Boissier et al., 2012; Cascdo et al., 2010; Dayer & Choy, 2010; Lally et al, 2005; Mcinnes & Schett, 2011)

Previous studies have shown that IL-6 knockout mice have less severe joint damage (Rabe et al., 2008) compared with
control animals. IL-10 is the main immunoregulatory cytokine (Sakata et al., 2015) that reduces the inflammatory response that
is mediated by T-lymphocytes and proinflammatory cytokines (Mingomataj & Bakiri, 2016). Cytokines are important at the
beginning of, and in the transition to, the chronic phase of arthritis, indicating the importance of these molecules as therapeutic
targets for the treatment of AIA (Leslie et al., 1988; El-Sayyad et al., 2021).

The reduction of joint damage and inflammatory infiltrate in cartilage in animals that were treated with the FOP may
be partially related to the modulatory activity of these inflammatory mediators, including the downregulation of TNF, IL-1, IL-
2, IL-6, and GM-CSF and upregulation of IL-10.

Histological evaluation of the femorotibial joint in arthritic rats showed that the FOP reduced morphological and
morphometric alterations in cartilage and bone. These effects can also be attributable to a decrease in the recruitment of
leukocytes to the joints (Estevao-Silva et al., 2016), in addition to alterations of serum levels of cytokines and nitric oxide.
Corroborating these findings in a collagen-induced arthritis model in mice, FO reduced inflammatory infiltrate, synovial
hyperplasia, and cartilage and bone erosion (lerna et al., 2010).

Several studies have shown that EPA and DHA have antiinflammatory and immunomodulatory effects by decreasing
the production of eicosanoids, cytokines, and nitric oxide and decreasing the expression of adhesion molecules, mitogen-
activated protein kinase p38, nuclear factor-xB, and peroxisome proliferator-activated receptors (Ames et al., 2017; Arruda et
al., 2017; Bouwens et al., 2009; Calder, 2006; DeCaterina & Madonna, 2004; Ferrucci et al., 2006; Giudetti & Cagnazzo,
2012; Lima-Garcia et al., 2011; Miles & Calder, 2012; Nobre et al., 2013; Nohe et al., 2003). Fish oil also suppressed the
expression of matrix metalloproteinases, degradation of proteoglycans, and expression of cyclooxygenase-2 and mitogen-
activated protein kinase p38, leading to a reduction of tissue damage (Hansen et al., 2008; Miles & Calder, 2012; Penglis et al.,
2000).

In the present study, the modulation of cytokines was associated with improvements in inflammatory, clinical, and
histological parameters in animals that were treated with the FOP, indicating that the FOP be a promising treatment for arthritis
and possibly other chronic diseases. Overall, these findings are important because most anti-arthritic agents reduce

inflammation, but they do not always improve or prevent cartilage damage and bone erosion.
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5. Conclusion

The FOP inhibited the development of AIA preventing the clinical signals of the disease, such as paw edema,
secondary lesions, and histopathological alterations that are usually caused by the disease.These effects could be at least
partially attributable to inhibitory and modulatory actions of the FOP on the production and release of nitric oxide and
cytokines (i.e., downregulation of TNF, IL-1, IL-2, IL-6, and GM-SCF and upregulation of IL-10) that participate in the
pathophysiology of AIA. For all this, we propose that the fish oil might represent an interesting and promising treatment

alternative for arthritis, contributing to the attenuation and the progression of this chronic inflammatory disease.
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