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Abstract

Aim This study evaluated whether anethole attenuates the
inflammatory response and joint damage in a model of
adjuvant-induced arthritis (AIA) in rats.

Methods The animals were treated with 62.5-, 125-, or
250-mg/kg anethole daily for 21 days after AIA and
necropsied on days 14 and 21 to evaluate the number of
serum and synovial leukocytes (total and differential),
serum cytokines (IL-2, IL-6, IL-12, IL-17, and TNF-a),
and nitric oxide concentrations. Morphologic changes in
the cartilage and bone of the femorotibial articulation in
both left paw and right paw were studied in hematoxylin/
eosin and Sirius Red-hematoxylin sections.

Results Different doses of anethole suppressed paw swel-
ling and the number of serum and synovial leukocytes.
However, 250 mg/kg of anethole more effectively con-
trolled local and systemic inflammation. Histological
evaluation revealed significant prevention of cartilage
damage and inflammatory infiltrate scores. Morphometric
analysis showed pannus formation, the thickness of the
articular cartilage, and bone resorption lower in the
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anethole-treated AIA group compared to untreated AIA
group on both days 14 and 21. These significant anti-in-
flammatory effects in the anethole-treated AIA group were
associated with downregulation of cytokines and nitric
oxide levels.

Conclusion Therefore, anethole may be a useful inter-
vention to treat inflammatory arthritis.

Keywords Anethole - Adjuvant-induced arthritis -
Anti-inflammatory effect - Cytokines

Introduction

Rheumatoid arthritis (RA) is a chronic immune-mediated
disease that is characterized by a severe inflammatory
process. The major alterations include hypertrophy and
hyperplasia of the synovial lining and increased synovial
fluid volume. If left untreated, RA can lead to irreversible
damage to adjacent cartilage and bone. Interactions
between local cells and recruited inflammatory cells release
inflammatory mediators [1], such as cytokines (tumor
necrosis factor o [TNF-a], interleukin 18 [IL-1B], IL-6,
and IL-17) [2], that increase the damage. Moreover, syn-
thesis of matrix proteolytic enzymes and osteoclast
activation [3] are also responsible for bone and cartilage
damage. Therefore, inflammatory process might be
responsible for the development and maintenance of local
and clinical disease manifestations [1, 3].

The conventional treatments for arthritis comprise ster-
oidal and non-steroidal anti-inflammatory drugs, disease-
modifying anti-rheumatic drugs, and immunosuppressant
drugs that transiently suppress inflammation and attenuate
symptoms through different mechanisms of action. How-
ever, they do not treat the disease in the long term and
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frequently have serious side effects [4—6]. Thus, newer and
safer drugs to treat RA with low or no toxicity and bene-
ficial effects are under scientific investigation. Many
medicinal plants have actively been sought to develop a
promising drug in this field [7].

Anethole (1-methoxy-4-[(E)-propenyl]-benzene) is the
major and active component (80-90%) of essential oils of
anise (/llicium verum) [8]. It is an aromatic compound that
is traditionally used in pharmaceutical formulations
because of its antioxidant, gastroprotective, and hepato-
protective effects [9, 10]. A recent study by our group
demonstrated that anethole has antinociceptive and anti-
inflammatory activity in different experimental models of
acute inflammation [11, 12]. To date, however, no studies
have reported its effects on chronic inflammatory disease.

Adjuvant-induced arthritis (AIA) in rats is a valuable
experimental model that causes an intense and persistent
inflammatory response that is similar to RA in humans
[13-16]. Indeed, the high similarity between the AIA
model and RA allows us to use this model to study new
drugs to treat this disease [17]. The aim of the present study
was to investigate the effects of oral anethole administra-
tion on systemic and articular inflammation in a rat model
of AIA and the possible mechanism of action.

Materials and methods
Animals

Male Holtzman rats, weighing 200-220 g, were used in
this study. They were kept in cages in a temperature-con-
trolled room on a 12/12-h light/dark cycle with ad libitum
access to food and water. These rat strains, more readily
available to us, develop severe and low variable arthritis
clinical signs at 100% incidence [18, 19]. All of the pro-
cedures and protocols were approved by the Committee for
Animal Studies of the State University of Maringa (125/
2010—CEEA).

Induction of arthritis and treatment of rats

Arthritis was induced in rats by a single subcutaneous
injection of 0.1 mL of a Complete Freund’s Adjuvant
suspension (killed and dried Mycobacterium tuberculosis
suspended in mineral oil; Nujol®, Schering-Plough, Sio
Paulo, Brazil) at a concentration of 0.5% (w/v) into the left
hind paw. The animals were randomly divided into five
groups: (1) normal group, (2) untreated AIA group, (3)
AIA group treated with 62.5 mg/kg anethole (Sigma-
Aldrich, St. Louis, MO, USA), (4) AIA group treated with
125 mg/kg anethole, and (5) AIA group treated with
250 mg/kg anethole. The treatment was performed by
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gavage beginning on the day of AIA induction (day 0) and
then once daily for 21 days. The control group and
untreated AIA group were treated with water (vehicle)
orally for 21 days.

Clinical parameters: hind paw volume and arthritis
score

The development of AIA was assessed by paw volume
changes and the appearance of secondary lesions. The vol-
ume of the injected and non-injected hind paw was assessed
by digital plethysmography (UgoBasile®). The results are
expressed as an increase in paw volume that was recorded on
day 1, 3, 6,9, 13, 17, and 21 compared with the initial vol-
ume. The severity of secondary lesions was evaluated by a
numerical grading system, as reported by Rosenthale [20].
This 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 (4+1 or +2), and occurrence of
swelling in one or both forelimbs (41 or +2). The severity of
these secondary lesions was graded from O to 5, in which 0
indicated the absence of lesions. This evaluation was per-
formed daily from day 10 of arthritis induction. Finally, on
days 14 and 21, the animals were euthanized, and samples of
blood, synovial fluid, and femorotibial articulations were
collected for later analysis.

Total and differential articular leukocytes

Synovial fluid was collected on days 0, 14, and 21 after
arthritis induction to obtain the total and differential counts
of circulating and articular leukocytes. The femorotibial
joints were exposed by surgical section of the patellar
tendon. The articular cavity was then washed with 40 pL of
phosphate-buffered saline (PBS)/EDTA solution and the
total number of leukocytes was determined using a Neu-
bauer hemocytometer chamber. The differential cell count
was performed with blood smears that were fixed and
stained using the May—Grunwald-Giemsa panchromatic
method. Cellular characterization was performed using an
optical microscope with an oil immersion objective.

Measurement of cytokines

Blood samples were collected on days 14 and 21 after
arthritis induction to measure cytokine concentrations. The
blood samples were centrifuged, and the supernatants
(serum) were collected and stored at —70 °C for the sub-
sequent determination of IL-2, IL-6, IL-12, IL-17, and
TNF-o levels. Cytokine levels were quantified using
magnetics assay kit (Invitrogen™™ multiplex assays for the
Luminex ™ platform) according to the manufacturer’s
instructions.
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Measurement of nitrite

Blood samples were collected on days 14 and 21 after
arthritis induction to determine indirectly the nitric oxide
(NO) levels by nitrite concentration in the samples. The
blood samples were centrifuged at 700x g for 15 min, and
the supernatants (serum) were stored at —70 °C for the
subsequent determination of nitrite levels, which were
measured by the Griess method. The concentration was
calculated according to the standard curve of sodium
nitrite. The results are expressed as pg/mL.

Articular histology evaluation

Fourteen and twenty-one days after arthritis induction and
treatment with 250 mg/kg anethole, the animals were
euthanized. The right and left femorotibial articulations
were collected and immediately fixed in 10% formalin for
48 h. The articulations were decalcified in 10% ethylene-
diaminetetraacetic acid (pH 7.4) for 21 days. The
articulations were then dehydrated and embedded in
paraffin blocks. Semi-serial 6-pum-thick slices were stained
with hematoxylin/eosin or Sirius Red-hematoxylin. All of
the histological sections were tested.

The histological assessment of inflammatory infiltration,
the score of other symptoms of inflammation in the syn-
ovial membrane and periarticular tissues, and the score of
cartilage damage were performed by two independent
researchers in a blinded manner. To classify the intensity of
lymphocytic infiltration in the synovial membrane, a
5-point scale (0—4) was used: 0 (absence of inflammatory
cells with normal synovial membrane), 1 (low inflamma-
tory cells scattered across the tissue), 2 (moderate
inflammatory cells scattered across the tissue with small
groups of cells), 3 (high inflammatory cells distributed
throughout the tissue), and 4 (high inflammatory cells
distributed throughout the tissue with evident membrane
thickening).

To classify cartilage damage, a 6-point scale (0-5) was
used: O (absence of damage), 1 (increased number of
chondrocytes distributed in columns), 2 (increased number
of chondrocytes distributed in columns and also disorga-
nized chondrocytes), 3 (decreased number of chondrocytes
with disorganized distribution), 4 (change in the number of
chondrocytes and disorganized articular membrane super-
ficies), and 5 (change in the number of chondrocytes,
disorganized articular membrane superficies, and pannus
formation in articular cartilage).

To determine the thickness of the synovial membrane
and cartilage, morphometric analysis was conducted to
measure the right and left synovial membrane of the femur
and tibia. These analyses were performed using an optical
microscope (Olympus BX41, Olympus, Tokyo, Japan) with

x4 (synovial membrane) and x 10 (cartilage) objectives.
To determine the synovial membrane thickness, 45 mea-
surements were made per group (three random
measurements per slice for a total of nine analyses per
animal). To determine tibial and femoral cartilage thick-
ness, 15 measurements were made for each femoral and
tibial cartilage section (five random measurements per slice
in three slices per animal for a total of 90 measurements
per group).

The Sirius Red-hematoxylin-stained sections were used
to determine the organic matrix area on subcondral bone
that underlies the articulation of the tibia and femur. Three
random points were measured per histological section (nine
measurements per animal per tibia subcondral bone and
nine measurements per animal per femur subcondral bone)
using a polarized light microscope with a x20 objective.
Tissue images were collected with a Nikon Ds-FilC digital
camera (Minato-ku, Tokyo, Japan) attached to a Nikon
Eclipse 80I microscope (Nikon, Tokyo, Japan). The area
algorithm was based on the pixel area of the organic bone
matrix using ImagePro 4.5 software (Media Cybernetics,
Silver Spring, MD, USA). The values for the tibia and
femur are expressed together, indicating the organic matrix
area (umz) on subcondral bone that underlies the right and
left articulation.

Statistical analysis

The results are expressed as mean =+ standard error of the
mean (SEM) and were analyzed using ¢ tests or analysis of
variance (ANOVA), followed by Tukey’s post hoc test.
The level of significance was 5%. The data were analyzed
using Prism 4.0 software (GraphPad, San Diego, CA,
USA).

Results

Clinical parameters: hind paw volume and arthritis
score

Figure 1 shows the volume in the left (Fig. 1a) and right
(Fig. 1b) paws in normal animals, arthritic animals, and
arthritic animals treated with anethole at doses of 62.5,
125, and 250 mg/kg. The subcutaneous injection of CFA in
the left paw induced an inflammatory reaction 24 h after
administration. The inflammatory response remained con-
stant until day 9. Afterward, a progressive increase in paw
volume was observed in left injected and right non-injected
paws until day 21 (Fig. 1a, b). The increase in paw volume
in normal animals was regarded as negligible. Anethole at
doses of 125 and 250 mg/kg reduced the volume of the
injected paw by 41, 28, and 40% on days 9, 17, and 21 after
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Fig. 1 Effect of anethole (62.5, 125, and 250 mg/kg) on left injected
(a) and right non-injected (b) paws volume 0, 1, 3, 6, 9, 13, 17, and
21 days after the induction of adjuvant-induced arthritis. Anethole
was administered daily, orally, beginning on the same day as arthritis
induction. The data are expressed as the mean + SEM. Vertical bars

AIA, respectively. No significant difference was found
between the 125 and 250 mg/kg doses of anethole. In
addition, 250 mg/kg anethole reduced the paw volume
decreasing 40 and 37% on days 3 and 6 after arthritis
induction. In the non-injected paw, 125 and 250 mg/kg
anethole significantly reduced the progression of the
inflammatory process by 43 and 57% on days 17 and 21
after arthritis induction, respectively. No significant dif-
ference was found between the anethole doses of 125 and
250 mg/kg. Treatment with 62.5 mg/kg anethole did not
result in significant improvements in the non-injected paw.

Secondary lesions began to appear on day 10 after
arthritis induction, with a maximum score of 5 points on
day 14. Treatment with 125 mg/kg anethole after arthritis
induction delayed the appearance of secondary lesions.
Treatment with 250 mg/kg anethole delayed the appear-
ance of secondary lesions and also decreased secondary
lesions from day 11 to day 14 after arthritis induction.
Treatment with 62.5 mg/kg anethole after arthritis induc-
tion did not change this parameter (Table 1). The
macroscopic analysis showed that all of the animals that
were treated with anethole, independent of the doses used,
had milder secondary lesions compared with the untreated
AIA group.

Total and differential articular leukocytes

Figure 2 shows the variation in the leukocyte population in
synovial joint fluid in normal animals and arthritic animals
untreated and treated with anethole at doses of 62.5, 125,
and 250 mg/kg on day 14 (Fig. 2a, c, e) and day 21
(Fig. 2b, d, f) after the CFA injection. The average number
of leukocytes in the left and right articular cavity before
arthritis induction was approximately 2000/cavity, with a
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compared with normal group (one-way ANOVA followed by Tukey
test)

predominance of mononuclear cells (70%) relative to
polymorphonuclear cells (30%). After arthritis induction,
the total number of leukocytes significantly increased in the
left and right synovial fluids in arthritic rats. The number of
leukocytes increased approximately tenfold in the right
synovial cavity and 40-fold in the left synovial cavity on
days 14 and 21, respectively. These increases in the num-
ber of total leukocytes were attributable to an increase in
both cell types but especially polymorphonuclear cells.
Treatment with 125 and 250 mg/kg anethole significantly
decreased the total number of leukocytes, mononuclear
cells, and polymorphonuclear cells compared with the
untreated AIA group on days 14 and 21. Treatment with
62.5 mg/kg anethole did not reduce the increase in the
number of leukocytes on either day of analysis.

Cytokine levels: anethole downregulated pro-
inflammatory cytokine levels in AIA rats serum

We observed better anti-inflammatory effects of 250 mg/kg
anethole treatment compared with the other doses. There-
fore, we further analyzed cytokines and performed
histological analyses using only this dose.

Figure 3 shows the general features of cytokine levels
on days 14 and 21 after arthritis induction. No differences
were observed in IL-2 (Fig. 3a), IL-6 (Fig. 3c), or TNF-a
(Fig. 3e) levels between the normal and AIA groups
14 days after arthritis induction. The levels of IL-la
(Fig. 3a) and IL-17 (Fig. 3d) were higher in the AIA group
than in the normal group. The levels of IL-6, IL-17, and
TNF-o were higher in the AIA group on day 21 after
arthritis induction compared with the normal group. Ani-
mals that were treated with 250 mg/kg anethole had lower
IL-1a and IL-17 levels than the untreated AIA group on
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Table 1 Effect of anethole (62.5, 125, or 250 mg/kg) on secondary lesion scores after the induction of adjuvant-induced arthritis

Day after AIA

10 11 12 13 14 15 16 17 18 19 20 21
AIA (n = 10) 0(04) 2(1-5 325 4(3-5 5(-5 5(-5) 5(-5) 5(5-5) 5(-5 5(5-5 5(5-5 5(5-5)
AN 625 (n=10) 1(0-3) 3(04) 4(0-5 5(-5) 5(45) 545 545 5@5) 555 5(5-5 5(5-5 5(5-5)
ANI25(n=10) 0(0-1) 1(0-2) 2(0-5) 3(1-5) 4(1-5) 4(3-5) 4(4-5) 5(4-5) 545 545 5(45) 54-5)
AN 250 (n = 10)  0(0-2) 0 (0-3)* 2 (0-4)* 3 (0-5)* 3 (0-5)* 4(3-5) 4(3-5) 4 (3-5) 4 (3-5) 4(3-5) 4(3-5) 4(3-5)

The evaluation of secondary lesions occurred daily and was initiated on day 10 after the induction of adjuvant-induced arthritis. The severity of
secondary lesions was graded from O to 5, in which 0 indicated the absence of lesions. This 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 4+2). Anethole (AN) was administered at doses of 62.5, 125, and 250 mg/kg. The data are expressed as median (range) for each

group

n number of animal for each experimental group, AIA adjuvant-induced arthritis
* p < 0.05, compared with AIA group (one-way ANOVA followed by Tukey test)

day 14 after arthritis induction. No differences were found
in the levels of the other cytokines. We observed decreases
in the levels of IL-2, IL-6, IL-17, and TNF-a in the anet-
hole-treated AIA group compared with the untreated AIA
group on day 21 after arthritis induction.

Nitrite levels: anethole downregulated nitrite level
in AIA rats serum

The levels of nitrite were similar on days 14 and 21 in the
normal group. The levels of nitrite on days 14 and 21 after
arthritis induction were higher in the AIA group compared
with the normal group (Fig. 4). Nitrite levels increased
approximately sixfold on day 14 and twofold on day 21
after arthritis induction. Treatment for 14 and 21 days with
250 mg/kg anethole significantly reduced nitrite levels by
29 and 54%, respectively.

Articular histology evaluation

Typical photomicrographs of knee joint sections that were
stained with hematoxylin/eosin illustrated the severity of
joint damage. Histological analyses were performed to
investigate whether anethole relieved damage in the knee
joint in AIA rats. In the normal group, the articular carti-
lage had smooth surfaces with intact layers, with no
inflammation or bone destruction (Fig. Sa—c). In the
arthritic group, the knee joints presented severe alterations
in both periods analyzed (days 14 and 21) (Fig. 5d—g).
These alterations were characterized by cartilage depletion,
obvious underlying bone destruction, and severe inflam-
matory cell infiltration on both days. We observed an
increase in the number of chondrocytes that were dis-
tributed in columns (Fig. 5f) and an increase in the

thickness of cartilage in both the left tibia and femur on day
14 (Fig. 5d, thin arrows) and in the right joint on day 21
after arthritis induction. The left tibia presented a decrease
in the number of chondrocytes on day 21 and thinning of
the cartilage with pannus formation in the -cartilage
(Fig. 5d, e, thick arrows). Both the right and left synovial
membrane presented hyperplasia and hypertrophy of syn-
ovial cells, with severe inflammatory infiltration, resulting
in pannus formation on day 14 (Fig. 6¢, e) and day 21
(Fig. 6g, 1). Compared with untreated AIA rats, 250 mg/kg
anethole ameliorated the aforementioned pathological
changes to varying degrees. The right (Fig. 6d, h) and left
(Fig. 6f, j) synovial membrane presented less hyperplasia,
mild inflammatory infiltrate, and consequently a decrease
in pannus formation. The alterations in cartilage in the
anethole-treated AIA group were also less severe than in
the untreated AIA group.

Table 2 shows the mean scores for changes in articular
cartilage and inflammatory infiltrate in the synovial mem-
brane 14 and 21 days after the arthritis induction.
Treatment with anethole decreased the scores of cartilage
damage and inflammatory cells in the left and right joints
on both days of evaluation. Figure 7 shows the morpho-
metric analyses—synovial membrane (Fig. 7a, b) and
articular cartilage thickness (Fig. 7c, d). The AIA group
presented left and right synovial membrane thickness that
was two times greater than the normal group on both days
of evaluation. No difference in synovial thickness was
found between days 14 and 21 in the untreated AIA group.
Anethole treatment decreased the thickness of the left (by
40%) and right (by 32%) synovial membrane on day 14
(Fig. 7a) and left (by 47%) and right (by 34%) synovial
membrane on day 21 (Fig. 7b) compared with the untreated
AIA group.
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Fig. 2 Effect of anethole (62.5, 125, and 250 mg/kg) on total
leukocytes, mononuclear leukocytes, and polymorphonuclear leuko-
cytes 14 days (a, c, e) and 21 days (b, d, f) after the induction of
adjuvant-induced arthritis. Anethole was administered daily, orally,

The AIA group exhibited increases in the cartilage joint

thickness of the right (20 pm) and left (22 pm) tibia on day
14 and only the right (24 um) tibia on day 21 after arthritis
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beginning on the same day as arthritis induction. The data are
expressed as the mean & SEM of 10 animals for each experimental
group. *p < 0.05, compared with AIA group; *p < 0.05, compared
with normal group (one-way ANOVA followed by Tukey test)

induction compared with the normal group (16 pm). The
thickness of the left joint cartilage of the tibia on day 21
was less (17 pm) than the other days in the anethole-treated
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joint thicknesses on both days of evaluation were similar to
the normal group (20 pum; data not shown). Only the car-
tilage joint of the tibia in the AIA group presented
alterations in thickness compared with the normal group in
both days. Anethole treatment showed cartilage thickness
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data are expressed as the mean = SEM of 10 animals. *p < 0.05,
compared with AIA group; *p < 0.05, compared with normal group
(one-way ANOVA followed by Tukey test)

outcomes similar to AIA group on day 14 (Fig. 6¢) and day
21 after arthritis induction, except for the left cartilage
thickness that was decreased (24 um) on day 21 compared
to AIA group (Fig. 6d).

Sirius Red-hematoxylin staining showed that the organic
matrix area on subcondral bone that underlies the articu-
lation of the tibia and femur was 94.273 pm? in the normal
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Fig. 4 Effect of anethole (250 mg/kg) on serum nitric oxide levels 14
and 21 days after the induction of adjuvant-induced arthritis.
Anethole was administered daily, orally, beginning on the same day
as arthritis induction. The data are expressed as the mean + SEM of
10 animals. *p < 0.05, compared with AIA group; *p < 0.05,
compared with normal group (one-way ANOVA followed by Tukey
test)

group on both the left and right sides on both days 14 and
21. The AIA group exhibited a greater reduction of the
organic matrix area (by 48%) on the left and right joints on
day 14 (Fig. 8a) and only the left joint on day 21 (Fig. 8b)
after arthritis induction. Treatment with anethole contained
bone resorption observed in this model showing a high
organic matrix area compared with the AIA group. The
organic matrix area after anethole treatment decreased
bone resorption by 12% (79.660 um?) on the left subcon-
dral bone on day 14 and 15% (82.379 pum?) on day 21 and

Fig. 5 Photomicrographs of femorotibial articulations in normal rats
(a—c) and rats with adjuvant-induced arthritis (d—g). (a) General
aspects of the diarthrose: articular cavity (AC) and articular cartilage
(C) with preserved morphological aspects. b Synovial membrane
(SM) and ¢ normal chondrocytes (CO) on the articular surface. (d—
f) Arthritic animals on day 14 presented articular cartilage (C),

@ Springer

10% (84.289 pm?) on the right subcondral bone on day 21
compared to the AIA group (Fig. 8).

Discussion

The present study evaluated the effects of anethole on AIA
in rats. This model is characterized by an intense inflam-
matory response, with the development of severe local and
systemic events, such as hind paw edema (injected with
adjuvant or non-injected) secondary lesions, articular
leukocyte recruitment, and joint and bone damage. Anet-
hole treatment inhibited the development of the general
inflammatory response in arthritic rats. Clinical expression
of the disease, such as paw edema and secondary lesions,
was reduced after anethole treatment.

The changes that are observed in the AIA model are
associated with intense cell migration [21] and pro-in-
flammatory mediator release [22-24], which induces the
expression of adhesion molecules that, together with local
cells, exacerbate the inflammatory response [1]. On days
14 and 21 after arthritis induction, although both types of
cells markedly increased, there was a prevalence of poly-
morphonuclear cells. These cells contribute to joint
damage through reactive oxygen species, proteolytic
enzymes, and cytokine production that, together with
macrophages and lymphocytes, amplify the inflammatory
response [25].

We found a pronounced decrease in the recruitment of
both synovial and systemic cells in anethole treatment
group. These outcomes were related to a decrease in the

PRI <.

g

o
<

thickening of the tibia (7B; thin arrow), inflammatory infiltrate in the
synovial membrane (SM; thick arrow), and an increase in the number
of chondrocytes (CO) on the articular surface. g Arthritis animals on
day 21 presented a decrease in the number of chondrocytes on the
articular surface. The images were captured at magnifications of 4x
(a, d), 10x (b, e), and 20x (c, f). Hematoxylin/eosin staining
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Fig. 6 Photomicrographs of femorotibial articulations in normal rats
(a, b) and rats with adjuvant-induced arthritis on day 14 (c—f) and day
21 (g—j) that were treated (c, e, g, i) or not treated (d, f, h, j) with
250 mg/kg anethole. (a, ¢, d, g, h) Left femorotibial articulations. (b,
e, f, i, j) Right femorotibial articulations. Arthritic animals presented

marked inflammatory infiltrate, synovial hyperplasia with pannus
formation, and invasion of the synovial membrane (SM; arrows).
Anethole decreased inflammatory infiltrate, synovial hyperplasia, and
articulations on both days of evaluation. The images were captured at
4x magnification. Hematoxylin/eosin staining

Table 2 Histological scores for alterations in articular cartilage and inflammatory infiltrate in the synovial membrane of the femorotibial
articulation 14 and 21 days after the induction of adjuvant-induced arthritis

Femorotibial articulation

Day 14 after AIA Day 21 after AIA

Right Left Right Left
Cartilage Inflammatory Cartilage Inflammatory Cartilage Inflammatory Cartilage Inflammatory
damage infiltrate damage infiltrate damage infiltrate damage infiltrate
AIA 4 (34) 3(1-3) 4 (4-5) 3 (1-4) 5 (4-5) 4 (24) 5 (4-5) 4 (1-4)
AN 2 (0-4)* 1 (0-3)* 1 (0-3)* 1 (0-4)* 3 (4-5)* 2 (0-3)* 1 (0-3)* 1 (0-4)*

250

Histological scores for the frequency of inflammatory infiltrate in the synovial membrane in femorotibial articulations in rats were graded from 0
to 4 points: (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. Histological scores for cartilage
damage in femorotibial articulations in rats was graded from O to 5 points: O (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). The data are
expressed as the median (range) for each group

* p < 0.05, compared with AIA group (one-way ANOVA followed by Tukey test)

number of joint lymphocytes, attenuation in the inflam-
mation score, and a reduction of pannus formation. The

acute and persistent inflammation, such as in vitro
chemotaxis, in situ microcirculation, and myeloperoxidase

inhibitory effect of anethole on cell migration has been
reported previously using different experimental models of

determination [11, 12]. However, no studies have investi-
gated the effects of anethole on chronic inflammation, its
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mechanism of action, and its involvement in bone
resorption.

The expression of pro-inflammatory cytokines increases
in both serum and tissue in AIA animals. However, the
underlying mechanism that is involved in the pathogenesis
of the disease remains unknown [2, 26]. The exact roles of
specific cytokines are difficult to ascertain in AIA models
because of their similar properties and substantial interac-
tions among them [26]. Nonetheless, cytokine levels
change according to disease progression, indicating time-
dependent cytokine expression in AIA models.

Studies have shown that IL-1, IL-17, and TNF-a levels
increase at the beginning of the disease and remain
increased on later stages [27-29]. The serum level of IL-6
was increased early [29], although higher during the later
phase of the disease [27-29]. We observed high IL-1 and
IL-17 levels on day 14 after arthritis induction, with the
maintenance of IL-17 levels on day 21. The IL-2, IL-6, and
TNF-o levels increased on day 21 in the AIA group.
Interestingly, anethole treatment decreased the production/
release of IL-1a and IL-17 on day 14 and decreased IL-2,
IL-6, IL-17, and TNF-a levels on day 21.

IL-17 is a major cytokine that is involved in stimulating
the expression of adhesion molecules, such as intercellular
adhesion molecule 1 and vascular cell adhesion molecule
1, which mediate cell recruitment [30, 31]. IL-17 also
seems to be involved in both stages of arthritis (acute and
chronic) by interfering with synovial cytokine expression,
such as IL-6 and TNF-o [21]. TNF-a is produced by
monocytes/macrophages and stimulates the expression of
other cytokines (IL-1 and IL-6) and adhesion molecules,
exacerbating cell migration. IL-6 is the main cytokine that
is involved in bone resorption [32]. IL-6, IL-17, and TNF-a
together enhance joint and bone damage by increasing
receptor activator of NF-kB ligand (RANK) expression in
osteoclasts, [23] causing extracellular matrix degradation
through metalloproteinase activity [31]. These cytokines
are responsible for inflammation and joint damage. In the
present study, we found (1) lower levels of TNF- o, IL-6,
and IL-17, (2) lower cell migration, (3) and greater changes
in joint cartilage/bone tissue. These results suggest that
anethole might be a potential modulator of cytokines in the
chronic inflammation process.

Reinforcing our dates, we recently found that anethole
decreased the synthesis/release of TNF-o and IL-17 in
inflammatory acute model [12, 33]. In addition, Sung et al.
[34] demonstrated that Illicium verum extract, whose main
aromatic constituent is anethole (>90%), has important
anti-inflammatory effects, reflected by a decrease in TNF-a
levels via nuclear factor kB (NF-xB) blockade. NF-xB is
the main transcription factor that is responsible for con-
trolling genes that are related to inflammatory diseases
[35, 36]. Although we did not assess the NF-«xB activity,

we may suggest that one possible anti-inflammatory
mechanism of anethole is to block the NF-xB, since several
cytokines were reduced after its administration.

Nitric oxide also modulates the inflammatory response
and joint damage in the AIA model. Nitric oxide is
expressed by macrophages, neutrophils, endothelial cells,
chondrocytes, and synovial fibroblasts, and it is found in
high concentrations in plasma and synovial fluid in RA
patients [37, 38]. The experimental model (antigen-induced
arthritis) shows that the inhibition of NO synthesis/release
in the joint reduces the NO concentration in plasma [39].
Our data showed fewer joint changes and lower nitrite
levels in the anethole-treated AIA groups—an undirected
marker of NO. Moreover, other studies have reported NO
downregulation by anethole treatment [11, 40]. Since,
nitric oxide production is controlled by cytokines, such as
TNF-o, the reasonable supposition is that the decrease in
nitrite levels might be related to the inhibitory effects of
anethole on TNF-a [41].

The previous studies have shown that cell migration
and pro-inflammatory cytokines in joint tissue are
responsible for the activation of local joint cell (chon-
drocyte) replication at the beginning of arthritis
progression [42]. This increase in chondrocytes might be
responsible for the joint cartilage thickening that was
histological observed on day 14 in the present study
(Fig. 6¢). However, the increase in cytokine production,
mainly IL-6, TNF-o, and NO, coincides with an increase
in the catalytic activity of chondrocytes, leading to the
degradation of joint cartilage [42], which was observed
in the left cartilage in arthritic animals on day 21
(Fig. 6d). Interestingly, anethole was unable to prevent
cartilage thickening, but it prevented chondrocyte death,
thus decreasing joint degradation. This effect is probably
related to the lower inflammatory mediators (NO, IL-17,
IL-6, and TNF-o) and cellular infiltrate that were
observed on day 21.

Finally, it is important to highlight that anethole has
been showing no toxicity effects in the previous studies
[12, 43-45] even with high doses or chronic use. In addi-
tion, a recent data showed that anethole has a preventive
effect against the injury caused by acetaminophen,
demonstrating the safety profile of the anethole.

In summary, the present study suggests that anethole has
important anti-inflammatory effects and may be considered
as a possible option for the treatment of chronic inflam-
matory diseases, such as RA. Anethole also significantly
reduced joint damage and bone resorption. These effects
may be related to reductions of the levels of cytokines that
are involved in the pathogenesis of arthritis. Although
anethole has been shown as a promising arthritis therapy,
further studies are necessary to explore the underlying
mechanisms of action of this compound.
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