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Abstract Ferulic acid ethyl ester (FAEE) is a derivate from
ferulic acid which reportedly has antioxidant effect; however,
its role on inflammation was unknown. In this study, we in-
vestigated the orally administered FAEE anti-inflammatory
activity on experimental inflammation models and Complete
Freund’s Adjuvant (CFA)-induced arthritis in rats. CFA-
induced arthritis has been evaluated by incapacitation model
and radiographic knee joint records at different observation
time. FAEE (po) reduced carrageenan-induced paw edema
(p<0.001) within the 1st to 5th hours at 50 and 100 mg/kg
doses. FAEE 50 and 100 mg/kg, po inhibited leukocyte
migrat ion into ai r pouch model (p < 0.001) , and
myeloperoxidase, superoxide dismutase, and catalase activi-
ties (p<0.001) increased total thiol concentration and de-
creased the TNF-α and IL-1β concentrations, NO, and thio-
barbituric acid reactive species. In the CFA-induced arthritis,
FAEE 50 and 100 mg/kg significantly reduced the edema and
the elevation paw time, a joint disability parameter, since sec-
ond hour after arthritis induction (p<0.001). FAEE presented
rat joint protective activity in radiographic records (p<0.001).
The data suggest that the FAEE exerts anti-inflammatory

activity by inhibiting leukocyte migration, oxidative stress
reduction, and pro-inflammatory cytokines.
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Introduction

Rheumatoid arthritis (RA) is a chronic, inflammatory, autoim-
mune disease with a 0.5–1.0 % prevalence around the world.
It is associated with joint destruction, pain and impaired
movement, progressive disability, systemic complications,
high socioeconomic costs, and early death (McInnes and
Schett 2011). Notably, arthritic joints have polymorpho-
nucleate cell infiltration that release cytokines, mainly tumor
necrosis factor alpha (TNF-α) and interleukin-1β (IL-1β),
metalloproteinase, and free radicals that together are respon-
sible for cartilage and bone damage (Dinarello 2007;
Salvemini et al. 2011; Brieger et al. 2012).

Current anti-inflammatory therapy comprises the non-
steroidal anti-inflammatory drugs (NSAIDs), corticosteroids,
disease-modifying antirheumatic agents, and monoclonal an-
tibodies (Aaltonen et al. 2012). However, these drugs are as-
sociated with gastrointestinal or cardiovascular side effects
and either are expensive (Ashley et al. 2012). Thereby, it is
necessary to find new drugs for RA treatment and other chron-
ic diseases such as lupus and Crohn’s disease.

Severous natural compounds extracted from plants and es-
sential oils have been used for inflammatory condition treat-
ment (Sousa 2011). Essential oils are natural origin volatile
constituent mixtures, which have anti-inflammatory and anti-
oxidant activity (Turek and Stintzing 2012). Essential oils
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have been identified as important free radical scavenging due
to its phenolic constituents (phenylpropanoids, flavonoids,
and terpenoids) that act by direct or indirect means (Amorati
et al. 2013).

Phenylpropanoids and its derivatives are among the foods,
flavors, fragrances, essential oils, wines, beers, and various
segments most common active components in Chinese tradi-
tional medicine (Vogt 2010; Sá et al. 2014). It exerts important
anti-inflammatory activity through inhibiting pro-
inflammatory enzyme expressions (COX-2, 5-LOX, iNOS,
NADPH oxidase, and PLA2), signal transduction inflamma-
tory response pathways (NF-kβ, AP-1, Akt, and ERK), and
receptors and gene transcription inhibition (PPARs and ARE)
(Gautam and Jachak 2009; Korkina et al. 2011).

Fe ru l i c ac id e thy l e s t e r ( e thy l -3 -hydroxy-4 -
methoxycinnamate) (C12H14O4), a phenylpropanoid, is a
ferulic acid derivative widely present in plants and especially
in grains such as corn and rice (Zhang et al. 2010) (Fig. 1).
Steric ferulic acid derivatives exert free radical scavenger
mainly through increase antioxidant protein expressions such
as glutathione, quinone reductase, HO-1, and HSP-70 protein
(Calabrese et al. 2008a; Bolling et al. 2011). The mechanisms
involved in this response have been related to the Nrf-2 path-
way activation, NF-kB, COX-2, and iNOS inhibition (Islam
et al. 2009; Sultana 2012). Front to ferulic acid ethyl ester
(FAEE) antioxidant activity evidences, we investigated the
orally administrated FAEE effect on inflammatory models
and CFA-induced arthritis in rats.

Materials and methods

Reagents

Carrageenan (Sigma, USA), indometacin (Sigma, USA),
Tween 80 (Sigma, USA), Turk’s solution, sodium bicarbonate
(MERCK, Brasil), Complete Freund’s Adjuvant (Sigma,
USA), acetic acid (Sigma, USA), l-methionine (Sigma,
USA), Triton X-100 (Sigma, USA), hydroxylamine hydro-
chloride (Sigma, USA), EDTA, riboflavin (Sigma, USA),
Griess’ reagent (Sigma, USA), thiobarbituric acid (TBA)
(Sigma, USA), sodium dodecil sulfate (SDS) (Fluka, USA),
diazepan (Sigma, USA), hexadeciltrimetilamonium bromide

(HTAB) (Sigma, USA), o-dianisidine (Sigma, USA), sodium
phosphate (Merck, Germany), potassium phosphate (Merck,
Germany), zinc sulfate (Merck, Germany), hydrogen peroxide
(Merck, Germany), Tris base (Merck, Germany), sodium hy-
droxide (Merck, Germany), tricloroacetic acid (Merck,
Germany), 5,5′-dithiobis acid (2-nitrobenzoic acid) (DTNB)
(Merck, Germany), sodium nitrite (NaNO2) (Sigma, USA),
enzyme-linked immunosorbent assay kits TNF-α and IL-1β
(Enzo LifeSciences®) were provided. FAEE was provided by
Dr. Damião Pergentino de Sousa, Pharmaceutical Sciences
Department, Federal University of Paraíba. The FAEE was
used in 12.5, 25, 50, and 100 mg/kg doses diluted in a 3 %
Tween 80 in 0.9 % NaCl solution. The used doses in
this study were chosen according to the average lethal
dose LD50 already established in the literature for mice
(980 mg/kg, po) plus the other phenylpropanoid effec-
tiveness at similar doses (Ballabeni et al. 2010; Yin
et al. 2012).

Animals and ethics

Male and femaleWistar rats (150–210 g) and Swiss mice (25–
30 g) (n=6 per group) were kept at 24±1 °C ambient temper-
ature, with 12 h light/dark cycles, received standard chow and
water ad libitum. The animals were fasted for 12 h and re-
ceived FAEE, vehicle (3% Tween 80 in 0.9 %NaCl solution),
or indomethacin. After the experimental procedures, the ani-
mals were euthanized with a thiopental sodium (100 mg/kg,
ip) overdose, in accordance with June 20, 2002 Resolution
No. 714. The experimental protocols used were approved by
Federal University of Piauí, Brazil Ethics Committee on
Animal Experimentation (EAEC/UFPI; No. 082/14). All ex-
perimental research on animals in this study followed interna-
tionally recognized guidelines.

FAEE effect in the carrageenan-induced paw edema

Wistar rats were previously treated orally with vehicle, FAEE
(12.5, 25, 50, and 100 mg/kg), or indomethacin (10 mg/kg),
and 60 min after, intra-plantar carrageenan (1 %, 0.1 mL) into
the right hind paw was performed. Paw volumes were mea-
sured by plethysmometer (Insight®, Brazil) and expressed in
milliliter at before carrageenan administration and 1, 2, 3, 4,
and 6 h after the carrageenan application (Winter et al. 1962).

FAEE effect in cell migration on carrageenan-activated air
pouch

Air pouches were produced by subcutaneous 20-mL sterile air
injection into the intra-scapular back area and maintained by
air re-inflation with 10 mL 3 days later, as described earlier
(Muller et al. 1999). On the 60 days, animals were previously
treated with vehicle, indomethacin (10 mg/kg, po), and FAEEFig. 1 Ferulic acid ethyl esther (ethyl-3-hydroxy-4-methoxycinnamate)
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(25, 50, and 100 mg/kg po). One hour after treatment, 1 %
carrageenan dissolved in saline 100 μL was injected directly
into the pouch. Six hours after, a small incision was made in
the pouch wall and the air pouch contents were carefully re-
moved using a sterile Pasteur pipette after 10-mL ice-cold
PBS injection containing 0.1 % EDTA. Thereafter, a 1:20
dilution in Turk solution was performed, proceeding to the
total leukocyte count in a Neubauer chamber. Another exudate
aliquot was separated by centrifugation and stored in a freezer
−80 °C for further analysis.

Myeloperoxidase assay

Myeloperoxidase activity was determined by o-dianisidine-
H2O2 method (Bradley et al. 1982). Briefly, exudate samples
(100 μL) were added to 1 mL 0.5 % HTAB buffer (pH 6.0)
followed by centrifugation at 4500g for 10 min at 4 °C. After
centrifugation, supernatant 10 μL was removed and added to
96-well plate with subsequent 200-μL solution addition con-
taining 0.167 mg/mL o-dianisidinedihydrochloride and
0.15 mmol/L H2O2 in 50 mmol/L potassium phosphate buffer
(pH 6.0). The change in absorbance was measured at 450 nm.
Results were expressed as myeloperoxidase (MPO) per mi-
croliter units.

Nitrite concentration

Briefly, 200 μL of collected exudate from the air pouches was
diluted in distilled water (1:4 v/v) for subsequent
deproteinization by addition of zinc sulfate solution (300 g/
L) 1/20 volume to achieve a 15 g/L final concentration. Then,
the samples were centrifuged at 1000g for 15 min at room
temperature (Romitelli et al. 2007). For the nitric oxide deter-
mination, supernatant 100 μL was pipetted into a well of 96-
well plate followed by 100-μL Griess reagent addition, and
after 10 min at room temperature, the optical density was
measured by spectrophotometry in ELISA Reader (BioTek
EL800) using a 550-nm filter (Green et al. 1982).

Cytokines concentration

TNF-α and IL-1β quantification were carried out taking as the
sample air pouch exudate and using captured ELISA kits. The
procedure was performed according to the manufacturer’s in-
structions (Enzo LifeSciences®), and results were expressed as
TNF-α or IL-1β pg/mL according to the standard curve
obtained.

Superoxide dismutase activity

To determine if the superoxide dismutase activity was used,
the method was described by Das et al. (2000), in which
100-μL exudate sample is added to 1110 μL phosphate buffer

(50 mM, pH 7.4), 75 μL L-methionine (20 mM), 40 μLTriton
X-100 (1 % v/v), 75 μL hydroxylamine hydrochloride
(10 mM), and 100 μL EDTA (50 mM), followed by incuba-
tion in a water bath at 37 °C for 5 min. Then, 80 μL riboflavin
(50 mM) was added and samples were exposed to light for
10 min. At the end, 100-μL sample was added to the 96-well
plate plus 100-μL Griess reagent, and after 10 min at room
temperature, the optical density was measured by spectropho-
tometry in ELISA Reader (BioTek EL800) using a 550-nm
filter (Green et al. 1982). Enzyme activity unit is defined as the
superoxide dismutase (SOD) amount able to inhibit the nitrite
formation by 50 %. The calculation is done using the follow-
ing formula: SOD=v0/v1, where v0 is the control absorbance
and v1 is the test absorbance. In this method, 36 ng SOD
inhibits 50 % nitrite formation.

Glutathione concentration

One-hundred microliter sample was precipitated by adding
200 μL of 5 % TCA and then stirred. The mixture was then
centrifuged at 3000g for 15 min at 4 °C. Seventy-five micro-
liter supernatant was added to 150 μL of 0.4 M EDTA, 0.2 M
Tris (pH 8.9), and 40 μL of DTNB. The absorbance was
measured in visible light spectrophotometer at 412 nm. The
reduced glutathione concentration is given in milligrams per
deciliter (Ellman 1959).

Catalase activity

Two-hundred microliter exudate was added to 1.2 mL phos-
phate buffer (50 mM, pH 7.0), and then, 1 mL H2O2 solution
(30 mM) was added. The absorbance was measured in UV–
Vis spectrophotometer at 240 nm and characterized by de-
creased absorbance due to H2O2 degradation. The absorbance
was recorded every minute for 6 min. Catalase is expressed as
H2O2 decomposed iemmoles per minute per microliter serum
(Takahara et al. 1960).

Thiobarbituric acid reactive species determination

For thiobarbituric acid reactive species (TBARS) determina-
tion, 200-μL exudate sample was added to 350 μL of 20 %
acetic acid (pH 3.5) and 600 μL of 0.5 % TBA (dissolved in
acetic acid). The samples were boiled for 45 min, immediately
succeeded by an ice bath for 15 min, 50-μL SDS addition
(8.1 %), and centrifugation at 12,000g for 15 min at 25 °C.
The optical density was measured by spectrophotometry in
ELISA Reader (BioTek EL800) using filters of 420, 490,
and 550 nm. The value was expressed in nanomole per milli-
meter (Ohkawa et al. 1979).
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FAEE effect on CFA-induced arthritis

For Complete Freund’s Adjuvant-induced arthritis,Wistar rats
received an initial 50-μL CFA sc dose containing 0.5 mg/mL
Mycobacterium tuberculosis in the tail base. After 21 days, the
animals were divided into six groups (n=6) and treated orally
with vehicle or indomethacin (5 mg/kg) and three groups were
given FAEE orally at 25, 50, and 100 mg/kg doses and imme-
diately after the CFA booster injection similar to first in the
right knee joint to induce arthritis (Woodruff et al. 2002). The
second dose day was considered the initial arthritis day (D0).
Animals were evaluated immediately before the booster dose
application every hour for the first 5 h and the first (D1) day
(acute protocol); third (D3), fifth (D5), and seventh (D7) days
(phase protocol sub-acute); and tenth (D10) and 14 days
(D14) (chronic phase). Upon induction, the animals were oral-
ly treated daily until the 14th day. After 14 treatment days, the
animals were euthanized for evaluation and sample collection
for analysis. Radiographic records were made in D1, D7, and
D14 to evolutionary control.

FAEE effect on CFA-induced chronic inflammatory
edema in rats

The rats were evaluated immediately before the booster dose
application, each 1/1 h in the 5 h (D0) and (D1) (acute phase
protocol); in (D3), (D5), and (D7) (sub-acute phase protocol);
and (D10) and (D14) (chronic phase). In this trial, the inci-
dence and arthritis severity were assessed by measuring the
right knee diameter with a digital caliper (Digimess®), with all
the measurements made by the same observer and in dupli-
cate. The dates were expressed in millimeters (mm).

FAEE effect on CFA-induced incapacitation in rats

Concurrently with the CFA-induced edema evaluation,
the joint motor disability degree was rated. For this,
we used the coordinate impairment model in rats de-
scribed by Tonussi and Ferreira (1994). The registration
system consists of a stainless steel cylinder which has a
continuous rotation at a 3 rpm speed. The cylinder sur-
face is divided into three equal rails, each connected to
grounding a computer, and allows the simultaneous
three animal analyses. Metallic sneakers were adjusted
in both hind legs, and only the right hind paw was
connected to the computer’s input port. After shoe
placement, the animals were kept in their respective
cages for at least 1 h for adaptation. To register the
functional joint status, the animals were submitted to
forced march, on the rotating cylinder, for a 60 s peri-
od. The computer records the total time that the right
hind animal paw remains not touching the cylinder sur-
face at this time (elevation paw time (TEP); second). In

all experimental procedures, the animals were trained to
walk on the recording device the day before the test.
Data were presented as mean values between the TEP
of at least five animals obtained every hour after CFA
injection. The animals were euthanized at 14th day for
assessment and material collection for analysis.

Radiographic records

After the disabling evaluation at D1, D7, and D14, an-
imals were anesthetized by intra-muscular administration
solution composed of ketamine (50 mg/kg) and xylazine
(5 mg/kg) to perform the radiographic recording. The
animals were positioned supine with abduction and ex-
ternal femoral shaft rotation with its fixed paws and tail
to the table to display the knees and incidence X-ray
beam profile at a 120 cm distance from the radiating
source and 5 ms exposure time in the fine focus mode
(Siemens Raex RC 300 D, 45 kV, 100 mA) (Yu et al.
2006). The images were analyzed by a radiologist blind-
ly observing soft tissue edema presence, bone matrix
resorption, and bone erosion and classified according
to clinical signs, where 0=no bone injury, 1=soft tissue
edema, 2=articular cartilage erosion, and 3=bone ero-
sion and osteophytes. The higher the factors, the severe
the arthritis sum (Cuzzocrea et al. 2000).

FAEE effect on spontaneous motor activity in mice

Themotor animal activity was verified by an open field square
(30 cm×30 cm×15 cm), with its base divided into nine equal
diameter squares. Swiss male mice (n=5 per group) were
treated with vehicle (0.9 % saline, 10 mL/kg, po) FAEE (50
and 100 mg/kg, po), and diazepam (4 mg/kg, 0.4 mg/mL, ip).
After 45 administration minutes, the animals were individual-
ly brought into the open field and observed for a 4 min period,
with 1 min for adaptation and movement frequency based on
the model described by Capaz et al. (1981).

Statistical analysis

To verify the sample distribution normality, Shapiro-Wilk test
was performed. We used ANOVA followed by Tukey’s post-
test to compare groups with one independent variable and
two-way ANOVA followed by Bonferroni post-test between
groups with more than one independent variable. Kruskal-
Wallis followed by Dunn post-test was used to non-
parametric analyzed variables. Values are expressed as mean
±standard error (SE), and the significance level was p<0.05.
GraphPad Prism® 6.01 Software was used.
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Results

FAEE effect in the carrageenan-induced paw edema

Animal pretreatment with FAEE 100 mg/kg reduced signifi-
cantly (p<0.001) the paw edema induced by carrageenan from
first to fifth observation hours compared to group treated with
vehicle (Fig. 2). Similarly, animal pretreatment with FAEE at
25 and 50 mg/kg doses also significantly reduced edema for-
mation, from second hour (p<0.01) and obtaining maximum
inhibition from third to fifth hours (p<0.001) compared to the
control group. The FAEE at a 12.5 mg/kg dose showed no
significant paw edema reduction induced by carrageenan
(p>0.05).

FAEE effect in cell migration on carrageenan-activated air
pouch

The carrageenan in the air pouch resulted in an increase in the
number of total leukocytes in the vehicle group when com-
pared to groups pretreated with FAEE at 25 (p<0.01), 50
(p<0.01), and 100 mg/kg (p<0.001) doses (Fig. 3).

Myeloperoxidase assay

MPO activity was reduced in animals pretreated with FAEE at
25, 50, or 100 mg/kg doses (p<0.001) than from the control
group. The same was observed in animals treated with the
standard anti-inflammatory indomethacin (p<0.001) (Fig. 4).

Nitrite concentration

Pretreatment with FAEE at 25, 50, and 100 mg/kg doses
(p<0.001) and indomethacin at 10 mg/kg (p<0.01) resulted
in a significant decrease in the NO2

− concentration (nitrite)
compared to the vehicle group (Fig. 5).

Cytokine concentration

The animals treated with FAEE exhibited significantly lower
TNF-α and IL-1β concentrations (p<0.001) when compared
to the vehicle group at all doses with similar results to those
found for the pretreatment with anti-inflammatory pattern
(Fig. 6).

Superoxide dismutase activity

Regarding the SOD activity, it was observed that both groups
pretreated with different FAEE and indomethacin doses were
equally effective in enhancing the superoxide dismutase activ-
ity compared to the vehicle group (p<0.001) (Fig. 7).

Glutathione concentration

The previous administration of FAEE, at 50 and 100 mg/kg
doses, significantly (p<0.01) increased the total thiol concen-
tration in the air pouch exudate in rats. Animal treatment with
FAEE at 25 mg/kg dose and indomethacin at 10 mg/kg dose

Fig. 2 FAEE effect on
carrageenan-induced paw edema
(1 %, 0.1 mL, ipl) in rats (six
animals/group). AUC showing
that FAEE significantly inhibited
edema formation compared to the
control group. Values are
expressed as mean±SE.
**p<0.01 and ***p<0.001
versus vehicle (one-way ANOVA
followed by Tukey’s post-test)
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resulted in no significant difference from the vehicle group
(Fig. 8).

Catalase activity

Catalase activity was significantly increased in the groups
treated with FAEE at 50 (p<0.05) and 100 mg/kg (p<0.01)
doses compared to vehicle group. Animal treatment with
FAEE and indomethacin at 25 mg/kg dose resulted in no sig-
nificant increase in enzyme activity compared to the vehicle
group.

Determination of TBARS

FAEE at 50 (p<0.05) and 100 mg/kg (p<0.01) doses were
effective in reducing thiobarbituric acid reactive species
concentrations.

FAEE effect on CFA-induced chronic inflammatory
edema in rats

Animal pretreatment with FAEE at 100 mg/kg dose re-
sulted in significant knee-swelling reduction in all

observation times from the fourth hour. Similarly, ani-
mal treatment with FAEE at 50 mg/kg dose resulted in
a significant edema reduction at all hours (p<0.01),
except for the second day, from the fifth hour to D14.
Ferulic ester (FE) at 25 mg/kg dose resulted in no ede-
ma reduction. The group treated with indomethacin sig-
nificantly reduced edema from the fifth observation
hour and lasted until the 14th observation day
(p<0.01).

FAEE effect on CFA-induced incapacitation in rats

The intra-articular CFA resulted in TEP increased in ani-
mals treated with vehicle relative to the baseline TEP of
the first hour after CFA administration until the 14th eval-
uation day (p<0.001). Animal treatment with indomethacin
and FE at 100 mg/kg dose decreased the TEP significantly
in all observation points from the second hour compared
to vehicle-treated animals. Daily treatment with FAEE at a
50 mg/kg dose resulted in decreased TEP only from the
fourth hour assessment by the 14th day from the vehicle-
treated group.

Fig. 3 FAEE effect on a, b TNF-α and IL-1β levels, c the total
leukocytes number count, and d myeloperoxidase activity in air pouch
activated by carrageenan (six animals/group). Values are expressed as

mean±SE. *p<0.05, **p<0.01, and ***p<0.001 versus vehicle (one-
way ANOVA followed by Tukey’s test)
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FAEE effect on radiographic records in CFA-induced
arthritis in rats

Based on radiograph records displayed, it is noted that the
FAEE at 100, 50, and 25 mg/kg doses and indomethacin at
5 mg/kg dose exerted different protection degrees on the rat
tibio-femoral joint with CFA-induced monoarthritis. Thus, the
FAEE at 100 mg/kg dose showed little bone erosion at the end
of 14 experiment days, as well as animals treated with FAEE
at 50 mg/kg dose and indomethacin at 5 mg/kg dose. The
animals treated with FAEE at 25 mg/kg dose showed multiple
bone injury site and osteoarthritis similarly to the animals
treated with vehicle alone.

FAEE effect on spontaneous motor activity in mice

FAEE resulted in no change in the exploratory mouse capacity
in any tested doses (p>0.05). Of diazepam, 0.4 mg/kg resulted
in a significant decrease in the invasion number from the ve-
hicle group.

Discussion

Among the experimental models, carrageenan-induced paw
edema has been the choice model for screening anti-
inflammatory drugs since their description by Winter et al.

Fig. 4 FAEE effect on a nitrite concentration (NO2
−), b superoxide

dismutase activity (SOD) expressed indirectly by inhibition of the
nitrite formation (NO2

−), c reduced glutathione concentration expressed
in terms of total thiols, d catalase activity, and e concentration of

thiobarbituric acid reactive species (TBARS) in the air pouch activated
by carrageenan (six animals/group). Values are expressed as mean±SE.
*p<0.05, **p<0.01, and ***p<0.001 versus vehicle (one-way ANOVA
followed by Tukey’s test)
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Fig. 5 FAEE effect on a knee
edema and b time of elevation
paw in CFA-induced
monoarthritis. AUC showing that
FAEE significantly inhibited the
formation of knee swelling and
incapacitation compared to the
control group (six animals/
group). Values are expressed as
mean±SE. *p<0.05, **p<0.01,
and ***p<0.001 versus vehicle
(one-way ANOVA and Tukey’s
post-test)

Fig. 6 FAEE effect on
radiographic changes in CFA-
induced knee monoarthritis (six
animals/group). Values are
expressed as mean±SE. *p<0.05
versus vehicle, **p<0.01 versus
vehicle and FAEE at 50 mg/kg
dose, and ***p<0.001 versus
vehicle and FAEE at 25 mg/kg
dose, respectively (Kruskal-
Wallis and Dunn post-test)
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(1962). The carrageenan injection produced a biphasic inflam-
matory swelling through bradykinin, serotonin (5-HT), and
histamine release during the first hour after induction
(Kirchhoff et al. 1990) followed by the prostaglandins and
nitric oxide production (NO), neutrophil infiltration, COX-2
induction, free radical production, and oxidative stress until
sixth hour after induction (Garrelly et al. 1991; Salvemini
et al. 1996a; Nantel et al. 1999).

In this study, FAEE inhibited the swelling from the sec-
ond hour after the induction. These results suggest FAEE
action on both carrageenan phase-induced inflammation
through mediator inhibition such as 5-HT, bradykinin and
histamine, antioxidant activity or by COX, iNOS, prosta-
glandins, and nitric oxide release inhibition (Salvemini
et al. 1996b). Similar results were found to other
phenylpropanoids as eugenol, anethole, cinnamaldehyde,
dilapiolle, and diidrodilapiolle, which inhibit the edema
formation induced by carrageenan by mechanisms related
to the prostaglandins, arachidonic acid pathway, and NO
inhibition (Ballabeni et al. 2010; Parise-Filho et al. 2011;
Ritter et al. 2013; Domiciano et al. 2013).

Given the positive FAEE effect in the early and late paw
edema phases induced by carrageenan, we investigated the
mechanisms involved in FAEE anti-inflammatory activity on
leukocyte migration, cytokine concentrations (TNF-α and IL-
1β), and antioxidant activity. For this, we used the air pouch
model.

The air pouch mimics many joint inflammation aspects
characterized by a non-granulomatous immune reaction
(Martin et al. 1994). The results show that FAEEwas effective
in reducing the total leukocyte number migration to the air
pouch. Similar action has been reported in the literature for
other phenylpropanoids such as siringina, caffeic acid, and
caffeic acid phenethyl ester (Michaluart et al. 1999; Liz et al.
2008; Yin et al. 2012).

In order to confirm the FAEE inhibitory effects on leuko-
cyte migration, then for the indirect transmigration, and quan-
tity leukocyte assessment by MPO, the most abundant pro-
inflammatory enzyme stored in the azurophilic neutrophil
granules provides an intimate relationship with the cell num-
ber which was extracted (Bradley et al. 1982; Pulli et al.
2013).

Thus, the FAEE significantly reduced the myeloperoxidase
amount in subcutaneous air pouch exudate in rats. A similar
result was found for animals treated with Solidago chilensis
Meyen butanolic extract, rich in caffeic acid and chlorogenic
acid (Liz et al. 2008). In colitis model induced by dextran
sulfate sodium (DSS), the У-oryzanol, a fenilpropanoids mix-
ture, resulted in myeloperoxidase activity reduction after six
and eight oral treatment days (Islam et al. 2008). The decrease
in total cells count and MPO, as observed in FAEE treatment,
can be related to decreased adhesion molecule expression as
observed in the treatment with syringin, a glycosylated

phenylpropanoid, which significantly reduces the ICAM-1
expression (Yin et al. 2012).

Recent studies have shown that phytochemicals (terpenes,
flavonoids, and phenylpropanoids) with antioxidant activity
play a key role in the NF-kB inactivation signaling pathway
by detoxifying enzyme complex expressions such as catalase,
glutathione peroxidase system/glutathione S-transferase, and
quinone reductase through the Nrf2-Keap1 (Mollace 2005;
Nagasaka et al. 2007; Surh 2008; Calabrese et al. 2008b;
Brigelius-Flohé and Kipp 2012).

FAEE significantly increased SOD and catalase activity
and GSH concentration. A similar result was found in sensi-
tized macrophage cultures treated with LPS andУ-oryzanol or
cycloartenil ferulate and where there SOD increased transcrip-
tion, suggesting that the FAEE can also induce this enzyme
transcription (Nagasaka et al. 2007). During the inflammatory
process, free radical degradation by antioxidant agents pre-
vents it from inducing the cytokine production, adhesion mol-
ecules, and chemotactic agent expression (Jang et al. 2004;
Niki et al. 2005; Jang et al. 2005; Li and Zhou 2011;
Morgan and Liu 2011).Thus, FAEE anti-inflammatory action
part is due to its antioxidant activity as already demonstrated.
Accordingly, Perluigi et al. (2006) and San Miguel et al.
(2012) observed a decrease in the carbonil protein concentra-
tions, the reactive oxygen species amount, and increase in cell
viability by reducing free radicals on cell culture treated with
FAEE.

The access to behavioral patterns in human arthritis animal
models is a valuable step in the alternative development for
the pharmacological pain treatment and inflammation (Min
et al. 2001). Among the models that mimic this disease, there
is the CFA-induced arthritis. This procedure generates inflam-
matory response with strong cellularity, markedly T lympho-
cytes, and circulating antigen-specific antibodies. Various cy-
tokines, such as TNF-α, IL-1β, IL-12, and IFN-γ, and numer-
ous chemokines are re-induced by aberrant crypt foci, mim-
icking in many ways the chronic inflammatory process path-
ophysiology (Chillingworth and Donaldson 2003).

These results demonstrate that FAEE exerts attenuating
CFA-induced arthritis function by negative modulating IL-
1β concentrations and especially TNF-α. This action can be
explained by the lower leukocyte migration and consequent
lower cytokine release. IL-1β and TNF-α are potent pro-
inflammatory cytokines that are produced primarily by mac-
rophages and neutrophils and may act on the endothelium
inducing integrin expression and stimulating the pro-
inflammatory cytokine release by other immune cells
(Bradley 2008; Broggi and Granucci 2015).

Referring to decrease the cytokine concentration, regulato-
ry activity exerted by NO may be involved on NF-kB, COX-
2, and PGE2 activation. Nitric oxide is continuously synthe-
sized by nitric oxide synthase (NOS) (Dejam et al. 2004). This
molecule exhibits diverse physiological functions; however, if

Naunyn-Schmiedeberg's Arch Pharmacol (2016) 389:117–130 125



126 Naunyn-Schmiedeberg's Arch Pharmacol (2016) 389:117–130



at high concentrations released by the iNOS action, NO has
cytotoxic and cytostatic actions (Salvemini 1996a; D’acquisto
et al. 2001).

The FAEE significantly decreased the nitrite concentration
(NO2

−). Similar results involving the iNOS transcription sup-
pression have been demonstrated to other phenylpropanoids
such as anethole (Kang et al . 2013), 2-hydroxy
cinnamaldehyde (Lee et al. 2009), and trans-cinnamaldehyde
(Ballabeni et al. 2010) and S. chilensis Meyen extract (Liz
et al. 2008). The results expressed here and data published
by Perluigi et al. (2006) and Joshi et al. (2006), in various
studies, where the FAEE significantly decreased the iNOS
expression in neuronal cultures, support such an action mech-
anism for the FAEE.

Concomitant to assessments of TEP and knee swelling,
radiographic records were performed to control the struc-
tural changes developed during the 14 arthritis-induced
days ACF. We adopted the basal recording protocol (on
the induction day) to demonstrate the joint structure integ-
rity and two records on day 7 and day 14 after induction in
order to assess progress in the middle period and outcome
of the protocol.

Important factor about CFA-induced monoarthritis is the
similarity between the joint destruction degree and gait pat-
terns. Thus, animal groups with worse gait patterns; that is,
higher TEP have higher joint wear (Boettger et al. 2009). This
statement is in accordance to the results shown here based on
the TEP and joint radiographic records on the induction day,
after 7 and 14 days where the animals treated with FAEE
showed less joint damage compared to the control group.
Similar results were reported here found for Careya arborea
Roxb extracts and Terminalia paniculata Roth, rich in
phenylpropanoids, which showed less edema and bone re-
sorption areas (Talwar et al. 2011; Rayhana et al. 2014).

Front to inflammatory process and all attached to him for
the free radical consequence production, which are highly

damaging to chondrocytes and increase intra-articular oxida-
tive stress DNA p53 subunit triggering apoptosis activation,
especially peroxynitrite (ONOO−) (Henrontin 2005;
Grishko et al. 2009). Arthritic joint hallmark, bone matrix
erosion, or resorption areas are the osteoclastogenesis stim-
ulation results by TNF-α (Afonso et al. 2007; Lam et al.
2000).

FAEE dose–response effect absence appears to be a stan-
dard for phenylpropanoids. FAEE in the middle and higher
doses showed no statistical differences between them in in-
flammation models used as demonstrated by the area under
the curve (AUC). Other studies have shown that the
phenylpropanoids such as anethole and eugenol (Daniel
et al. 2008; Domiciano et al. 2013) also showed no dose–
response effect.

On the other hand, FAEE has shown a potential antioxidant
and anti-inflammatory in vitro (Scapagnini et al. 2004;
Perluigi et al. 2006; Joshi et al. 2006). Our work, however,
proves the FAEE potentiality in vivo applied in arthritis mod-
el. These results are encouraging the therapeutic agent devel-
opment for the inflammatory disease treatment and that have
low toxicity.

Concerning this, the FAEE increased the catalase activity,
SOD, and the total thiol concentrations (glutathione marker
system), as well as cytokine influence as discussed above,
listing it as a promising chondroprotective agent and anti-
inflammatory for acute and chronic arthritic frames.

Conclusion

FAEE oral treatment exerts anti-inflammatory and
chondroprotective activities. FAEE showed antiedematogenic
activity in the carrageenan-induced paw edema in rats.
Furthermore, FAEE reduced joint swelling and joint disability
in CFA-induced knee monoarthritis. Chondroprotective activ-
ity observed through X-ray records possibly associated with
TNF-α and IL-1β inhibition as well as antioxidant activity.
This phenylpropanoid has the potential as a new lead com-
pound for the future therapeutic intervention in inflammation
development.

�Fig. 7 FAEE effect on radiographic images of CFA-induced knee
monoarthritis on the day of induction (D1) and after 7 (D7) and 14 days
(D14) (six animals/group). Legend F femur, f fibula, T tibia, and P patella.
Green arrows represent areas of erosion, and yellow arrows represent
areas of arthritis/joint wear

Fig. 8 FAEE effect on
exploratory activity in mice (six
animals/group). Values are
expressed as mean±SE.
***p<0.001 versus vehicle (one-
way ANOVA and Tukey’s test)
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