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The present research work was planned to evaluate the antioxidant and anti-inflammatory
actions of butin in preventing complete Freund’s adjuvant-induced arthritis in rats. Adult
Wistar rats (200–240 g) were segregated equally into four groups: Group I (normal) and
Group II complete Freund’s adjuvant (CFA control) were administered orally with 3 ml/kg of
0.5% SCMC (vehicle); Group III and Group IV were test groups and orally administered 25
and 50mg/kg of butin. These oral treatments were administered for a total of 21 days. In
the 21-day treatment schedule, on the first day, animals from group I (normal control) were
injected a single dose of normal saline (0.1 ml) intradermally into one of the hind paws, and
animals from Group II to IV were injected CFA (0.1 ml) intradermally into one of the hind
paws. During the treatment schedule, the volume of the hind paw and body weight were
recorded at every 7 days intervals, and animals were scored for severe arthritis on days 17,
19, and 21. On the 22nd day, samples of blood were withdrawn by puncturing the retro-
orbital sinus for analysis of RBC, WBC, hemoglobin, ALT, AST, ALP, PGE2, and cytokines.
After blood withdrawal, animals were euthanized; the paw was separated by cutting at the
ankle joint and used for analysis of oxidative stress and antioxidant parameters, as well as
for the histopathological study. Administration of butin to CFA-treated animals significantly
attenuated the CFA-induced inflammatory response, oxidative stress, and reversed the
histopathological alteration towards normal. According to the findings, butin has anti-
inflammatory and anti-arthritic properties in rats with CFA-induced arthritis.
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INTRODUCTION

Inflammation of joints and the synovial membrane is the
characteristic feature of rheumatoid arthritis (RA), which can
result in bone erosion and loss of joints (Alavala et al., 2020;
Shams et al., 2021). Patients with this condition have symmetrical
joint pain, morning stiffness, joint inflammation, cartilage and
bone degeneration, and rheumatoid nodules under the skin
(Chang et al., 2015; Basile et al., 2021). However, RA is linked
to secondary amyloidosis, lymphomas, vasculitis, cardiovascular,
pulmonary, psychiatric, and skeletal diseases, all of which can
lead to permanent impairment in some cases (Basile et al., 2021;
Shams et al., 2021). Smoking, gender (females are more likely),
obesity, advanced age, and genetic makeup are risk factors for RA
(Shams et al., 2021). This condition affects roughly 0.75% of the
adult population in India and 1% worldwide, posing a severe
health burden (Alavala et al., 2020; Shams et al., 2021).

Increased transcription factors and cytokine expressions are
part of the mechanism that causes joint degeneration in RA (Zhu
et al., 2016). Interleukins and tumor necrosis factor (TNF)-α have
been linked to arthritis etiology (Zhu et al., 2016; Alavala et al.,
2020). Inflammation is aided by IL-6, which stimulates blood
vessel development. IL-1 promotes bone resorption and cartilage
degradation by altering nitric oxide (NO) and prostaglandin
(PGE2) production. PGE2 can create a fever by activating pain
receptors (Campbell et al., 1990; Alavala et al., 2020). As a result
of the imbalance between proinflammatory and anti-
inflammatory states, synovial membrane inflammation and
joint injury occurred (Chimenti et al., 2015; Alavala et al., 2020).

In the therapy of RA, steroid hormones, biological agents,
immunosuppressants, and anti-inflammatory medications are
employed (Lima-Garcia et al., 2011; Atzeni et al., 2013; Pincus
and Cutolo, 2015; Alavala et al., 2020).

Anti-arthritic medications have a variety of significant
benefits; however, their clinical use is limited due to reasons
including high costs, adverse effects, and potency at a specific
target region (Ekambaram et al., 2010; Alavala et al., 2020).
Hormonal irregularities, decreased immunity, gastrointestinal
tract abnormalities, and CVS difficulties have all been reported
as side effects of RA (Petchi et al., 2015; Alavala et al., 2020). As a
result, the therapeutic approach for arthritis necessitates a cost-
effective medicine, has a long shelf life, and has few or no adverse
effects.

In preclinical RA, various animal models are used; however,
complete Freund’s adjuvant (CFA)-generated arthritis has some
parallels to human patients, making it the ideal model for
inducing arthritis (Ghosh et al., 2010; Alavala et al., 2020).

Many flavonoids such as theaflavin (Datta et al., 2014),
pentahydroxy (Tang et al., 2021), Detralex (Rovenský et al.,
2009), and total flavonoids of Astragalus (Liu et al., 2017)
have been shown beneficial effects in adjuvant-induced
arthritic rodents.

Butin (7,3′,4′-trihydroxydihydroflavone, Figure 1), a
physiologically active flavonoid derived from plants such as D.
odorifera, R. verniciflua, V. anthelmintica, and A. mearnsii,
exhibits potent antioxidant, anti-inflammatory, and antiplatelet
properties (Bhargava, 1986; Zhang et al., 2010; Zhang et al., 2011;

Duan et al., 2017). By inhibiting the inflammatory pathway, butin
(25 and 50 mg/kg) reduces brain edema in a rat model of
intracerebral bleeding (Li and Jiwu, 2018). Based on the above
facts, the current investigation was planned to evaluate the
antioxidant and anti-inflammatory actions of butin in
preventing complete Freund’s adjuvant (CFA)-induced
arthritis in rats (Nagakannan et al., 2012).

MATERIALS AND METHODS

Chemicals
CFA (Sigma-Aldrich, United States), 5, 50-dithiobis-2-
nitrobenzoic acid, trichloroacetic acid, reduced glutathione,
thiobarbituric acid (Hi-Media Laboratories Pvt., Ltd.), ALP,
ALT, AST, IL-1β, IL-6, TNF-α, and the PGE2 estimation kit
(Modern Lab, India) were used in the study.

Animals
Adult Wistar rats (200–240 g) were acclimatized in the
laboratory. They were free to access water and food. The
Institutional Animal Ethics Committee authorized the
experimental protocol and was following the guidelines of
CPCSEA, Govt. of India (Binawade and Jagtap, 2013; C et al.,
2014; Dhadde et al., 2016; Mehan et al., 2018).

Experimental Design
Butin was diluted with 0.5% sodium CMC solution and given to
experimental animals orally for 21 days. They were intradermally
injected a single dosage of CFA (0.1 ml) into one of the hind paws
of rats to develop arthritis (Alavala et al., 2020).

Adult Wistar rats (200–240 g) were equally (n = 6) segregated
into four groups and given the following treatments: Groups I and
II, normal and CFA control groups, received 0.5% sodium CMC
(3 ml/kg/day) treatment for 21 days. The test groups III and IV
were given butin (25 and 50 mg/kg, respectively) for 21 days. In
the 21-day schedule, on the first day, normal saline (0.1 ml) was
injected to group I animals (normal control) intradermally into
the hind paw (right), and animals from Group II to IV were
injected with a single dosage of CFA (100 µl) intradermally into

FIGURE 1 | Butin (7,3′,4′-trihydroxydihydroflavone).
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the hind paw (Alavala et al., 2020). During the treatment
schedule, the volume of the paw and body mass were recorded
at every 7 days interval, and animals were scored for severe
arthritis on days 17, 19, and 21.

On the 22nd day, samples of blood were withdrawn by
puncturing the retro-orbital sinus for analysis of hematological
and serum biochemical estimation. After blood withdrawal,
animals were euthanized; the paw was isolated by cutting at
the ankle joint and used for histopathological and biochemical
assessments.

Measurements of the Volume of the Paw
and Body Weight
On day 1, the volume of the hind paw and body weight were
measured before CFA treatment and subsequently at an interval
of 7 days for next 21 days. The digital plethysmometer was used to
measure the hind paw volume.

Arthritis Severity Scoring
On a scale of 0 to 4, arthritis severity was analyzed and graded.
Arthritis severity was graded in such a way that the parameters

FIGURE 2 | Effect of butin on body weight in CFA-treated rats. Values
are expressed in mean ± SEM (n = 6). #p < 0.05 vs. normal control rats and
**p < 0.01 and ***p < 0.001 vs CFA control rats. One-way ANOVA followed by
Tukey’s post hoc test.

FIGURE 3 | Effect of butin on (A) the paw volume and (B) arthritis severity score in CFA-treated rats. Values are expressed in mean ± SEM (n = 6). #p < 0.05 vs.
normal control rats and **p < 0.01 and ***p < 0.001 vs CFA control rats. Two-way ANOVA followed by the Bonferroni post hoc test for paw volume and Kruskal–Wallis
test for the arthritis severity score.
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included the following: no swelling (grade 0), erythema in a finger
or mild swelling (grade 1), swelling in fingers (grade 2), swelling
of the ankle or wrist (grade 3), and significant arthritic swelling in
wrist and fingers (grade 4).

Estimation of the Blood Parameter
On day 22, samples of blood were collected into two separate
tubes, one of which contained dipotassium EDTA as the
anticoagulant. The blood was withdrawn by retro-orbital
plexus puncture. The blood sample collected in a tube
containing the anticoagulant was used for estimation of
hemoglobin, RBC, and WBC, using a blood cell counter.
The anticoagulant-free blood sample was centrifuged (2,500
× g, 10 min), and the serum was used for estimation of PGE2,
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), and cytokines.

Estimation of ALP, ALT, and AST
The contents of ALP, ALT, and AST in the serum were estimated
using a biochemical diagnostic kit, as per kit manufacturer’s
instructions, using a semi autoanalyzer. The contents of ALT,
AST, and ALP were expressed in U/L of the serum.

Estimation of PGE2
PGE2 levels were estimated using an ELISA kit by the competitive
method. In a 96-well microtiter plate, 0.15 ml of samples, control,
and standard were placed in precoated wells. After that, the PGE2
antibody (50 μl) was added and incubated at 37°C on a horizontal
orbital microplate shaker (500 ± 50 rpm). After 60 min of
incubation, the PGE2 conjugate (50 µl) was placed in each well
and allowed incubation for next 2 h. After that, each well was
filled with the substrate solution (200 μl) and incubated at room
temperature for 30 min. Then, by adding the stop solution
(100 μl), the reaction was halted, and at 450 nm, the optical
density was measured.

Estimation of Cytokines
The IL-1β, IL-6 and TNF-α (pro-inflammatory cytokines),
and IL-10 (the anti-inflammatory cytokine) were estimated by
ELISA kits, as per the kit. The amount of markers was

FIGURE 4 | Effect of butin on (A) RBC count, (B) WBC count, and (C)
Hemoglobin levels in CFA-treated rats. Values are expressed in mean ± SEM
(n = 6). #p < 0.05 vs. normal control rats and **p < 0.01 and ***p < 0.001 vs
CFA control rats. One-way ANOVA followed by Tukey’s post hoc test.

TABLE 1 | Effect of butin on liver enzymes (ALT, AST, and ALP) in experimental
animals.

Groups ALT (U/L) AST (U/L) ALP (U/L)

I (Normal control) 58.83 ± 1.52 80.66 ± 1.17 151 ± 1.47
II (CFA control) 91.5 ± 2.03 254 ± 0.74 310.16 ± 0.21
III (Butin 25 mg/kg) 76.83 ± 0.87* 236.83 ± 1.39** 274.5 ± 1.68**
IV (Butin 50 mg/kg) 72.33 ± 1.55** 196.66 ± 0.45*** 239 ± 2.05***

ALT, alanine transaminase; AST, aspartate aminotransferase; ALP, alkaline
phosphatase.
#p < 0.05 vs. normal control rats and **p < 0.01 and ***p < 0.001 vs. CFA, control rats.
One-way ANOVA followed by Tukey’s post hoc test.
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calculated from standard curves and represented as pg/ml of
the serum.

Biochemical Estimations in Paw Tissue
Tissue Homogenization
The piece of subcutaneous tissue from the collected paw
was cleaned using ice-cold isotonic saline and
homogenized in ice-cold conditions in pH 7.4, 0.1 M
phosphate buffer. The endogenous antioxidants and
oxidative and nitrative stress markers were estimated in
the supernatant of the homogenate.

Endogenous Antioxidants
The reduced glutathione (GSH) was quantified as per the Ellman
method (Ellman, 1959). Using the Misra and Fridovich method,
superoxide dismutase (SOD) was determined (Misra and
Fridovich, 1972). To estimate the catalase activity, 100 µl of
the sample was mixed with 1.9 ml of phosphate buffer
(50 mM, pH 7.0) in the cuvette, and 1.0 ml of freshly prepared
H2O2 (30 mM) was added as a reaction initiator (Aebi et al.,
1974).

Oxidative and Nitrative Stress Markers
Malondialdehyde (MDA) was estimated in the tissue
homogenate using the Wills method. The MDA level was
represented as nmol/mg protein (Wills, 1966). The MPO
levels were estimated as per the published method
(Nagarjun et al., 2017). Griess reagent was used to estimate

FIGURE 5 | Effect of butin on PGE2 levels in CFA-treated rats. Values are
expressed in mean ± SEM (n = 6). #p < 0.05 vs. normal control rats and **p <
0.01 and ***p < 0.001 vs. CFA control rats. One-way ANOVA followed by
Tukey’s post hoc test.

FIGURE 6 | Effect of butin on (A) TNF-α, (B) IL-1β, (C) IL-6, and (D) IL-10
levels in CFA-treated rats. Values are expressed in mean ± SEM (n = 6). #p <
0.05 vs. normal control rats and **p < 0.01 and ***p < 0.001 vs. CFA control
rats. One-way ANOVA followed by Tukey’s post hoc test.
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nitrite. The standard curve of sodium nitrite was used to
calculate the nitrite content and expressed in µM/g tissue
(Green et al., 1982; Slaoui et al., 2017).

Observation of Histopathological Changes
The isolated paw (skin, subcutaneous tissue along with the bone)
samples (n = 3) were preserved in formalin (10%), cut into 5 mm
thick sections by embedding in paraffin wax. For histological
examinations, the slices were stained with the dye (hematoxylin
and eosin) (Nagarjun et al., 2017; Slaoui et al., 2017). The stained
tissues were analyzed for inflammatory alterations such as
necrotic foci, cell infiltration, tissue structure destruction such
as patches, damage to the nucleus, and so on.

Statistics
Statistics was conducted by GraphPad Prism. The data are shown
as a standard error of mean (S.E.M.). One-way ANOVA followed
by Tukey’s test was also carried out. Scoring data were analyzed
statistically using the Kruskal–Wallis non-parametric test. The
significance threshold was set at p < 0.05.

RESULTS

Body weight
At the time of grouping, all the groups’ animal body weight was in
the same range. Administration of CFA reduced 12.61% of the
bodyweight in animals when compared to the normal control
animals, and the values were statistically significant (p < 0.05). As
butin was given to CFA-treated rats, the body weight increased by
9.75–16.7% than that of the CFA-control group, and the values
were significant (p < 0.01 and p < 0.001). Figure 2 depicts the
detailed body weight results.

Paw Volume
CFA produced edema in the paw and it was evidenced by 2–3-
fold increased (p < 0.001) paw volume in all of the evaluated
days in CFA-treated animals. Administration of butin (25 and
50 mg/kg) to CFA-treated animals attenuated the paw volume
in all the tested intervals. The results were statistically
significant p < 0.01 (on day 14) and p < 0.01 and p < 0.001
(on day 21). The results of the paw volumes are shown in
Figure 3A.

Arthritis Severity Score
When CFA-treated rats were compared to normal control rats,
arthritis severity was dramatically elevated. The scores were

statistically significant on all the tested days (p < 0.001).
Administration of butin to the CFA-treated rats improved the
condition of arthritis; hence, the animals get lower scores in the
CFA-treated group than the CFA control group. The score values
were significant on the 17th day, 19th day, and 21st day (p < 0.05)
vs. CFA control group. The arthritis severity score results are
shown in Figure 3B.

Blood Parameter
Hematological Parameters
Administration of CFA decreased 26.77% of hemoglobin levels
(p < 0.05) and 25.34% of RBC counts (p < 0.05) and increased
170.88% of the WBC count (p < 0.05) in comparison with the
normal control group, whereas butin attenuated the
hematological changes induced by CFA; 9–28% of
hemoglobin levels (p < 0.05 and p < 0.001) and 12–17% of
RBC counts (p < 0.05 and p < 0.001) were increased, and 20% of
WBC counts (p < 0.05 and p < 0.001) were decreased in CFA-
treated rats. The results of hematological parameters are
represented in Figure 4.

ALT, AST, and ALP
ALP, ALT, and AST levels in CFA-treated animals were
substantially high (p < 0.05) vs. normal control animals. Butin
(25 and 50 mg/kg) decreased the levels of ALT by 16.03–20.95%
(p < 0.05 and p < 0.01), AST by 6.77–22.55% (p < 0.01 and p <
0.001), and ALP by 11.5–22.96% (p < 0.01 and p < 0.001) in CFA-
treated rats vs. CFA control animals. Table 1 represented the
ALT, AST, and ALP results.

PGE2 Levels
PGE2 levels in CFA-treated rats were higher (p < 0.05) vs. normal
control rats. Butin (25 and 50 mg/kg) reduced the PGE2 levels by
13.18–20.2% in CFA-treated rats (p < 0.05 and p < 0.01) vs. CFA
control animals. The PGE2 result is depicted in Figure 5.

Levels of Cytokines
Proinflammatory cytokines IL-1β, IL-6, and TNF-α were
considerably (p < 0.05) increased, and the anti-
inflammatory cytokine IL-10 was significantly (p < 0.05)
lowered in CFA-treated rats vs. normal control. Butin
attenuated IL-1β (9.59–32.79%), IL-6 (13.35–30.41%), and
TNF-α (4.49–40.70%) in CFA-treated rats with the
significance value of p < 0.01 and p < 0.001 and improved
IL-10 (21.34–84.37%) levels (p < 0.01 and p < 0.001) vs. the
CFA control group. The results of cytokine estimations are
shown in Figure 6.

TABLE 2 | Effect of butin on endogenous antioxidant levels (GSH, CAT, and SOD) in experimental rats.

Groups GSH (mg/g of tissue) CAT (nmol/min/ml) SOD (U/ml)

I (Normal control) 1.39 ± 1.58 12.95 ± 2.11 12.56 ± 1.02
II (CFA control) 0.61 ± 0.75# 7.12 ± 0.97# 7.20 ± 0.89#

III (Butin 25 mg/kg) 0.87 ± 0.44* 8.47 ± 1.62** 8.18 ± 1.21*
IV (Butin 50 mg/kg) 0.97 ± 1.80** 11.37 ± 0.35*** 8.61 ± 0.60**

GSH, glutathione; CAT catalase; SOD, superoxide dismutase.
#p < 0.05 vs normal control rats and **p < 0.01 and ***p < 0.001 vs CFA, control rats. One-way ANOVA followed by Tukey’s post hoc test.
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Biochemical Estimations in Paw Tissue
Endogenous Antioxidants
Administration of CFA disturbed the levels of endogenous
antioxidants (catalase, GSH, and SOD). CFA control animals
had lower levels (p < 0.05) of catalase, GSH, and SOD than
normal control animals. Treatment with butin to CFA-injected
animals restored GSH (41.49–58.53%), SOD (15–19.83%), and
catalase (19–59.69%) levels (p < 0.05 and p < 0.01) toward
normal. The endogenous antioxidant status results are shown
in Table 2.

Markers of Nitrative and Oxidative Stress
CFA treatment increased (p < 0.05) the levels of MDA by 72.48%,
MPO by four-folds, and nitrite by six-folds when compared with
normal control animals. Butin therapy reduced the elevated levels
of MDA by 10.4–38.26% (p < 0.01 and p < 0.001), MPO by
18.59–50.91% (p < 0.01 and p < 0.001), and nitrite by
18.88–24.97% (p < 0.01 and p < 0.001) vs. the CFA control
group. The results of markers of nitrative and oxidative stress are
shown in Figure 7.

Histopathological Observations
The hind paws of normal control animals have a consistent
histological pattern. CFA treatment induced abnormalities
in the hind paw such as edema, accumulation of
inflammatory cells of the bone marrow, and cartilage
destruction. Butin treatment at both doses reduced
inflammatory symptoms, improved bone marrow,
eliminated edema, and reduced cellular infiltration. The
photographs of H&E staining of hind paw sections are
shown in Figure 8.

DISCUSSION

Arthritis is linked with the loss of lean body mass and weight and
that is known as rheumatoid cachexia (Patil et al., 2011). The
large alterations in body mass seen in CFA-treated rats are
consistent with previous research findings (Choudhary et al.,
2014; Cui et al., 2019).

The arthritic score is a metric for measuring joint
inflammation and is used to express the severity of arthritis
(Choudhary et al., 2014). Butin-treated rats had significantly
lower arthritic scores than FCA-treated rats, demonstrating
that it has anti-inflammatory properties. Measuring paw
swelling is a sensitive and quick way to figure out how
much inflammation there is, as well as the therapeutic and
curative effects of drugs (Kshirsagar et al., 2014).
Administration of CFA elevated the paw volume of the
rats, and this was in agreement with earlier reported
studies (Kshirsagar et al., 2014; Alavala et al., 2020). On
the other hand, treatment with butin to CFA-treated rats
attenuated the CFA-induced paw swelling. This observation

FIGURE 7 | Effect of butin on oxidative and nitrative stress marker levels
(A)MDA, (B)MPO, and (C) Nitrate in CFA-treated rats. Values are expressed
in mean ± SEM (n = 6). #p < 0.05 vs. normal control rats and **p < 0.01 and
***p < 0.001 vs. CFA control rats. One-way ANOVA followed by Tukey’s
post hoc test.
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indicates the anti-inflammatory effect of butin against CFA-
induced inflammation in the paw.

Increases in granulocytes and monocytes are linked to changes
in the paw volume (Kshirsagar et al., 2014). The present study
data were in agreement with this statement; there was an
increased paw volume, and WBC levels were found in CFA-
treated rats. Butin attenuated the CFA-induced increase in the
paw volume and WBC levels, representing its anti-inflammatory
effects against CFA in rats.

The cytokines are released when macrophages are activated
in chronic inflammation and have been related to
immunological arthritis. IL-6 is overexpressed at
inflammatory sites, and it can play a crucial role in chronic
inflammation (Kshirsagar et al., 2014; Alavala et al., 2020). IL-
1, IL-6, and TNF-α increase acute-phase protein synthesis
(Kshirsagar et al., 2014). It also triggers specific cellular and
humoral immunological responses, such as B-cell
differentiation and T-cell activation, among others.
(Jazayeri et al., 2010; Kshirsagar et al., 2014). In CFA-
treated rats, a considerable rise in TNF-α, IL-6, and IL-1β
(proinflammatory cytokines) and a decrease in IL-10 (the anti-
inflammatory cytokine) were observed. Administration of
butin to CFA-injected rats attenuated the altered levels of
cytokines toward normal, indicating the anti-inflammatory
effect of butin.

Prostaglandins, which relax arteriolar smooth muscle cells
and increase blood flow to the region, significantly amplify
exudates (Kshirsagar et al., 2014). Injection of CFA elevated
the PGE2 levels, and this may be responsible for an increased
volume of rat paw. Treatment with butin reduced the elevated
levels of PGE2 in CFA-injected rats, indicating its anti-
inflammatory response against CFA.

The function of the oxidative state in the initiation of
proinflammatory milieu in RA patients has been studied. The
literature suggests that oxidative stress has a role in the

development of RA (Quiñonez-Flores et al., 2016; Phull et al.,
2018; da Fonseca et al., 2019). Oxidative stress is characterized as
a hazardous scenario in which the pool of oxidative molecules has
a negative equilibrium, favoring the prevalence of pro-oxidants
(da Fonseca et al., 2019). MDA, MPO, and nitrite levels were all
higher in the CFA-treated rats, showing that CFA caused
oxidative stress. Treatment with butin in CFA-treated rats
attenuated the levels of MDA, MPO, and nitrite in paw tissue
(skin with subcutaneous tissue), indicating its inhibitory actions
against CFA-induced oxidative stress in the rats.

Antioxidants can scavenge ROS/RNS and inhibit the
oxidation process in cells; they act as regulatory players (da
Fonseca et al., 2019; Fukai and Ushio-Fukai, 2011). Treatment
with butin restored the endogenous antioxidants in CFA-
treated rats in comparison with CFA control rats, indicating
its antioxidant role against the CFA-induced oxidative insults.

The results of histopathological observations well support the
anti-inflammatory and antioxidant properties of butin against
CFA-induced inflammation and arthritis. Treatment with butin
to CFA-treated rats reversed the CFA-induced inflammatory
response and tissue architecture toward normal. Butin appears
to have anti-inflammatory and anti-arthritic properties in rats
when exposed to CFA.

CONCLUSION

The results of this study show that butin has anti-inflammatory
and anti-arthritic properties in rats with CFA-induced arthritis. It
was demonstrated by the attenuation of observational,
biochemical, and histological data in CFA-treated rats. Butin’s
anti-CFA benefits can be ascribed to its antioxidant and anti-
inflammatory characteristics. In the future, more research is
needed to confirm the exact mechanism and its application in
therapeutic situations (Nagakannan et al., 2012).

FIGURE 8 | Histopathological observations of paw tissue in control and experimental groups (A) Normal control showed a normal structure of the paw tissue, (B)
CFA control displayed inflamed cells with edema formation, (C) Butin 25 mg/kg, and (D) Butin 50 mg/kg. Both treatment groups showed almost a normal tissue
structure with decreased inflammation and cell infiltration.
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