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Background: Around 30% world population affected by acute and chronic pain due to inflammation and
accidental injuries. Pain is a uncomfortable sensation and it reduce the patients’ life quality.
Objective: The present exploration focuses to explore the beneficial effects of butein on the different
chemical and thermal-provoked nociceptive and inflammatory mice models.
Methodology: The nociception was induced to the Swiss mice using different chemical (formalin, acetic
acid, glutamate, and capsaicin) and thermal (hot plate and tail immersion) methods. the mice were sup-
plemented with 10, 15, and 20 mg/kg of butein and respective standard drugs like morphine, diclofenac
sodium, and dexamethasone. The anti-inflammatory effects of butein was studied using carrageenan-
provoked inflammation in mice.
Results: The present findings clearly demonstrated that the butein was substantially lessened the differ-
ent thermal and chemical provoked nociception in mice. The carrageenan-triggered paw edema and
inflammatory cell infiltrations were appreciably suppressed by the butein treatment. The TNF-a, IL-1b,
and IL-6 levels in the carrageenan-induced mice were effectively depleted by the butein.
Conclusion: Altogether, the present findings evidenced the potent antinociceptive and anti-inflammatory
properties of the butein in different nociceptive mice models.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction was primarily occurs in the muscle, tissues, vessels, and bone
Pain is a uncomfortable sensation due to the sensory and tissue
injuries and it severely affects all the human functions (Puebla,
2005). Pain may arise in any part of the body for instance, muscles,
joints, limbs, stomach, and head and is escorted by insomnia, anx-
iety, fatigue, less appetite, and even limb dysfunctions (Chou et al.,
2016). Pain is instigated by nociceptors, a dedicated peripheral
sensory neurons that was stimulated by deleterious stimuli like
chemical, thermal, and mechanical stimuli. These nociceptors
(Zakaria et al., 2019). Several mechanisms are actively participated
in the regulation of pain for instance, certain receptors, regulators,
and neurotransmitters concerned in a central and peripheral sensi-
tization (Garimella and Cellini, 2013). The protection and warning
are the primary roles of the pain in order to prevent the further
damages. It cautions about the tissue injuries caused by damage
or disease and provokes reflexion and behavioral response to les-
sen the effects of this injury. The significance of such behaviors is
clearly demonstrated in the pathological incidences of innate
insensitivity to painful stimuli (Sneddon, 2018). If the tissue injury
is inevitable, the changes takes place in both central and peripheral
nervous systems to express the hypersensitivity and pain as a
result of inflammation in the tissues adjacent nerve systems.

It was reported that nearly 30% of the peoples around the world
affected from acute and chronic pain, and these victims needs five
times more health service than the others. As a result, pain is
regarded as a global public health problem (Vasconcelos and de
Araujo, 2018). Inflammation is a multifaceted process provoked
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by numerous stimuli for instance, mechanical damages, tissue
ischemia, infectious, and toxic agents and distinguished by tissue
changes which permits the intense relocation of immune cells to
the inflammatory sites (Chen et al., 2018; Gupta et al., 2018).
Inflammation is distinguished by numerous mechanisms relating
augmented blood flow, vascular permeability and penetration of
inflammatory cells into the injury site (Serhan et al., 2015). Pain
is a general indicator of inflammation, and it provides as a guarding
mechanism provoked by the hostile sensory experiences con-
nected with tissue injury (Raja et al., 2020). Additionally, pain is
a representative of inflammation due to the tissue damages
(Oliveira et al., 2016).

The extreme release of inflammatory regulators could directs to
the triggering of inflammatory pain (Sekiguchi et al., 2018; Ji et al.,
2016). For instance, the inflammatory regulators like TNF-a, IL-1b,
and IL-6, which is generated by macrophages and other immune
cells interrelate with nociceptive neurons and regulated central
sensitization and pain (Pinho-Ribeiro et al., 2017; Cook et al.,
2018). Additionally, other mediators generated by immune cells
like prostaglandins and histamines also performs a significant
functions in pain mediation (Obara et al., 2020). In this case,
inflammation and pain has the closely regulated connections, since
the nociceptive neurons also mediate the inflammatory reactions
(Matsuda et al., 2019).

The primary goal of pain treatment is to lessen or eradicate the
pain and uneasiness with none adverse effects (Pogatzki-Zahn
et al., 2017). The anti-inflammatory and analgesic medications
are generally administered to lessen the pain (De Moraes et al.,
2020; Goucke and Chaudakshetrin, 2018). Currently existing med-
ications for the pain management are opiates like morphine and
pentazocine or non– steroidal anti-inflammatory drugs (NSAIDs)
like diclofenac and indomethacin (Kumar and Shankar, 2009). Both
NSAIDs and opiates are often experienced with many side effects
for instance, depletion of respiration, cardiovascular complications,
gastric injury, nephron and hepatotoxicities (Lacy et al., 2008). The
novel drugs to alleviate the pain without possessing any adverse
effects are greatly required around the world as a potential alterna-
tives to conventional synthetic drugs. Recently, a great interests
has been paid to screen the novel natural agents with antinocicep-
tive potentials to lessen the pain without side effects.

The herbal plants were extensively utilized in the form of med-
ications to alleviate the pain since history with less or no toxicities
for instance, morphine and acetyl salicylic acid are the most imper-
ative analgesics primarily obtained from plant sources (Almeida
et al., 2001; Khan et al., 2011). Butein (3,4,20,40-Tetrahydroxychal
cone) is a chalcone compound occurs in a several medicinal plants
like Toxicodendron vernicifluum (Yang et al., 2012; Padmavathi
et al., 2015). Butein was already reported to hold multitude phar-
macological activities like anticancer, anti-inflammatory, antimi-
crobial, and antioxidant property (Padmavathi et al., 2017).
Butein also demonstrated the anti-depressive (Guan and Liu,
2016), nueroprotective (Cho et al., 2012), anti-adipogenic, antidia-
betic, and antifibrogenic properties (Semwal et al., 2015). Though,
the anti-inflammatory role of butein was well reported, the
antinociceptive actions of butein was remain unexplored. The cur-
rent study focuses to explore the beneficial actions of butein
against the different chemical and thermal stimuli provoked noci-
ceptive and inflammatory mice models.
2. Materials and methods

2.1. Chemicals

Butein, naloxone, morphine, diclofenac sodium, dexametha-
sone, formalin, acetic acid, capsaicin, glutamate, and other chemi-
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cals were procured from the Sigma-Aldrich, USA. The assay kits
inflammatory markers were purchased from Biocompare, USA.

2.2. Experimental animals

The Swiss albino mice from both genders, 6–8 weeks aged,
weighing 25–35 g were purchased from the institutional animal
facility and preserved in a organized infection free environment
(temperature 23 ± 2 �C, 12 h light/dark series) in throughout the
experiments with free access to rodent-specific diet and water.
All animals were fasted for 2 h of food in prior to the investigations.
All the experiments were done as per the guidelines suggested by
institutional ethics committee. Animals were adapted for seven
days in the laboratory before the experiments initiation.

2.3. Hot plate test

Hot plate test was executed in order to assess the nociceptive
responses of experimental animals (Carino et al., 2010)). For this,
animals were located into the acrylic cylinder on the heated sur-
face (55 ± 0.2 �C). The time gap between the placement of animals
onto the platform and hind paws licking or shaking or jumping was
noted carefully as a latency of response. Animals were supple-
mented with the diverse doses of butein (10, 15, and 20 mg/kg)
on 30 min before the thermal stimulus in a hot plate. Morphine
(5 mg/kg) was administered as a positive control. the opioid antag-
onist naloxone (2 mg/kg) was also administered along with the
butein and morphine to detect the reversal effects. All animals
were carefully monitored before and at 0, 30, 60, 90, and
120 min after the respective sample drug supplementation. The
cut-off of 30 s were fixed and this exposition period were sufficient
to notice any mice responses without provoking any tissue injuries.

2.4. Tail immersion test

The central anti-nociceptive action of butein was detected as
per the procedure described by Shwetha et al. (2014). The water
bath was adjusted at a preferred temperature (55 ± 0.5 �C) for this
assay. For this assay, mice were treated with the sample and stan-
dard drugs as specified in the hot plate test. Roughly 3 cm of the
mice’s tail end was waterlogged in hot water. The responses of pain
was noticed if a speedy removal of tail from the hot water. The
time of tail immersion and withdrawal from hot water were
noticed on 30 min before and after the 30, 60, 90, and 120 min
of treatment were noted carefully. As the over tail immersion in
hot water may cause tissue damages, 15 s time period were fixed
as maximal immersion time and an increased immersion time
denotes the analgesic effect of butein.

2.5. Acetic acid-induced nociceptive assay

The antinociceptive potential of butein was scrutinized by
acetic acid-provoked writhing test as described by Koster et al.
(1959). For this, animals were supplemented with the butein (10,
15, and 20 mg/kg) and diclofenac (5 mg/kg) as a positive control
30 min before the acetic acid challenge (0.1 ml/10 g b.wt 0.6% v/
v). The total incidences of abdominal writhing during 25 min after
the acetic acid challenge were noted and tabulated.

2.6. Capsaicin and glutamate-induced nociceptive assays

The antinociceptive actions of butein was assessed by capsaicin
and glutamate-provoked nociceptive models as recommended by
Giorno et al. (2015). All mice were supplemented with the sample
and standard drugs as specified in the acetic acid test on one hour
before the intraplantar administration of capsaicin (20 ml, 1.6 mg/-
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paw). All animals were located separately onto the transparent
glass monitoring cabins to assess the nociceptive responsive and
the paw licking numbers were noted and tabulated. For the
glutamate-provoked licking assay, animals were treated respec-
tively as specified in the acetic acid test on 60 min before the intra-
plantar administration of glutamate (20 ml, 3.7 ng/paw). After the
administration, all mice were located onto the transparent glass
monitoring cabins and the total licking numbers were tabulated.
2.7. Formalin-induced nociceptive assay

The formalin provoked nociceptive assay was performed as
described earlier by Ortiz and Castaneda, (2008). For this, 1% for-
malin in 0.9% saline, were administered (50 ll/paw) onto the hind
paw surface of animals (i.p), and mice were located on a transpar-
ent monitoring cabins. Animal were supplemented with the butein
(10, 15, and 20 mg/kg) and morphine (5 mg/kg) as a positive con-
trol 30 min before the formalin administration. To determine the
local antinociceptive effects, the relative time period of animals
spent for flinching the formalin administered paw was noticed
and tabulated.
2.8. Carrageenan-induced paw edema

The anti-inflammatory potentials of butein was assessed
against the carrageenan-triggered paw edema as described by
Ponce-Monter et al. (2010). The paw edema of animals were
assessed using plethysmometer, the basal right hind paw volume
was detected before any treatments. After that, mice were supple-
mented with the butein (10, 15, and 20 mg/kg) and indomethacin
(5 mg/kg) as a positive control orally on 30 min before the car-
rageenan (100 ll/paw i.p.) administration. The paw volume of each
animals were assessed 4 h after the inflammatory provocation.
2.9. Determination of leukocyte infiltration on the peritoneal cavity

The anti-inflammatory property of butein were scrutinized by
measuring the leukocyte penetrations on the peritoneal cavity.
For this, animals were treated with the sample and standard drugs
as specified in the formalin test. After the 1 h, animals were chal-
lenged with 500 mg of carrageenan (1% i.p.). Then the peritoneal
fluid was gathered after the 6 h of carrageenan challenge and the
leukocytes content in the peritoneal fluid were determined in
order to detect the inflammatory responses in the control and trea-
ted mice.
2.10. Determination of inflammatory markers in the carrageenan
induced air pouch model

The decreasing effect of butein on the inflammatory markers in
the carrageenan-provoked air pouch test was performed. In prior
to the experiment initiation, animals were anesthetized with ether
and back of the animals were shaved properly using clean blades.
The air pouch was created through administering clean air into
the mice’s back twice at a period of three days. Animals with
pouches were challenged with the 0.5 ml carrageenan to stimulate
the inflammatory response then supplemented with the butein
(10, 15, and 20 mg/kg) and dexamethasone (5 mg/kg) as a positive
control. After an hour, animals were sacrificed and air pouches of
animals injected with 2 ml of saline to gather the inflammatory
cells. The levels of pro-inflammatory cytokines TNF-a, IL-1b, and
IL-6 were detected using respective assay kits (Biocompare, USA).
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2.11. Determination of behavioural changes by open field test

The open field test was employed to detect the sedative effects
of butein on the animals. For this, animals were supplemented For
this, animals were treated with the sample and standard drugs as
specified in the formalin test. After 1 h of treatments, all mice was
placed onto the open field setup measuring
50 cm � 50 cm � 50 cm and separated into 25 squares. The behav-
ioral changes in the animals were detected.

2.12. Statistical analysis

Results were represented as mean ± SD of the data achieved
from triplicate evaluations. One-way ANOVA successively Dun-
nett’s test was performed for statistical study of outcomes engag-
ing SPSS version 22.0. For significance between groups, p < 0.05
was fixed.

3. Results

3.1. Butein reduced the hot plate-induced nociception in mice

The inhibitory effects of butein on the hot plate provoked noci-
ception in the mice was evaluated and the outcomes were pre-
sented in the Table 1. The response time of the control animals
were relatively lesser than the butein administered animals. The
butein (10, 15, and 20 mg/kg) supplemented animals demon-
strated the response time in the hot plate when related with the
control, which demonstrates the antinociceptive action. The stan-
dard drug morphine (5 mg/kg) also improved the response time
of mice on the hot plate, which resembles the 20 mg/kg of butein
treatment (Table 1). The butein treatment also improved the
response time of mice on the hot plate when administered along
with the naloxone (2 mg/kg).

3.2. Butein lessened the tail immersion induced nociception in mice

The antinociceptive actions of butein was assessed by tail
immersion test and the outcomes were represented in the Table 2.
The response time of the butein (10, 15, and 20 mg/kg) adminis-
tered animals were relatively improved in the tail immersion on
hot water when evaluated with control. The untreated control ani-
mals exhibited the reduced response time than the butein treated
animals. The morphine treatment also improved the tail immer-
sion response time, which is similar with butein treatment. Even
with the naloxone, the butein and morphine treatments improved
the response time of tail immersion, which indicates the antinoci-
cpetive activity of butein (Table 1).

3.3. Butein decreased the carrageenan-induced paw edema in mice

The inhibitory effects of butein against the provoked paw
edema was investigated and the outcomes were depicted in the
Table 3. The treatment with the 10, 15, and 20 mg/kg of butein
was remarkably decreased the carrageenan-provoked paw edema
in mice, when related with control. The 20 mg/kg of butein demon-
strated the better action than the other doses and the outcomes
were closely related with the indomethacin (10 mg/kg) treatment.

3.4. Butein reduced the acetic acid-induced nociception in mice

As demonstrated in the Fig. 1, the acetic acid-induced animals
displayed the improved writing numbers. Interestingly, the treat-
ment with the 10, 15, and 20 mg/kg of butein substantially
decreased the writhing number in the acetic acid-provoked ani-



Table 1
Effect of butein on the hot plate-induced nociception in mice.

Treatment
(mg/kg)

pre treatment Response time(s)(%MPE)

30 min 60 min 90 min 120 min

Control 10.23 ± 0.28 10.38 ± 0.26 10.72 ± 0.29 10.9 ± 0.31 12.44 ± 0.68
Butein (5 mg) 10.24 ± 0.47 12.27 ± 0.61 14.32 ± 0.83 15.23 ± 0.94 15.61 ± 0.99
Butein (10 mg) 9.53 ± 0.37 12.15 ± 0.68 14.45 ± 0.73 15.27 ± 0.91 15.64 ± 0.96
Butein (15 mg) 10.05 ± 0.48 13.20 ± 0.77 14.66 ± 0.81 15.37 ± 0.93 16.83 ± 1.12
Morphine(5 mg) 9.42 ± 0.34 15.44 ± 0.93 17.14 ± 1.15 18.23 ± 1.22 19.73 ± 1.27
NLX(2 mg) + Control 9.75 ± 0.37 9.95 ± 0.39 10.34 ± 0.42 10.84 ± 0.45 11.13 ± 0.53
NLX(2 mg) + Butein (5 mg) 9.94 ± 0.39 10.44 ± 0.43 11.16 ± 0.54 11.56 ± 0.57 13.28 ± 0.74
NLX(2 mg) + Butein (10 mg) 9.80 ± 0.36 10.14 ± 0.42 11.53 ± 0.54 12.36 ± 0.67 13.35 ± 0.71
NLX(2 mg) + Butein (15 mg) 9.26 ± 0.33 10.08 ± 0.41 10.77 ± 0.48 12.56 ± 0.69 14.34 ± 0.82
NLX(2 mg) + Morphine(5 mg) 9.98 ± 0.39 10.27 ± 0.46 11.59 ± 0.53 13.33 ± 0.74 16.83 ± 1.28

Results were represented as mean ± SD obtained from three separate measurements. Outcomes were scrutinized by one-way ANOVA and Dunnett’s test using SPSS. ‘*’
p < 0.05 compared with control and ‘#’ p < 0.01 compared with butein treated animals.

Table 2
Effect of butein on the tail immersion induced nociception in mice.

Treatment
(mg/kg)

pre treatment Response time(s)(%MPE)

30 min 60 min 90 min 120 min

Control 5.29 ± 0.32 6.15 ± 0.43 6.27 ± 0.47 6.88 ± 0.49 5.48 ± 0.37
Butein (5 mg) 5.12 ± 0.36 5.83 ± 0.34 6.07 ± 0.42 7.07 ± 0.51 7.21 ± 0.53
Butein (10 mg) 4.68 ± 0.23 5.97 ± 0.35 6.69 ± 0.48 7.56 ± 0.53 8.28 ± 0.64
Butein (15 mg) 4.74 ± 0.27 4.95 ± 0.29 7.00 ± 0.53 7.75 ± 0.58 8.16 ± 0.67
Morphine(5 mg) 4.93 ± 0.29 6.85 ± 0.43 7.20 ± 0.56 7.75 ± 0.59 8.35 ± 0.64
NLX(2 mg) + Control 4.85 ± 0.27 5.04 ± 0.32 5.37 ± 0.37 5.84 ± 0.39 6.2 ± 0.43
NLX(2 mg) + Butein (5 mg) 5.03 ± 0.36 5.82 ± 0.39 6.05 ± 0.41 6.35 ± 0.43 6.65 ± 0.47
NLX(2 mg) + Butein (10 mg) 4.85 ± 0.24 7.68 ± 0.53 8.05 ± 0.61 8.31 ± 0.67 8.64 ± 0.69
NLX(2 mg) + Butein (15 mg) 5.27 ± 0.34 5.96 ± 0.37 6.14 ± 0.43 6.56 ± 0.46 6.72 ± 0.48
NLX(2 mg) + Morphine(5 mg) 3.77 ± 0.13 4.68 ± 0.27 4.95 ± 0.29 5.15 ± 0.34 6.19 ± 0.47

Results were represented as mean ± SD obtained from three separate measurements. Outcomes were scrutinized by one-way ANOVA and Dunnett’s test using SPSS. ‘*’
p < 0.05 compared with control and ‘#’ p < 0.01 compared with butein treated animals.

Table 3
Effect of butein on the carrageenan-induced paw edema in mice.

Treatment(mg/kg) Response time(s)(%MPE)

Basal 1st h 2nd h 3rd h 4th h

Control 49.37 ± 16.37 173.97 ± 87.13 164.88 ± 80.64 153.74 ± 63.79 125.53 ± 40.32
Butein (5 mg) 46.14 ± 14.43 115.64 ± 33.39 112.82 ± 31.77 108.23 ± 28.22 98.52 ± 25.67
Butein (10 mg) 45.81 ± 16.39 108.28 ± 28.74 104.36 ± 24.13 91.37 ± 21.73 87.88 ± 19.83
Butein (15 mg) 48.28 ± 18.56 110.91 ± 30.47 98.90 ± 25.23 90.23 ± 20.49 86.71 ± 18.91
Indomethacin(10 mg) 47.27 ± 17.93 92.71 ± 22.78 88.83 ± 20.37 84.50 ± 17.83 76.02 ± 16.47

Results were represented as mean ± SD obtained from three separate measurements. Outcomes were scrutinized by one-way ANOVA and Dunnett’s test using SPSS. ‘*’
p < 0.05 compared with control and ‘#’ p < 0.01 compared with butein treated animals.

Fig. 1. Effect of butein on the acetic acid-induced nociception in mice Results were
represented as mean ± SD obtained from three separate measurements. Outcomes
were scrutinized by one-way ANOVA and Dunnett’s test using SPSS. ‘*’ p < 0.05
compared with control and ‘#’ p < 0.01 compared with butein treated animals.
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mals. The standard drug diclofenac sodium also decreased the wri-
thing number of acetic acid-provoked animals. The outcomes of
20 mg/kg of butein and diclofenac sodium treatments were found
similar with each other, which demonstrates the antinocicetive
actions of butein (Fig. 1).
3.5. Butein reduced the glutamate-induced nociception in mice

Fig. 2 demonstrates the inhibitory effects of butein on the
glutamate-provoked nociception in mice. The glutamate-
provoked animals displayed the increased licking numbers that
shows the pain sensation. Conversely, the butein (10, 15, and
20 mg/kg) supplementation demonstrates the substantial reduc-
tion in the writhing number of glutamate-challenged animals
(Fig. 2). Both diclofenac sodium and 20 mg/kg of butein treatment
effectively reduced the writhing numbers of glutamate-provoked
animals.



Fig. 2. Effect of butein on the glutamate-induced nociception in mice Results were
represented as mean ± SD obtained from three separate measurements. Outcomes
were scrutinized by one-way ANOVA and Dunnett’s test using SPSS. ‘*’ p < 0.05
compared with control and ‘#’ p < 0.01 compared with butein treated animals.

Fig. 3. Effect of butein on the capsaicin induced nociception in mice Results were
represented as mean ± SD obtained from three separate measurements. Outcomes
were scrutinized by one-way ANOVA and Dunnett’s test using SPSS. ‘*’ p < 0.05
compared with control and ‘#’ p < 0.01 compared with butein treated animals.

Fig. 4. Effect of butein on the formalin induced nociception in mice Results were repre
scrutinized by one-way ANOVA and Dunnett’s test using SPSS. ‘*’ p < 0.05 compared wi
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3.6. Butein lessened the capsaicin induced nociception in mice

As represented in the Fig. 3, the capsaicin challenge remarkably
improved the licking numbers of mice. Interestingly, the 10, 15,
and 20 mg/kg of butein treatment markedly suppressed the
capsaicin-triggered licking numbers in the mice, which shows its
antinociceptive property. The diclofenac sodium treatment also
decreased the capsaicin-provoked licking numbers in the mice,
which is similar to the 20 mg/kg of butein treatment.
3.7. Butein decreased the formalin-induced nociception in mice

Fig. 4 represents the inhibitory effects of butein on the
formalin-provoked biphasic nociception in mice. The formalin
alone administered animals displayed the increased licking num-
bers, which indicates the nociception. Interestingly, the treatment
with the 10, 15, and 20 mg/kg of butein was substantially lessened
the formalin-triggered licking numbers in both phases. The mor-
phine treatment also reduced the formalin-provoked licking num-
bers in both phases. The outcomes of 20 mg/kg of butein and
morphine treatments were found similar with each other (Fig. 4).
3.8. Butein reduced the carrageenan induced peritoneal leukocyte
infiltration in mice

Fig. 5 displays the inhibitory effect of butein on the
carrageenan-triggered peritoneal inflammatory cell infiltrations
in the mice. It revealed that the carrageenan-provoked animals
demonstrated the increased peritoneal infiltrations of leukocytes,
mononuclear, and polymorphonuclear cells. These infiltrations
were appreciably decreased by the butein treatment. The supple-
mentation of 10, 15, and 20 mg/kg of butein was remarkably sup-
pressed the peritoneal leukocytes, mononuclear, and
polymorphonuclear cell infiltrations (Fig. 5). The morphine treat-
ment also decreased the carrageenan-triggered peritoneal inflam-
matory cell infiltrations.
3.9. Butein reduced the pro-inflammatory cytokines in the
carrageenan induced air pouch mice model

As represented in the Fig. 6, the TNF-a, IL-1b, and IL-6 levels
were markedly increased in the carrageenan-provoked air pouch
animals. Conversely, these elevations were appreciably suppressed
by the butein treatment. The administration of 10, 15, and 20 mg/
kg of butein markedly depleted the TNF-a, IL-1b, and IL-6 levels in
the carrageenan-challenged mice air pouch. The dexamethasone
treatment also lessened the TNF-a, IL-1b, and IL-6 status that is
similar to the 20 mg/kg of butein, which demonstrate its anti-
inflammatory property (Fig. 6).
sented as mean ± SD obtained from three separate measurements. Outcomes were
th control and ‘#’ p < 0.01 compared with butein treated animals.



Fig. 5. Effect of butein on the carrageenan-induced peritoneal leukocyte infiltration
in mice Results were represented as mean ± SD obtained from three separate
measurements. Outcomes were scrutinized by one-way ANOVA and Dunnett’s test
using SPSS. ‘*’ p < 0.05 compared with control and ‘#’ p < 0.01 compared with butein
treated animals.
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3.10. Butein reduced the behavioural changes in the mice assessed by
open field test

The sedative effects of butein was evaluated by open field test
and the outcomes were illustrated in the Fig. 7. The 10, 15, and
20 mg/kg of butein supplemented animals displayed the relatively
decreased walking squares than the control, which indicates the
mild sedative effects. The morphine treatment also reduced the
walked squares due to sedative effects, which is found similar to
the 20 mg/kg of butein treatment.
4. Discussion

Pain is triggered by various mechanisms, and it can be cate-
gorised as neuropathic, inflammatory and/or physiological pain
(Campbell and Meyer, 2006). The more number of deleterious
endogenous and exogenous pathological events like damages,
autoimmune reactions, infections, tissue dysfunctions can stimu-
late the several biochemical cascades that could directs to the
development of inflammatory reactions and pain initiation. The
poorly treated pain could directs to the several prolonged compli-
Fig. 6. Effect of butein on the pro-inflammatory cytokines in the carrageenan induced a
separate measurements. Outcomes were scrutinized by one-way ANOVA and Dunnett’s
butein treated animals.
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cations. The unrestrained acute pain is related with the chronic
pain development, with the patients life quality reduction. The
activation of inflammatory cells and penetration with proinflam-
matory regulators release participate in the nociception (Leuti
et al., 2020).

The severe inflammatory reaction is distinguished by enhanced
vascular permeability and inflammatory cell penetration that
directs to the edema development, as a consequence of several
protein and fluid extravasation and leukocyte accretion at the
inflammatory sites (Posadas et al, 2004). IL-1b are the vital player
in the commencement and elevation of inflammatory reactions
participated in numerous cellular functions. TNF-a actively partic-
ipates in the inflammatory reactions that involved in initiating its
own accretion and generation of other inflammatory mediators
(Chu, 2013; Lin et al., 2014). There are plentiful reports that high-
lights several proinflammatory mediators for instance, IL-1B, IL-6,
and TNF-a are the vital players of pain (Zhang and An, 2007).
Our findings from this study unveiled that the butein treatment
substantially alleviated the IL-1B, IL-6, and TNF-a status in mice
that demonstrates its strong anti-inflammatory properties.

In carrageenan-provoked paw edema assay, the inflammatory
reaction provoked by carrageenan is distinguished by the biphasic
response, a marked edema resulting from the over accumulation of
numerous inflammatory regulators like histamines and bradyki-
nins were observed during phase I. The phase II is distinguished
by the prostaglandin release acquiring a peak at 3 h (Seibert
et al., 1994). Our findings of this assay markedly proved that the
butein administration remarkably suppressed the carrageenan-
provoked edema in mice through its strong anti-inflammatory
property.

The opioid analgesics are known as a antinociceptive in both
phases, though the first phase is highly sensitive to these anal-
gesics. Contrastingly, NSAIDs like indomethacin are know to lessen
only second phase, although the analgesic property of diclofenac
involves its anti-inflammatory actions (Ortiz et al., 2012). The sys-
temic and local effects of butein in second denote the probable
anti-inflammatory property, hindering the inflammatory regula-
tors release that further sensitize and stimulate the peripheral
ir pouch mice model Results were represented as mean ± SD obtained from three
test using SPSS. ‘*’ p < 0.05 compared with control and ‘#’ p < 0.01 compared with



Fig. 7. Effect of butein on the behavioural changes in the mice assessed by open
field test Results were represented as mean ± SD obtained from three separate
measurements. Outcomes were scrutinized by one-way ANOVA and Dunnett’s test
using SPSS. ‘*’ p < 0.05 compared with control and ‘#’ p < 0.01 compared with butein
treated animals.
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nociceptors. The nociceptive effects provoked by acetic acid is also
reliant on the deliverance of inflammatory regulators like IL-6 and
TNF-a via regulating the macrophage and mast cell responses sit-
uated in the peritoneal cavity (Couture et al., 2001). We found that
the butein supplementation effectively depleted the inflammatory
cells like leukocytes, monocytes, and polymorphonuclear cells in
the peritoneal cavity of mice.

Glutamate is a primary regulator of excitatory synaptic trans-
mission in the central nervous system and stimulates numerous
intracellular mechanisms, for instance changes in the intracellular
calcium status, stimulation of cellular regulators and ion channel
openings (Zhuo, 2017). Glutamate also triggers the discharge of
prostaglandins, kinins, and excitatory amino acids and enhances
the sensitive fibers stimulation that trigger the discharge of several
mediators (Beirith et al., 2002). Capsaicin is an well known agonist
of pain receptors and can stimulate the nociceptive fibers. These
provocations is also regulated by the discharge of many neuro-
transmitters, which actively participates in the initiation of noci-
ception (Medvedeva et al., 2008). Our data clearly proved that
the butein supplementation demonstrated a marked reduction in
the licking events of mice, which is administered with capsaicin
and glutamate. Hence it was clear that the butein can alleviate
the glutamate and capsaicin provoked nociception in mice.

The tail immersion assay is well established model to study the
antinociceptive properties of sample drugs, in which the latency
time was determined. Based on the intensity of heat activation,
the tail immersion assay encompasses supraspinal and spinal sys-
tems (Negus et al., 2006). It is remarkable that related to other
options of heat stimulation, the tail immersion assay does not pro-
voke perceptible stimulus because the heat beaming establishes a
reasonably selective stimulus for nociceptors. The latency time
extension in the tail immersion assay is connected to the central
analgesic outcome of managed drugs (Hutchinson et al., 2004). In
this exploration, we found that the butein administered mice
demonstrated the enhanced latency time in the tail immersion,
which proves the antinociceptive actions of butein.

The formalin assay is another well known model generally
employed for detecting the antinociceptive actions of sample drug.
The formalin-provoked assay encompasses central, inflammatory,
and neurogenic mechanisms of nociception, which makes it a most
suitable model for antinociceptive study (Mogil et al., 2010). To
extricate the peripheral and central antinociceptive actions of
butein, the formalin-provoked nociceptive assay was executed.
The subcutaneous administration of formalin to the hind paw
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demonstrates the biphasic nociceptive response. The early phase
is a neurogenic pain which is provoked by direct stimulation of
nociceptive fibers and neuropeptides discharge. The late phase is
a inflammatory pain aroused due to the inflammatory responses
provoked by tissue damage with successive discharge of inflamma-
tory regulators like prostaglandins and sensitization in the spinal
cord (Le Bars et al., 2001). The outcomes of the formalin-
provoked nociceptive assay exhibited that the butein markedly
lessened the licking incidences of mice in both phases, which
proves the antinociceptive actions of butein.

The acetic acid-provoked writhing test were extensively
employed to scrutinize the antinociceptive actions of sample
drugs. It is known as a sensitive technique to evaluate the periph-
eral analgesics on visceral and inflammatory nociception. The noci-
ception in the acetic acid-provoked writhing is because of the local
inflammatory reactions mediate by the discharge of endogenous
regulators, which trigger the peripheral pain nerves. In animals,
it enhances the prostaglandin, serotonin, histamine, bradykinin,
and other inflammatory regulators (Begnami et al., 2018). In this
exploration, we noted that the butein supplementation substan-
tially lessened the abdominal writhing incidences in the acetic acid
provoked mice, which demonstrates its antinocicpetive action.

5. Conclusion

In conclusion, the present findings revealed the antinociceptive
and anti-inflammatory properties on the different thermal and
chemical induced pain and inflammatory models. Butein remark-
ably suppressed the chemical and thermal-provoked nociception
and carrageenan-provoked inflammation mice. These findings rec-
ommend the additional studies in the future to better understand-
ing of antinociceptive and anti-inflammatory properties of butein
in order to develop a novel analgesic agent.
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