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Tephrosia toxicaria, which is currently known as Tephrosia sinapou (Buc’hoz) A. Chev. (Fabaceae), is a source of compounds such as
flavonoids. T. sinapou has been used in Amazonian countries traditional medicine to alleviate pain and inflammation.The purpose
of this study was to evaluate the analgesic effects of T. sinapou ethyl acetate extract in overt pain-like behavior models in mice
by using writhing response and flinching/licking tests. We demonstrated in this study that T. sinapou extract inhibited, in a dose
(1–100mg/kg) dependent manner, acetic acid- and phenyl-p-benzoquinone- (PBQ-) induced writhing response. Furthermore, it
was active via intraperitoneal, subcutaneous, and peroral routes of administration. T. sinapou extract also inhibited formalin- and
complete Freund’s adjuvant- (CFA-) induced flinching/licking at 100mg/kg dose. In conclusion, these findings demonstrate that
T. sinapou ethyl acetate extract reduces inflammatory pain in the acetic acid, PBQ, formalin, and CFA models of overt pain-like
behavior. Therefore, the potential of analgesic activity of T. sinapou indicates that it deserves further investigation.

1. Introduction

Tephrosia sinapou (Buc’hoz) A. Chev., also namedT. toxicaria
Pers, is a shrub that has been used in Amazonian countries
traditional medicine to alleviate pain and inflammation [1].
Tephrosia (Fabaceae) is a large perennial genus, distributed
in warm regions of both hemispheres [2] known by several
important pharmacological activities such as analgesic [3,
4], anti-inflammatory [3–6], antioxidant [5–8], anticancer
[9, 10], insecticidal [11], larvicidal [8], and antiviral activities
[12, 13].

Besides cancer chemopreventive activity [10], Tephrosia
sinapou also exhibits larvicidal activity against Aedes aegypti,
the main vector of dengue fever [14]. Furthermore, T. sinapou
extract presents antioxidant activity [5–8] and inhibits
oxidative stress in vitro by scavenging free radicals, iron
chelating activity, and inhibition of iron-dependent and
iron-independent lipoperoxidation [5]. T. sinapou extract
also reduces inflammatory total leukocytes and neutrophil
recruitment induced by a variety of inflammatory stimuli in
mice by a mechanism related to inhibition of proinflamma-
tory cytokine (TNF-𝛼 and IL-1𝛽) production and in a nitric
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oxide dependent manner [5]. Moreover, T. sinapou extract
inhibits inflammatory hyperalgesia in mice by activating an
opioid receptor-dependent mechanism [3]. The antinocicep-
tive and anti-inflammatory efficacy ofT. sinapou in themodel
of zymosan-induced temporomandibular joint inflammatory
hyperalgesia in rats depends, at least in part, on the integrity
of the HO-1 pathway [4]. Importantly, this plant is effective
and safe, since the therapeutic dose did not produce any
signs of toxicity [4]. T. sinapou is a source of flavonoids and
rotenoids that possess various biological effects [3, 4, 10]. In
fact, plant extracts containing flavonoids are reported to own
antinociceptive, anti-inflammatory, and antioxidant activities
[15–19].

Currently available animal models evaluate two main
symptoms of pain: (i) overt nociception/overt pain or (ii)
hyperalgesia. In the first, varied nociceptive stimuli induce
declared behavior such as abdominal contortions (writhing)
and paw flinch or licking without further mechanical or
thermal external stimuli. This declared behavior occurs
because the overt nociceptive stimuli activate or induce
fast production of endogenous mediators that activate the
primary nociceptive neurons. These stimuli are in general
chemical such as acetic acid, phenyl-p-benzoquinone (PBQ),
and formalin, and a mixture of chemical and biological
agent such as complete Freund’s adjuvant (CFA) [20–23].
The second (hyperalgesia) results from the sensitization
of nociceptive neurons and to be detected needs further
stimulation of the nociceptors with mechanical stimuli [21,
24]. Despite the demonstrated antihyperalgesic efficacy of
T. sinapou in preclinical studies [3, 4], no study assessed the
antinociceptive efficacy of T. sinapou in PBQ, formalin, and
CFA tests which are widely used, easy to learn, replicable, and
fast to perform models. Therefore, further evidence on the
antinociceptive effect of T. sinapou is necessary to determine
whether or not it inhibits inflammatory overt pain-like
behavior. Thus, we evaluated the antinociceptive effects of
T. sinapou ethyl acetate extract in overt pain-like behavior
models in mice. Furthermore, T. sinapou antinociceptive
effect was evaluated using varied routes of administration.

2. Materials and Methods

2.1. Animals. Theexperimentswere performed onmale Swiss
mice (20–25 g) from Universidade Estadual de Londrina
(Londrina State University, Londrina, PR, Brazil) housed in
standard clear plastic cages in a temperature-controlled room
(23 ± 2∘C), 12 h light and 12 h dark cycles and access to water
and food ad libitum. All testing was performed between 9
a.m. and 5 p.m. Animals’ care and handling procedures were
performed in accordance with National Institutes of Health
guidelines for the welfare of experimental animals and with
the approval of the Ethics Committee of the Universidade
Estadual de Londrina (registered under the number CEUA
80/10, process number 31468.2010.84). All efforts were made
to minimize the number of animals used and their suffering.

2.2. Drugs and Reagents. Drugs and reagents were obtained
from the following sources: Complete Freund’s Adju-
vant, phenyl-p-benzoquinone, Tween 80, dimethyl sulfoxide

(DMSO) from Sigma Chemical Co. (St. Louis, MO, USA),
formalin and acetic acid fromMerck (Darmstadt, Germany),
morphine sulphate from Cristalia (Itapira, SP, Brazil), and
indomethacin from Prodome Quimica e Farmaceutica (São
Paulo, SP, Brazil).

2.3. Plant Material. Tephrosia sinapou specimen was culti-
vated and collected at the Instituto Agronômico de Campinas
(Agronomic Institute of Campinas (IAC)), Sao Paulo, Brazil,
by S.Myasaka. Identificationwas performedbyA.K. Pastorek
in June 2005, and a voucher specimen was deposited at IAC
under the number IAC 17211.

2.4. Preparation of the Extract. T. sinapou roots were dried
and ground with a knife mill and then the powder (8.9 kg)
was submitted to cool exhaustive extraction with ethyl
acetate during 10 days with cycles of 48 h. Ethyl acetate
extract was exhaustively washed with methanol followed
by evaporation (final yield 58.7 g) [3, 5]. NMR and mass
spectral analysis were used for preliminary phytochemical
characterization of T. sinapou ethyl acetate extract. Two novel
compounds were also identified, a substituted benzalde-
hyde and a chalcone. Phytochemical analysis of T. sinapou
ethyl acetate extract by NMR and mass spectral analysis
showed the presence of flavonoids: (1) a novel biflavonoid
named toxicarine, constituted by glabranine and 5-O-
methylnitenin units; (2) flavanone: 7-O-methylglabranine;
(3) rotenoids: tephrosin, rotenolone, deguelin, 6-oxo-6a,12a-
dehydrodeguelin, 6-oxo-6a,12a-dehydro- a-toxicarol, 6a,12a-
dehydrorotenone, rotenonone, and villosone; (4) flavanols:
quercetol B and tephrowatsin A. Other identified compounds
were as follows: (1) coumarins: 2,3-dihydro-p-coumaric acid;
pterocarpan: flamichapparin B; (2). Total flavonoid content
was determined using the AlCl

3
colorimetric method [3].

2.5. Experimental Protocols. Mice received intraperitoneal
(i.p.), subcutaneous (s.c.), or per oral (p.o.) treatment with
T. sinapou ethyl acetate extract (1, 3, 10, 30, and 100mg/kg)
or vehicle (20% Tween 80 in saline) 30min before inflam-
matory stimulus. Mice were not fasted before the oral
treatment. Inflammatory stimuli doses were based on previ-
ously published works [21, 23, 25–27] and also determined
in our laboratory in pilot studies. Writhing response was
evaluated for 20min after i.p. injection of acetic acid or
phenyl-p-benzoquinone. Paw flinching and licking nocicep-
tive responses were quantified during 30min after formalin
or CFA injection.

2.6. Writhing Response Tests. Acetic acid-induced and phenyl-
p-benzoquinone (PBQ) writhing models were performed
as previously described [21]. Acetic acid (0.8% v/v, diluted
in saline, 10mL/kg), PBQ (diluted in DMSO 2%/saline,
1890 𝜇g/kg), or vehiclewas injected intomice’s peritoneal cav-
ities. Eachmousewas placed in a 10 cmdiameter glass cylinder
and the intensity of nociceptive behavior was quantified by
counting the total number of writhes occurring between 0
and 20min after stimulus injection [28, 29]. The writhing
response consisted of a contraction of the abdominal muscle
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together with a stretching of hind limbs. The intensity of the
writhing response was expressed as the cumulative writhing
score over 20min. Different individuals administered each
test, prepared solutions to be injected, and performed the
injections.

2.7. Formalin Test. The number of paw flinches and time
spent licking the paw were determined within 0–30min after
intraplantar injection of 25 𝜇L of formalin 1.5%, as previously
described [20]. The testing period was divided in intervals of
5min and clearly demonstrated the presence of the first and
second phases, which are characteristic of the method [20].
Results were obtained for both the first (0–5min) and second
(15–30min) phases [30].

2.8. Complete Freund’s Adjuvant (CFA) Test. Overt-pain-like
behaviors were determined by the number of paw flinches
and time spent licking the stimulated paw measured within
0–30min after intraplantar injection of 10 𝜇L of CFA. The
amount of time spent licking and flinching the injected paw
was considered as indicative of nociception. Results were
expressed by the total number of flinches and time spent
licking performed in 30min [25].

2.9. Statistical Analysis. Results are presented as means ±
SEM of measurements made on 6 animals in each group
per experiment; all experiments were performed twice. Two-
way analysis of variance (ANOVA) was used to compare the
groups and doses at all times (curves) when the nociceptive
responses were measured at different times after the stimulus
injection. The analyzed factors were treatments, time, and
time versus treatment interaction. When there was a signif-
icant time versus treatment interaction, one-way ANOVA
followed by Tukey’s 𝑡-test was performed for each time.
On the other hand, when the nociceptive responses were
measured once after the stimulus injection, the differences
between responses were evaluated by one-way ANOVA fol-
lowed byTukey’s 𝑡-test. Statistical differenceswere considered
significant at 𝑃 < 0.05.

3. Results

3.1. T. sinapou Ethyl Acetate Extract Inhibited Writhing
Response in Mice. A dose-dependent reduction of writhing
response was observed with the doses of 3–100mg/kg, i.p.
of T. sinapou ethyl acetate extract but no effect with the
lower dose of 1mg/kg was observed (Figure 1(a)). The effect
of 10 and 30mg/kg doses was significantly greater than
the 3mg/kg dose, and the inhibition of acetic acid-induced
writhing response by the dose of 100mg/kg was significant
compared to 10mg/kg (Figure 1(a)). Therefore, the dose of
100mg/kg of T. sinapou ethyl acetate extract was chosen for
next experiments.

Extract treatment through different administration
routes, i.p., s.c., or p.o., (Figure 1(b)), significantly inhibited
acetic acid-induced writhings.T. sinapou ethyl acetate extract
was effective to inhibit the writhing response induced by
other stimulus such as PBQ at 1–100mg/kg, i.p. (Figure 1(c))
in which significant inhibition was observed with doses

greater than 3mg/kg. In PBQ model, T. sinapou ethyl acetate
extract inhibition by the doses of 30 and 100mg/kg was
significant compared to the lower doses of the extract.
Indomethacin (5mg/kg, i.p., 40min) treatment inhibited the
writhing response in all tests (Figure 1).

3.2. T. sinapou Ethyl Acetate Extract Inhibited Both Phases
of Formalin-Induced Overt Pain-Like Behavior. Pretreatment
(30min) with T. sinapou ethyl acetate extract (100mg/kg,
i.p.) significantly inhibited both phases of formalin-induced
flinching (Figures 2(a) and 2(b)) and licking (Figures 2(c) and
2(d)). Morphine (5mg/kg, i.p. 30min) treatment inhibited
both phases of formalin test (Figure 2).

3.3. T. sinapou Ethyl Acetate Extract Inhibited CFA- (Com-
plete Freund’s Adjuvant-) Induced Overt Pain-Like Behav-
ior. Pretreatment (30min) with T. sinapou ethyl acetate
extract (100mg/kg, i.p.) significantly inhibited CFA-induced
flinching (Figure 3(a)) and licking (Figure 3(b)). Morphine
(5mg/kg, i.p. 30min) treatment inhibited CFA-induced overt
pain-like behavior (Figure 3).

4. Discussion

Wedemonstrated thatT. sinapou ethyl acetate extract inhibits
inflammatory overt pain-like behavior in mice induced
by chemical (acetic acid, PBQ and formalin) and chem-
ical/biological (CFA) stimuli. The nociceptive behavior in
these models depends on proinflammatory mediators such
as cytokines is and susceptible to opioid treatment [21, 31].
Furthermore, T. sinapou extract was active through three
different administration routes, such as i.p., p.o., and s.c.

Acetic acid and phenyl-p-benzoquinone (PBQ) models
of nociceptive writhing response are simple and fast meth-
ods for novel drugs screening. Additionally, these methods
involve complexmechanisms, including production of proin-
flammatory cytokines and opening of ion channels [21, 31].
Although acetic acid and PBQ induce similar behavioral
responses, there are mechanistic differences between them.
While acetic acid-induced writhing mechanism depends on
peritonealmacrophages andmast cells activationwhich leads
to the release of cytokines, such as TNF-𝛼 and IL-1𝛽 as
well as sympathomimetic amines and eicosanoids [32], PBQ-
induced writhing model depends on the cytokines IL-18,
IFN-𝛾, and endothelin-1 [21]. On the other hand, the acetic
acid and PBQ models share nociceptive mechanisms such
as prostanoids, other cytokines like IL-33 [27], susceptibility
to opioid treatment [21, 33], spinal cord mitogen-activated
protein kinase, and phosphatidylinositol 3-kinase [23]. Since
T. sinapou extract inhibited both models of writhing, it is
likely that the antinociceptive action of T. sinapou extract
relates to the common mechanisms in these models. More-
over, this finding is relevant since T. sinapou (100mg/kg) was
as effective as indomethacin, used as positive control.

It is noteworthy that all the chosen routes of adminis-
tration were effective on inhibiting antinociceptive behav-
ior. Nevertheless, there were significant differences in the
antinociceptive effect of T. sinapou ethyl acetate extract
depending on the route of administration. The descending



4 Scientifica

Acetic acid

0

20

40

60

80

W
hi

tin
g 

sc
or

e

Sa
lin

e

#

Vehicle 1 3 10 30 100 Indo

∗

∗∗

∗∗

T. sinapou (mg/kg, i.p.)

f f

(a)

Acetic acid

W
hi

tin
g 

sc
or

e

Sa
lin

e

#

Vehicle Indo

∗

∗∗

f f

s.c. p.o. i.p.
0

10

20

30

40

50

60

70

T. sinapou (100mg/kg)

(b)

W
hi

tin
g 

sc
or

e

Sa
lin

e

#

∗

∗∗

Vehicle 1 3 10 30 100 Indo
T. sinapou (mg/kg, i.p.)

f f
0

10

20

30

40

50

60
PBQ

(c)

Figure 1: T. sinapou ethyl acetate extract inhibited writhing response in mice. Panel (a): mice were treated i.p. with T. sinapou ethyl acetate
extract (1–100mg/kg, 30min), indomethacin (indo, 5mg/kg, i.p. 40min), or vehicle before i.p. stimulus with acetic acid (0.8% diluted
in saline). Panel (b): mice were treated with 100mg/kg of T. sinapou ethyl acetate extract (30min) through i.p., p.o., and s.c. routes and
indomethacin (indo, 5mg/kg, i.p. 40min) or vehicle. Panel (c): mice were treated i.p. with T. sinapou ethyl acetate extract (1–100mg/kg,
30min), indomethacin (indo, 5mg/kg, i.p. 40min), or vehicle before phenyl-p-benzoquinone (PBQ, 1890 𝜇g/kg diluted in 2% DMSO in
saline) stimulus. Writhing score was evaluated during 20min after stimulus injection. Experiments were performed with 6 mice per group
per experiment and are representative of 2 independent experiments. ∗𝑃 < 0.05 compared to the saline group, #𝑃 < 0.05 compared to the
vehicle group, ∗∗𝑃 < 0.05 compared to the vehicle group, the dose of 1mg/kg (panels (a) and (c)), 3mg/kg (panel (c)) of the extract, and s.c.
route (panel (b)), and f

𝑃 < 0.05 compared to the vehicle group and the doses of 1–10mg/kg of extract (panel (a)), the doses 1–30mg/kg (panel
(c)), and s.c. and p.o. routes of administration.

order of activity was i.p., p.o., and s.c.. Considering that
p.o. route effect was significantly greater than s.c. route, we
speculate that it is a difference in the T. sinapou extract
compounds pharmacokinetic rather than in the liability of its
compounds in the gastric and intestinal tracts thatmodulated
the antinociceptive effect of the extract. Oral delivery of drugs
is regarded as the optimal route to achieve therapeutic effects
against various diseases. Nonetheless, while oral route usually
has maximum patient compliance, it presents poor bioavail-
ability as a major issue to achieve the intended therapeutic
responses [34]. Thus, we selected the administration route
that allowed maximal effect of the extract to represent its
maximal antinociceptive effect.

As mentioned above, formalin-induced overt pain-like
behavior has two phases. The first phase (0–5min after
formalin) is the neurogenic phase and is generally attributed
to a direct effect of the stimulus on primary nociceptive neu-
rons, which depends on neurotransmitters such as serotonin,
molecules from resident cells as histamine, and activation
of TRPA1 (transient receptor potential ankyrin 1) receptors
expressed by neurons [35]. The second phase (15–30min
after formalin) involves the subsequent development of
inflammation, which is mediated by various cytokines, such
as IL-33, TNF-𝛼, IL-1𝛽, IL-8, and IL-6, and prostaglandins
[25, 27, 36–39]. Furthermore, there are some other important
mechanisms in the formalin test such as dorsal root ganglia
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Figure 2: T. sinapou ethyl acetate extract inhibited both phases of formalin-induced overt pain-like behavior. Mice were treated with T.
sinapou ethyl acetate extract (100mg/kg, i.p., 30min), morphine (5mg/kg, i.p., 30min), or vehicle before formalin injection. Total number
of flinches of the first (panel (a)) and second (panel (b)) phases and time spent licking the paw of the first (panel (c)) and second (panel (d))
phases were evaluated at 0–5min and 15–30min intervals, respectively. Experiments were performed with 6 mice per group per experiment
and are representative of 2 independent experiments. ∗𝑃 < 0.05 compared to the saline group, #𝑃 < 0.05 compared to the formalin + vehicle
group.

activation of the mitogen-activated protein kinase [40] and
phosphatidylinositol 3-kinase [23, 41]. In this study, we
demonstrated that T. sinapou ethyl acetate extract inhibited
both phases of formalin test indicating that it prevents both
neurogenic and inflammation processes development. The

positive control drug morphine also inhibited formalin-in-
duced nociceptive responses.Thus, the antinociceptive action
of T. sinapou extract targets the mechanisms in this model.

It has been observed that CFA-induced mechanical and
thermal hyperalgesia were reduced by TRPV1 antagonists or
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Figure 3: T. sinapou ethyl acetate extract inhibited CFA- (Complete Freund’s Adjuvant-) induced overt pain-like behavior. Mice were treated
with T. sinapou ethyl acetate extract (100mg/kg, i.p., 30min), morphine (5mg/kg, i.p., 30min), or vehicle before CFA (10 𝜇L/paw) injection.
Total number of flinches (panel (a)) and time spent licking the paw (panel (b)) were evaluated for 30min. Experiments were performed with
6 mice per group per experiment and are representative of 2 independent experiments. ∗𝑃 < 0.05 compared to the saline group, #𝑃 < 0.05
compared to the formalin + vehicle group.

in TRPV1-deficient mice, and also CFA-induced increase of
discharges of wide dynamic range neurons in response to
thermal noxious stimulus was inhibited by TRPV1 antago-
nists [42, 43]. Therefore, TRPV1 mediates mechanical and
thermal hyperalgesia induced by CFA. In CFA-induced overt
pain-like behavior, pretreatment with T. sinapou also inhib-
ited both paw flinching and licking behavior. Paw flinching
behavior depends on peripheral and spinal nociceptive pro-
cessing, while paw licking has the addition of supraspinal
nociceptive structures [44, 45]. The present data on paw
flinching and paw licking behaviors advance by showing that
T. sinapou ethyl acetate extract may affect the peripheral,
spinal, and supraspinal nociceptive processing involved in
both the formalin test and CFA inflammation. Altogether,
T. sinapou ethyl acetate extract inhibits extensively used
models in preclinical studies searching for novel drugs
and mechanisms of drugs. Therefore, inhibition in these
models is an important finding consistent with conceivable
applicability. Moreover, T. sinapou inhibited the zymosan-
induced head withdrawal nociceptive threshold, the recruit-
ment of inflammatory cells, myeloperoxidase activity, and
temporomandibular joint immunohistochemical alterations
by increasing HO-1 expression [4]. Additionally, T. sinapou
did not show signs of toxicity when administered in sub-
chronic toxicity protocol [4]. It is important to note that
T. sinapou revealed the presence of flavonoids, including
novel compounds [3], and these molecules are phenolic
compoundswhere the analgesic activity has already beenwell
demonstrated [26, 46–50].

5. Conclusions
In conclusion, the present study has demonstrated the
antinociceptive activity of T. sinapou ethyl acetate extract in
the models of acetic acid- and PBQ-induced writhing and
formalin- and CFA-induced paw flinching and licking. The
promising antinociceptive activity of T. sinapou [3, 4, and
present data] indicates that it merits further preclinical and
possible clinical investigation in pain.
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