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Background and aim: Echinodorus macrophyllus (Kunth.) Micheli is popularly used for acute and chronic
inflammatory conditions. The anti-inflammatory activity was previously demonstrated for its flavonoid-
enriched fractions. The aim of this work assessed the antinociceptive properties of both aqueous extract
and its fractions. Experimental procedure: The antinociceptive activity was determined by acetic acid-
induced writhing, formalin test, tail immersion test, hot-plate test, xylene-induced ear edema
methods, and the evaluation of its mechanism was performed in the writhing model. The aqueous
extract of Echinodorus macrophyllus (AEEm) was fractionated, yielding Fr20, and Fr40. Fr40 composition
was determined by HPLC-DAD-ESI-MS. Results and conclusion: Fr20 (all doses) and Fr40 (100 mg/kg)
reduced the nociception in the tail-flick model. Both fractions increased the percentage of maximum
possible effect with 25 mg/kg, in the hot-plate assay, at 60 min, while AEEm reduced pain only with 50
and 100 mg/kg. There was a reduction in xylene-edema index, with Fr40 (25 mg/kg), AEEm (50 mg/kg)
and Fr20 (50 mg/kg). All doses of AEEm, Fr20, and Fr40 reduced both phases of the formalin model. In the
abdominal contortion model, Fr40 presented the highest activity, reducing 96% of contortions and its
antinociceptive mechanism was evaluated. The results indicated the involvement of NO and adrenergic
activation pathways. The main components of Fr40 are swertisin, swertiajaponin, isoorientin 7,30-
dimethyl ether, swertisin-O-rhamnoside, isoorientin, isovitexin, isovitexin-Orhamnoside, and isovitexin-
7-O-glucoside. The aqueous extract of E. macrophyllus leaves and its fractions exhibited significant
analgesic effect, mediated through both peripheral and central mechanisms being considered a poten-
tially antinociceptive drug.
© 2021 Center for Food and Biomolecules, National Taiwan University. Production and hosting by Elsevier
Taiwan LLC. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
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1. Introduction

Natural products, such as medicinal herbs and supplements, are
used by about 80% of the population with attention to health, their
effectiveness has been demonstrated in only a few of them and is
poorly monitored.1 In Brazil, despite the growth of the pharma-
ceutical industry in the second half of the 20th century, modifying
traditional Brazilian medicine,2 there is still an urgent need to
collect, document, and save economic botanical resources. Echino-
dorus macrophyllus (Kunth) Micheli (Alismataceae) is vulgarly
known as chap�eu-de-couro and is listed in the Brazilian Pharma-
copoeia.3 The leaves are popularly prepared as an infusion and used
tion and hosting by Elsevier Taiwan LLC. This is an open access article under the CC
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as a diuretic and to treat inflammatory conditions.4 The phyto-
chemistry of this species found in the literature shows the presence
of polyphenols, flavonoids, diterpenes, and sesquiterpenes.5e7

The aqueous extract of E. macrophyllus (AEEm) has shown the T
cell immune response suppression in mice.8 Anti-inflammatory
effects were observed for AEEm, its flavonoid-enriched fraction
(in vitro and in vivo),9 and the ethanolic extract (acute and sub-
chronic action).10 No mutagenic, genotoxic, or cytotoxic effects
were evidencied after six weeks of continuous oral treatment of
mice with AEEm11,12 and apoptosis was not observed.13

Few scientific data are supporting the antinociceptive action of
this plant. We have previously demonstrated this activity for the
essential14 and the hexanic extract of E. macrophyllus.15

In this work, the correlation of phenolic compounds and flavo-
noids with the analgesic effect was evaluated based on the com-
pounds’ presence in the chemical composition of this plant. In
addition, the antinociceptive effect of AEEm and its fractions was
assessed using different experimental models of pain in mice.
Finally, for their most active fraction (Fr40), its possible mechanism
of action was also investigated.

2. Materials and methods

2.1. Plant material

The Echinodorus macrophyllus, collected in Nova Friburgo, Rio de
Janeiro, was obtained commercially from a Medicinal Plant
distributor (Alcantara - Rio de Janeiro) and maintained at 5 �C. A
voucher specimen was identified and deposited at the Herbarium
Bradeannum UERJ, Rio de Janeiro, Brazil (deposit number
HB84807).

2.2. E. macrophyllus extract and fractions

Leaves were ground and dried before infusion (100 g/2 l), pro-
tected from light. After reaching room temperature, filtering, and
lyophilization, the AEEm (yielding 12.5%) was fractioned (7 g/5 ml
ultrapure water), as previously related on Sephadex LH-20,9,14

yielding fractions Fr20 (92.0%) and Fr40 (7.9%). The solvents of
fractions were submitted to evaporation in a rotary evaporator
under reduced pressure, lyophilized, and stored at �15 �C. The
samples were reconstituted in water or sterile physiological saline,
for oral (p.o.) or intraperitoneal (i.p.) treatment, respectively.

2.3. In vivo assays

Male Swiss Webster (SW) or DBA/1 J mice of 3e4 months,
weighing 25e35 g, were obtained from the State University of Rio
de Janeiro or Vital Brazil Institute. Mice were housed in a climate-
controlled room at constant temperature (23 ± 2 �C), under a
12 h light/dark period, and free access to food and water. One hour
before the noxious stimulus, food andwater were removed, and SW
mice (n ¼ 5/group) were pretreated by gavage (p.o.) with different
doses of the AEEm, or its fractions, or with the vehicle (water,
control group). For the neurogenic inflammation, DBA/1 J mice
groups (n ¼ 5) were treated by intraperitoneal route (i.p.) with
different doses of AEEm, its fractions, or physiological saline (con-
trol group).

In the acetic acid-induced writhing model,16,17 the number of
writhes was counted between 5 and 15 min after i.p. injection of
0.6% acetic acid (10 ml/kg), and the antinociceptive activity was
calculated by comparison with the control group. As a positive
control, mice were treated with dipyrone (50 mg/kg).

In the formalin test,18 the hyperalgesic responses were
measured between 0 and 5min (neurogenic phase) and 15e25 min
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(inflammatory phase) after sub-plantar injection of 20 ml formalin
in the right hind paw. Control antinociceptive groups were treated
with morphine (10 mg/kg, s.c.) or dipyrone (50 mg/kg, p.o.) 30 min
before the challenge.

The tail immersion test was performed by submersion of the
mice's tail in thewater (55± 1 �C) and determining its removal time
(latency) with a cut-off of 10 s to minimize tissue damage.19 Mice
with latency values between 1.5 and 3.5 s were selected for the
assays, and data were expressed as the tail immersion latency time.
A positive control group was treated with morphine 10 mg/kg b.w.
(i.p.) 45 min before the test.

As previously described,20 the hot-plate assaywas carried out by
placing mice individually on a hot-plate maintained at a constant
temperature of 55 ± 0.5 �C (Insight Equipamentos, Ribeir~ao Preto,
SP, Brazil) within an area confined by a transparent removable
acrylic cylinder. Mice with mean basal values around 6e8 s were
selected for the tests, and this response was determined at 30, 60,
and 120 min post-challenge with a maximum cut-off of 30 s to
prevent tissue damage to mouse's paw. A positive control group
received morphine 10 mg/kg b.w. (i.p.) 30 min before the test. The
hot-plate latencies were converted to a percentage of the
maximum possible effect: %MPE¼ ((post-treatment latency-
baseline latency)/(cut-off time-baseline latency))x100.

The neurogenic inflammation21 was induced by the topical
application of 30 ml xylene on the right ear's internal/external
surfaces in mice sedated (s.c.) with phenobarbital (10 mg/kg). A
positive control group received indomethacin 10 mg/kg (i.p.) 1 h
before the test. After 30 min, the animals were euthanized, both
ears were sampledwith a punch (6mm) and immediatelyweighed.
The increase in the weight of the right ear punch compared to the
left ear (control) indicated the inflammatory response.

2.4. Evaluation of antinociceptive mechanism of fr40

The Fr40 mechanism was evaluated in SW mice groups (n ¼ 5/
group) treated before the acetic-acid 0.6% injection (i.p.) with the
following groups:

Opiate action: 1) Control group - treated (p.o.) with the vehicle
of Fr40 dilution (water); 2) Morphine 5 mg/kg, (i.p.) 30 min before;
3) Naloxone (non-selective opioid receptor antagonist) 5 mg/kg
subcutaneously (s.c.) in the back of the head 45 min before; 4)
Morphine 5 mg/kg, and naloxone 5 mg/kg, 30 min and 15 min
before respectively; 5) Fr40 25 mg/kg (p.o.), 1 h before; 6) Fr40
25mg/kg (p.o.), 1 h before and naloxone 15min before the injection
of the irritant.

Adrenergic mechanism: 1) Control group received 100 ml water
by gavage; 2) Yohimbine 1 mg/kg (a2 antagonist) treated (s.c.) on
the dorsum, 1 h before; 3) Clonidine 30 mg/kg (a2 adrenergic
agonist) treated (i.p.), 30 min before; 4) Yohimbine 1 mg/kg and
clonidine 30 mg/kg, treated 30 min and 15 min before, respectively;
5) Fr40 25 mg/kg (p.o.), 1 h before; 6) Fr40 25 mg/kg (p.o.) and with
yohimbine 1 mg/kg treated 1 h and 15 min before, respectively.

Involvement of the NO-GMPc (nitric oxide-cyclic guanosine
monophosphate) pathway: 1) Control group treated with 100 ml
water by gavage; 2) ODQ 2.5 mg/kg ((1H-(1,2,4)oxadiazolo(4,3-a)
quinoxalin-1-one) treated by intramuscular (i.m.) injection, 1 h
before; 3) 7-nitroindazole 3 m/kg (7-NI) treated by i.m. injection,
1 h before; 4) Fr40 25 mg/kg (v.o.), treated 1 h before; 5) Fr40
25 mg/kg (v.o.) and ODQ 2.5 mg/kg (i.m.) treated 1 h and 25 min
before; 6) One group was treated with Fr40 25 mg/kg (v.o.), 1 h
before, and with 7-NI 3 mg/kg (i.m.), respectively.

2.5. Phytochemical analysis

The analysis was performed by high-performance liquid
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chromatography (HPLC Prominence, LC-20A pumps, diode array
detector DAD-UV SPD-M20A, Shimadzu, Shimadzu Corporation,
Brazil) coupled to an Electrospray Ionization Mass Spectrometer
(ESI-MS) with Accurate-Mass Quadrupole Time-of-Flight (Q-TOF)
from Bruker Corporation, MA, USA. Samples were injected onto a
Shim-pack HR-ODS column (150 � 2.1 mm, 3 mm, Shimadzu Cor-
poration, Brazil). Gradient elution was performed with 0.1% acetic
acid/water (solvent A) and methanol (solvent B) at a constant flow
rate of 0.2 ml/min. The elution gradient was 5e20% B over 30 min,
20% B isocratic 30e40 min, 20e95% B for 12 min, and re-
equilibration of the column with 5% B until 64 min, using a flow
rate of 200 ml/min. Spectra were recorded in negative and positive
ionization mode between m/z 50 and 1200. Phenolic acids and
flavonoids were also detected on silica gel 60 on HPTLC (High-
performance thin-layer chromatography) plate 3 � 7 cm using
ethyl acetate: dichloromethane: acetic acid: water (10:2.5:2:1, v/v)
as the mobile phase. After drying, the plates were sprayed with the
natural products reagent/polyethylene glycol (NP/PEG). The chro-
matograms were observed at 365 nm, and fluorescence bands were
recorded and photographed.

2.6. Statistical analysis

The results are shown as mean values ± S.D. Data statistical
analysis was done by one-way ANOVA, followed by Dunnett's or
Tukey's post-hoc tests, with a significant level of p� 0.05, using the
program GraphPad Prism®.

3. Results

3.1. Antinociceptive activity of AEEm and its fractions

The oral treatment with AEEm reduced the number of writhes
by 26% (5 mg/kg), 75% (25 mg/kg) and 55% (50 mg/kg) versus
control group (46.68 ± 5.77 writhes). The Fr20 at 5mg/kg, 50mg/kg
and 100 mg/kg doses decreased the writhing by 39%, 38% and 32%,
respectively. The Fr40 produced a reduction of writhes at all doses,
being of 77% (5 mg/kg), 96% (25 mg/kg), 70% (50 mg/kg) and 48%
(100 mg/kg), and dipyrone (50 mg/kg) inhibited 51% of contortions
(Fig. 1).

3.2. AEEm and its fractions exhibited antinociceptive activity in the
formalin test

AEEm, Fr20, and Fr40 have reduced at all doses the licking time
of both phases of the formalin test (Table 1). AEEm exhibited
maximum inhibition of 70.9% at the neurogenic phase (50 mg/kg)
and 74.6% in the inflammatory one (25 mg/kg). Fr20 reduced 92.3%
of the licking time in the first phase (100 mg/kg) and 99.9% in the
second phase (50 mg/kg) being more active than dipyrone.

Fr40 showed an inhibitory effect on U inverted in the first phase,
being the nociceptive response with 50 mg/kg significantly
different from the other doses (p < 0.001, Tukey's test). Fr40
showed a dose-response effect at the inflammatory phase with a
significant difference between the lower and higher doses, with the
highest inhibition of 80.4% (100 mg/kg). Morphine (10 mg/kg, s.c.)
showed a high reduction of licking time in both neurogenic (79.4%)
and inflammatory phases (87.7%). Dipyrone (50 mg/kg, p.o.)
decreased the response time significantly in the first phase (38.5%),
but mainly in the inflammatory period (80.4%).

3.3. Thermal antinociceptive potential

No significant results were observed after treatment with AEEm
in the tail immersion test (Fig. 2a). Otherwise, the oral treatment
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with all doses of Fr20 fractions (Fig. 2b) produced a significant
reduction of a painful sensation at 90 min challenge (latency time
2.5x high), compared to the control group. Fr40 (Fig. 2c) increased
the latency time only in the higher dose (100 mg/kg), at
60e180 min. Morphine exhibited significant antinociceptive
response at all times analyzed (30e180 min), increasing the
response time by up to 6.5 times in 90 min.

AEEm presented thermal antinociceptive activity in the hot
plate model in the higher doses (50 and 100 mg/kg) when evalu-
ated at 30 and 60 min (Fig. 3a). Although no response was observed
in the mice group treated with AEEm at 25 mg/kg, the oral treat-
ment with its fractions Fr20 and Fr40 (Fig. 3b) showed a significant
increase of the percentage of the maximum possible effect (MPE%),
both at 30 and 60 min of a challenge. Morphine exhibited signifi-
cant antinociceptive responses at all times (30e120 min).

3.4. The neurogenic anti-inflammatory potential in the xylene-
induced ear edema

The treatment with AEEm or Fr20 (Fig. 4) produced a dose-
response effect in this model (p < 0.01, Tukey's test), with a
maximum reduction of the edema index of 62.6% and 57.1%,
respectively. The treatment with Fr40 (Fig. 4) lowered the edema
index only at 25 mg/kg (40.1%).

3.5. Evaluation of antinociceptive mechanism of Fr40

The Fr40 presented antinociceptive activity in all the evaluated
models and higher activity than Fr20 in the writhing test and was
chosen to study its antinociceptive mechanism in this model
(Table 2).

The opiate mechanism was evaluated using, as an agonist con-
trol morphine and as an antagonist, naloxone. Naloxone did not
interfere with the abdominal contortions when compared to the
control group (p > 0.05) and was able to revert by 61%, the anti-
nociceptive effect of morphine (p < 0.001). Fr40 has reduced the
number of contortions vs. the control group by 75.13%, which was
not reversed by naloxone.

The adrenergic mechanism was evaluated employing yohim-
bine as the antagonist and clonidine as the agonist. Yohimbine did
not interfere with the abdominal constrictions versus the control
group (p > 0.05) and has reverted by 80.4% the effect of clonidine
(p < 0.001). Fr40 reduced the number of contortions by 75.13%, and
its effect was reversed by 60.2% by yohimbine.

The involvement of the activation of guanylate cyclase and the
generation of GMPc in the antinociceptive response of Fr40 was
evaluated employing ODQ. This inhibitor of the guanylate cyclase
enzyme has not interfered in the writhing number versus the
control group (p > 0.05). Fr40 reduced by 75.13% the number of
contortions concerning the control group, but ODQ did not reverse
this effect.

The contribution of NO in the antinociceptive effect of Fr40 was
evaluated using 7-NI, a neuronal NO synthase antagonist. The 7-NI
did not interfere with the abdominal contortions compared to the
control group (p > 0.05). However, the Fr40 reduced by 75.13% the
number of contortions, and its effect was partially reversed (65.4%)
by 7-NI.

3.6. Phytochemical analysis

The AEEm and its fractions were submitted to HPTLC sprayed
with NP/PEG. The extract and its fractions exhibited bands with red,
orange/yellow, green, and blue fluorescence, suggesting flavonoids,
flavonoids glycosides, and phenolic acids. Fr40 presented mainly
yellow and orange fluorescent bands, besides blue and green ones.



Fig. 1. Effect of the treatment with AEEm, Fr20, and Fr40 on the acetic acid-induced writhing test. SW male mice (n ¼ 5/group) were orally treated 60 min before 0.6% acetic acid
intraperitoneal injection with different doses of the AEEm, Fr20 or Fr40. Control groups were treated with the vehicle (C) or dipyrone 50 mg/kg (Dip). Data represent the mean ± SD
of three experiments. *p < 0.05, **p < 0.01, and ***p < 0.001 vs. control group (ANOVA followed by Dunnet's test) and #p < 0.05 relative to dipyrone (ANOVA followed by Tukey's
test).

Table 1
Effects of AEEm, Fr20 and Fr40 on the formalin-induced nociception.

aGroups Dose 1st Phase 2nd Phase

mg/kg bLicking time (s) cInhibition
%

bLicking time (s) cInhibition
%

Control - 99.2 ± 5.2 e 169.9 ± 6.8 e

Morphine 10 mg 20.4 ± 2.1#* 79.4 20.9 ± 4.5#* 87.7
Dipyrone 50 mg 61.0 ± 7.6# 38.5 33.2 ± 7.2# 80.4
AEEm 25 mg 41.8 ± 5.9#* 57.9 43.1 ± 8.3# 74.6

50 mg 28.8 ± 4.9#* 70.9 85.6 ± 8.1# 49.6
100 mg 32.3 ± 5.0#* 67.4 78.4 ± 7.7# 53.8

Fr20 25 mg 27.5 ± 8.8#* 72.4 14.7 ± 5.1#* 91.3
50 mg 17.7 ± 11.6#* 82.1 0.2 ± 0.4#*x 99.9
100 mg 7.6 ± 6.8#*x 92.3 1.7 ± 3.5#*x 99.0

Fr40 25 mg 18.1 ± 5.8#*b 81.7 60.7 ± 12.3# 64.3
50 mg 59.3 ± 11.8# 40.2 45.7 ± 17.7# 73.1
100 mg 27.5 ± 4.4#*b 72.3 33.2 ± 12.9#a 80.4

#p < 0.001 vs. control (Dunnett's test); *p < 0.05 vs. dipyrone (Tukey's test); xp < 0.05 vs. morphine (Tukey's test); ap < 0.001 vs. Fr40 25 mg (Tukey's test); bp < 0.001 vs. Fr40
50 mg (Tukey's test).

a SWmice (n¼ 5/group) were treated with the vehicle (control group) or different doses of AEEm, Fr20 or Fr40 (p.o.), 60 min before formalin injection. Drug control groups
were treated with dipyrone (p.o.) or morphine (s.c.) 30 min before formalin injection.

b Mean of licking time ± S.D. of three independent experiment, between 0 and 5 min (1st phase) and 15e25 min (2nd phase) after formalin injection.
c Inhibition in relation to control group.
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Fr20 gave predominantly blue fluorescent bands (Appendice 1).
The analysis by HPLC-ESI-MS-Q-TOF (Appendice 2) and comparison
with literature data22 showed that Fr40 exhibited as main com-
ponents swertisin (37.4%), and swertiajaponin (35.79%), besides
isoorientin 7,30-dimethyl ether (9.29%), swertisin-O-rhamnoside
(7.86%), isoorientin (5.42%), isovitexin (2.07%), isovitexin-O-rham-
noside (1.21%) and isovitexin-7-O-glucoside (1.02%), as shown in
Table 3.

4. Discussion

Animal models of nociception (pain) have been crucial in our
understanding of acute and chronic pain. Pain is a complex phe-
nomenon that usually differs depending on the affected tissue and
the mechanism of injury. In this work, AEEm and its fractions were
assayed by thermal, inflammatory, and neurogenic nociceptive
methods.

Acetic acid-induced abdominal constriction23 promotes the
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release of mediators involved in neurogenic and peripheral pain,
inducing visceral pain by stimulating of the sensorial primary
afferent nerve and C fibers. In addition, there is an involvement of
different mediators, including acid-sensing ion channels and
prostaglandin pathways, stimulating the nociceptive neurons sen-
sitive to nonsteroidal anti-inflammatory drugs (NSAIDs) and opi-
oids.24,25 Thus, AEEm and its fractions can act by antinociceptive
mechanisms similar to non-narcotics and narcotic drugs, possibly
blocking the receptor or releasing of endogenous compounds that
excite pain nerve endings. Fr40 shows the highest inhibition levels
of pain, reducing the constrictions by 96%with half a dipyrone dose.

Samples were also evaluated in the formalin test, which pro-
duces distinct biphasic nociception represented by a neurogenic
(0e5 min, intense pain) and an inflammatory (15e30 min, mod-
erate pain) phase.21 The earlier stage seems to be caused mainly by
the activation of C-fibers after peripheral stimulation (direct stim-
ulation of nociceptors). The late phase is originated from peripheral
mechanisms. There is a release of inflammatory mediators by



Fig. 2. Effect of treatment with AEEm and its fractions in the tail immersion model. SW
male groups (n ¼ 5/group) were orally treated with the vehicle (C), different doses
(p.o.) of AEEm (a), Fr20 (b) and Fr40 (c), or morphine (10 mg/kg, i.p.) 60 min before the
tail immersion at 50 �C. Data represent the mean ± SD of latency time per group of
three experiments. *p < 0.05, **p < 0.01, and ***p < 0.001 vs. control group (ANOVA
followed by Dunnett's test).

Fig. 3. Analgesic effects induced by treatment with AEEm (a) and its fractions (b)
assessed by the hot plate test. SW male groups (5/group) were orally treated with the
vehicle (C), different doses of AEEm, Fr20, and Fr40 (p.o.) or morphine (10 mg/kg, i.p.)
60 min before the challenge. Data represent the mean ± SD of maximum possible
effect (MPE) percentage of three experiments. *p < 0.05 **p < 0.01 and ***p < 0.001 vs.
control group (ANOVA followed by Dunnett's test).

D.C. Fernandes, B.P. Martins, G.P. Silva et al. Journal of Traditional and Complementary Medicine 12 (2022) 123e130
activating N-methyl-D-aspartate receptors and changes in the
dorsal horn of the spinal cord. Activation of central sensitized
neurons occurs due to peripheral inflammation, and the ongoing
activity of primary afferents and direct activation of TRPA1. This
cation channel plays an essential role in inflammatory pain.26e28

Both phases are inhibited by central analgesic drugs (narcotics),
while the later period is suppressed mainly by peripherally acting
drugs (steroids, NSAIDs).29 The inhibition of the neurogenic phase
by Fr40 and Fr20 (25 mg/kg) was higher than dipyrone (50 mg/kg)
and as potent as morphine (10 mg/kg). AEEm also presented more
significant analgesic action than dipyrone in the early phase. These
findings may be the result of its direct effects on nociceptors. In the
inflammatory phase, Fr20 (all doses) and Fr40 (50 or 100 mg/kg)
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showed a higher effect than dipyrone, resulting from the reduction
of synthesis or release of prostaglandins, or both, or other inflam-
mation mediators.

The tail immersion test consists of applying a heat stimulus and
recording the latency to remove the tail. The tail-flick reflex results
from the activation of cutaneous nociceptors, conduction within
the central nervous system (central delay), ventral horn, and tail
muscles activation.30 The increased latency time after the oral
administration with Fr20 at all doses, at 90 min, and with Fr40 in
the higher doses (60e90 min), suggests a thermal antinociceptive
activity. These results could be bonded to the inhibition of agents
that activate the release of the endogenous peptide by peri-
aqueductal graymatter, which is carried to the spinal cord to inhibit
the pain muscle transmission within the dorsal horn.31

The hot-plate test involves recording the latency for either
withdrawing the paw from the hot-plate or licking the paw. Fr20



Fig. 4. Effect of treatment with AEEm, Fr20, and Fr40 on xylene-induced ear edema in mice. Different doses (p.o.) of AEEm, Fr20 and Fr40, or indomethacin 10 mg/kg (Indo, i.p.)
were administered to DBA/1 J mice (n ¼ 5/group) 60 min before topical application of xylene. The increase in xylene-induced weight was assessed by the difference between the
weight of the right treated ear section and the untreated left ear section. Data represent the mean ± SD of three experiments. *p < 0.05 **p < 0.01 and ***p < 0.001 vs. control group
(ANOVA followed by Dunnett's test).

Table 2
Assessment of antinociceptive mechanism of Fr40 in the writhing model.

Groups Writhing number % inhibition

Control 50.67 ± 2.08 e

Naloxone 46.25 ± 1.71 8.72
Morphine 1.20 ± 2.17*** 97.63
Naloxone þ morphine 20.50 ± 4.93***# 59.45
Fr40 12.60 ± 5.94*** 75.13
Naloxone þ Fr40 13.67 ± 4.51*** 73.02
Yohimbine 47.25 ± 3.77 6.75
Clonidine 0.20 ± 0.45*** 99.60
Yohimbine þ clonidine 40.80 ± 6.65## 19.47
Fr40 12.60 ± 5.94*** 75.13
Yohimbine þ Fr40 35.50 ± 9.81*x 29.93
ODQ 41.00 ± 6.08 19.08
Fr40 12.60 ± 5.94*** 75.13
ODQ þ Fr40 4.50 ± 2.89***& 91.12
7-NI 41.60 ± 7.09 17.90
Fr40 12.60 ± 5.94*** 75.13
7-NI þ Fr40 37.50 ± 6.35x 25.99

SW male mice treated (n ¼ 5e6/group) before the i.p. injection of HAC 0.6% with:
Fr40 25 mg/kg (v.o.); naloxone (5 mg/kg s.c.); morphine (5 mg/kg i. p.); yohimbine
(1 mg/kg s.c.); clonidine (30 mg/kg, i. p.); ODQ 2.5 mg/kg i.m. (1H-[1,2,4] oxadiazolo
[4,3-a] quinoxalin-1-one); 7-NI 3 mg/kg i.m. (7-nitroindazole). The results represent
mean ± SD of contortions of two experiments measured between 5 and 15 min after
i.p. injection of HAC 0.6%. The % inhibition was calculated in relation to the control.
ANOVA followed Tukey's test. *p < 0.05 and ***p < 0.001 vs. control; #p < 0.01 vs.
morphine; ##p < 0.001 vs. clonidine; xp < 0.001 vs. Fr40; and &p < 0.001 vs. ODQ.
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and Fr40 have exhibited higher antinociceptive responses than
AEEm in this assay, prolonging the nocifensive withdrawal reflex
Table 3
Composition of Fr40 determined by HPLC-ESI-MS.

Peak RT (min) % lmax (nm) MS1 (�)
(m/z)

1 24.8 1.02 269, 335 593.1495
2 26.1 5.41 241, 342 447.0932
3 26.9 35.79 243, 347 461.1094
4 30.2 1.21 269, 335 577.1546
5 30.6 2.07 240, 335 431.0979
6 31.2 7.86 271, 336 591.1709
7 31.5 37.34 270, 336 445.1144
8 33.1 9.29 270, 345 475.1244

RT retention time (min); peak of identified compounds.
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response from the heat source. This response could draw in from
modulation of the medullary or central pain level since this test has
meditated for both or from the direct inhibitory activity on nerve
endings or transmission pathways.31 Thus, they may be acting
either at the peripheral or the central level, or both.32

Fr40, Fr20, and AEEmwere active in the neurogenic phase of the
formalin test. So, its effect was evaluated in the xylene-induced ear
edema, a neurogenic inflammatory assay. This essay analyses the
antinociceptive properties of topical anti-inflammatory steroids
and nonsteroidal antiphlogistic agents, especially those inhibiting
phospholipase A2.33

The xylene application causes vasodilatation, increases vascular
permeability, and plasma extravasations, leading to ear swelling.34

This inflammation process is initiated by mediators such as sero-
tonin, acetylcholine, histamine, bradykinin, and prostaglandins,
which release neuropeptides like substance P, which activate its
receptors, causing neurogenic inflammation.35 Fr40 exhibited a
significant effect in this model, at half a dose of dipyrone, sug-
gesting a possible inhibition of neuro-mediators action or release.

The centrally acting protective effects were corroborated by the
first phase of formalin-induced pain and immersion test results.
This immersion test indicates acute pain and central mechanisms of
spinal nociceptive reflexes. In addition, previous work showed that
Fr20 has higher anti-inflammatory activity than the AEEm, with
substantial decrease in NO and LTB4 levels, vasodilation, and
neutrophil migration.9 These results suggest that although the
mechanisms remain somewhat unknown, the analgesic effects of
AEEm and Fr20 can also be due to the modulation of inflammatory
MS (m/z) Propose struture

593,150(100), 217.004(60) Isovitexin-7-O-glucoside
447.093(100), 217.004(16) Isoorientin
461.109(100) Swertiajaponin
577.155(100), 461.108(39), 217.004(49) Isovitexin-O-rhamnoside
431.098(100), 217.004(30) Isovitexin
591.171(100), 445.114(8), 217.004(4) Swertisin-O-rhamnoside
445.114(100) Swertisin
475.124(100), 217.004(4) Isoorientin 7,30-dimethylether
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mediators.
The Fr40 fraction showed antinociceptive potential at all

experimental models assayed in this work, exhibited lower
complexity by HPTLC, and higher antinociceptive activity than
dipyrone (p < 0.05) in the acetic acid-induced writhing. Therefore,
it was chosen for phytochemical analysis and the study of the
mechanism of action in the acetic acid-induced writhing model at
the most effective dose (25 mg/kg).

The opioid systemmodulates the pain perception by interaction
with its receptors (m, d, k) on the cell membrane, coupled to G-
protein. It is expressed in the central nervous system, and periph-
erals sensory neurons. This system participates primarily in the
analgesia but also acts in the innate and acquired immune re-
sponses.36 Opioid agonists, like morphine, activate intracellular
signaling leading to a reduction in the excitability of neurons,
partially blocking the transmission of the painful stimulus.37 The
opiate mechanism was evaluated (Table 2) using as controls
morphine (opioid agonist) and naloxone (antagonist of the non-
selective opioid receptor). The effect of Fr40 was not reversed by
naloxone, suggesting that this fraction does not act by the opioid
system.

Clonidine is an a-2 agonist drug of the pre-synaptic a-2 adren-
ergic receptors found in the central and peripheral nervous system
(brain, spinal cord, and dorsal root ganglia), and the activation of
these receptors reduces the local release of catecholamines,
decreasing the pain and allodynia.38e40 Yohimbine, a selective a2-
antagonist, has reversed 60.2% of Fr40 antinociception (Table 2),
suggesting an adrenergic mechanism of this fraction. It was
demonstrated that yohimbine eliminated the clonidine analgesic
effect partially, as observed in our work, and that it acts blocking
Na þ channels and vanilloid VR1 receptors.41

The involvement of the activation of NO-sensitive guanylate
cyclase and GMPc generationwas evaluated (Table 2) by employing
the potent and selective inhibitor ODQ. The Fr40 reduced by 75.13%
the number of contortions, and the ODQ did not reverse its effect.

NO modulates the synaptic transmission both in the central
nervous system and in the peripheral system.42,43 In nerve endings,
it is produced by the neuronal NO synthase. It may diffuse to the
extracellular medium by activating guanylate cyclase, inducing the
formation of GMPc. Thus, depending on the experimental condi-
tions, NO can produce pronociceptive or antinociceptive effects.44

The Fr40 effect was partially reversed by the neuronal NOs inhib-
itor 7-NI, which competes with L-arginine, substrate by binding to
the NOs enzyme, suggesting the involvement of this pathway
antinociceptive action (Table 2).

Fr40 showed by phytochemical screening the flavonoids swer-
tiajaponin, swertisin, isoorientin, isovitexin, and its derivatives.
These compounds were also identified from the Echinodorus gran-
diflorus leaves.45 Isovitexin and isoorientin were found in all the
samples of Echinodorus scaber and E. grandiflorus.46

Isoorientin decreased the NO and tumor necrosis factor-alfa
production by RAW 264.7 cells.47 Swertisin and 2-O-rhamnosyl-
swertisin were effective in inhibiting the hypernociceptive
response induced by carrageenan.48 The inhibition of the me-
chanical sensitization caused by complete Freund's adjuvant or
Prostaglandin E2 by the 200-O-rhamnosyl-swertisin, isolated from
A. moluccana,48 was due to its activity on the peripheral and central
pathways of pain.49 Isovitexin (apigenin-6-C-glucoside), generally
purified together with vitexin, its isomer, exhibit several pharma-
cological properties, including antioxidant, anti-inflammatory,
anti-hyperalgesic, and neuroprotective ones.50 So, the Fr40 anti-
nociceptive activity may be due to the pharmacological properties
of its flavonoid compounds.
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5. Conclusion

This work demonstrated, the antinociceptive effects of Echino-
dorus macrophyllus leaves infusion, as it is popularly used. Its
fractionation resulted in the Fr40 fraction with higher anti-
nociceptive activity than traditional analgesic drugs. Besides, the
results may suggest central, peripheral, or both antinociceptive
responses for AEEm, Fr20, and Fr40, providing relevant scientific
evidence that supports the traditional use of this plant due to its
analgesic properties. Fr40, a flavonoid-rich fraction, did not act via
the opioid pathway, and by activation of guanylate cyclase. Other-
wise, the involvement of adrenergic activation and NO pathways
was demonstrated.

Ethics approval and consent to participate

All experiments were in agreement with guidelines for ethical
standards of investigation of experimental procedures in animals.
The Committee for Ethics in Animal Research (CEA-IBRAG com-
mittee/protocol 07/2013, 07/2017, 013/2018) approved this study,
which was performed by norms of the National Council for Animal
Experimentation Control (CONCEA).

Authors’ contributions

DCF and MGPC conceived, designed the research, and wrote the
manuscript; BPM, GPS, and SVMS performed experimental anal-
gesic models; ENF and CRMG performed fractionation; LSMVmade
phytochemistry analysis; KCCS and MGPC assisted the research
work. The authors declare that they approved the manuscript.

Funding

This study was supported by FAPERJ (E�26/110.541/2014), CNPq
(Doctoral Scholarship), and State University of Rio de Janeiro.

Declaration of competing interest

The authors declare that they have no conflicts of interest to
disclose.

Acknowledgments

We thank the personnel of LIA-BPPN for their technical assis-
tance and the Vital Brazil Institute for the supply of SW mice.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jtcme.2021.07.001.

References

1. Ekor M. The growing use of herbal medicines: issues relating to adverse re-
actions and challenges in monitoring safety. Front Pharmacol. 2014;4:177.
https://doi.org/10.3389/fphar.2013.00177.

2. Brandao MGL, Grael CFF, Fagg CW. European naturalists and medicinal plants of
Brazil. In: Grillo O, Venora G, eds. Biological Diversity and Sustainable Resources
Use. Rijeka, Croatia: InTech; 2011:101e120. https://doi.org/10.5772/24322.

3. ANVISA. Brazilian Pharmacopoeia. Brazilian Pharmacopeia Convention. fifth ed.
Brasília, Brazil: ANVISA; 2010.

4. de La Cruz MG, Carlini, Caniato. Plantas utilizadas por raizeiros na medicina
popular em Cuiab�a, Mato Grosso. In: Plantas medicinais de Mato Grosso - A
Farmacopeia Popular dos Raizeiros. Cuiab�a, MT, Brazil; 2008:63e128.

5. Kobayashi J, Sekiguchi M, Shigemori H, Ohsaki A. Echinophyllins A and B, novel
nitrogen-containing clerodane diterpenoids from Echinodorus macrophyllus.
Tetrahedron Lett. 2000;41:2939e2943. https://doi.org/10.1016/S0040-4039(00)
00314-2.

https://doi.org/10.1016/j.jtcme.2021.07.001
https://doi.org/10.3389/fphar.2013.00177
https://doi.org/10.5772/24322
http://refhub.elsevier.com/S2225-4110(21)00083-3/sref3
http://refhub.elsevier.com/S2225-4110(21)00083-3/sref3
http://refhub.elsevier.com/S2225-4110(21)00083-3/sref4
http://refhub.elsevier.com/S2225-4110(21)00083-3/sref4
http://refhub.elsevier.com/S2225-4110(21)00083-3/sref4
http://refhub.elsevier.com/S2225-4110(21)00083-3/sref4
http://refhub.elsevier.com/S2225-4110(21)00083-3/sref4
http://refhub.elsevier.com/S2225-4110(21)00083-3/sref4
https://doi.org/10.1016/S0040-4039(00)00314-2
https://doi.org/10.1016/S0040-4039(00)00314-2


D.C. Fernandes, B.P. Martins, G.P. Silva et al. Journal of Traditional and Complementary Medicine 12 (2022) 123e130
6. Shigemori H, Shimamoto S, Sekiguchi M, et al. New cembrane diterpenoids
with an eight-membered lactone ring from the leaves of Echinodorus macro-
phyllus. J Nat Prod. 2002;65:82e84. https://doi.org/10.1021/np0104119.

7. Silva TM, Miranda RRS, Ferraz VP, Pereira MT, Siqueira EP, Alcântara AFC.
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