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ARTICLE INFO ABSTRACT

Keywords: Diosmetin is an O-methylated flavone found naturally in citrus fruit, and it was identified in Amphilophium
Pain crucigerum (L.), a plant popularly used as an analgesic. This compound had different pharmacological effects and
Cap‘sa‘icin ) presented a chemical structure like the flavonoid eriodyctiol that exhibited antinociceptive effects by TRPV1
Resiniferatoxin antagonism. However, the possible antinociceptive effect of this compound was not well documented. Thus, the
Diosmin . goal of the present study was to evaluate the antinociceptive effect of diosmetin and its mechanism of action. The
Inflammation . . . . . : : :
Neuropathy diosmetin effect on different pain models and its possible adverse effects were assessed on adult Swiss male mice
(25-30 g). Mice spinal cord samples were used on calcium influx and binding assays using TRPV1 agonists. First,
it was observed that the diosmetin reduced calcium influx mediated by capsaicin in synaptosomes and displace
the specific binding to [*H]-resiniferatoxin in membrane fractions from the spinal cord of mice. Diosmetin (0.15
to 1.5mg/kg, intragastric, i.g.) presented antinociceptive and antiedematogenic effect in the capsaicin in-
traplantar test and induced antinociception in a noxious heat test (48 °C). Also, treatment with diosmetin re-
duced mechanical and heat hypersensitivity observed in a model of inflammatory or neuropathic pain. Acute
diosmetin administration in mice did not induce locomotor or body temperature changes, or cause liver enzyme
abnormalities or alter renal function. Moreover, there were no observed changes in gastrointestinal transit or
induction of ulcerogenic activity after diosmetin administration. In conclusion, our results support the anti-
nociceptive properties of diosmetin which seems to occur via TRPV1 antagonist in mice.

1. Introduction flavonoid family; this compound can be found in citrus fruit, Olea
europaea L. leaves, legume Acacia farnesiana Wild, and medicinal plants
Diosmetin ([3’,5,7-trihydroxy-4’-methoxyflavone]) belongs to the [1-3]. Different studies showed the pharmacological effects of this

Abbreviations: ALT, alanine aminotransferase; ANOVA, analysis of variance; AST, aspartate aminotransferase; BSA, bovine serum albumin; Ca®*, calcium; CCI,
chronic constriction injury; CFA, complete Freund's adjuvant; CGRP, peptide related to the calcitonin gene; Crd, crude extract; Dcm, dichloromethane fraction;
DMSO, dimethyl sulfoxide; EDs, effective dose 50%; i.g., intragastric; i.p., intraperitoneal; i.pl., intraplantar; ICso, inhibitory concentration 50%; I,ax, maximal
inhibition; NSAIDs, nonsteroidal anti-inflammatory drugs; PBS, phosphate buffer solution; [®H]-RTX, [*H]-resiniferatoxin; TRP, transient potential receptor; TRPV1,
transient potential receptor vanilloid 1
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Fig. 1. Chemical structure of (1) diosmetin, (2) diosmin, and (3) eriodyctiol.

compound, including anti-inflammatory, antioxidant, and anticancer
activities [1,2,4]. Moreover, diosmetin is the main bioactive metabolite
of diosmin (Fig. 1), which is a flavonoid commonly used to treat chronic
venous insufficiency [5]. Also, it is worth mentioning that the chemical
structure of diosmetin is very similar to that of eriodyctiol, which was
described previously as a transient receptor potential vanilloid 1
(TRPV1) antagonist with antinociceptive and antiinflammatory effects
[6].

The TRPV1 channel is expressed in nociceptors and has been asso-
ciated with the detection of heat stimuli (> 43 °C), and it is also acti-
vated by irritants compounds, such as capsaicin and resiniferatoxin
[7-10]. Moreover, it is well investigated that TRPV1 receptor activation
is related to the mechanisms of pain development, mainly using models
of inflammatory and neuropathic pain in rodents [11-13]. However,
the antinociceptive and antiedematogenic effect of diosmetin and its
possible capacity to antagonize the TRPV1 receptor were not evaluated.
Thus, the discovery of new compounds that could antagonize or even
desensitize this receptor would be of great value for the development of
novel analgesics that may be safer and more effective in the control of
persistent pain [9,10].

Moreover, diosmetin was previously identified on the di-
chloromethane fraction of the plant popularly known as monkey's comb
(Amphilophium crucigerum) by our research group [3]. This plant has a
description for popular use as an analgesic for the treatment of neu-
ropathic pain and headache and thus appears to be an interesting al-
ternative for the treatment of pain. Previously, our research group
performed a preclinical study in experimental pain models in mice,
using the crude extract and the dichloromethane fraction of the seeds of
this plant, and these preparations showed antinociceptive activity, and
the mechanism of action seems to be associated to the antagonism of
TRPV1 [3].

In this view, this study aimed first to test using in vitro assays if
diosmetin could act as a TRPV1 antagonist. After, we evaluated dios-
metin antinociceptive activity in different pain models in mice that are
sensitive to TRPV1 antagonists. Finally, we assessed if diosmetin may
induce adverse effects in mice after acute administration, this was done
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to exclude the possibility of hyperthermia, sedation, constipation or
gastric damage caused by this compound.

2. Material and methods
2.1. Plant material, extraction, and isolation

The seeds of Amphilophium crucigerum (L.) L.G. Lohmann were col-
lected in southern Brazil (at 29°41702”S and 53°48’25”W). The species
was authenticated, and a voucher specimen was deposited in the her-
barium of the Federal University of de Santa Maria (record #12872/
2010 SMDB). The seeds powder (400 g) was macerated with EtOH:H,O
ratio of 70:30 (v/v). The crude extract yielded 92 g, after removal of the
solvent by rotary-evaporation on rotavapor (RII Buchi) and drying in
lyophilizer. Then a portion of crude extract was subjected to a liquid-
liquid partitioning with solvents: n-hexane and CH,Cl,. The compounds
present on CH,Cl, fraction (Dcm) were separated by chromatography
using 10g of sample on C;g cartridge (Strata, Phenomenex) under
MeCN:H,0 gradient (from 1:9 to 100% MeCN), which generated seven
fractions. Subfractions 3 to 6 were pooled (148.4 mg) and separated by
semi-preparative HPLC (Waters Corporation, Milford, Massachusetts).
The chromatographic separation was carried out on Inertsil ODS-SP C;g
column (250 mm X 4.6 mm, 5pum) in gradient elution of H,0/MeOH/
MeCN/CHO,H (from 44:28:28:0.1 to 20:40:40:0.1) at 20 min with
monitoring at 254 nm by UV detector. HPLC-MS analyses were per-
formed using a system that utilized a Waters Alliance 2695 controller
and pump, connected to Micromass Quattro LC triple-quadrupole de-
tector with a high-flow electrospray ionization probe, operating in ne-
gative mode. The analyses were performed using a Waters ODS2
column (125mm X 4.0 mm, 5pm), with a 0.8 mLmin~ " flow rate in
gradient of H,O/MeCN/MeOH, starting at 60:15:25 until 40:15:45
during 8 min, and then to 30:15:55 during 7 min. A post-column split
was used to direct 0.25 mL min ! of the effluent toward the ionization
source. Nitrogen was used as the nebulizing (34 Lh™1!) and desolvation
gas (834 Lh~1). The ESI capillary probe voltage was set to 3.57 kV, and
the sampling and extraction cones were set to 46 and 4 V, respectively.
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Analyses by 'H and 'C NMR were recorded on Bruker DRX spectro-
meter operating either at 400 MHz (*H) or 100 MHz (*3C), using sam-
ples diluted in CDCl5. All chemicals were of analytical grade. MeOH and
CHO,H were purchased from Merck (Darmstadt, Germany). The iso-
lated compound (diosmetin, Fig. 1) yielded 6.3 mg corresponding to
0.01% of the crude extract. As the amount of diosmetin isolated from
this plant was just 6.3 mg, we obtained diosmetin from the company
Sigma Aldrich Chemical Co. (St. Louis, USA) to perform the experi-
ments.

2.2. Animals

In this study male albino Swiss mice (25-35 g) bred in-house were
used. The animals were accommodated in a controlled temperature
(22 £ 2°C) with a 12-h light/dark cycle (lights on 6:00a.m. to
6:00 p.m.). It was provided the laboratory standard animal's food (Puro
Lab 22 PB pelleted form, Puro Trato, Rio Grande do Sul, Brazil) and tap
water ad libitum. Animals were accommodated in ventilated cages (10
per cage) with wood shaving bedding and nesting material. The animals
were taken away to get used to the experimental room for at least 1 h
before each experience. Each animal was used in just one experiment
between 7:00 a.m. and 5:00 p.m. The experiments reported in this study
were realized according to the ethical guidelines to investigate pain in
conscious animals [14], and they were approved by the Ethics Com-
mittee of the Universidade do Extremo Sul Catarinense (CEUA, proto-
cols numbers 072-2014-01 and 010/2015-1). The behavioral studies
followed the Animal Research: Reporting In Vivo Experiments (AR-
RIVE) guidelines [15]. All experiments were performed by an operator
blindly concerning drug administration or in vitro treatment. Also,
experimenters were blinded to the experimental group when per-
forming the analysis. No animal or sample was excluded from the study.
The group size for each experiment was determined by sample size
estimation for each test based on previous results obtained in our la-
boratory. For neuropathy and inflammatory pain model, and acute pain
model caused by heat noxious stimuli, allocation concealment was not
performed because we had allocated the animals in different groups to
yield groups with similar basal values in the initial phase of the ex-
periment. However, for the other tests, we have randomized the groups.
Each experiment was repeated at least two to three times in different
experimental days to complete the total number of animals required for
each test, this was done to confirm our results with a distinct experi-
mental group of animals in different experimental days.

2.3. Drug treatments for in vivo experiments

To determine the possible systemic antinociceptive effect of dios-
metin the drug was used in animals by intragastric administration
(0.0015-1.5mg/kg, i.g.). We used these doses of diosmetin because in a
previous study we tested the antinociceptive effect of the Amphilophium
crucigerum seeds using a dose of 100 mg/kg of crude extract (i.g.) [3].
Thus, we selected to test lower doses of the isolated compound obser-
ving that crude extract possesses 0.01% of diosmetin. Diosmetin was
dissolved in 1% dimethyl sulfoxide (DMSO) in hypotonic saline (0.9%
NaCl). The TRPV1 antagonists AMG-9810 (or 2E-N-(2,3-d-
ihydro-1,4-benzodioxin-6-yl)-3-[4-(1,1-dimethylethyl)phenyl]-2-Prope-
namide) and SB-366791 (or N-3-methylphenyl 4-chlorocinamide) were
diluted in the same vehicle and used i.g. If not specified all reagents
were obtained from the company Sigma Aldrich Chemical Co. (St.
Louis, USA). Morphine sulfate was acquired from Cristalia (Sdao Paulo,
Brazil), and was diluted in the same vehicle (1% DMSO in hypotonic
saline solution). Also, indomethacin was diluted in 1% DMSO in hy-
potonic saline solution.

2.4. Calcium (Ca®*) influx assay

First, we assessed the diosmetin capacity to change calcium influx
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and after evaluated its ability to bind to the TRPV1 receptor. To observe
the calcium influx promoted by the TRPV1 agonist (capsaicin) we used
synaptosomes prepared from mice spinal cord [6,16]. Synaptosomes
were prepared from mice spinal cord samples and incubated with Fura
2-AM (10 uM) for 30 min at 37 °C. The mixture was diluted to 1.5ml
(5mg/mL of protein) with Krebs-Ringer medium (Ca®* free) and in-
cubated for 30 min at 37 °C. The reaction was stopped by centrifugation
(30s at 12,000 x g), and the product was resuspended in 1.5 mL Krebs-
Ringer medium (Ca" free). After that, 1.5 uL of 1 M CaCl, (1 mM) plus
different concentrations of diosmetin (0.0001-1 M), SB-366791
(1 uM), eriodyctiol (a TRPV1 antagonist, 0,1 uM) or vehicle (0.1%
DMSO) were added followed by the addition of capsaicin (20 uM) to
start the reaction. The results were expressed as the percentage of
capsaicin-induced Ca®* influx as described previously [6,16]. Total
protein was measured with Coomassie blue dye, and bovine serum al-
bumin (BSA) was used as a standard [17].

2.5. [PH]-resiniferatoxin binding assay

To evaluate the capacity of diosmetin to bind to the TRPV1 receptor,
then we used the [°H]-resiniferatoxin (RTX, a TRPV1 agonist) binding
assay as described previously [6,16]. For that, mouse spinal cords were
homogenized in buffer A (5mM KCI, 5.8 mM NaCl, 2mM MgCl,,
0.75 mM CaCl,, and 137 mM sucrose, pH 7.4) with 10 mM HEPES and
centrifuged for 10 min at 1000 x g at 4°C. Then the supernatant was
centrifuged for 30 min at 16,000 X g at 4 °C. The resulting pellets were
resuspended in buffer A and frozen until analysis. To start the experi-
ment, the binding mixture containing buffer A with 0.25 mg/mL BSA,
spinal cord membranes (0.5 mg/mL of protein), and [*H]-RTX (2 nM) in
the presence or absence of the diosmetin (0.01uM), eriodyctiol
(0.1 uM) or vehicle (0.1% DMSO) with a final volume of 500 pl. For the
measurement of nonspecific binding 100 uM nonradioactive RTX was
included in different tubes. The reaction was initiated by incubating the
tubes at 37 °C for 60 min and stopped by transferring the tubes to an ice
bath and adding 100 ug of bovine a;-acid glycoprotein to allow the
detection of specific binding. Finally, [®H]-RTX in the bound and free
membranes were separated by centrifugation for 30 min at 16,000 x g
at 4 °C. Radioactivity in the pellet was quantified by scintillation. The
pellets were suspended in 1 ml of scintillation fluid, and radioactivity
was counted in a scintillator apparatus (Tri-Carb 2100TR; PerkinElmer
Life and Analytical Sciences, Waltham, MA). Specific binding was cal-
culated as the difference of the total and nonspecific binding, and the
results are reported as a percentage of specific binding. Total protein
was measured with Coomassie blue dye, and BSA was used as a stan-
dard [17].

2.6. Pain models

2.6.1. Capsaicin-induced acute nociception and paw edema test

To observe the effect of diosmetin in the capsaicin intraplantar test
[18,19] animals were taken away to get used to the observation place,
which consisted of a glass clamber, for at least 30 min before the ex-
periment. Then, diosmetin (0.0015-1.5mg/kg, i.g.), SB-366791
(3 mg/kg, i.g.), or vehicle (10 mL/kg DMSO 1% in saline 0.9%) were
administered. Then, after 1 h of administration of compounds 20 pL of
capsaicin (1 nmol/paw) was injected into the right hind paw in-
traplantar (i.pl.). Also, we determine the diosmetin (0.15 mg/kg, i.g.)
effect in different time points (0.5, 1, 2, and 4 h) after injection. The
time spent flinching and licking the injected paw after capsaicin i.pl.
treatment was measured for 5min as a nociception index. We also
evaluated the paw edema that developed 15 min after capsaicin in-
jection as described previously. Paw edema was described as the dif-
ference between the tested paw thickness and basal paw thickness
using a digital caliper [3,20]. Capsaicin-induced nociception and
edema were observed in the same group of animals. The dose of the
TRPV1 antagonist (SB-366791) used was described in a previous study
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Fig. 2. The diosmetin functions as a TRPV1 antagonist. (A) Calcium influx
caused by capsaicin (20 uM) in spinal cord synaptosomes of mice. The dios-
metin was used at concentrations of 0.0001-1 pM, eriodyctiol (0.1 uM) and SB-
366791 (1 uM) was used as controls. Vehicle (V, 1% DMSO in buffer) (n = 5-8).
(B) Calcium influx was observed only in the presence of vehicle (1% DMSO in
buffer), diosmetin (1 uM), eriodyctiol (0.1 uM) or SB-363791 (1 uM) (n = 5).
(C) Specific binding assay on spinal cord membrane of mice using [®H]-RTX
(n = 5). The diosmetin (0.1 uM) and eriodyctiol (0.1 uM) were able to reduce
specific binding. Data were plotted as mean * S.E.M. (panel A) or
mean + S.E.M. (panels B and C). ***P < 0.001 compared to vehicle (graph B
and C, one-way ANOVA followed by Bonferroni post hoc test).

to induce antinociceptive and antiedematogenic effect in the capsaicin
test, or antinociceptive effect on the other pain models used in this
study [3].
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2.6.2. Acute pain model caused by heat noxious stimuli

In this assay, the sensitivity of mice to a thermal stimulus was
evaluated by observing the tail-flick response when mice tail was ex-
posed to a 48 °C bath [3,21]. First, we determine 2 basal latencies be-
fore the test, the basal latency in the graph is an average of these values
(one basal latency was measured on the day before the test, and the
other on the day of testing, 7-9s). Then, diosmetin, SB-366791 or ve-
hicle was injected and at 0.5, 1, 2 and 4 h after the administration la-
tency to noxious heat was determined again. The maximum latency for
this test was 18 s to avoid tissue damage. The increase in time latency
was considered as an antinociceptive effect.

2.6.3. Inflammatory pain model

To induce inflammatory thermal and mechanical hypersensitivity
we used the CFA-induced inflammatory pain model [6,16]. For that,
animals were anesthetized with halothane, and 20 pL of CFA (1 mg/mL
suspension of heat-killed Mycobacterium tuberculosis in liquid paraffin)
was injected into the right hind paw. Forty-eight hours later, the no-
ciceptive tests were evaluated. Control animals were administered i.pl.
with phosphate buffer solution (PBS, 50 mM, pH 7.4, 20 pl).

2.6.4. Mechanical allodynia measurement

Mechanical allodynia was calculated with the up-and-down method
[6,16,22] using von Frey filaments with increasing intensity (0.02-4 g).
Briefly, the animals were set in the experimental site, consisting of
elevated chambers with metal screen floor, for 1 h. After this period,
stimulation of the right hind paw of each animal with von Frey fila-
ments was performed by the up-and-down method. The first filament
used promoted a pressure of 0.6 g, if the paw was removed, a filament
with a lower pressure was applied. When no withdrawal occurred, a
filament with a higher pressure was used. In total, six measures were
performed, using filaments of 0.02; 0.07; 0.16; 0.40; 0.60; 1.4; 2.0 and
4.0 g. With the results obtained, the value corresponding to 50% of the
threshold, in grams, that each animal supports (threshold 50%) was
calculated. A decrease in this value was considered as mechanical al-
lodynia and a reversal in this fall as an antinociceptive (anti-allodynic)
effect.

2.6.5. Thermal hyperalgesia

Thermal hyperalgesia was observed as previously described [6,16].
In this protocol, the right hind paw of animals was immersed in a bath,
with the temperature of 48 °C and the time of reaction to the stimulus
was timed (normal between 6 and 7 s). Baseline measurements of the
threshold were made to the mechanical or thermal stimuli, then CFA or
PBS was administered, and 48h later, further measurements were
taken. Also, after the administration of treatments (diosmetin, SB-
366791 or vehicle), new measures were taken at different times points
(0.5, 1, 2 and 4 h).

2.6.6. Neuropathic pain model

In this model, first mice were anesthetized by an intraperitoneal
(i.p.) injection of 90 mg/kg off ketamine plus 3 mg/kg of xylazine hy-
drochloride. Neuropathy was promoted by of chronic constriction in-
jury (CCI) of the sciatic nerve using a similar procedure previously
described for rats [23] and adapted for mice [24]. Three loosely con-
strictive ligatures were placed around the right sciatic nerve under
anesthesia. Sham surgery was performed in animals that were an-
esthetized, and the sciatic nerve was uncovered without performing
constriction. Sham-operated animals were used as neuropathy control.
Nociceptive tests were performed seven days after the procedures by
the mechanical and thermal threshold were evaluated as described
above.
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animals).
ANOVA followed Bonferroni post hoc pathways test).

2.7. Adverse effects assessment

2.7.1. Locomotor activity

To grade possible non-specific muscle relaxant or sedative effects of
the diosmetin, mice were subjected to motor impairment evaluation
[6,16]. We first inspected spontaneous motor coordination in the open-
field test. The supplied consisted of a Plexiglas box measuring
40 cm X 60 cm X 50 cm, the floor of which was divided into 12 equal
squares. The number of squares crossed with all paws was measured in
a 5minute session. Forced motor activity was also graded using the
rotarod test. Twenty-four hours before the experiment, all animals were
trained on the rotarod (3.7 cm in diameter; 8 rpm) until they could
prevail on the apparatus for 60s without falling. On the day of the
experiment, animals were subjected to the rotarod test 1h after the
application of diosmetin or vehicle. The total number of falls that oc-
curred over a 240 second period and the latency for the first fall from
the apparatus was recorded.

2.7.2. Body temperature

Considering some TRPV1 ligands may inflict in body temperature,
we researched the effect of diosmetin on body temperature [25]. First,
the basal rectal temperature was determined; they were then given
vehicle, diosmetin or AMG9810 (10 mg/kg) orally. New temperature
measurements were taken at various time points following drug ad-
ministration, and the difference between pre-injection and post-injec-
tion values was calculated as previously mentioned [6,16]. The dose of
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P < 0.001; when compared to the vehicle-treated group (graphs A and B, one-way ANOVA followed by Bonferroni post hoc test; C and D, two-way

the TRPV1 antagonist (AMG9810, 10 mg/kg) used was described in a
previous study to induce hyperthermia [3,6,26]. We tested this TRPV1
antagonist and not SB-366791, because we have not observed an in-
crease in the body temperature caused by SB-366791 previously [6].

2.7.3. Biochemical markers assessment

For the determination of urea and creatinine levels and the activity
of enzymes alanine transaminase (ALT) and aspartate transaminase
(AST), the serum was withdrawn from the animals 6 h after adminis-
tration of the treatments (diosmetin - 0.15 mg/kg or vehicle 10 mL/kg
1% DMSO in 0.9% saline, i.g.). Whole blood was withdrawn using an
insulin syringe following administration with sodium thiopental
(50 mg/kg, i.p.) and after, centrifuged for 5min, 3000 xg. For de-
termination of urea and creatinine levels and enzyme activity ALT and
AST, the following commercial kits were used: Urea - Enzymatic kinetic
method by Biotechnical Kit, Creatinine - Kinetic method by the Labtest
Kit, Transaminase AST (TGO) - Enzymatic kinetic method by the Bioclin
Kit, Transaminase ALT (TGP) - Enzymatic kinetic method by the Bioclin
kit. Dosed by the Cobas MIRA® automated system (Roche Diagnostics,
Basel, Switzerland).

2.7.4. Gastrointestinal transit

The possible effect of diosmetin (0.15mg/kg) on gastrointestinal
transit was also tested. In this study, the mice were fasted for 16 h
(water ad libitum) before analysis of gastrointestinal transit, as pre-
viously described [20]. After, animals were treated with diosmetin
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Fig. 4. Diosmetin showed antinociceptive effect in an acute pain model caused
by heat exposure in mice. Time-curve for measurement of antinociceptive effect
of diosmetin (0.15mg/kg) or SB-366791 (3 mg/kg) from 0.5 to 4h after in-
tragastric administration. Basal measurement (B, 7-9s) was performed before
administration. Data were plotted as mean + S.EM. (n =7 animals).

***pP < 0.001 compared to vehicle-treated group (two-way ANOVA followed
by the Bonferroni post hoc test).

(0.15mg/kg), morphine (10 mg/kg, positive control test) or vehicle
(10 mL/kg, 1% DMSO in 0.9% saline, i.g.) and 40 min later 0.3 mL of a
standard activated charcoal meal (5% activated charcoal, 20% Arabic
gum i.g.) was administered. Twenty minutes after administration of the
activated carbon blend, the animals were sacrificed, and their stomachs
and small and large intestines were removed to measure the length of
the intestine (from the pyloric sphincter to the ileocecal junctions, the
entire length of the intestine) and the distance covered by activated
charcoal in the gastrointestinal tract. The propulsive activity of the
intestine was determined by the percentage of charcoal in the gastro-
intestinal tract, calculated as % distance traveled = 100 X (distance
traveled by coal / total length of intestine). The dose of the morphine
(10 mg/kg) used was described in a previous study to reduce gastro-
intestinal transit [3].

2.7.5. Ulcerogenic activity

To evaluate the effect on the gastric mucosa of the different treat-
ments the animals were euthanized 6 h after the administration of
diosmetin (0.15mg/kg), indomethacin (100 mg/kg, test positive con-
trol) or vehicle (10 mL/kg, 1% DMSO in 0.9% saline, i.g.) and their
stomach was removed for evaluation of the mucosa. The lesions were
analyzed with the support of a magnifying glass. The lesions were
quantified according to the number of lesions and the size using a scale
of 0 to 5 points: (0) without damage, (1) color modification, (2) few
petechiae and villous changes, (3) 1-3 small lesions (< 1mm in
length), (3) 1-3 large lesions (> 1 mm), (4), > 3 small lesions, (5) > 3
large lesions [27,28]. The dose of indomethacin (100 mg/kg) used was
described in a previous study to reduce gastrointestinal damage [3].

2.8. Statistical analysis

The results are conferred as the mean + S.E.M., except for the ef-
fective dose 50% values (EDs() and 50% inhibitory concentration (ICso)
values, which are announced as geometric means accompanied by their
respective 95% confidence limits. The EDsq and ICso values were es-
tablished by nonlinear regression analyses with a sigmoid dose-re-
sponse equation using GraphPad 5.0 (GraphPad Software, Inc., San
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Diego, CA). The percentages of maximal inhibition (I;,,x) are reported
as the mean + S.E.M. or mean + S.E.M. of inhibition obtained in each
individual experiment in relation to the control values (vehicle for the
in vivo results, 100% specific binding for the [*H]-RTX binding assay,
and 100% response obtained for capsaicin for the Ca®" influx assay).
The significance level was set at P < 0.05. Data were considered by
using Student's t-test, or one-way analysis of variance (ANOVA) and
two-way ANOVA followed by Bonferroni's post hoc test.

3. Results

3.1. Diosmetin functions as a TRPV1 antagonist in calcium influx and
binding assays

To observe the effect of diosmetin on TRPV1 receptor, we initially
performed an in vitro assay to detect the calcium influx mediated by a
TRPV1 agonist (capsaicin) and the specific binding test using [°H]-RTX.
First, it was identified that the diosmetin reduced calcium influx
mediated by capsaicin in a concentration-dependent manner (Fig. 2A)
and the positive controls eriodyctiol and SB-366791 also showed in-
hibitory effect. A maximal inhibition percentage of 73 + 11% were
detected (at concentration of 1 M) for diosmetin, with a calculated
value of ICsq of 2.7 nM (confidence interval 2.3 to 27 nM). SB-366791
(1 uM) and eriodyctiol (0.1 M) were also able to reduce the calcium
influx mediated by capsaicin (inhibition of 69 + 11 and 54 = 4%,
respectively). However, there was no calcium influx mediated only by
diosmetin (1 uM), eriodyctiol (0.1 pM) or compound SB-366791 (1 uM)
(Fig. 2B). Also, it was observed that diosmetin (0.1 uM), and eriodyctiol
(0.1 uM) reduced the specific binding to [®H]-RTX in the membranes of
the spinal cords of mice, and calculated values of inhibition were
47 = 5 and 50 * 3%, respectively (Fig. 2C) [F (2, 12) = 18.72,
P < 0.001; Fig. 2C].

3.2. The diosmetin reduced nociception and edema induced by intraplantar
administration of a TRPV1 agonist in mice

The intragastric administration of diosmetin at different doses
showed an antinociceptive [F (5, 36) = 80.34, P < 0.001; Fig. 3A] and
antiedematogenic [F (5, 36) = 22.91, P < 0.001; Fig. 3B] effect after
1 h of the treatment in the acute pain model caused by administration of
capsaicin a selective TRPV1 agonist. The value of maximum inhibition
was 67% = 5 and 65 * 5% at the dose of 1.5mg/kg for anti-
nociceptive and antiedematogenic effects, respectively (Fig. 3A and B).
The calculated EDs, values were 0.12mg/kg (with a confidence in-
terval of 0.05-0.16 mg/kg) and 0.17 mg/kg (with a confidence interval
from 0.07 to 0.43mg/kg), for the antinociceptive and anti-
edematogenic effects, respectively. The compound SB-366791 were
used as a positive control test and had antinociceptive (62 + 3% in-
hibition) and antiedematogenic effects (63 * 2% inhibition) at 1h
after the treatment (Fig. 3A and B). Also, the antinociceptive effect of
diosmetin was tested at different times after administration, and this
compound showed the antinociceptive [F (1, 36) = 22.91, P < 0.001;
Fig. 3C] and antiedematgenic [F (1, 36) = 12.58, P < 0.001; Fig. 3D]
effects from 0.5 to 2 h after the treatment, inhibition values of 58 *+ 2
and 67 = 6% at 1h after the treatment, respectively (Fig. 3C and D).
We choose to test only one dose of diosmetin (0.15 mg/kg) in the other
pain models to reduce the number of animals used in this research
project, and this dose presented an inhibition value similar to 1.5 mg/
kg in the capsaicin test.

3.3. The diosmetin showed antinociceptive effect in an acute pain model
caused by exposure to noxious heat

The intragastric administration of diosmetin produced an increase
in the tail flick latency to noxious heat 0.5 to 2h after treatment (in-
hibition of 84 +* 7%, 1h after the treatment) [F (1, 72) = 9.53,
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Fig. 5. Diosmetin administration induced antiallodynic and antihyperalgesic effect in an inflammatory pain model induced by administration of complete Freund's
adjuvant (CFA) in mice. (A) Antiallodynic effect against mechanical stimulation or (C) antihyperalgesic effect against noxious heat stimulus of diosmetin (0.15 mg/
kg) evaluated 0.5 to 4 h after intragastric administration (i.g.). Diosmetin effect on (B) threshold to mechanical stimulation or (D) latency to thermal stimulus in
control animals. SB-366791 (3 mg/kg, a selective antagonist of TRPV1 receptor was used as a positive control). Baseline measurements were represented as B on the
graph, and O represents the time measurements performed 48 h after the administration of CFA or PBS i.pl. in mice. Data were plotted as mean + S.EM. (n = 7

animals). *P < 0.001 compared to baseline; *P < 0.05;
test).

P < 0.001; Fig. 4]. The compound SB-366791 was used as positive
control test, and exhibited antinociceptive effect 0.5 to 2h after the
treatment during the tail flick test to the thermal stimulus, with max-
imal inhibition values of 87 * 4%, 1h after the treatment.

3.4. Diosmetin administration reduced the mechanical allodynia and heat
hyperalgesia in an inflammatory model of pain

Administration of diosmetin and SB-366791 induced antiallodynic
and antihyperalgesic effects in an inflammatory pain model caused by
the administration of CFA in mice. The compounds possess anti-
nociceptive effects on 0.5, 1 and 2h after treatment. The inhibition
values for the observed effect on mechanical stimulation were 98 + 6
and 32 *+ 8% for diosmetin (calculated 0.5 after treatment) or the
compound SB-366791 (calculated 1h after treatment) respectively,
compared to the vehicle-treated group [F (1, 90) = 8.70, P < 0.001;
Fig. 5A]. Animals that received the administration of PBS on the paw
(>i.pl., control group) and later were treated with diosmetin or SB-
366791 showed no change of the threshold to mechanical stimulation,
showing that the treatments did not influence the perception to this

P < 0.001 compared to vehicle-treated group (two-way ANOVA followed by the Bonferroni post hoc

form of stimulus (Fig. 5B). The antihyperalgesic properties, against
thermal stimulus of diosmetin or SB-366791 on the inflammatory pain
model, produced 100% inhibition for all treatments compared with the
group treated with vehicle [F (1, 90) = 23.59, P < 0.001; Fig. 5C]. But
when the diosmetin or SB-366791 were administered to the control
animals (PBS, i.pl.), a per se effect was obtained [F (1, 90) = 16.59,
P < 0.001; Fig. 5D], since for all treatments there was an increase of
the latency to a thermal stimulus.

3.5. Diosmetin produced antiallodynic and antihyperalgesic effect in a
neuropathic pain model

The induction of CCI of the sciatic nerve caused mechanical allo-
dynia and heat hyperalgesia, and the administration of diosmetin in-
duced antinociception effect from 0.5 to 2h after administration
(Fig. 6A and C). The treatment with diosmetin induced inhibition of
90 = 21 and 100% for mechanical allodynia and heat hyperalgesia
caused by CCI in mice 1h after the treatment, respectively [F (1,
90) = 4.64, P < 0.001; Fig. 6A] or [F (1, 90) = 30.45, P < 0.001;
Fig. 6C]. The control group (non-operated) exposed to mechanical
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Fig. 6. The administration of diosmetin caused antiallodynic and antihyperalgesic effect in the neuropathic pain model induced by chronic constriction of the sciatic
nerve (CCI) in mice. Evaluation of (A) antiallodynic effect against mechanical stimulation or (C) antihyperalgesic effect against noxious thermal stimulus of diosmetin
(0.15mg/kg) evaluated at 0.5 to 4h after intragastric administration (i.g.) (n = 7 animals). Evaluation of diosmetin effect under (B) threshold to mechanical
stimulation and (D) latency to thermal stimulus of control animals. SB-366791 (3 mg/kg, a selective antagonist of TRPV1 receptor was used as a positive control)
(n = 6 animals). Nociceptive tests were performed 7 days after the induction of CCI, as control false operated animals were used. Baseline measurements were
represented as B in the chart, and the time O represents the measurements 7 days after induction of the CCI or not (control animals, false operated). Data were
represented as mean + S.E.M. *P < 0.001, when compared to baseline; *P < 0.05, ***P < 0.001, when compared to the vehicle-treated group (two-way ANOVA
followed by the Bonferroni post hoc test).

Table 1 Table 2
Assessment of locomotor activity. Evaluation of body temperature.
Treatment (i.g.) Open field Rotarod Treatment (i.g.) Body temperature (°C)
Crossings  Rearings Number of Latency for the Basal 1h after treatment
falls 1st fall
Vehicle (10 ml/kg) 36.2 = 0.1 36.8 = 0.1
Vehicle (10 ml/kg) 70 £ 6 29 £ 3 0.3 £ 0.2 223 + 17 Diosmetin (0.15 mg/kg) 36.0 = 0.3 35.7 = 0.3
Diosmetin (0.15mg/ 70 * 12 23 = 3 0.1 = 0.1 214 = 26 AMG-9810 (10 mg/kg) 359 = 0.2 37.2 = 0.1*
kg)

The body temperature was measured 1h after administration of diosmetin
The spontaneous locomotor activity (open field) and forced (rotarod) observed (0.15mg/kg, i.g.), AMG-9810 (10 mg/kg, i.g.) or vehicle (1% DMSO in 0.9%
1h after administration of diosmetin (0.15mg/kg, i.g.), or vehicle (1% DMSO NaCl; 10 ml/kg, i.g.). The results were expressed as mean + S.E.M. (n = 7).
in 0.9% NacCl; 10 ml/kg, i.g.). No significant differences were observed between *P < 0.05; One-way ANOVA followed by post hoc Bonferroni, when compared

the groups; Student “t” test. The results were expressed as mean * S.E.M. to basal values.
(n=7).

treatment, with inhibitions of 100 and 100% for the mechanical allo-
stimulation and administered with diosmetin showed no change in dynia and heat hyperalgesia 1h after the heat treatment, respectively
detection of mechanical stimuli (Fig. 6B). However, the control group (Fig. 6A and C). The treatment with SB-366791 did not alter the sen-
with diosmetin showed per se effect (increased latency time) for sitivity of the control animals about mechanical stimuli (Fig. 6B), but
thermal stimulation [F (1, 75) =17.09, P < 0.001; Fig. 6D]. The this compound increased latency in non-operated animals to noxious
compound SB-366791 was used as positive control of the test and thermal stimuli (Fig. 6D).

showed antiallodynic and antihyperalgesic effect 0.5 to 2h after
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Table 3
Evaluation of the activity of liver enzymes (ALT and AST) and levels urea and
creatinine in serum.

Treatment (i.g.) Liver enzymes (U/L) Renal function (mg/dL)

ALT AST Urea Creatinine
Vehicle (10 ml/kg) 48 + 10 26 =9 69 + 1 8 +2
Diosmetin (0,15 mg/kg) 43 £ 5 36 £ 7 70 £ 6 12 £ 3

Effect of administration of diosmetin (0.15 mg/kg, i.g.) or vehicle (1% DMSO in
0.9% NaCl, 10 ml/kg, i.g.) on the activity of liver enzymes ALT and AST and
levels urea and creatinine in the serum 6 h after administration. No significant
differences were observed between the groups; one-way ANOVA followed by
post hoc Bonferroni. The results were expressed as mean *+ S.E.M. (n = 6).

3.6. The administration of diosmetin did not change the locomotion or body
temperature

Diosmetin did not alter spontaneous or forced locomotion evaluated
by the open field or rotarod tests, respectively (Table 1) when compared
with vehicle-injected animals 1 h after administration.

Also, the treatment with diosmetin did not induce hyperthermia 1 h
after intragastric administration. However, the administration of
TRPV1 antagonist AMG-9810 induced a significant increase in rectal
temperature 1 h after treatment [F (5, 36) = 7.49, P < 0.001; Table 2].

3.7. Effect of diosmetin administration on liver or kidney damage
parameters

The diosmetin treatment did not induce any change in levels of
creatinine or urea in the serum (an indicator of kidney damage) or the
activity of enzymes ALT and AST in the serum of mice (liver damage
parameters) (Table 3).

3.8. Diosmetin administration did not modify gastrointestinal transit or
cause ulcerogenic activity

The treatment with diosmetin did not induce alteration of gastro-
intestinal transit (Fig. 7A). However, the administration of morphine
caused significant reduction of gastrointestinal transit 1 h after treat-
ment [F (2, 15) = 31.83, P < 0.001; Fig. 7A]. Also, administration of
diosmetin did not produce ulcerogenic activity, while indomethacin
increased markedly the appearance of gastric lesions (Fig. 7B) 6 h after
the treatment [F (2, 18) = 36, P < 0.001; Fig. 7B].

Life Sciences 216 (2019) 215-226

4. Discussion

In the search for new TRPV1 antagonists the use of in vitro tests has
great relevance, therefore, in vitro tests were performed to evaluate the
ability of diosmetin to act as a TRPV1 antagonist, because this com-
pound has a chemical structure like eriodyctiol, a flavonoid already
described as an antagonist of this channel [6]. Initially, it was detected
that diosmetin was able to reduce the calcium influx mediated by the
TRPV1 agonist and presented a considerable ICs, value when compared
to eriodyctiol, values of 2.7 and 44 nM, respectively [6]. Also, two
positive controls, eriodyctiol, and SB-366791 showed similar inhibition
values to those already described in the literature [6,16], and those
calculated values for diosmetin. However, this assay cannot show that
this compound can bind directly to the TRPV1 channel, so it was in-
teresting to evaluate the effect of diosmetin on the specific binding of
[*H]-RTX. Through the specific binding assay, it was possible to observe
that diosmetin can displace the binding of [®H]-RTX in fractions of the
spinal cord of mice, and it showed an inhibition value like the other
compounds, such as a-spinasterol [16]. Also, the inhibition calculated
for eriodyctiol in this study was comparable to that evaluated pre-
viously [6]. Thus, after obtaining the results of the in vitro assays, it is
possible to suppose that diosmetin, as well as eriodyctiol and a-spi-
nasterol [6,16], function as TRPV1 antagonists.

Knowing that diosmetin interacts with the TRPV1 receptor, evalu-
ating its antinociceptive activity in different pain models becomes re-
levant. Capsaicin was the first agonist of the TRPV1 receptor to be
described and it has been shown that subcutaneous administration of
this vanilloid compound causes subcutaneous pain and edema in hu-
mans and animals [9,10,16,19,29,30]. Activation of the TRPV1 re-
ceptor generates the influx of cations, such as calcium, and this is im-
portant to give rise to action potentials for the perception of
nociception. Also, with the activation of this receptor, the release of
neuropeptides, such as substance P and the peptide related to the cal-
citonin gene (CGRP) may induce neurogenic inflammation [31-33]. It
has previously been described that TRPV1 antagonists can reduce both
nociception and edema caused by intraplantar administration of cap-
saicin [3,16]. It is worth noting that other compounds, such as opioids
or NSAIDs, do not reduce intraplantar edema, only reduce nociception,
indicating that there is no direct interaction with the TRPV1 receptor
[18,34]. Intragastric administration of diosmetin reduced nociception
and edema caused by capsaicin. When compared to other TRPV1 an-
tagonists, diosmetin presented an EDs, value that was estimable for
both antinociceptive and antidematogenic effects [6,16]. This finding is
relevant for noting that a lower dose of the compound would be re-
quired to elicit analgesic effects, and thus it would not be necessary to
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Fig. 7. The administration of diosmetin did not induce changes in gastrointestinal transit or ulcerogenic activity. (A) Evaluation of gastrointestinal transit after
administration (1 h) of diosmetin (0.15 mg/kg, i.g.), morphine (10 mg/kg, i.g.) or vehicle (1% DMSO in 0.9% NacCl, i.g.). The gastrointestinal transit was expressed in
% regarding the distance the mixture containing activated charcoal (5% activated charcoal, 20% Arabic gum, 0.3 ml) (n = 6 animals). (B) Determination of ul-
cerogenic activity caused by the administration of diosmetin, indomethacin (100 mg/kg, i.g.) or vehicle (1% DMSO in 0.9% NacCl, i.g.). The ulcerogenic activity was
expressed in scores of gastric lesions (0 - no injury, 5 - maximum score of gastric lesions) (n = 7 animals). Data were expressed as mean + S.E.M. ***P < 0.001 when
compared to the vehicle-treated group (one-way ANOVA of followed by Bonferroni post hoc test).
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administer high doses which could be associated with adverse effects.

The involvement in detecting noxious temperatures beyond 43 °C is
a characteristic of the TRPV1 receptor. Thus this channel is described as
a thermoreceptor of sensorial afferents [9,35], because it can when
activated protect the body from high temperatures that could lead to
tissue damage. The diosmetin administration, as well as SB-366791,
caused an increase in tail-withdrawal latency at a temperature of 48 °C,
this result shows that these compounds can alter the perception of
noxious heat, similarly to other TRPV1 antagonists [6,16].

Preclinical inflammatory pain models, such as that observed after
administration of inflammatory substances (CFA) lead to mechanical
allodynia development and thermal hyperalgesia at the site of admin-
istration [36-38]. This model can be considered as a way to mimic
symptoms observed in the clinic in the case of tissue inflammation,
where symptoms of allodynia and mechanical allodynia are observed in
the patients [39,40]. In this study, it was observed that intragastric
administration of diosmetin caused an antinociceptive effect in a model
of inflammatory pain caused by intraplantar administration of CFA,
either after thermal or mechanical stimulation. The positive control SB-
366791 also showed antinociceptive effects, so it seems that the acti-
vation of TRPV1 receptor is relevant in this model of pain, as previously
addressed [6,16,41-43].

The involvement of TRPV1 in inflammatory pain is explored be-
cause this channel can be sensitized by different inflammatory media-
tors produced after tissue injury, which leads to the possibility that the
antagonism of this receptor is relevant to reduce the pain observed in
the inflammatory process [44,45]. Intragastric administration of dios-
metin was not able to alter the perception of mechanical stimuli in
animals of the control group (administered with intraplantar PBS), a
result which is expected for a TRPV1 antagonist [46]. The SB-366791
compound also did not cause alteration of the detection of mechanical
stimuli; as described previously [16].

It was also observed that diosmetin reduced mechanical allodynia
and thermal hyperalgesia in a neuropathic pain model caused by CCL, a
model commonly used to test new compounds for the treatment of
neuropathic pain [23,24,47,48]. The result obtained for diosmetin
agrees with the indication for popular use of the plant Amphilophium
crucigerum, in neuralgias, and also with the effects of the crude extract
and the dichloromethane fraction on the neuropathic pain model in
mice [3]. Also, TRPV1 antagonists reduce hypersensitivity in a the CCI
model of neuropathy pain CCI [49]. In this study, it was found that SB-
366791 diminished mechanical allodynia and thermal hyperalgesia
observed after CCI, corroborating with those data in the literature, that
TRPV1 antagonists may have antinociceptive effects in the neuropathy
model caused by CCI [50,51].

A large reserve of polysaccharides and oils are present in
Amphilophium crucigerum seeds since the seeds are known to be part of
the plant that accumulates nutritive reserves [3,52]. Thus, the low yield
of diosmetin about the crude extract (0.01%) is justifiable, since most of
the extract is composed of sugars. Also, from the results obtained pre-
viously, it is possible to observe that the crude seed extract is formed of
a small amount of different metabolites, but diosmetin is one of the
major metabolites detected in the dichloromethane fraction by elec-
trospray ionization mass spectrometry [3]. Then, as we observed that
the dose of 0.015 mg/kg induced antinociceptive effect the capsaicin
test, and the dose of 100 mg/kg of crude extract also induced effect in
the same assay it is possible that Amphilophium crucigerum activity is
due partially to diosmetin action, observing that 100 mg of crude ex-
tract may have in its composition at least 0.01 mg of diosmetin. How-
ever, as the dose of diosmetin that induced a more significant effect was
the 0.15mg/kg the antinociceptive effect of Amphilophium crucigerum
could be also caused by other bioactive compounds, such as hesperitin.
Previously it was described that hesperitin showed an antinociceptive
effect in neuropathic and inflammatory pain models [53,54], and can
antagonize the TRPM3 channel [55].

After observing the antinociceptive effect and mechanism of action
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of diosmetin, we also evaluated some adverse effects commonly found
after the administration of analgesics available in the clinic, including
opioids (such as morphine) and NSAIDs (including indomethacin), such
as the development of constipation or gastric damage, respectively
[56-59]. However, acute administration of diosmetin did not alter the
gastrointestinal transit or induced ulcerogenic activity, effects that are
also not induced by TRPV1 antagonists [25]. However, positive controls
of the tests caused a reduction in gastrointestinal transit (morphine) or
acute gastric mucosal injury (indomethacin).

Also, several tests were performed that required the animals to be
able to perform adequate locomotion, and it was investigated whether
the administration of diosmetin could cause sedation or locomotive
alterations [57,60]. After the administration of diosmetin, there was no
change in forced or spontaneous locomotion, evaluated in rotarod or in
the open field tests, respectively. Thus, this compound may not be al-
tering the activity of the animals in the acute or chronic pain tests. The
main adverse effect indicated for the TRPV1 antagonists was hy-
perthermia in both animals and humans. This was the main motive that
impaired the possibility of these compounds entering for clinical use
[25]. Thus, the possible change in body temperature was also evaluated
for diosmetin, which did not show hyperthemia induction, unlike the
AMG-9810, a TRPV1 antagonist, as previously published [16]. More-
over, diosmetin did not cause changes in creatinine or urea levels or
change the activity of ALT and AST enzymes.

Our results showed that diosmetin possess antinociceptive effect in
different pain models in mice, and we also detected the capacity of this
compound to antagonize the TRPV1 receptor without showing any
detectable adverse effect studied. However, more studies are needed to
use this compound as an analgesic agent, especially it is interesting to
investigate the diosmetin effect after repeated administration in models
of chronic pain. These results are interesting, because diosmetin is
present in citrus fruits and plants and possess anti-inflammatory and
antioxidant effects [1,2,4]. Moreover, as diosmin is already used in the
clinic on chronic venous insufficiency treatment [5] and diosmetin is a
bioactive metabolite of diosmin, it is possible that also diosmetin could
produce analgesic effect in humans as showed for diosmin [61,62].
Finally, diosmetin may act as a TRPV1 antagonist to induce anti-
nociceptive effect in mice.
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