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Pain is a common and distressing symptom of
many diseases and its clinical treatment generally
involves analgesics and anti-inflammatory drugs.
This study evaluated the toxicity of Ilex paraguarien-
sis A. St-Hil. (Aquifoliaceae) aqueous extract
(leaves, petioles and branches) and its performance
in a nociceptive response. Hepatotoxicity, psycho-
stimulant test and evaluation of enzyme markers
for liver damage were also tested. Chromatographic
analysis by UPLC-MS demonstrated a series of
isomeric monocaffeoylquinic acids, isomers of di-
caffeoylquinic acid, flavonol glycosides, and sapo-
nins. Phase I and II of nociception were obtained
for meloxicam, dexamethasone and aqueous Ilex
paraguariensis extract. Ilex paraguariensis extract
concentration was negatively correlated (R =-0.887)
with alanine aminotransferase (p < 0.05) in acet-
aminophen-induced hepatotoxicity test, indicating
hepatoprotective activity of this extract. Ilex para-
guariensis extract also presented analgesic proper-
ties equivalent to drugs that already have proven
efficacy. Notably, the administration of multiple
doses of Ilex paraguariensis extract was considered
safe from the therapeutic point of view.

Keywords: nociception, pain, hepatoprotection,
toxicity, Ilex paraguariensis, aqueous extract, UPLC-
MS

Pain is a debilitating and highly prevalent clinical condition, which directly interferes
with the person’s quality of life and the global economy (1). Pain can manifest from a
variety of sources or conditions and is most frequently classified as acute or chronic in
nature, with chronic pain representing a condition that has persisted beyond normal
healing time. Chronic pain affects one-third to fifty percent of the world population and
its management remains a major clinical challenge because the mechanisms that cause
pain are poorly understood and there is a lack of effective treatments (1, 2).

* Correspondence; e-mail address: weslysouza@ufpr.br
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The clinical treatment of pain is a primary concern of health professionals and is
based on the use of analgesics. The relief caused by these drugs may occur through block-
ing painful stimuli before they reach the brain or by interfering with the way the brain
interprets these stimuli. However, according to information from the Annual National
Health Service (NHS), painkillers are one of the most dangerous drug groups legally used
in the world and can have serious side-effects including death (3, 4).

The aminotransferases are intracellular enzymes and their elevated plasma levels
indicate lesions in cells rich in enzymes. Aspartate aminotransferase (AST) is found in
different organs and tissues, including the liver, heart, skeletal muscle, and erythrocytes.
Alanine aminotransferase (ALT) is found predominantly in the liver, but with moderate
amounts in the kidney and small amounts in the heart and skeletal muscle (5). In general,
elevated aminotransferases are due to liver disease, although they can reflect damage in
other organs as well.

Currently, orofacial pain models have been developed in animals, looking for a rep-
resentation of inflammatory or neuropathic orofacial pain. The most densely innervated
area of the body innervated by the trigeminal nerve is the orofacial region, where the most
common acute pains are described. The assessment of both, behavioral and neurophysio-
logical, aspects of orofacial pain is performed by the orofacial formalin test, being a widely
accepted tonic pain model (6).

The use of medicinal plants for pain relief is becoming increasingly popular because
of their relatively few side-effects and has been supported by professional and official
programs worldwide. New natural drugs, capable of reducing pain and chronic inflamma-
tion safely and effectively, have been steadily sought by the scientific community. Aa an
example dried leaves and twigs from Ilex paraguariensis A.St.-Hil,, Aquifoliaceae (yerba
mate), used to prepare a local tea known as “mate”, a widely consumed beverage in several
South American countries.

Studies indicate that yerba mate has several chemical compounds with therapeutic
and pharmacological properties. Caffeine and theobromine are alkaloids that can affect
the central nervous system (6). Ilex paraguariensis also has saponins, which gives it an
astringent flavor with hemolytic properties while the presence of polyphenolic compounds
is responsible for antioxidant capacity (6, 7). However, despite . paraguariensis being widely
studied from a chemical and pharmacological point of view, there are few and inconclu-
sive studies dealing with the analgesic effect specifically.

The purpose of this study was, therefore, to access the in vivo effect of I. paraguariensis
(leaves, petioles and branches) aqueous extract in nociceptive response and compare it
with the effects presented by conventional drugs, evaluating both, the hepatoprotective
and analgesic effects of yerba mate.

EXPERIMENTAL

Chemicals

Dexamethasone disodium phosphate and meloxicam were purchased from Aché
Pharmaceutical Laboratories (Brazil), imipramine hydrochloride from Teuto (Brazil),
acetaminophen from Janssen Cilag (Belgium), acetylsalicylic acid (ASA), sodium chloride
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0.9 %, formic acid from Sigma-Aldrich (USA), formalin and acetic acid from Vetec (Brazil),
saccharose from Biotec (Brazil), and 3-carotene 10 % from Formédica (Brazil). HPLC-grade
solvents, acetic acid and triethylamine were acquired from Tedia (Brazil) and acetonitrile
from J. T. Baker (USA).

Standards of chlorogenic acid (purity = 95 %), theobromine (=98 %), caffeine (99 %) and
rutin (= 94 %) were purchased from Sigma-Aldrich (USA).

Water was Milli-Q from Millipore (USA). Other solvents were purchased from Merck
(USA).

Plant material, preparation of extract and chemical analysis

Leaves, petioles and branches of Ilex paraguariensis A. St. Hil.,, Aquifoliaceae (3 kg)
were crushed according to the standard procedure were donated by the food industry
Ledo Junior® (Brazil) in February 2007. A voucher specimen was deposited in the Prof.
Carlos Stellfeld herbarium (Pharmacognosy Laboratory of the Federal University of
Parana, Curitiba, PR, Brazil).

For the production of the crude extract, 32 g of the ground yerba mate were placed in
a Soxhlet extractor and refluxed with 130 mL of distilled water (6 h). Then the extract was
concentrated in a rotary evaporator, frozen and freeze-dried with a yield of 31.0 % (n/V) of
an aqueous crude extract of Ilex paraguariensis (CEIP). In all experiments, CEIP was diluted
to the targeted concentrations in sterile 0.9 % NaCl just before the start of the tests. The
doses were chosen according to the initial results of the acute toxicity test.

UPLC (ultra-performance liquid chromatography) was performed on Acquity-
UPLC™ (Waters, USA) instrument, composed of a binary solvent manager, column oven
and a photodiode array (PDA) and HR-MS detection systems. The analysis was carried out
on the HSS T3 C18 column, 100 x 2.1 mm with a particle size of 1.7 pm, Waters (USA), and
mobile phase composed of ultra-pure water and acetonitrile, both containing 0.1 % formic
acid (V/V). The separation was developed with an acetonitrile gradient starting from 0 to
14 % in 5 min, then to 60 % in 13 min, returning to the initial condition in 14 min with 3
additional minutes for the system to re-equilibrate (adapting from refs. 8-10). The sample
was prepared in MeOH/H,O (1:1, V/V) and 5 uL. was injected. Detection was provided by
the high-resolution mass spectrometry (HR-MS) employing an LTQ-OrbiTrap XL, Thermo
Scientific (USA), operating at atmospheric pressure ionization (API), with ion source at
350 °C and nitrogen for sample desolvation (sheath gas at 344.74 kPa and auxiliary gas at
68.95 kPa) and helium 6.0 (purity 99.9999 %) in the linear trap. For negative ionization, the
energy of spray voltage was set at 3.5 kV with =10 V on the capillary and -125 V on the tube
lens or 4 kV, 30 V and 100 V, resp., in positive ionization. Tandem-MS experiments were
obtained by higher-energy collision dissociation-mass spectrometry (HCD-MS), using
helium as collision gas and energy of 55 keV (normalized collision energy). For mass
accuracy, external calibration was performed before sample analysis and resolution was
set at and 15.000 full widths at half maximum (FWHM) in LC-MS mode.

Animals

Male Swiss albino mice (25-40 g) were used in the acute toxicity experiments, such as
hepatotoxicity evaluation, orofacial pain induced by formalin test, open-field test and
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acetic acid-induced writhing. For the measurement of hepatic markers, male Wistar rats
(150-220 g) were selected. All animals were obtained from Immunobiological Research
and Production Center in Piraquara (PR), Brazil, and kept for two weeks at 21 + 2 °C, with
light-dark cycles of 12 h each and free access to food and water. The experiments were
performed with the approval of the animal ethical committee from Tuiuti University of
Parana, Curitiba, Brazil.

Acute toxicity method

CEIP was administered to mice both orally and intraperitoneally in doses of 250, 500,
1000, 2000, and 3000 mg kg™ in 12 groups (5 male Swiss albino mice per group). 0.9 % NaCl
was administered to the control groups. The general behavior of mice was observed con-
tinuously for 1 h after treatment and periodically for a period of 24 h with particular atten-
tion during the first 4 h. The mice were observed for 14 days for signs of toxicity, death, and
death latency (11).

Acetaminophen-induced hepatotoxicity

The hepatoprotective activity of CEIP was determined as described by Manda and
Bhatia (12). Mice were divided into seven groups (5 male Swiss albino mice per group) and
treated for six consecutive days orally. The first group (control) received 40 % saccharose
solution (p.o.), the second group distilled water (p.o.), the third group (-carotene (30 mg
kg™, p.o) and the 4" to 7" groups of animals were treated orally with CEIP (250-2000 mg
kg™). On the 7" day, all groups, except the control, received a single dose of acetaminophen
(ACE, 400 mg kg, i.p.). After 24 h of ACE administration, the animals were sedated with
isoflurane, euthanized by cervical dislocation, and then the blood was collected in tubes
containing 18 mg per 100 puL of EDTA. The samples were centrifuged (1500xg for 15 min)
and the supernatants (plasma) were collected to be used for alanine aminotransferase
(ALT) determination according to specifications from the UV-Labtest® Kit (Brazil) on a
Thermo-Plate TP-Analyzer Plus Biochemical Analyzer® (Termoplate, China).

Evaluation of hepatic markers

In the evaluation of hepatic markers, animals were divided into five groups (5 male
Wistar rats per group). The control group was treated with 0.9 % NaCl, whereas CEIP-treated
groups received doses of 125, 250, 500 and 1000 mg kg™ CEIP. The treatments lasted for 30
consecutive days. After this period, the animals were sedated with isoflurane, euthanized
by cervical dislocation, and then the blood was collected in tubes. The tubes were centri-
fuged (1500xg for 15 min) and the serum kept refrigerated until it was analyzed using the
Thermo-Plate TP-Analyzer Plus® equipment. The determination of biochemical parameters
(AST and ALT) was performed following respective kit instructions (Labtest, Brazil).

Orofacial pain induced by formalin test

The orofacial pain test consisted of the treatment of seven groups of mice (5 male
Swiss albino mice per group) with 2.5 % formalin (20 uL) in the upper lip of mice. The
volume and the percentage of formalin were selected from our pilot studies which showed
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a pain-related biphasic behavioral response (face-rubbing) of greater intensity at periods
of 0-5 min (first phase) and 15-30 min (second phase). The nociceptive intensity was de-
termined for each period by counting (in seconds) the time that the animal rubbed the
injected area with the hind and/or front paws, indicative of pain (12). To evaluate the anal-
gesic effect, seven groups of mice were treated with saline, 0.1 mL per 10 g (i.p.), dexa-
methasone, 0.5 mg kg™ (s.c.), meloxicam, 5 mg kg™ (i.p.) (10), and with concentrations of 250,
500, 1000 and 2000 mg kg™ (p.0.) CEIP, 60 min prior to formalin.

Acetic acid-induced writhing test

The acetic acid-induced writhing test was performed as previously described by
Koster et al. (13). Animals were divided into 15 groups (5 male Swiss albino mice per group).
Muscular contractions were induced by intraperitoneal injection (i.p.) of a 0.6 % solution of
acetic acid (10 mL kg™). The muscular contractions were then counted for 20 min after the
injection and the percent inhibition of the number of writhes was calculated. The CEIP was
administered in doses of 250, 500, 1000 and 2000 mg kg via oral and intraperitoneal routes,
while doses of 250, 500 and 1000 mg kg™ were also administered via the subcutaneous
route. Each control group received only 0.9 % NaCl (10 mL kg™) obeying the respective
administration route and the reference drug (ASA, 400 mg kg™) was administered via s.c.
route. The mice from all of the groups received the respective dose 60 min before the
application of 0.6 % acetic acid.

Open-field test

To assess the possible effects of CEIP on motor activity, mice were tested in the open-
-field test, according to the method described by Holland and Weldon (14). Seven groups
of mice (5 male Swiss albino mice per group) were individually placed in an acrylic box
(50 x 40 x 20 cm) with the floor divided into 9 equal squares (10 cm?). The number of squares
crossed with the four paws was registered during a period of 2 min. Animals were treated
with saline (10 mL kg™?), imipramine (20 mg kg™), caffeine (30 mg kg™) and with CEIP (125,
250, 500, and 1000 mg kg™) orally. The mice were treated for 14 days and on the 15" day
they were submitted to the open field-test (once a day, last dose 1 h before tests) (15).

Statistical analysis

Statistical analyses were performed using the JMP statistical packages (version 8.0,
SAS Institute Inc., Cary, N.C., USA) and GraphPad (version Prism 4.1, USA). Results were
expressed as mean * standard error of the mean (SEM), and an ANOVA was performed
followed by Dunnett’s test. Statistical significance was considered to be p < 0.05. Pearson
correlations were also performed using Python.

RESULTS AND DISCUSSION

Identification of compounds

The UPLC-MS analysis of the aqueous crude extract of Ilex paraguariensis (CEIP) reve-
aled the presence of isomers of chlorogenic and dicaffeoylquinic acids, flavonol glycosides
and several saponins (Fig. 1).
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Fig. 1. UPLC-PDA fingerprint of aqueous crude extract of Ilex paraguariensis (CEIP). For peak codes see
Table I.

Time (min)

Compound 1, with a deprotonated ion at m/z 191.056, was consistent with quinic acid.
The series of isomeric monocaffeoylquinic acids were observed in chromatograms, pro-
ducing ions at m/z 353.088 [M-H]~ with main fragments at m/z 135.045, 173.046, 179.035, and
191.056 appearing at different ratios, characteristic of each individual isomer, allowing
their identification as neo-chlorogenic acid (compound 2), chlorogenic acid (compound 3),
and crypto-chlorogenic acid (compound 4). Caffeine (compound 5), was found as a proton-
ated ion at m/z 195.087, and confirmed with authentic standard. Similarly, isomers of dicaf-
feoylquinic acids were found in chromatogram with ions at m/z 515.119 [M-H]", producing
fragments at m/z 135.045, 173.046, 179.035, 191.056, and 353.088, being identified as 3,4-dicaf-
feoylquinic acid (compound 8), 3,5-dicaffeoylquinic acid (compound 10) and 4,5-dicaf-
feoylquinic acid (compound 12) (9).

Flavonol glycosides were also present in the preparation, appearing at m/z 609.146 [M-
H] and 611.160 [M+H]". Fragments were better observed from protonated ion, at m/z 465.103
and 303.050 consistent with rutin (compound 6). Compound 7, at m/z 465.103 with a frag-
ment at m/z 303.050 was consistent with a quercetin-hexoside. Kaempferol-rutinoside
(compound 9) was also observed at 1m/z 593.151 [M-H] and 595.166 [M+H]*, with fragments
from protonated ion at m/z 449.108 and 287.055 as previous observation (9).

As previously observed (8), many isomeric saponins were found in the present extract.
In the negative ionization, they appeared adducted with CI- and HCOO-, but only low
fragments were produced. Regardless of the low abundance of the fragments, they were
enough to compare with the previous studies (8, 10), allowing a partial identification. In
contrast to the abundance of isomeric saponins, many peaks were observed with similar
glycosylation pattern, which might be explained by the presence of isomeric aglycones.
Two main triterpenes are found in saponins of I. paraguariensis, such as ursolic acid and
oleanolic acid, with a minor proportion of hydroxylated triterpenes. To the aglycone, on
the hydroxyl position C3, matesaponins are attached by an a-L-arabinopyranose, whereas
on the carboxyl position C28, these saponins are attached by a [3-D-glucopyranosyl unit
(Fig. 2). These carbohydrate branches can be elongated by other monosaccharides, such as
rhamnopyranose, glucopyranose and, at minor amounts, xylopyranose, appearing on the
position C3, but only glucopyranosyl units were found elongating the oligosaccharide
chain on the position C28 (8). In the present study, we found the oligosaccharide chain
being elongated on the C3 position with glucopyranosyl (R!) and/or rhamnopyranosyl (R?)
units. The oligosaccharide on the C28 position, can be formed with another unit of gluco-
pyranosyl (R?) (Fig. 2).
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Fig. 2. The general structure of matesaponins, depicted here with an ursolic acid attached by an a-L-
arabinopyranosyl unit on the hydroxyl at C3, and a B-D-glucopyranosyl, attached to the carboxyl C28.

Two isomers (compounds 13 and 14) appeared at m/z 1119.559, and these compounds
were differentiated based on their fragments, since different MS spectra profiles were
observed. Compound 13 had fragments at m/z 957.506 and 811.442, consistent with losses
of glucose and rhamnose units, and being consistent with matesaponin with a hydroxy-
lated aglycone. However, compound 14, with two consecutive losses of glucose units (m/z
957.506 and 795.453), exhibited a different oligosaccharide chain. A less abundant fragment
fount at m/z 633.401 indicated the presence of non-hydroxylated aglycone, linked to the
arabinopyranosyl unit.

The compound 16, at m/z 1265.618, gave fragments at m/z 941.511 and 795.453. The first
bond breakdown occurs in the ester linkage on the position C28, leading to the loss of two
glucosyl units, which was accompanied by the loss of rhamnosyl unit, indicating that this
compound has a general structure composed of Glc-(Rha)-Ara-Agly-(Glc), as in previous
findings (8, 10).

Compounds 17, 19 and 20 appeared at m/z 1103.564. Compound 17 could be distin-
guished from 19 and 20 based on the fragmentation-MS profile, which was observed at m/z
779.459 and 633.401. Like 16, the simultaneous loss of 2 glucosyl units [neutral loss (NL) of
324.105 atomic mass units (a.m.u.)] was consistent with the loss of a disaccharide from the
position C28. However, compounds 19 and 20 had similar fragments, observed at m/z
941.511 and 795.453, consistent with sequential losses of a glucosyl unit from C28, followed
by the loss of the rhamnosyl residue. Thus, the difference between compounds 19 and 20
must be in the aglycone moieties, i.e., the presence of ursolic and oleanolic acid, that could
not be differentiated in MS spectra.

Similarly, the other 3 isomers appeared at m/z 957.507 (compounds 21, 22 and 23).
These were also examined based on their fragmentation profile, indicating that the com-
pound 21 exhibited the same loss pattern of NL 324.102 a.m.u., as in other matesaponins
containing a di-glucosyl attached on C28. Like compounds 19 and 20, compounds 22 and
23 had the same fragmentation profile, indicating a difference in the aglycone composition.

Two other isomers (compounds 24 and 25) appeared at m/z 941.511, with the same
fragments, at m/z 779.458 and 633.401. These matesaponins are composed of rhamnose and
arabinose on position C3, and a unit of glucose on position C28. Differences are also at-
tributed to the aglycone. The last saponin examined (compound 26) appeared at mm/z 999.517
with the main fragment at m/z 837.464. Different from others, compound 26 is composed
of a glucose unit at C28 and a disaccharide Glc-Ara on C3, however, an additional acetyl
group was found. This type of modification was previously described by Souza et al. (8)
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and the acetyl group was found attached to the arabinosyl moiety. A description of the
matesaponins found in the current work is summarized in Table I.

Evaluation of acute toxicity

Animals treated with 500, 1000, 2000, and 3000 mg kg™! CEIP showed increased respi-
ratory rate, myosis, piloerection and motor agitation without loss of leg seizures during the
first 4 h. These effects were more pronounced in larger doses tested (2000 and 3000 mg
kg™), administered intraperitoneally as well as orally. Our results suggest that CEIP gener-
ates signs of excitability in animals, making them more active.

We observed that the CEIP administered orally or intraperitoneally caused no death
during the observation period suggesting that the extract might be considered safe (19, 20).
However, adverse symptoms were observed with doses of 500 mg kg™ and higher, par-
tially corroborating with Andrade et al. (19), who used a single dose of the extract (2 g kg™)
in rats. Pasquali et al. (21) demonstrated that there was no mortality or significant changes
in overall behavior or other physiological activity in rats treated with a single dose of Ilex
paraguariensis.

Acetaminophen-induced hepatotoxicity

For the evaluation of acetaminophen-induced hepatotoxicity, levels of alanine amino-
transferase (ALT) were evaluated as shown in Table II.

In the control group, treated with 40 % saccharose, the enzyme activity was 45.80 +
4.331U L. The use of acetaminophen (ACE) greatly increased the ALT activity compared
to the control (156.95 + 7.57 IU L). For the group treated previously with p-carotene, the
enzymatic activity of ALT was reduced (68.79 %) compared to the values provided by ACE.
The groups treated with CEIP 250, 500, 100 and 2000 mg kg™ showed a reduced ALT activ-
ity for 77.7, 76.4, 83.3 and 84.9 %, resp.

Table I1. ALT activity in acetaminophen-induced hepatotoxicity in mice treated with CEIP (p.o.)

Treatment ALT (IU L)

Saccharose 40 % (control) 45.80 +4.33

ACE 400 mg kg™! 156.95 + 7.57*

B-carotene 30 mg kg™ + ACE 400 mg kg™ 4897 +6.23
CEIP 250 mg kg™ + ACE 400 mg kg 34984324
CEIP 500 mg kg™ + ACE 400 mg kg 3700 +9.14
CEIP 1000 mg kg ' + ACE 400 mg kg”! 26.23 %552
CEIP 2000 mg kg™ + ACE 400 mg kg 2374+ 1.63

ACE - acetaminophen, CEIP - aqueous crude extract of Ilex paraguariensis
Mean + standard error of the mean (1 =5).

Significant difference compared to control: *p < 0.01.
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Alanine aminotransferase (ALT) activity values are in accordance with Manda and
Bhatia (12), who observed an ALT value of 123.77 + 29.61 IU L in ACE treated group, indi-
cating liver damage. The CEIP (250, 500, 1000, and 2000 mg kg™) reduced the ALT activity
with values lower than those of the control group ([3-carotene), demonstrating even hepato-
protective effect (22). ALT is an excellent liver damage marker, however, there is no reliable
correlation between ALT levels and the degree of the injury (23).

A Pearson correlation between Ilex paraguariensis and ALT resulted in R =-0.887 and
p = 0.045, which indicates a strong negative and significant correlation between CEIP con-
centration and ALT, indicating an increased hepatoprotection with higher concentrations
of CEIP.

Evaluation of hepatic markers

CEIP administered orally (125, 250, 500, and 1000 mg kg™) did not change liver damage
biomarkers, such as aspartate aminotransferase (AST) compared with the saline control
group (227.2 +14.64 TU L) and ALT (91.2 + 4.45 IU L), significantly, as shown in Table III.

Orofacial pain induced by formalin test

In the first phase of nociception (0-5 min), the control group had a rubbing time of
71.50 + 14.41 s. Pre-treatment with CEIP orally (250, 500, 1000, and 2000 mg kg™) 60 min
before formalin labial administration had significantly reduced rubbing time of the lip by
55.0 % (32.16 = 7.00 s), 56.6 % (31.00 £ 8.72 s), 51.0 % (35.00 £ 7.94 s) and 55.9 % (31.50 + 4.47 s),
resp., compared to the control (p < 0.05). A significant reduction in nociception was also
observed after treatment with meloxicam (56.0 %) as shown in Fig. 3a.

The second test phase (15-30 min) showed a rubbing time of 147.66 + 7.61 s for the
control group. Pre-treatment with CEIP orally with the same doses as above, 60 min prior
to formalin, reduced the lip rubbing time by 50.3 % (73.33 + 28.38 s), 15.7 % (124.50 + 38.04 s),
65.3 % (51.20 + 14.68 s) and 61.3 % (57.20 + 11.76 s), resp., but significant reductions were
observed at higher doses (p < 0.05). However, pre-treatments with dexamethasone and
meloxicam significantly reduced rubbing time (p < 0.05) by 85.0 % (22.20 +4.70 s) and 62.7 %
(55.10 + 10.64 s), resp., as shown in Fig. 3b.

Table I11. Chronic treatment with CEIP (p.o.) through AST and ALT in rats

Treatment AST (IUL7Y) ALT (IU L™
Saline (control) 2272 +14.6 91.2+4.5
CEIP 125 mg kg™! 189.4 £ 13.6 91.7 £9.0

CEIP 250 mg kg™ 194.8 £9.0 1042 £12.6

CEIP 500 mg kg™ 1984 + 171 108.4 +11.2
CEIP 1000 mg kg™ 2255+14.1 106.4 + 3.6

CEIP - aqueous crude extract of Ilex paraguariensis

Mean =+ standard error of the mean (1 =5).
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Fig. 3. Evaluation of the analgesic effect of CEIP in orofacial pain in: a) phase I and b) phase II. C -
control: 2.5 % formalin + saline i.p.,, MELO (5 mg kg, i.p.), DEXA (0.5 mg kg™, s.c.), or orally with
different doses of CEIP (250-2000 mg kg™). Mean + standard error of the mean (1 = 5). Statistically
significant difference vs. control: *p < 0.05.

CEIP - aqueous crude extract of Ilex paraguariensis, DEXA — dexamethasone, MELO — meloxicam

It was demonstrated that the administration of meloxicam or dexamethasone had
induced antinociceptive activity with different potentials in phases I and II of the formalin-
-induced orofacial test which is in agreement with other algesiometric studies (24). Meloxi-
cam inhibits cyclooxygenase, an enzyme essential for prostaglandin production (25),
which is consistent with the results found in this work where selective inhibition of COX,
(26) was observed, suggesting prostaglandins participate already in the first stage of the
pain induced by formalin.

Dexamethasone, an effective anti-inflammatory drug, inhibits the induction of COX,
and cytokines, which are important in the inflammatory response, however, it has some
side-effects (27, 28). The inhibitory effect of dexamethasone on COX, could indicate that
prostaglandins induced by COX, are involved in nociception in the second phase of pain,
corroborating previous studies (29). Our results agree with other models that demonstrate
the dexamethasone anti-nociceptive effect at higher doses (26, 30).

The main findings reported in this work indicate that treatment with Ilex paraguariensis
extract was able to relieve the orofacial pain induced by formalin in mice, being in
agreement with studies suggesting that natural products have antinociceptive effects in
experimental models (6, 26). The CEIP proved to have an antinociceptive effect that may
be related to the presence of the flavonoids and phenolic acids (31, 32).

The first phase of pain is characterized by direct neural pain, the formalin acting as an
aggressive nociceptive agent, which can only be withdrawn with opioid analgesics as shown
in numerous studies (30). The second phase is characterized by an inflammatory process,
where substances are normally released by cells, such as prostaglandins, cytokines, and
bradykinins, among others (33). The CEIP prior administration demonstrated an analgesic
effect in the first phase of formalin-induced orofacial pain, possibly due to the release of
opioid substances or activation of opioid receptors directly. This is because the first test
phase is characterized by the direct effect of formalin on nociceptors and may be inhibited
by centrally acting analgesics (34). However, this effect did not remain in the second stage.
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Acetic acid-induced writhing test

The administration of acetic acid by i.p. injection to the negative control group (saline)
pre-treated orally, intraperitoneally or subcutaneously by CEIP, induced a number of
writhings of 47.0 + 6.0, 37.9 £ 3.3, and 53.7 + 3.1, resp., counted during the observation period
(20 min). The group of animals that received acetylsalicylic acid as a standard antino-
ciceptive drug presented 97.5 % (s.c.) writhing inhibition compared with the respective
control group (saline). On the other hand, CEIP (250, 500, 1000, and 2000 mg kg™, i.p.) sig-
nificantly reduced the number of writhing movements induced by the 0.6 % acetic acid
solution in a dose-dependent manner by 59.4, 72.9, 94.4 and 99.7 %, compared with the
control (p < 0.01). Oral administration of CEIP (250, 500, 1000, and 2000 mg kg™) showed a
non-dose dependent antinociceptive activity on the acetic acid-induced writhing test. The
lowest dose (250 mg kg™) used elicited 15.7 % inhibition of writhing whereas the maximum
antinociceptive effect of CEIP was observed at 500 mg kg™, which resulted in 42.6 % inhi-
bition, and this effect was not altered by higher doses of CEIP. Subcutaneous treatment
with 500 and 1000 mg kg™ caused a significant and apparent dose-dependent inhibition of
the acetic acid-induced writhes (p < 0.05). In addition, the inhibition (46.6 %) produced by
CEIP at 1000 mg kg™ (s.c.) was significantly less than that observed for acetylsalicylic acid
(400 mg kg, s.c.) and by i.p. administration of the same dose of CEIP (Table IV).

Table IV. Writhings induced by acetic acid in mice treated with CEIP or ASA

Number of writhings

Treatment (in 20 min) Inhibition (%)

Saline p.o. 470+6.0 -
CEIP 250 mg kg p.o. 39.6+3.8 15.7 +13.4
CEIP 500 mg kg™ p.o. 270+3.2* 42,6100
CEIP 1000 mg kg™ p.o. 29.4+3.3 37.4+10.6
CEIP 2000 mg kg p.o. 27.0 +3.7% 42.6 +10.7
Saline i.p. 379+3.3 -
CEIP 250 mg kg i.p. 154 +2.5% 504 +75
CEIP 500 mg kg™ i.p. 10.2 £2.6** 729+74
CEIP 1000 mg kg i.p. 21+1.6% 944 +4.2
CEIP 2000 mg kg™ i.p. 0.1+0.1% 99.7+0.3
Saline s.c. 53.7+3.1 -
ASAs.c. 1.3 +04** 97.5+0.8
CEIP 250 mg kg's.c. 36.3+3.4 324+74
CEIP 500 mg kg's.c. 30.3 £10.0* 43.5+£19.0
CEIP 1000 mg kg's.c. 28.7 +2.1* 46.6 £5.0

ASA — acetylsalicylic acid, CEIP — aqueous crude extract of Ilex paraguariensis
Mean =+ standard error of the mean (1 =5).

Significant difference compared to the respective control: *p < 0.05, **p < 0.01.
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The results indicate that CEIP has a significant antinociceptive effect in the chemical
nociception model suggesting that the extract action is peripherally mediated, which can
be obtained in all three routes of administration (p.o., i.v. and s.c.) corroborating with
Carvalho et al. (35) who used only the oral route.

Open field test

The groups treated orally with caffeine and CEIP (250, 500, and 1000 mg kg™) showed
an increase in the spontaneous movement of the mice of 69.9, 63.8, 48.7 and 83.1 %, resp.,
when compared to the control group treated with saline (p < 0.05) as shown in Fig. 4.

In the psychostimulant test, CEIP demonstrated an increase in spontaneous move-
ment probably due to the presence of alkaloids (36, 37). Caffeine acts in the central nervous
system, produces alertness and mental activity, facilitates the motor capacity (38), which
probably gives the mate the stimulating properties on the motor activity of the animals. It
is believed that many of the caffeine effects occur through competitive antagonism at
adenosine receptors. Carvalho et al. (35) suggest that the effects of I. paraguariensis are
partially due to the noradrenergic pathway modulation by methylxanthines (e.g, caffeine).

Furthermore, some of the pharmacological properties attributed to Ilex paraguariensis
have been related to the high content of phenolic acids such as chlorogenic acids, 4,5-dicaf-
feoylquinic acid, and many others (39). Studies suggest that the administration of Ilex para-
guariensis contributes to the body’s defense against free radicals (40) and inhibits the oxida-
tion of LDL cholesterol (39).

90 - ke
80 *

70 A

40 -
30 -

20 -

Number of crossings in 2 min

10

C IMIP CAF 125 250 500 1000

CEIP (mg kg™, p.o.)

Fig. 4. Effect of aqueous crude extract of Ilex paraguariensis (CEIP) on spontaneous locomotion of mice.
Mean =+ standard error of the mean (1 = 5). Statistically significant difference vs. control: *p <0.05 and
* %k

p<0.0L

C - control, saline (10 mL kg™), CEIP — aqueous crude extract of llex paraguariensis, IM — imipramine
(20 mg kg™), CAF - caffeine (30 mg kg™)
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CONCLUSIONS

The administration of the aqueous crude extract of Ilex paraguariensis (CEIP) in re-
peated doses was considered therapeutically safe and results suggest both hepatoprotec-
tive and analgesic activities. UPLC-MS analysis revealed the presence of cyclic polyols,
carbohydrates, polyphenolic compounds, methylxanthine alkaloids, flavonoids, and sapo-
nins. The analgesic mechanisms that CEIP produces, both in the first and the second stage,
have certain limitations because the obtained efficiency in the first stage, at all the doses,
was lost in the second phase, remaining only at higher doses tested. However, we hypo-
thesize that the CEIP’s dual role, in this case, could be due to: (i) an immediate stimulation
of the opioid system, or (ii) acting similarly to carbamazepine which stabilizes the over-
excited nerve membrane, inhibiting repetitive neuronal firing and reducing the propaga-
tion of synaptic excitatory impulses. The permanence in the second phase probably occurs
through inhibition of inflammatory substances released at this late stage of pain since the
Ilex paraguariensis demonstrated an antiedematogenic effect in the previous works.

Study in animal models demonstrated possible effects of CEIP at the peripheral, sys-
temic and central levels. Studies investigating analgesic activity, histopathological and
inflammatory markers production are required to understand the involved mechanisms.
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