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ABSTRACT
Background: Drinking mate or chimarrão, a hot infusion of Ilex 
paraguariensis  (ILEX) leaves, is a common habit in Southern South 
America that has a social and almost ritualistic role. It has been used 
as a stimulant beverage in South America and analgesic in regions of 
Argentina for treatment of headache and others painful inflammatory 
conditions such as arthritis and rheumatism. Objective: The aim of this 
study was to evaluate the pharmacological activity of I. paraguariensis 
infusion (ILEX) on orofacial nociception model induced by formalin, and 
study its mechanism of action. Materials and Methods: The analgesic 
effect of ILEX was assessed through writhing test, paw formalin test, paw 
edema induced by carrageenan, and orofacial pain induced by formalin. 
To study the action mechanism of ILEX, opioidergic, dopaminergic, 
nitrergic, and adrenergic pathways were investigated. Results: The 
high‑performance liquid chromatography analysis of ILEX infusion 
revealed caffeine and theobromine. The treatment with ILEX reduced 
the number of writhing. However, it was effective neither in the formalin 
paw test nor in the paw edema induced by carrageenan. Different from 
formalin paw test, ILEX was able to reduce the orofacial reactivity to 
formalin in 31.8%  (70.4  ±  2.5 s; first phase), and 20%  (127.3  ±  18.9 
s; second phase). The analgesic effect of ILEX results from the 
modulation of noradrenergic pathways since prazosin  (α1‑adrenoceptor 
antagonist, 0.15  mg/kg; intraperitoneal) reversed the analgesic effect 
of ILEX. Conclusions: The present report demonstrates that analgesic 
effect of ILEX in orofacial formalin test is due mainly to modulation of 
noradrenergic pathways.
Key words: Caffeine, Ilex paraguariensis, mate, noradrenergic pathways, 
orofacial pain

SUMMARY
•  Ilex paraguariensis (ILEX) has been used as a stimulant beverage in South 

America and analgesic in regions of Argentina for the treatment of headache 
and others painful inflammatory conditions such arthritis and rheumatism.

•  The aim of this study was to evaluate the pharmacological activity of ILEX on 
orofacial nociception model induced by formalin, and study its mechanism 
of action. 

•  ILEX reduced the number of writhing and orofacial reactivity to formalin in 

mice. However, it was effective neither in the formalin paw test nor in the 
paw edema induced by carrageenan. 

•  The analgesic effect of ILEX results from the modulation of noradrenergic 
pathways.

Abbreviation Used: ILEX: Infusion of Ilex paraguariensis, NSAIDs: 
Nonsteroidal anti‑inflammatory drugs, L‑NOARG: L‑NG‑nitro‑arginine, 
UV: Ultraviolet, i.p.: Intraperitoneal, NOS: Nitric Oxide Synthase, 
ANOVA: Analysis of variance, S.E.M.: Standard error of mean, HPLC: 
High‑performance liquid chromatography, NO: Nitric Oxide, v.o.: Oral 
route, DCQ: dicaffeoylquinic acid, BMS: Burning mouth syndrome, PBS: 
Phosphate‑buffered saline. 
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ORIGINAL ARTICLE

INTRODUCTION
Drinking mate or chimarrão, a hot infusion of Ilex paraguariensis (ILEX) 
leaves, is a common habit in Southern South America, including 
Argentina, Uruguay, Brazil, and Paraguay that has a social and almost 
ritualistic role. This plant belonging to Aquifoliaceae family popularly 
known as “erva Mate” or “yerba Mate” is used as a tonic stimulant. 
ILEX shows central nervous system stimulant properties attributed 
to its methylxanthine alkaloids content such as caffeine and is also 
known to have compounds with antioxidant properties such as 
phenolic acids and tannins that are the most abundant compounds 
in leaves.[1]

I. paraguariensis has been used as a stimulant beverage in South 
America and analgesic in regions of Argentina for the treatment of 
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headache and others painful inflammatory conditions such arthritis 
and rheumatism.[2,3] Some studies have also suggested that part of the 
effects is due to antioxidant and anti‑inflammatory activity, reducing 
free radicals and inflammatory markers such as tumor necrosis factor‑α 
and interleukin‑6, that may interfere with painful and inflammatory 
conditions, including dental surgical procedures as third molar 
extraction.[4‑6]

The orofacial pain is recognized as pain localized in the tissues of the 
head, face, neck, and oral cavity structures. Some diseases or clinical 
situations such as trigeminal neuralgia, headache, dental surgical pain, 
third molar extraction, and temporomandibular disorders are associated 
with orofacial pain. In fact, clinical studies have revealed that around 20% 
of people are affected by this pain. After diagnosis, the mainly treatment 
involve nonsteroidal anti‑inflammatory drugs (NSAIDs), corticosteroids, 
tricyclic antidepressants, or benzodiazepines. However, in a considerable 
proportion of patients, these compounds do not adequately relieve pain; 
remain intractable, even after surgical interventions.[7]

This study is supported in part on observations of Bortoluzzi et al. that 
regular consumption of mate tea reduced pain intensity after third 
molar surgical removal.[6] Thus, the aim of this study was to evaluate 
the pharmacological activity of I. paraguariensis infusion in orofacial 
nociception induced by formalin and its possible action mechanism.

MATERIALS AND METHODS
Animals
Adult Swiss mice weighing 25–35  g were maintained in controlled 
temperature 22°C ± 2°C, light/dark cycle of 12 h, free access to water and 
food and acclimatized in the pharmacology laboratory 24 h before. The 
experiments were made between 8:00 A.M. and 06:00 P.M. All procedures 
were approved by the Institutional Ethics Committee of the University of 
the West of Santa Catarina under protocol number 019/2010.

Drugs and reagents
Carrageenan type  IV, aspirin, indomethacin, sulpiride, apomorphine, 
L‑arginine,  NG‑nitro‑L‑arginine (L‑NOARG), prazosin, and 
phenylephrine purchased from Sigma‑Aldrich, ST, Missouri, USA. 
Fentanyl, naloxone, and halothane from Cristália, São Paulo, SP, Brazil. 
Acetic acid and formaldehyde from Nuclear, São Paulo, SP, Brazil.

Plant material and preparation of Ilex paraguariensis 
infusion
The commercial package of 1  kg of I. paraguariensis, batch number 
10/2010, was bought in a supermarket located in the city of Joaçaba, 
Santa Catarina, Brazil in April of 2010, batch number 04/2010. A voucher 
specimen was collected and deposited at the Barbosa Rodrigues 
Herbarium (Itajaí, SC, Brazil) under number HBR 55344. By following 
the previous method for preparing the popular mate drink, 100  g of 
plant material was a mixture with 1 L of distilled water at 85°C. After 
10 min, the mixture was filtered to remove the particulates. The infusion 
of I. paraguariensis (ILEX) was filtrated and dried at 40°C, resulting in a 
yield of 22.55 g of extract/liter of infusion. ILEX was kept at −20°C until 
use and dissolved in distilled water before all experiments.

Determination of the dosage of ILEX
One of the objectives of this study was to treat the animals with the 
same amounts of ILEX that humans ingest. According to Victora et al.,[8] 
the mean daily consumption among “mate” drinkers is an average 
of 1799  mL  (standard deviation  =  1244  mL; interquartile range, 850–
2418  mL; median, 1608  mL). Based on this study and on the yield of 
ILEX infusion, we calculated the doses according to Table 1. Each animal 
received the extract diluted in 0.1 mL of vehicle (distilled water) per 10 g 
of weight. Control group received the same volume of distilled water. 
After treatment, each distinct group was subjected to the tests described 
below.

Quantitative and qualitative assay of total phenolic 
compounds
Total phenolic compounds were quantified in the aqueous extract as 
previously described[9] using the Folin‑Ciocalteu reagent  (Sigma, St. 
Louis, MO, USA), by means of the absorbance determination (750 nm). 
The calculation of the total content of phenolic compounds was 
performed by a standard curve of gallic acid  (10–200 µg/mL; 
r2  =  0.99). For the high‑performance liquid chromatography  (HPLC) 
analysis, aliquots  (10 µL per sample) were injected into a liquid 
chromatograph  (Shimadzu LC‑10, Tokyo, Japan) equipped with a 
reverse‑phase column  (Shim‑pack C18, 4.6  mm i.d. × 250  mm long; 
Shimadzu), thermostated at 40°C, and a ultraviolet  (UV)‑visible 
detector (Shimadzu SPD 10 A, λ = 280 nm). An isocratic mobile phase 
of water: acetic acid: n‑butanol (350:1:10, v/v/v) mixture was used with 
a flow rate of 0.8  mL/min.[10] The identification of the compounds of 
interest was confirmed by  chromatography of reference compounds.

Extraction and chromatographic analysis of the 
xanthine alkaloids
The aqueous infusion (0.43 g) of mate leaves was resuspended in distilled 
water  (5  mL) and incubated for 1  h in 15  mL of dichloromethane. 
The organic solvent extract was recovered, dried under N2 flux, 
and resuspended in dichloromethane  (1  mL). Aliquots  (10 µL/
sample) were injected  (three consecutive injections) into a liquid 
chromatograph  (Shimadzu LC‑10) equipped with a reverse‑phase 
column (Shim‑pack C18, 4.6 mm ID × 250 mm long) thermostatized at 
30°C, and a UV‑visible detector (Shimadzu SPD 10 A, λ = 272 nm). An 
isocratic mobile phase of acetonitrile: 0.1% formic acid (15:85) was used 
with a flow rate at 1.0 mL/min.[11] For purpose of quantitative analysis, 
a standard calibration curve was obtained by plotting the area of peaks 
against different concentrations (10.0–100.0 µg/mL; r2 = 0.99) of caffeine 
and theobromine  (5.0–50.0 µg/mL; r2  =  0.96)  (Sigma, St. Louis, MO, 
USA).

Writhing test
Writhing was induced by an intraperitoneal  (i.p.) injection of acetic 
acid  (0.6%), and writhing movements were evaluated by 30  min of 
observation immediately after the acetic acid injection. Animals were 
pretreated orally (v.o.) with ILEX at doses of 262.0–778.0 mg/kg, 1 h before 
the i.p. injection of formalin. Control animals received vehicle (Distilled 

Table 1: Determination of the dose of Ilex paraguariensis and the amount of methylxanthines

Groups Human consume 
by day (mL/day)

*Dose of ILEX to 
human with 70 kg (g)

Dose of ILEX to 
mice (mg/kg)

Total phenols 
(mg/kg)

Methylxanthines (mg/kg)

Theobromine Caffeine
Light drinker 800 18.40 262.0 51.1±2.7 0.26±0.04 6.4±1.8
Moderate drinker 1600 36.08 515.0 100.5±5.3 0.5±0.06 12.6±3.5
Heavy drinker 2400 54.48 778.0 151.8±8.0 0.76±0.09 19.0±5.3

*The human dose was determined from the yield of 22.5 g of extract obtained from 100 g of ILEX. ILEX: Ilex paraguariensis
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water; 0.1 mL/10 g) 1 h before the irritant agent. Positive control animals 
received aspirin (100 mg/kg; v.o.), 30 min before formalin. The results 
are expressed as mean  ±  standard error of mean  (S.E.M.) of number 
of writhing and statistical significance was determined by comparing 
treated groups with the control group.

Paw formalin test
Nociceptive behavior was induced by injection of formalin in the 
ventral surface of the right hindpaw. Animals were pretreated orally 
with ILEX at doses of 262.0–778.0 mg/kg, 1 h before the i.p. injection 
of acetic acid. Control animals received vehicle  (Distilled water; 
0.1  mL/10  g), 1  h before the irritant agent. Positive control animals 
received indomethacin (10 mg/kg; v.o.), 30 min before formalin. After 
pretreatments, the animals received an injection of 20 µL of a 2.5% 
formalin solution (0.92% formaldehyde) made up in phosphate‑buffered 
saline (PBS). Following the formalin injection, animals were immediately 
placed in glass cones and the time spent licking/flinching and biting 
the injected paw was measured with a stopwatch and considered as 
an indication of nociception  (expressed in seconds). That nociceptive 
behavior was recorded in two phases, the first phase of nociceptive 
response normally peaks at 0–5 min, and the second phase 15–30 min 
after the formalin injection. The results are expressed as mean ± S.E.M. 
of nociceptive behavior in seconds, and statistical significance was 
determined by comparing treated groups with the control group.

Paw edema induced by carrageenan
Aiming to determine whether the analgesic effect of ILEX was due to 
an anti‑inflammatory effect, we decided to test this hypothesis using the 
paw edema model. Therefore, different groups of animals were pretreated 
orally with ILEX at doses of 262.0–778.0  mg/kg and control animals 
received only distilled water 0.1  mL/10  g. Positive control animals 
received indomethacin  (10  mg/kg; v.o.), 1  h before carrageenan. After 
pretreatment, the animals were slightly anesthetized with halothane and 
received a subcutaneous injection of carrageenan 300 µg/paw into the 
right paw. The contralateral paw received the same volume of sterile PBS 
and served as a control. The volume of the paw was measured with a 
plethysmometer (Panlab, Spain) immediately after PBS or carrageenan 
administration and carried out at different time‑points  (30, 60, 120, 
and 240 min after injection of phlogistic agent). Results are expressed 
as mean  ±  S.E.M. to the difference of volume in milliliters between 
the carrageenan and the saline‑treated paw. Statistical significance was 
determined by comparing treated groups with the control group.

Orofacial pain induced by formalin
The procedure used was essentially the same as that previously described 
by Luccarini et al.,[12] with minor modifications. Animals were pretreated 
orally with ILEX at doses of 262.0–778.0  mg/kg 1  h before injection 
of formalin for acute experiment. To assess chronic effect of ILEX on 
orofacial analgesia, half of each dose of the infusion was administered 
every 12  h, for 15  days. Control animals received vehicle  (Distilled 
water; 0.1 mL/10 g). After acute and chronic pretreatment, the animals 
received a 10 µL subcutaneous injection using a 27‑Gauge needle of 
2.5% formalin into the right upper lip, lateral to the nose. Following 
injection, the animals were immediately placed back in cone glasses 
measuring the number of seconds that the animals spent rubbing the 
injected area for 30 min. The recording time was divided into two phases, 
the first phase of nociceptive response normally peaks at 0–5 min, and 
the second phase 15–30  min after the formalin injection. The results 
are expressed as mean ± S.E.M. of nociceptive behavior in seconds, and 
statistical significance was determined by comparing treated groups with 
the control group.

Study of action mechanism
We investigated the role played by the opioidergic, dopaminergic, 
serotoninergic, L‑arginine/nitric oxide (NO), and adrenergic pathways 
in antinociceptive effect of ILEX in orofacial pain induced by formalin. 
Distinct groups of mice were pretreated with naloxone  (an opioid 
antagonist, 20  mg/kg; i.p.), sulpiride  (a D2‑dopaminergic receptor 
antagonist, 5  mg/kg; i.p.), L‑arginine  (precursor of NO; 600  mg/kg, 
i.p.), or prazosin  (an α1‑adrenoceptor antagonist, 0.15  mg/kg; i.p.). 
After 15 min, the animals were treated with ILEX (778.0 mg/kg; v.o.), 
fentanyl (an opioid agonist, 60 µg/kg; s.c.), apomorphine (a nonselective 
dopaminergic receptor agonist, 5 mg/kg; i.p.), L‑NOARG (75 mg/kg; i.p., 
a NO synthase [NOS] inhibitor), or phenylephrine (an α1‑adrenoceptor 
agonist, 10 mg/kg; i.p.). After treatment, the animals received a 10 µL 
subcutaneous injection of 2.5% formalin into the right upper lip, and 
nociceptive behavior was evaluated as described above in item 2.10.

Statistical analysis
Statistical differences between groups were made using one‑way analysis 
of variance followed by post hoc test “Dunnett’s” or “Tukey’s” when 
necessary. P <0.05 was considered indicative of significance.

RESULTS

Analysis of total phenolic compounds in ILEX
As expected, ILEX infusion has a high amount of total phenolic 
compounds and is expressed in terms of mg/kg of rat weight, shown 
in Table 1. The HPLC analysis of ILEX infusion revealed a fingerprint 
with eight compounds (data not shown), in which the major phenolic 
acid detected was chlorogenic acid. These data are in agreement with the 
results for the polyphenol content in I. paraguariensis.[13]

Analysis of the xanthinic alkaloids compounds in 
ILEX
The HPLC analysis of ILEX infusion revealed in agreement with previous 
reports on mate[14,15] that theophylline was not detected, whereas caffeine 
and theobromine were  (data not shown), with the massive majority 
of caffeine. The quantitative analysis of the alkaloids present in ILEX 
infusion is expressed in terms of mg/kg of rat weight, shown in Table 1.

Writhing test, paw formalin test, and paw edema 
induced by carrageenan
Previous treatment of animals with ILEX reduced the writhing 
response induced by injection of acetic acid in 53.8, 46.5, and 56.9% 

Table 2: Effect of Ilex paraguariensis infusion on the writhing test, paw 
formalin test and paw edema in mice

Models Control Dose of ILEX (mg/kg)

262.0 515.0 778.0
Writhing test

Writhing 31.8±2.2 14.7±3.4* 17.0±3.4* 13.7±2.1*
Paw formalin test (s)

1st phase 40.0±4.8 44.2±5.2 40.6±8.9 49.2±2.6
2nd phase 88.0±15.6 90.6±24.1 73.0±21.6 70.8±20.6

Paw edema (10−2) 
mL (min)

30 1.7±0.6 2.3±0.6 2.5±0.5 2.2±0.2
60 2.2±0.3 2.3±0.4 3.2±0.3 3.3±0.6
120 2.7±0.8 2.8±0.2 3.3±0.5 3.2±0.5
240 3.2±0.3 3.5±0.6 3.3±0.6 2.7±0.2

n=6‑10 animal for experimental group. *P<0.05, different from control group. 
(ANOVA, Dunnett’s test). ANOVA: Analysis of variance; ILEX: Ilex paraguariensis
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to the doses of 262.0, 515.0, and 778.0  mg/kg, respectively. Similarly, 
aspirin was also able to reduce the reactivity of animals to acetic acid 
in 73% (8.6 ± 4.1) [Table 2]. Interestingly, the treatment with ILEX was 
unable to reduce any phase of the paw formalin test, nor paw edema 
induced by carrageenan  [Table  2]. Unlike, indomethacin was able to 
reduce both phases of formalin‑induced nociception, more effectively in 
the second phase, as well as paw edema induced by carrageenan, at all 
times evaluated (data no show).

Orofacial formalin test
Acute administration of ILEX resulted in an inhibition of both the 
first in and the second phase of orofacial formalin test in all doses 
used. In the first phase, the nociceptive behavior was reduced in 
28.2%  (74.2  ±  6.1 s), 30.3%  (72.0  ±  3.2 s), and 31.8%  (70.4  ±  2.5 s), 
and second phase in 20%  (127.3  ±  18.9 s), 36%  (102.2  ±  10.0 s), and 
29.9%  (111.9  ±  6.2 s) to the doses of 262.0, 515.0, and 778.0  mg/kg, 
respectively [Figure 1a and b]. Chronic treatment suppresses the response 
to formalin quite similar to acute treatment. In first phase, nociceptive 
response to formalin was reduced in 22.6 (69.7 ± 2.3 s), 23 (69.6 ± 2.9 s), 
and 22.8% (69.5 ± 1.3 s) and in second phase in 25.1 (112.2 ± 17.1 s), 
29.3 (105.8 ± 20.2 s), and 28.2% (107.5 ± 12.8 s), respectively to the doses 
used [Figure 1c and d].

Study of action mechanism
The results presented in Figure 2a and b show that the treatment of mice 
with naloxone (opioid antagonist), given 15 min earlier, fully prevented 
the antinociception caused by fentanyl (opioid agonist), when analyzed 
against both phases of orofacial formalin test. However, under the same 
conditions, naloxone did not modify the antinociception caused by 
ILEX in both phases of orofacial formalin test  [Figure  2a and b]. The 
mice treatment with sulpiride  (D2‑dopaminergic antagonist), 15  min 
beforehand, significantly reversed the antinociception caused by 

apomorphine (a nonselective dopaminergic agonist) but did not change 
the antinociception caused by ILEX in both phases of the orofacial 
formalin test [Figure 2c and d]. In the same way, the treatment of animals 
with L‑arginine (precursor of NO) reversed the antinociception caused 
by L‑NOARG (an NOS inhibitor) only in the second phase of orofacial 
formalin test. The L‑NOARG was not able to produce antinociception 
in the first phase of formalin orofacial test. Nevertheless, L‑arginine did 
not modify the antinociception caused by ILEX in both phases of the 
test [Figure 2e and f]. Differently from the study of other systems, when 
we studied the noradrenergic pathways, the treatment of animals with 
prazosin  (α1‑adrenoceptor antagonist.) reversed the antinociception 
caused by ILEX in both phases of orofacial formalin test. Under 
the same conditions, prazosin treatment significantly antagonized 
the antinociceptive action of phenylephrine  (α1‑adrenoceptor 
agonist) [Figure 3].

DISCUSSION
The mainly findings reported here indicate that treatment with infusion 
of I. paraguariensis was able to relieve the orofacial pain induced by 
formalin in mice. Moreover, part of its mechanism of action involves 
modulation of noradrenergic pathways.
Third molar removal is a common procedure frequently associated 
with pain, of moderate or severe intensity. This intervention involves 
trauma to soft and bony tissues and can result in considerable pain, 
for this reason, it has become the most frequently used model in acute 
pain trials. Several studies have shown that natural products have 
been demonstrated antinociceptive activity in experimental models 
of orofacial nociception.[16,17] Recently, a clinical trial conducted by 
Bortoluzzi et  al.[6] demonstrated that regular consumption of “mate,” 
especially when consumed daily, causes a reduction of pain intensity 
associated with third molar extraction. The mechanism proposed by the 
authors is that the analgesic effect of I. paraguariensis results from the 

Figure 1: Orofacial antinociceptive effect of ILEX. (a and b) Represent the acute experiment where animals were treated with doses of 262.0–778.0 mg/kg 
of infusion, p.o. (c and d) Represent the chronic experiment, in which mice received the same doses, twice a day, for 15 days. In both cases, 1 h after last 
treatment, 20 µl of formalin 2.5% was injected into the right upper lip, and the evaluation of nociceptive behavior was performed in the first phase (a and c) 
and in second phase (b and d). Mean ± standard error of the mean of 6–9 animals/group. *P < 0.05 (analysis of variance, Dunnett’s test)

d

c

b

a
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modulation of inflammatory mediators. For this reason, we evaluated the 
effect of I. paraguariensis infusion in classical models of inflammation 
and pain. One of our concerns was to ensure that doses used in this trial 
were very close to those of human consumption  [Table  1], and doses 
were determined according to Victora et al.[8]

The writhing test is a model of visceral pain‑sensitive centrally acting 
analgesics and NSAIDs. Although not a specific test is helpful to carry out 
pharmacological screening. The treatment with ILEX reduced the number 
of writhes indicating an analgesic effect. However, in our experimental 
conditions, the ILEX did not reverse paw edema in mice. This model is 
sensitive to NSAIDs, thus reducing orofacial pain does not seem to be a 
result of anti‑inflammatory activity of the compounds present in the plant.
Some of the pharmacological properties attributed I. paraguariensis 
mate have been related to the high content of phenolic acid compounds 
such as chlorogenic acids, 4, 5 DCQ, and others.[18‑20] Evaluation of the 
pharmacological properties of chlorogenic acid pointed out strong 
anti‑inflammatory and antinociceptive activities, but it failed to display 
antinociceptive activity when tested by the tail‑flick test indicating 
that its analgesic activity is not due its anti‑inflammatory action, but 
modulation of central pain pathways.[21]

Interestingly, ILEX did not induce analgesia in any phases of formalin paw 
test [Table 2] but was effective in reducing the orofacial pain [Figure 1]. 
There is an important difference between nociceptive responses derived 
from facial stimulation when compared with those using peripheral stimuli. 
The orofacial region is innervated by the trigeminal nerve, which has 
purely sensory fibers. While other regions, such as the sciatic nerve, exhibit 
a mixture of sensory and motor fibers. According to Dodd and Kelly,[22] 
these anatomical differences are responsible for the different effectiveness 
of drugs used in orofacial pain, compared to those who promote analgesia 
in the sciatic neuropathic pain. Indeed, doses of morphine that cause 
complete analgesia in models of peripheral pain does not present the same 
results in models of orofacial pain.[23] Therefore, we suggest that the ability 
of ILEX to induce orofacial analgesia, but not plantar analgesia, may be the 
result of anatomical differences described above.
After verifying the effectiveness of ILEX to reduce orofacial pain, we 
studied the effect of specific antagonists upon several pain systems 

Figure 2: Influence of antagonists on the orofacial antinociception induced by ILEX. Animals were treated with naloxone (20 mg/kg; intraperitoneal a and b), 
sulpiride (5 mg/kg; intraperitoneal c and d), and L-arginine (600 mg/kg; intraperitoneal e and f ), 15 min before the administration of ILEX (778.0 mg/kg; p.o.) 
or fentanyl (60 µg/kg, s.c.), apomorphine (5 mg/kg, intraperitoneal), and L-NG-nitro-arginine (75 mg/kg, intraperitoneal). Nociceptive behavior in first (a, c 
and e) and the second phase (b, d, and f ) was performed. The mean ± standard error of mean of 6–9 animals. *P < 0.05, different from control. #P < 0.05, 
different from fentanyl open bar (analysis of variance, Bonferroni’s test)

a c e

b d f

b

Figure 3: Influence of prazosin on the orofacial antinociception 
induced by ILEX. Animals were pretreated with prazosin (0.15 mg/kg; 
intraperitoneal), 15 min before the administration of ILEX (778.0 mg/kg; 
p.o.) or phenylephrine (10 mg/kg, intraperitoneal). Formalin 2.5 % (20 
µL) was injected 1 h after last treatment and evaluation of nociceptive 
behavior in first (a) and in the second phase (b) was performed. Mean ± 
standard error of mean of 6–8 animals/group. *P < 0.05, different from 
control. #P < 0.05, different from phenylephrine open bar. ‡P < 0.05, 
different from ILEX open bar (analysis of variance, Bonferroni’s test)

a

b
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processing to establish the mechanism of action. The systemic 
administration of opioids such as morphine, dose‑dependently inhibits 
formalin‑induced orofacial pain in mice. Furthermore, systemic opioids 
could produce antinociception in trigeminal and spinal animal pain 
models and this effect is blocked by opioid antagonists.[12] Our results 
showed that naloxone reversed the antinociception induced by fentanyl. 
However, the opioid antagonist did not interfere in analgesic effect of 
ILEX.
Dopamine plays an important role in nociception control in several 
models of chronic and acute pain. In burning mouth syndrome (BMS), 
a chronic orofacial pain state, an increased D2 receptor availability in 
the putamen is demonstrated.[24,25] Stuginski‑Barbosa et  al.[26] using 
pramipexole, a nonergotic dopaminergic agonist, related a complete 
improvement of the painful symptoms associated with BMS. However, 
in our experiments, the previously treatment with sulpiride did not 
reverse the analgesic effect of ILEX, on the other hand, reversed the 
analgesic effect of apomorphine. Therefore, the dopaminergic system is 
not involved in analgesic effects of ILEX extract.
NO may play a pronociceptive role in the inflammatory pain of 
orofacial region. Several studies have indicated a correlation between 
NO production and the generation and/or maintenance of chronic pain 
including temporomandibular joint disorders. NO firstly contributes 
to vessel homeostasis and causes vasodilation and increasing blood 
flow. NOS inhibitor NG‑nitro‑L‑arginine methyl ester significantly 
reduces the hyperalgesia in formalin‑induced orofacial pain.[27,28] In 
our experimental conditions, the inhibition of NO production with 
L‑NOARG reduce the second phase of pain and this effect was reversed 
by the administration of NO formation substrate L‑arginine. However, 
L‑arginine was unable to reverse the effect of ILEX, demonstrating 
that the analgesic effect does not involve the modulation of nitrergic 
pathway.
We also investigated the possible involvement of descending inhibitory 
noradrenergic pathway in the antinociceptive effect of ILEX. The 
pretreatment of animals with prazosin, an α1‑adrenoreceptor antagonist, 
reversed the antinociceptive effect induced by phenylephrine. Similar 
to these results, prazosin reversed the antinociceptive effect promoted 
by oral administration of ILEX in the orofacial formalin test. This result 
discloses a participation of α1‑adrenergic receptor in the antinociceptive 
effect of ILEX. Studies on the analgesic action of antidepressants suggest 
that α1‑adrenergic receptors are involved in formalin‑induced pain. 
Furthermore, the densities of these receptors change in different brain 
areas involved in pain after formalin injection.[29,30]

Caffeine and theobromine are prominent xanthines involved with 
biological activities of I. paraguariensis. Of these, caffeine was found 
in the highest concentration. Caffeine is present in different analgesic 
formulations commonly found on the market, usually associated with 
dipyrone, acetaminophen, or acetylsalicylic acid, and clinical studies 
initially indicated that caffeine was just an adjuvant.[31,32] However, 
further analysis knocked down this theory, and several reports have 
revealed that caffeine activates descending noradrenergic pathways 
originated in the locus coeruleus producing antinociception. The 
action mechanism proposed to antinociceptive effect of caffeine involve 
firing of neurons in the locus coeruleus and enhancing the turnover 
of noradrenaline in a number of brain regions innervated by the locus 
coeruleus.[33‑35] However, the analgesic effect of caffeine is not derived 
from direct action on noradrenergic neurons, but rather, by its effect on 
the blockade of a tonic inhibition of neurons in the locus coeruleus by 
adenosine,[36,37] as well as blockade of inhibitory adenosine receptors on 
central noradrenergic nerve terminals, since the caffeine is described as 
an antagonist of both adenosine A1 and A2 receptors.[38]

CONCLUSIONS
The results of the present report demonstrate the analgesic effect of ILEX 
in the orofacial formalin test. Moreover, in our experimental conditions, 
we suggested that part of the effect of I. paraguariensis infusion is due 
to the modulation of noradrenergic pathways as a result of the presence 
of methylxanthines such as caffeine. More studies will be necessary to 
elucidate the complete mechanism of orofacial pain relief induced by 
ILEX.
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