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ABSTRACT

Introduction: Several studies have focused on the search for pharmacological activities of bacuri
butter (Platonia insignis Mart.), given the empirical use in inflammatory diseases. Thus, the aim is to
examine the pharmacological activity of bacuri butter topical emulgel and Piroxicam in an
experimental arthritis model. The emulgel is feasible regarding the organoleptic characteristics,
physicochemistry and validation of methods of epidemiology.

Design: preclinical trial, consisting of the topical formulation of bacuri butter and piroxicam (F1) and
topical formulation of bacuri butter (F2); held at the Federal University of Piaui (UFPI), Teresina, PI,
Brazil; experimental research with data organization in the period from 2021 to 2022. The results
obtained were submitted to analysis of variance (ANOVA), followed by Tukey's post-test, with the
aid of the statistical software GraphPad Prism 6.0 (GraphPad Software, San Diego, CA, USA).
Results: The arthritis protocol was performed by induction of edema in Wistar's paw by
carrageenan, monosodium urate salts, prostaglandin and zymosan. The emulgel exhibited
selectivity, linearity, accuracy, precision, robustness, systemic and histological toxicity, and evidence
of anti-edematogenic activities.

Implications: The emulgel has anti-arthritic and anti-inflammatory activities, low cost, easy access,
pleasant color and odor, good adhesion, easy delivery process of the active ingredient to the site of
pain.

Keywords: Platonia Insignis Mart, Anti-inflammatory Activity, Arthritis, Old, Gerontological Nursing.
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INTRODUCTION

Arthrosis or osteoarthritis (OA) is the most frequent form of joint disease and mainly
affects the joints of the hips, knees, hands and feet. In the United States of America (USA),
it is estimated that 36.4% of people over the age of 60 exhibit OA on their knees.! In Brazil,
the population of people aged 60 years and over in 2019 reached approximately 32.9
million, with an estimated decrease to 228.3 for the 2060s. This is alarming data, given the
disabilities, loss of quality of life and expenses generated by this disease to the health
system.?

In 2013, OA was evidenced as the primary diagnosis of 23.7 million outpatient visits
in the USA, through this article it is verified that 32.5 million adults in the USA, 14% of the
American population, revealed symptoms of knee osteoarthritis between 2008 and 2014.
The incidence of knee osteoarthritis in the U.S. is predicted to be 240 people per 100,000
per year. The worldwide prevalence of radiographically proven symptomatic knee
osteoarthritis (OA) is expected to be 3.8% overall, increasing with age to more than 10% in
the population over 60 years of age.®

OA has several risk factors, most notably aging. This disease results mainly from
the wear and tear of the cartilage that surrounds the bones. Thus, it can also cause
problems in the ligaments, synovial membrane and synovial fluid. The disease intensifies
over time and shows no cure, the treatment is linked to pain relief or prophylactic for
strengthening the joints and inhibiting the advance of cartilage wear.*>

Modern guidelines are attentive in the evaluation of glucosamine, chondroitin,
turmeric, ginger extract, and vitamin D. Most of the evidence has confirmed some or no
change in the outcomes of clients with knee osteoarthritis. Although the evidence does not
robustly attest to an advantage for dietary supplements, the risks involved are totally
minimal, with the main obstacle being cost, since dietary supplements usually constitute a
direct cost for the user.>*

The current guidelines have shown that oral nonsteroidal anti-inflammatory drugs
(NSAIDs) and acetaminophen are drugs of choice in the treatment of knee
osteoarthritis. Evidence has confirmed the use of NSAIDs and acetaminophen, as these
oral medications have proven solid improvement in arthritic symptoms. For non-selective
and cyclooxygenase-2-selective oral NSAIDs, both are effective drugs.!

Although cyclooxygenase-2 selective oral NSAIDs have been produced for the

purpose of mitigating gastrointestinal adverse events, there is no evidence to establish a
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notable difference in the risk of a gastrointestinal side effect with non-selective

NSAIDs. Although acetaminophen and NSAIDs are effective, it is important to understand
the prescription, and adapt it to the patient's profile, especially if they are elderly, as well as
to consider the use of some drugs for continuous use.®

Plants have aroused interest in research because they contain too many sources of
medicinal operators for the care and cure of various diseases, reaching approximately 60%
of the pharmaceutical market.” The demand for new drugs with plants has mobilized the
discovery of numerous metabolites with notorious qualification for drug production through
isolation, clarification of the structure, constitution and measurement of bioactivity based on
phytochemical composition and applicability in conventional medicine.8’

Platonia insignis is a species related to the Clusiaceae family easily found from the
Amazon to Piaui, in which its fruit (bacuri) is quite edible in the natural way it is presented or
processed.® Butter or oil isolated from bacuri seeds is often applied as a healing and anti-
inflammatory.%1 There are publications in articles pertinent to this premise that express
reports on seed extracts, fractions and isolated compounds tested in various biological
activities and that these exhibited favorable responses such as reduction of oxidative
stress,11,12,13 glimination of parasites14,15 and enzymatic inhibition of a-glucosidase and
acetylcholinesterase.'>16 Immunomodulatory effects and low in vivo toxicity were also
detected in extracts obtained from seeds.'" 18

Platonia insignis seeds are rich in fatty acids, triacylglycerols, and metabolites with
therapeutic ability, such as xanthones that exhibit antiepileptic and antiparasitic impacts.!3
and polyisoprenylated benzophenones, with vasorelaxant results in animal models18. A
triacylglycerol detached from the hexane extract of its seeds, 1,3-diestearyl-2-oleylglycerol
(TG1), in formulations, showed efficacy in wound healing in rats.*® Therefore suggested as

promising in relieving arthritic pain.

METHODOLOGY
TOPICAL FORMULATION OF BACURI BUTTER WITH THE ADDITION OF PIROXICAM
(F1) AND TOPICAL FORMULATION OF BACURI BUTTER (F2)

The emulgel was obtained using Poloxamer 407 (lot 0087/54622) obtained from
Embrafarma (Brazil); potassium sorbate and sorbic acid acquired from Nantong (Brazil);
sodium hydroxide obtained from Vertec (Brazil); Piroxicam (Valdequimica, Brazil). Fresh

bacuri butter (Lot: 004/0817) purchased from Amazon Oil (Brazil). For the preclinical trial,
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carrageenan (Sigma, USA), 0.9% NaCl solution, distilled water, sodium bicarbonate
(MERCK, Brazil), Histamine (Sigma, USA), Prostaglandin (MERCK, Brazil), bacuri butter
gel and emulgel (LADERMO/UFPI), Zymosan (Sigma, USA), and commercialized

Piroxicam emulgel (MERCK, Brazil) were obtained.

TECHNOLOGICAL ACQUISITION AND EVALUATION OF THE PRELIMINARY STABILITY
OF TOPICAL FORMULATIONS OF BACURI BUTTER AND PIROXICAM (F1) AND
TOPICAL FORMULATION OF BACURI BUTTER (F2).

Two formulations consisting of Poloxamer 407 powder plus potassium sorbate were
obtained, dispersed in distilled water and refrigerated for 24 hours in a freezer at a
temperature of 8 £1°C, thus forming the Polaxamer gel. After obtaining the gel, the bacuri
butter (vegetable stratum) was taken to the heating plate in a water bath at 40°C, followed
by the dissolution of sorbic acid and 0.5% of piroxicam in it. Then, the gel was poured over
liquefied butter at room temperature and mixed by means of a mechanical stirrer at 250 rpm
for a period of 5 minutes, originating the bacuri butter emulgel with Piroxicam (F1).

Subsequently, bacuri butter emulgel (F2) was constituted. (Chart 1).

Table 01. Description of the technological production of topical formulations of bacuri butter and piroxicam

Substances Concentrations Formulations obtained
Distilled water g.s.p 160 ml Gel polaxamer
Polaxamer 407 25%
Potassium sorbate 0,2%
Gel polaxamer g.s.p 25% Bacuri and piroxicam butter
Piroxicam 0,5% formulation (F1)
Jaw butter 10%
Sorbic acid 0,2%
Gel polaxamer g.s.p 25% Bacuri butter formulation
Jaw butter 10% (F2)
Sorbic acid 0,2%
Note: these concentrations were used to obtain 50 g of each formulation
Source: Survey data

For the evaluation of topical formulations in vivo, the following tests were performed:
assays to determine the organoleptic characteristics (pH, sabability and oganoleptic
characteristics) before and after the evaluation of thermodynamic stability. The
guantification method of piroxicam was also validated in the F1 formulation, which was
selective, linear, accurate, precise and robust. The in vitro release test in a closed diffusion
system, as well as the other tests, complied with the recommendations of RDC, 166 and

RDC 318, therefore tested and approved.20: 21 months
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EVALUATION OF THE ANTI-ARTHRITIC ACTIVITY OF BACURI AND PIROXICAM (F1)
BUTTER FORMULATIONS AND BACURI BUTTER (F2) FORMULATIONS IN
EXPERIMENTAL ARTHRITIS

A total of 180 adult males (128) and females (52) of the Wistar albino lineage,
weighing 150-210g, from the Central Vivarium of the Federal University of Piaui, were kept
in polypropylene boxes at room temperature of 22 + 2°C, with light/dark cycles of 12/12
hours, receiving standard diet and water ad libitum. For the application of the experimental
protocols, they remained fasting from solids for 12 hours and divided into groups, at first a
preliminary toxicity test was carried out with a group composed of n=8, this is justified by
being a limiting test of fundamental importance for the continuity of the following
methodologies. It is in this protocol that the possible toxic effect of the formulations under
study is evaluated.

Continuing, the formulations obtained (F1 and F2) or vehicle, both topically, were
administered, in addition to the standard drugs for the proposed protocols, topically, and
after 30 or 60 minutes for absorption, in which the experimental protocols were applied.
After the experimental procedures, the animals were euthanized with an overdose of
sodium thiopental (100 mg/kg, i.p.), according to CFMV Resolution No. 1000, of May 11,
2012. The experimental protocols complied with the criteria of the Ethics Committee on
Animal Experimentation of the Federal University of Piaui (CEEA/UFPI), according to
approval letter No. 621/2019.

EVALUATION OF THE TOXICOLOGICAL ACTIVITY OF THE FORMULATIONS: F1 AND
F2 IN AN ACUTE TOXICITY MODEL IN RATS

As there are no established toxicity studies in the literature for the formulations
obtained, it was necessary to determine the acute toxicity of the test substances. For this,
Wistar rats (Rattus norvegicus) were used, with a mass ranging from 170-270g.

The acute dermal toxicity study (t.v.) followed the recommendations described in
OECD Guideline No. 40222. On the day before the test, the trichotomy of the dorsal area of
all animals was carefully performed.?3 24 For this activity, 12 rats were distributed into four
groups: G (polaxamer gel), F1 (bacuri butter emulgel and 0.5% Piroxicam), F2 (bacuri
butter emulgel) and M (bacuri butter). The gel formulations and bacuri butter were applied

evenly on the clean skin of the animal at a dose of 2000 mg/kg body weight.25-26
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The exposed surface area was approximately 10% of the total body area of the
animal, calculated from the formula AST(m2) = 1.85. (W/70)%3, where AST is the body
surface area and W is the weight in kilograms. The formula takes into account the human
body surface considering the average value (1.85m2) for a 70 kg human.?”?8 After the pre-
treatments, the animals were observed at intervals of 30, 60, 120, 180 and 240 minutes.
Behavioral, functional and motor activity parameters were verified in all groups, then the
animals were housed in individual cages for a period of 14 days.??

The variation in weight of the animals on the first, seventh and fourteenth days after
treatment was also evaluated. Vocal thrill, irritability, response to touch, contortion,
straightening reflex, muscle tone, ataxia, auricular reflex, corneal reflex, tremors,
convulsions, hypnosis, anesthesia, tearing, eyelid ptosis, urination, bowel movements,
piloerection, breathing, cyanosis, hyperemia, and death were also verified. Their intensity,
duration and progression were recorded, tabulated on a scale of 0 to 4 (absent, rare, little,
moderate, intense) for later analysis.

During the evaluation period of the parameters that express some signs of acute
toxicity, we also sought to determine the persistence or delay in the occurrence of toxic
effects. Finally, all animals were euthanized, according to the recommendations of RN 37 of
02/22/2018 of CONCEA.?° Next, the skin of the dorsal region was collected and packed in

10% formalin for the preparation of a histopathological slide.

EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF F1 ON TIBIOTARSAL
EDEMA IN A MODEL OF ARTHRITIS INDUCED BY MONOSODIUM URATE (MSU)
CRYSTALS IN RATS.

The experimental model of gouty arthritis is widely used in the evaluation of new
molecules with anti-inflammatory activity.3° To carry out this protocol, 32 male Wistar rats
were used, distributed in four groups consisting of 8 animals. Afterwards, the crystals of
monosodium urate (uric acid) were diluted in 0.9% saline (40 mg/mL). Edema was induced
on the 1st day of the experiment by injection in the tibiotarsal region with 100 uL of MSU in
the right hind leg. The animals were pretreated with polaxamer gel and the F1 formulation
at doses of 5 and 10 mg/kg (t.v.), Piroxicam 5 mg/kg (t.v.), 30 minutes before the injection

of MSU. The treatment was repeated daily for a period of four days.

REVISTA ARACE, Sio José dos Pinhais, v.6, n.2, p.685-711, 2024

- 690



*

Revista

ARACE

In this trial, the incidence and severity of arthritis were evaluated by measuring the
volume of the right rear tibiotarsal region with a caliper (Pantec®) at times 0, 4, 24, 48 and
72 hours, 30 minutes after daily treatment with F1.3?

EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF THE F1 FORMULATION
ON CARRAGEENAN-INDUCED PAW EDEMA IN RATS.

A total of 40 Wistar rats were used, distributed in 5 groups of 8 animals, and were
pretreated transdermally (t.v.) with polaxamer gel (negative control), F1 at doses of 0.25,
0.50, 1 mg/kg, and Piroxicam (positive control) at a dose of 5.0 mg/kg (t.v.), 30 minutes
before intraplantar administration (i.pl.) of carrageenan (1%; 0.1 mL) on the right hind leg.
The formulation was lightly rubbed 50 times with the index finger.3232 The thickness of the
paw was recorded by a digital caliper (Pantec®) at different times (1, 2, 3, 4 and 5 h) after
carrageenan administration. Edema was expressed by the difference, in millimeters (mm),

between the final and initial thickness of the paw.3*

EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF FORMULATIONS F1 AND
F2 ON HISTAMINE-INDUCED PAW EDEMA IN RATS.

Initially, 32 male Wistar rats were divided into 4 groups of eight 8 animals followed by
pre-treatments (v.t.) with polaxamer gel, F1 and F2 at a dose of 0.50 mg/kg, and Piroxicam
0.50 mg/kg (positive control). After 30 minutes, 100 pL of histamine (1%) was administered
(i.pl.) to the right hind leg, the groups were treated with F1 and F2 only at a dose of 0.50
mg/kg (best effective dose). The thickness of the legs was recorded by a digital caliper
(Pantec®), immediately before the administration of the phlogistic agent (t0) and every 30

minutes for an interval of up to 2 hours.

EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF FORMULATIONS F1 AND
F2 ON PROSTAGLANDIN-INDUCED PAW EDEMA IN RATS.

At first, 32 Wistar rats were divided into four groups each with eight 8 animals and
pretreated (v.t.) with polaxamer gel, F1 and F2 at a dose of 0.50 mg/kg, and Piroxicam 0.50
mg/kg (positive control). After 30 minutes, 100 pL of prostaglandin (0.01%) was
administered (i.pl.) to the right hind leg, the groups were treated with F1 and F2 only at a
dose of 0.50 mg/kg (best effective dose). The thickness of the legs was recorded by a
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digital caliper (Pantec®), immediately before the administration of the phlogistic agent (t0)

and every 30 minutes for an interval of up to 2 hours.

EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF FORMULATIONS F1 AND
F2 ON ZYMOSAN-INDUCED TIBIOTARSAL JOINT EDEMA (ZY) IN RATS

In this protocol, 32 male Wistar rats, divided into four groups composed of eight
animals, were previously submitted to light anesthesia with 30 pl of 2% lidocaine in the
tibiotarsal joint. Arthritis was then induced with the administration of zy (1 mg/animal; 50ul)
dissolved in saline solution in the right posterior knee joint. Subsequently, the analyzes
were carried out for up to 6 hours. The animal groups were pretreated with formulations F1
(piroxicam emulgel) and F2 (bacuri butter emulgel) at doses of 0.5 mg/kg and positive and
negative controls

Initially, the variation of edema in the right knee joint was evaluated, in which zy was
injected using a digital caliper (Pantec®) to measure edema. The measurement was
performed immediately before zy administration (T0O) and subsequently every hour for six
hours. To measure the joints, the animal was carefully immobilized and the measurement of
the knee diameter was performed by the researcher. The edema was expressed in
millimeters (mm). The data are presented as the difference between the values of the joint

diameter obtained at TO and every hour after zy administration.

STATISTICAL ANALYSIS OF THE RESULTS

The values were expressed as mean +/- standard deviation from the mean. The
results obtained were submitted to analysis of variance (ANOVA), followed by Tukey's post-
test, with the aid of the statistical software GraphPad Prism 6.0 (GraphPad Software, San

Diego, CA, USA), and the values were considered significantly different when p < 0.05.

RESULTS
TECHNOLOGICAL ACHIEVEMENT AND EVALUATION OF THE PRELIMINARY
STABILITY OF TOPICAL FORMULATIONS OF BACURI BUTTER AND PIROXICAM (F1)
AND TOPICAL FORMULATION OF BACURI BUTTER (F2).

The formulations were adequate for evaluating activity in topical treatment in
experimental arthritis. Therefore, the following tests were performed: tests to determine the

organoleptic characteristics (pH, spreadability and organoleptic characteristics) before and
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after the evaluation of the thermodynamic stability. As well as the validation of the piroxicam
quantification method in the F1 formulation, for this purpose, it is presented: selective,
linear, exact, precise and robust. The in vitro release test in a closed diffusion system as
well as the other tests conducted in these formulations are approved according to RDC,
166 and RDC 318.20-21

EVALUATION OF THE ANTI-ARTHRITIC ACTIVITY OF BACURI AND PIROXICAM (F1)
BUTTER FORMULATIONS AND BACURI BUTTER FORMULATION (F2) IN

EXPERIMENTAL ARTHRITIS.

Table 02. Body weight of female rats during acute toxicity assessment, Teresina, Pl, Brazil, 2024. (n=12).

Dose 2000mg/kg (v.t.) Body weight in (g)
Day 0 Day 7 Day 14
Gel polaxamer 220.7+5.03 175.314.16™* 212.7+4.04*
F1 193.7+4.93 208.0+5.56* 205.0+6.24
F2 194.7+6.65 232.7+0.57*** 220.3+7.76*
MBP 255.3+10.79 266.0+5.56 277.3+14.74

Legend: Mean body weight of Wistar rats before (day 0), after 7 and 14 days of administration of
polaxamer gel, (F1): topical formulation of bacuri butter and piroxicam, (F2): topical formulation of
bacuri butter, (MBP): bacuri butter raw material transdermally (t.v.) (single dose). The values are
expressed as mean + SD *p<0.05, **p<0.01 and ***p<0.001 VS vehicle (one-way ANOVA followed
by Tukey's post-test

The results show the absence of signs of systemic toxicity after the administration of
the respective formulations (vehicle, F1, F2 and MBP) at a dose of 2000 mg/kg
transdermally (t.v.). No animal deaths were observed during the observation time.
Significant weight gain was observed in the animals when compared to the beginning of the
protocol (Table 02). No behavioral changes were observed in the animals, since they did
not present vocal frening, contortions, changes in the righting reflex. There were no
changes in corneal reflexes, no tremors, convulsions, lacrimation, urination, defecation,

piloerection, and cyanosis were identified during the 14-day observation period.

EVALUATION OF THE ANTIEDEMATOGENIC ACTIVITY OF THE F1 FORMULATION IN
A MODEL OF ARTHRITIS INDUCED BY MONOSODIUM URATE (MSU) CRYSTALS IN
RATS.

The administration of F1 at doses of 5 and 10 mg/kg (t.v.) as pre-treatment obtained
a significant reduction (p < 0.05) of edema induced by monosodium urate crystals in rats in

the tibiotarsal region after 24 hours of pre-treatment and was maintained for 72 hours of
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observation when compared to animals that received only the vehicle (polaxamer gel). The
mean inhibitions for the 5 mg/kg dose were 0.95 + 0.61, 0.57 £ 0.29 and 0.42 + 0.09,
equivalent to 57.96, 76.54 and 79.61%, respectively. However, the animals pretreated with
the dose of 10 mg/kg exhibited inhibition averages of 1.10 £ 0.17, 0.57 £ 0.33 and 0.65 +
0.53, in that order. In percentage terms, it is equivalent to 51.32, 76.54 and 68.44% of
tibiotarsal edema. The reference drug at a dose of 5 mg/kg significantly inhibited (p < 0.05)
the formation of edema also from the second reading (24 h) and lasted for the entire
observation period, compared to the vehicle group. During the first reading, it was
evidenced that only the animals pretreated with the 5 mg/kg dose showed a significant

decrease (p < 0.05) in edema (0.72 + 0.26) when compared to the vehicle group (Table 3).

Table 03. Effect of the F1 formulation on uric acid-induced edema in the tibiotarsal region in rats, Teresina, PI, Brazil, 2024.

(n=32)
Joint volume variation (mm)
Treatment Time Range (Hours
(ma/kg, 4H Inhibition 24H Inhibition 48H Inhibition 72H Inhibition
t.d.) (%) (%) (%) (%)
Vehicle 1.53+0.56 2.26+0.49 2.43+0.37 2.06+0.11

F1 (5) 0.72+0.26* 52,94 0.95+0.61* 57,96 0.57+0.29*+* 76,54 0.42+0.09*** 79,61
F1 (10) 0.82+0.15 46,40 1.10+0.17* 51,32 0.57+0.33*+* 76,54 0.65+0.53*** 68,44
Piroxicam 0.83+015 45.75 0.93+0.20* 58,85 1.03+0.05*** 57,61 0.50+0.20*** 75,72
5)
NOTE: Effect of F1 at doses of 5.10 mg/kg, (t.v.), vehicle, Piroxicam 5 mg/kg (t.v.) on uric acid-induced paw edema
(40mg/mL) in the tibiotarsal region in rats. The values are expressed as mean + SD *p<0.05 and ***p<0.001 VS vehicle
(one-way ANOVA followed by Tukey's post-test

Source: NPPM/UFPI

EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF F1 ON CARRAGEENAN-
INDUCED PAW EDEMA IN RATS.

The pre-treatment of the animals with the F1 formulation at doses of 0.25; 0.50 and 1
mg/kg (t.v.) significantly inhibited (p < 0.05) carrageenan-induced paw edema during the
first hour of the evaluation, with mean inhibition of 2.10 £ 0.63; 1.31 + 0.68 and 0.94 = 0.69
when compared to the vehicle group, where a greater variation in edema was observed
(3.30 £ 0.69). For the first hour of the analysis, the percentages of inhibition were
respectively 36.36; 60.30 and 71.51%. For the second hour of analysis, the mean inhibition
observed were 3.11 £ 0.55; 2.24 + 0.87 and 1.73 + 0.47, these data demonstrate a
significant inhibition of edema in the groups pretreated with F1 at doses of 0.25, 0.50 and 1
mg/kg (t.v.), when compared to the vehicle group (5.24 + 0.97).

The percentages of edema inhibition for this same time interval were 40.64; 57.25

and 66.98%. During the analysis of the third hour, significant inhibition (p < 0.05) of edema
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was observed when compared to the vehicle group (5.93 £ 0.65), and the means found in
this analysis were 3.53 + 0.66, 2.47 = 0.85 and 2.46 + 0.45. The percentages of inhibition at
the third hour were 40.47; 58.34 and 58.51%.

At the fourth hour, significant inhibition (p < 0.05) was also observed in the groups
pretreated with F1 during the entire observation period, and the mean inhibition was 1.12 +
0.58, respectively; 2.36 = 0.82 and 2.00 £ 0.63. In percentage terms, edema was inhibited
in up to 75.80; 49.02 and 56.80% in relation to the vehicle group for the same time interval.
For the fifth hour of the analysis, significant inhibition of edema was also observed when
compared to the vehicle group, with the measured means being 2.68 + 0.49, respectively;
1.93 £ 0.65 and 1.115 + 0.63, while the vehicle group had an average of 4.10 £ 0.44. In
percentage, edema was reduced by 34.63; 52.92 and 71.95% for animals treated with F1.

Animals treated with piroxicam emulgel (positive control) at a dose of 5 mg/kg (t.v.)
also showed significant inhibition (p < 0.05) of edema during the entire observation period,
since the mean inhibition from the first to the fifth hour were 2.13 £ 1.10; 3.20 £ 0.53; 3.12 +
0.37; 3.36 £ 0.43 and 3.12 £ 0.39. The percentages of inhibition for this same time interval
were 35.45; 38,93, 47,38; 27.42 and 23.90% (Table 4).

Table 4: Effect of F1 on carrageenan-induced paw edema in rats. Teresina, PI, Brazil, 2024. (n=40)

Shank volume variation (mm)
Time Interval (Minutes)

Treat 1h Inhibit | 2 hours | Inhibit | 3 hours | Inhibit 4h Inhibit | 5 hours | Inhibit
ment ion ion ion ion ion
(mg/K (%) (%) (%) (%) (%)
g, v.t)
Vehicl | 3.30+0.6 5,240,97 5.930.6 4.63+0.4 4.10+0.4

e 9 T 5+ 3 4

Piroxic | 2.10+£0.6 | 36,36 | 3,110,55 | 40,64 3,53 40,47 | 1.12+0.5 | 75,80 | 2,68+0,4 | 34,63

am 3* ****+ +0’66 * 8*** 9****

0,25 *kk
Piroxic | 1,31+0,6 | 60,30 | 2,240,87 | 57,25 2,47 58,34 | 2,36+0,8 | 49,02 | 1,93+0,6 | 52,92
am 0’5 8**** ****i i0’85 * 2**** 5****

kK k
Piroxic 0,94+ 71,51 1,73 66,98 | 2.46+0. | 58,51 | 2,00+0,6 | 56,80 | 1,15+0,6 | 71,95
am1l | 0.69**** 10,47 *x* 455 5%% ikl Jrkkk
%ok
Piroxic | 2.13+1.1 | 35,45 3,20 38,93 | 3.12+0. | 47,38 | 3.36+0.4 | 27,42 | 3.12+0.3 | 23,90
am5 o* 40,53 *x* 37 #xkx Chd gx*
%ok

Legend: Effect of F1 (0.25, 0.50 and 1 mg/kg, t.v.), vehicle, Piroxicam 5 mg/kg t.v.) on carrageenan-
induced paw edema (1%; 0.1 mL, i.pl.) in rats. The values are expressed as mean + SD, *p<0.05 **p<0.01
***p<0.01 and ****p<0.001 the post-test ANOVA was applied onway followed by Tukey's post-test

‘
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EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF FORMULATIONS F1 AND
F2 ON HISTAMINE-INDUCED PAW EDEMA IN RATS

Administration of formulations F1 and F2 as pretreatment at a dose of 0.50 mg/kg
(t.v.) significantly reduced (p<0.05) histamine-induced edema during the observation
interval of up to 90 minutes when compared to the vehicle group. The mean inhibition
evaluated for F1 at the intervals of 30, 60 and 90 minutes were 0.55+0.43, 0.56+0.41 and
0.45%0.30 respectively, in percentage terms equivalent to 66.86, 55.90 and 48.86%, in that
order.

The group treated with the F2 formulation showed significantly decreased edema
(p<0.05) when compared to the vehicle group, during the first 90 minutes, with inhibition
averages of 0.89+0.39, 0.48+0.18 and 0.37+0.20 in that order. In percentage, this
corresponds to 46.38, 62.20 and 57.95, respectively. Animals pre-treated with vehicle (t.v.)
showed mean inhibition of 1.66+0.50; 1.27+0.59 and 0.88+0.29, in this group the variation
in edema was described as 100% at all observation times. It is also worth noting that there

was no significant inhibition of edema during the last reading at 120 minutes (Table 5).

Table 5. Effect of topical formulation of bacuri butter on paw edema of histamine and prostaglandin-induced
wistar rats. Teresina, PI, Brazil, 2024. (n=32+32)

Variation in the volume of histamine-induced paw edema (mm)
Time Interval (Minutes)
30 min Inhibitio 60 min Inhibiti 90 min Inhibiti 120 Inhibition
Treatment n (%) on (%) on (%) min (%)
(mg/kg, v.t.)
FP 1.66+0.50 1.27+0.5 0.88+0.2 0.42+0.
(vehicle) 9 9 27
FMB (0,50) 0.89+0.39* 46,38 | 0.48+0.1 | 62,20 | 0.37+0.2 | 57,95 | 0.22+0. 47,61
8** 0* 12
Piroxicam 0.70+0.41** | 57,38 | 0.59+0.2 | 53,54 | 0.32#0.2 | 63,63 | 0.12+0. 71,42
5) * 5* 11
Prostaglandin-induced paw edema volume variation (mm)
Gel 0.81+0.37 1.28+0.3 1.09+0.4 0.330.
polaxamer 7 2 17
FMB (0,50) 0.36+0.18* 55,55 | 0.64+0.2 | 50,00 | 0.45+0.1 | 58,71 | 0.410. 24,24
2** 2** 23
Piroxicam 0.31+0.5* 61,72 0.70£0.5 | 45,31 | 0.57+028 | 47,70 | 0.32+0. 3,03
5) 1* * 21
Legend: FP — polaxamer formulation, FMB — Bacuri butter formulation (0.50 mg/kg, t.v.), vehicle on
histamine-induced paw edema (1%; 0.1 mL, i.pl.) in rats. The values are expressed as mean + SD *p<0.05
**p<0.01 VS vehicle (one-way ANOVA followed by Tukey's post-test.
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EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF FORMULATIONS F1 AND
F2 ON PROSTAGLANDIN-INDUCED PAW EDEMA IN RATS

Transdermal administration of formulations F1 and F2 as pretreatment at a dose of
0.5 mg/kg significantly inhibited (p<0.05) prostaglandin-induced edema (0.01%) in the right
hind leg for up to 90 minutes of observation in relation to the vehicle group. The mean
inhibition for the F1 formulation was 0.27+£0.16; 0.52+0.28 and 0.46+0.25. The F2
formulation showed inhibition averages of 0.36+0.18; 0.64+0.22 and 0.45+0.12 mm. The
standard drug used in this protocol showed antiedematogenic activity during the first 90
minutes of observation when compared to the vehicle group, with inhibition averages of
0.31+0.5, 0.70+0.51 and 0.57+028 mm, respectively. The vehicle group had averages of
0.81+0.37, 1.28+0.37; 1.09+0.42 and 0.33£0.17. In the last observation time (120 minutes),
no significant inhibition of edema was observed in the groups pretreated with formulations
F1 and F2 (Table 6).

EVALUATION OF THE ANTI-EDEMATOGENIC ACTIVITY OF FORMULATIONS F1 AND
F2 ON ZYMOSAN-INDUCED TIBIOTARSAL JOINT EDEMA (ZY) IN RATS

Previous administration of F1 (0.50 mg/kg t.w.) showed a significant reduction
(p<0.05) in edema compared to the vehicle group in the Zymosan model of arthritis. The
mean inhibition presented for the F1 formulation were 0.50+0.21, 0.54+0.26, 0.35£0.21,
0.31+0.16 and 0.16£0.10 mm in relation to the vehicle group. These averages are
equivalent to inhibitions of 42.52, 7.57, 66.01, 56.94 and 67.34%. On the other hand, the
animals pretreated with the F2 formulation at a dose of 0.5 mg/kg did not show significant
inhibition (p>0.05). Similarly, the group treated with piroxicam 5 mg/kg (positive control)
also showed a decrease in edema during the first five evaluations, the mean inhibition
presented were 0.384£0.16; 0.52+0.39; 0.26+0.22; 0.28+0.21; 0.14+0.07 and O.

Table 6 - Evaluation of the effect of formulations F1 and F2 on paw edema induced by zymosan in rats.
Teresina, PI, Brazil, 2024. (n=32)

Treatm Paw volume variation
ent Intervalo de tempo
(Mg/kg 1h Inhi 2 Inhi | 3 hours | Inhi 4h Inhi 5 Inhi 6 Inhi
/t.d) biti | hours | bitio bitio bitio | hours | bitio | hours | bitio
on n n n n n
(%) (%) (%) (%) (%) (%)
Vehicl | 0.87+ - 1.03+ 1.03+0. 0.72+0. 0.49+0 0.50+0
e 0.33 0.26 41 30 A3 .38
F1(0,5) | 0.50+ | 42, | 0.54+ | 47,5 | 0.35+0. | 66,0 | 0.31+0. | 56,9 | 0.16+0 | 67,3 | 0.19+0 | 62,0
0.21 | 52 | 0.26* 7 21** 1 16* 4 .10* 4 .22 0
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F2(0,5) | 0.56+ | 35, | 0.55+ | 46,6 | 0.57+0. | 44,6 | 0.47+0. | 34,7 | 0.18+0 | 63,2 | 0.34+0 | 32,0
0.28 | 63 | 0.27 0 40 6 30 2 .08 6 A3 0

Piroxic | 0.38+ | 56, | 0.52+ | 49,5 | 0.26%0. | 74,7 | 0.28+0. | 61,1 | 0.14+0 | 71,4 | 0.27+0 | 46,0

am(5) | 0.16* | 32 | 0.39* 1 22%** 5 21* 1 07* 2 .18 0

Note: Legend: Effect of the F1 and F2 formulation (0.50 mg/kg, t.v.), vehicle on zymosan-induced paw
edema (0.01%; 0.1 mL, i.pl.) in rats. The values are expressed as mean = SD *p<0.05 **p<0.01 and
***p<0.001 VS vehicle (one-way ANOVA followed by Tukey's post-test

DISCUSSION

Corroborating this research, it was observed in the study entitled "Preclinical trials in
rats treated with 1,3-diestearyl-2-oleylglycerol, an isolated constituent of Platonia insignis”,
in which they found that the acute treatment with this compound at a dose of 30 m9+9-1 did
not alter in general the behavioral pattern of the rats and did not produce hematological and
histopathological changes in the brain and liver areas analyzed.3®

Still related to acute toxicity was detected in the named study: Preclinical toxicology
of garcinielliptone FC, a tautomeric pair of polyprenylated benzophenone, isolated from
seeds of Platonia insignis Mart, that treatment with garcinielliptone FC, at selected doses
administered orally and intraperitoneally, showed relatively low risk of toxicity in all test
animals, suggesting that it is safe for further investigation.3¢

Research related to the pharmacological activities of bacuri butter (Platonia insignis
has shown actions such as: antioxidant, wound healing, leishmanicides and anticonvulsant
activities through extracts extracted from bacuri butter.3” Furthermore, the tea from the
seeds of the fruit is empirically used in episodes of diarrhea.® In addition, the oil and yellow
latex from the seeds are applied in cases of accidents with ophidians and some species of
arachnids, topical treatment of skin conditions, otitis, rheumatism and arthritis due to their
healing, antitumor, antimicrobial, antioxidant and cytotoxic qualities.38-3°

Extracts and some compounds existing in the seeds of the bacuri have manifested
anti-inflammatory, antioxidant, anticonvulsant and cytotoxic qualities, which are widely
researched for the formulation of a possible drug that has pharmacological properties now
identified, with therapeutic action against several diseases, such as cancer, Alzheimer's
and Parkinson's disease.*°

Studies have shown the antioxidant potential of Platonia insignis , which favors the
fight against free radicals, which are normally implicated in mechanisms that induce
inflammatory processes and pain (due to apoptosis).*? It is believed that high levels of

Reactive Oxygen Species (ROS) in the body can also lead to the manifestation of acute

REVISTA ARACE, Sio José dos Pinhais, v.6, n.2, p.685-711, 2024

- 698



*

Revista

ARACE

pain.*142 However, studies that better clarify the mechanism of action of these effects are
still fundamentally required by the small amount of material justifying these results.

In the research, "Antioxidant and anti-inflammatory effect of methanol extracts of
Asphodelus microcarpus”, whose purpose was to evaluate in vitro pharmacological activity
of the different methanol extracts of Asphodelus microcarpus: leaf, stem, flowers and root,
there was proof of pharmacological activity,43 such as those observed in the butter of the
seed of Platonia insignis.

It was also possible to verify that in chemical studies attributed to the genus Platonia,
several biologically active natural products were discovered, as well as xanthones and
phloroglucinol derivatives, which constitute the elementary class of highly successful
secondary metabolites of the Clusiaceae family. These derivatives have been widely
examined due to their biological activities, integrating antioxidant, anti-inflammatory,
cytotoxic and antimicrobial, antidepressant, anti-HIV, antitumor and antioxidant action39.

Histamine-induced paw edema is a classic model widely used in experiments
involving edematogenic action.** It can bind basically to four G protein-coupled receptor
subtypes (HR1, HR2, HR3, and HR4), which can favor the formation of phosphatidyl inositol
(IP3), and consequently, increase intracellular calcium levels, and promote the activation of
nuclear transcription factors, such as NF-kB. The HR1 and HR2 receptor subtypes are
involved in most histamine-induced inflammatory responses.** Histamine is responsible for
several vascular modifications, such as vasodilation, increased vascular permeability,
favors platelet activating factor (FAP) synthesis and prostacyclin synthesis (PGI2).46
Regarding the results obtained, both F1 and F2 showed antiedematogenic activity. Thus, it
Is possible to suggest that the formulations may interfere with the binding of histamine to its
receptors, or even, as previously mentioned, inhibit histamine exocytosis in the interstitial
medium.

Also corroborating the results obtained, it was noticed that the formulation of bacuri
butter plus piroxicam (F1) as well as the formulation of bacuri butter alone (F2) significantly
regressed the paw edema in rats induced by histamine, the results indicated that the
analgesic action of the formulations was stronger than the anti-inflammatory action.3’

In a complementary study, it was found that turmeric longa and Zingiber officinalle
were the most pointed out as medicinal plants with anti-inflammatory action, used in the
treatment of arthritis. Other plants with therapeutic potentials such as Caesalpinia ferrea;

Curcuma longa; Kalanchoe pinnata; Schinus terebinthifolius; Tabebuia avellanedae;
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Trifolium pratense; Uncaria tomentosa; Zingiber officinale, showed anti-inflammatory
activities perhaps as did Platonia insignis Mart.*” Research has revealed the ability of
medicinal plant derivatives to selectively inhibit COX-2 activity in different edematogenic
models using different phlogistic agents.*84° However, the anti-inflammatory activity may be
associated with the presence of compounds such as: polyphenols, flavonoids, terpenoids,
alkaloids, anthraquinones, lignins, polysaccharides, saponins and peptides, some of which
are components in the seed of Platonia insignis Mart.>0-51

The activity of formulations F1 and F2 in a prostaglandin-induced model of paw
edema (PGE2) was also evaluated. PGE?2 is considered a key pro-inflammatory mediator in
the inflammatory process, being found in high levels in inflammatory exudates and when
administered directly to the tissue, it is capable of inducing a series of classic signs of
inflammation52. It is an abundant metabolite and plays an important role in the genesis of
hyperalgesia, pyrexia and vascular permeability, being an important pharmacological target
in inflammatory diseases.>?

Since it modulates vascular events and favors the formation of exudate late, a few
hours after the beginning of the inflammatory process, mainly potentiated by the effect of
histamine, causing changes in its sensitivity, lowering the pain threshold for mediators such
as histamine, serotonin and kinins, causing local pain, induced by mechanical and chemical
agents, become more pronounced.>*

PGEZ2 is produced by the degradation of arachidonic acid by cyclooxygenases, and
released after its synthesis, it performs its biological function by activating the G protein-
coupled receptor (EP). The heterogeneity in the biological functions of PGE2 is attributed to
its binding to at least four different subtypes of EP receptors, which in turn express their
signals through alteration of intracellular calcium (Ca2+) or modifications of cyclic
adenosine-monophosphate (CAMP) levels.®® Thus, PGE?2 is responsible for the activation of
several kinases that modulate a series of cellular functions, which can lead to an
inflammatory response characterized by plasma leakage, pain, and fever.56

The study demonstrated that the F1 and F2 formulations showed antiedematogenic
activity on PGE2-induced paw edema. This inhibitory activity may be related to inhibition of
the PGE receptor or even block points in the PGE2-induced signaling pathway.

The Ben-Cha-Moon-Yai (BMY) remedy used in traditional Thai medicine as an anti-
inflammatory, analgesic and antipyretic composed of five herbal root extracts with equal

measures: Aegle quinces, Oroxylum indicum, Dimocarpus longan, Dolichandrone serrulata
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and Walsura trichostemon Mig. These extracts exhibited anti-inflammatory properties,
which may be due to their activity in the prostaglandin system57. Information observed in
the formulations presented here (Table 6).

Research has revealed that Allium cepa L. (Liliaceae), the popular onion, is
consumed all over the world. The substances that make up onions, including saponins,
aglycones, quercetin, cepaenes, flavonoids, organosulfurs, and phenolic compounds, have
shown various pharmacological properties and therapeutic effects. The results of the use of
onion derivatives in oxidative stress, inflammatory and immune system were exhibited
pointing out their therapeutic importance in the treatment of several diseases related to
oxidative stress, inflammation and immune dysregulation.®® Similar pharmacological
activities were observed with the derivatives of the seed of Platonia insignis.

Next, the activity of the F1 formulation on Zymosan-induced paw edema (zy) was
evaluated. This experimental model of arthritis in rodents is widely used because it has
similarities with joint diseases in humans. Usually there is leukocyte infiltration, edema
formation, and acute histopathological changes.%°:6°

The release of pro-inflammatory cytokines such as TNF-q, IL-18, IL-18 and IL-6,
hypertrophy of the synovial joint and neutrophil recruitment are also observed. Neutrophils
are the main cells present in the synovial fluid of joints with arthritis, they are often found
near areas of cartilage erosion, favoring the formation of damage to cartilage tissue and
bone matrix. This ends up favoring the release of oxidizing substances and protease
enzymes, contributing to the progression of the disease.?'-%? Increased release of ROS,
enzymes with high cartilage destructive power, is also common, which culminates in intense
pain in the joints and some important socioeconomic limitations, especially in locomotion
and work capacity. This occurs mainly in the presence of neutrophil infiltration in the joint
region.6364.65

These inflammatory conditions are similarly observed in the acute phase of
rheumatoid arthritis and osteoarthritis. Therefore, intra-articular administration of Zymosan
is an experimental model that promotes inflammatory parameters similar to RA.%% It is a
polysaccharide extracted from the wall of the fungus Saccharomyces cerevisiae,67 and is
recognized by selectin-1 receptors, expressed in monocytes, macrophages, neutrophils and

dendritic cells.%8
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After its recognition by macrophages, Zymosan interacts with the toll-like receptor
(TLR2) on the surface of cells and induces the activation of the NF-kB factor, favoring the
production of inflammatory cytokines.5%-70

Quercetin is the flavonoid quite common in nature and exposes prominent
antioxidant properties, encompassing oxygen radical scavenging, lipid peroxidation
reduction, and metal ion chelation. Indicators show that quercetin inhibits the expression of
pro-inflammatory cytokines (e.g., TNF-a) by eliminating NF-kB signaling ((nuclear factor
kappa B) decreases paw edema and hyperalgesia, prevents attenuation of GSH
(glutathione) levels caused by inflammatory agents, and decreases neutrophil recruitment
by interdicting cell signaling responsible for actin polymerization71. In addition, quercetin
precisely prevents the proliferation of synoviocytes and angiogenesis in an inflammatory
process related to arthritis, showing its potential as an antirheumatic drug. Considering the
evidence described here, the effects of quercetin were investigated in experimental
zymosan-induced arthritis in mice with a focus on molecular events regulated by the
transcription factors NF-kB and Nrf2(erythroid-derived nuclear factor 2).”* Answers similar
to those obtained in this study.

In a Zymosan-induced model of arthritis, in which pequi oil was used as a
pretreatment in rats, it was observed that there was inhibition of the production of pro-
inflammatory cytokines (TNF-a and IL-IB). Apparently, this action may be involved with the
inhibition of neutrophil migration, with responses similar to those found in this study.’?

In conclusion, it was evidenced that in the pre-treatment with bacuri butter emulgel
and Piroxicam (F1) at doses of 5 and 10mg/kg (t.v.) in arthritis induced by monosodium
urate crystals in rats in the tibiotarsal region, with evaluation of edema after 24h and 72h, it
was detected that there was a reduction in edema when compared to the vehicle. But the
dose of greatest statistical significance was 5 mg/kg.

In the pre-treatment with bacuri butter emulgel and Piroxicam (F1) in carrageenan-
induced paw edema in rats at doses of 0.25; 0.5 and 1 mg/kg (t.v.) with evaluations from
the 1st to the 5th h, a statistically significant reduction in edema was reported at the time
intervals according to the arthritis protocol for all doses when compared with vehicle
(Poloxamer gel) and positive control (Piroxicam gel).

In the pre-treatment with bacuri butter emulgel and Piroxicam (F1) and bacuri butter
emulgel (F2), both at a dose of 5 mg/kg (t.v) in histamine-induced paw edema in rats, it was

observed that there was involution of the edema in the times of 30 to 90 minutes when
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compared to the vehicle.

In the pre-treatment with bacuri butter emulgel and piroxicam (F1) and bacuri butter
emulgel both at a dose of 0.5 mg/kg (t.v.) in prostaglandin-induced paw edema in rats, it
was observed that there was inhibitory activity of the edema activity that may be associated
with PGE receptor inhibition.

In the pre-treatment with bacuri butter emulgel and Piroxicam (F1) in tibiotarsal
edema induced by Zymosan in rats at a dose of 0.5 mg/kg (t.v.), in the evaluation of edema
in the period from 1h to 6h, inhibition of edema was detected when confronted with the
positive control (Piroxicam gel 0.5%) at a dose of 5 mg/kg (t.v.) and vehicle. As for the F2
formulation, it showed slight inhibition when compared to the vehicle, a situation expected
in view of the action of F1, which showed superior efficacy to the commercialized

Piroxicam.

CONCLUSION

According to the results obtained, it was possible to conclude that, to date, there is
no commercially registered topical bacuri/piroxicam emulgel. Although patent registration
No. BR 10202302227849, entitled; "Topical emulgel of bacuri butter (Platonia Insignis
Mart.) for the treatment of arthritis”, an integral part of this article was recently published in
the INPI journal. The formulations did not show dermal toxicity and have antiarthritic activity
proven in preclinical trials. Piroxicam emulgel showed superior activity to marketed
piroxicam.

The formulations exhibited a potential associative effect with great pharmacological
efficacy for the topical use of arthritis, especially in the elderly, given the amount of oral
medications used by this clientele, which is exposed to the side effects of oral NSAIDs. This
formulation has pleasant organoleptic characteristics and, as it is a product originating from
medicinal plants, it is easy to access, in addition to excellent adhesion, spreadability and

delivery of the active ingredient of the drug at the site of pain.
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