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ABSTRACT
Introduction: Repeated overloads of a tendon may give rise to an inflammatory response, called tendinitis, which usually begins 
suddenly. Researches report that the Brazilian Northeast is common to use the pequi oil (Caryocar Coriaceum wittm) in the treatment 
of inflammation and other diseases. Objective: To evaluate the anti-inflammatory effect of pequi oil in tendon repair process in rats 
after induced tendinitis. Methods: 36 male rats were divided into groups: control, ultrasound + oil pequi and pequi oil. To induce 
tendinitis, it was used a intratendineous injection of collagenase in the right calcaneal tendon. The treatment consisted of daily 
application of ultrasound + pequi oil or just pequi oil on the tendon. Macroscopic analysis was performed with the pachymeter on 
1st, 7th and 14th days. Posteriorly, the rats were sacrificed with an overdose of intravenous barbiturate, then it was dissected and 
removed the tendon to enable the histological analysis with Hematoxylin & Eosin (HE). Results: There was a reduction in the number of 
inflammatory cells in the animals treated for 7 days in the groups UST + pequi oil and pequi oil compared to the control, with p <0,001. 
At 14 days, the group UST + pequi oil showed greater number of fibroblasts than the other groups, with p<0,01. Conclusion: The pequi 
oil accelerated the tendon repair in the animals and the treatment with US + pequi oil was the most effective because it reached good 
statistical significance in seven and 14 days. 
Keywords: Physiotherapy. Rehabilitation. Ultrasound. Inflammation. Tendinopathy.
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INTRODUCTION
Repetitive overloads of a tendon, biomechanical or 

vascular problems may give rise to an inflammatory response, 
called tendinitis, which usually has a sudden onset. Initially, 
individuals report a subtle pain in the tendon after an exercise 
demand, which, when left untreated, also affects their daily 
activities, thus being able to progress to a degenerative 
process, predisposing to more serious injuries such as ruptures, 
unnecessary wear and other sequelae(1.2).

The use of medicinal plants comes from native knowledge, 
already being used in several parts of the world, especially 
in countries that are still developing, where the majority of 
the poor population can not afford industrialized medicines. 
The medicinal plants are the raw materials of vegetable origin 
which have been used to alleviate, prevent or cure diseases or 
to change their physiological and pathological process both in 
humans and in animals(3-5).

In the Brazilian Northeast it is common to use the pequi oil 
(Caryocar coriaceum Wittm) in the treatment of inflammation 
and other diseases such as colds and broncho-pulmonary 

infections, by containing fatty acids in its composition, widely 
used as healing agents for popular of various culture countries. 
It also refers to the external use of the oil in small wound 
dressings, in the form of compresses and physiotherapeutic 
massages in cases of muscular, rheumatic and bruising pains, 
because the fatty acids function as a protective barrier 
against microorganisms, avoid tissue dehydration and have a 
important immunomodulatory character(6-8).

Physiotherapy is based on the rehabilitation processes with 
the use of non-invasive techniques, using several resources to 
achieve satisfactory results in a faster and more efficient way 
in the consequences of numerous pathological conditions 
and diseases, especially those of musculoskeletal origin, 
such as example, tendonitis, which are one of others types of 
inflammation present in the population(9).

Among the physiotherapeutic techniques for rehabilitation, 
we highlight the phonophoresis, which is the use of a medicine 
in the form of gel associated with the transducer of the 
physiotherapeutic ultrasound device, which differs from the 
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medical ultrasound because it is used in the rehabilitation of 
pathologies. Phonophoresis occurs by the preparation and 
introduction of the substance topically to promote local or 
systemic effects and the ultrasound facilitates the penetration 
of these substances, which allows a transcutaneous penetration 
between 4 and 5 centimeters by increasing somatic pressure. 
The drugs most used in phonophoresis are anesthetics, the 
irritants and anti-inflammatory drugs, mainly seeking to 
achieve pain relief or an anti-inflammatory action(10-11).

Thus, the objective of the present study was to evaluate the 
anti-inflammatory effect of pequi oil in the process of tendon 
repair in rats after induced tendinitis.

METHOD
The research was initiated after submission and approval 

by the Committee on Ethics in the Use of Animals (CEUA) 
of the Faculdade Integral Diferencial-FACID/DEVRY, under 
the protocol number 006/2012, according to the law 
n° 11.794/2008.

The study was delineated as experimental with a 
quantitative approach. The field of data collection was the 
Physiology laboratory of a private higher education institution 
in the city of Teresina-PI, due to the physical structure being 
sufficient to carry out the work.

Data collection was conducted from February 2013 to 
January 2014. The study included 36 males of the Wistar 
(Rattus norvegicus), from the vivarium of the Faculdade 
Integral Diferencial-FACID/DeVry, kept from birth to the age 
of 30 days in a light and dark cycle of 12 hours with feed and 
water ad libitum, weighing between 200 and 250g, randomly 
divided into three groups with 12 animals. The animals were 
grouped by period according to treatment and analysis of 
macroscopic and histological data, which followed a pattern 
of seven and 14 days.

The pequi oil (Caryocar Coriaceum wittm) was commercially 
purchased from the Teresina-PI Supply Center in February 2013 
in the home-made form.

The animals were randomly divided into three groups 
with 12 animals each according to the treatment: control, 
Ultrasound+pequi oil and pequi oil. Subsequently, the animals 
were subdivided into groups A and B with treatment time of 
seven and 14 days, with six each. Tendonitis was induced in all 
groups and animals in the control group received no treatment. 
The injured animals were treated with 0.5ml of pequi oil for 
seven and 14 days.

To perform the procedure, the animals were anesthetized 
intramuscularly with 10% ketamine hydrochloride 
(0.1mL/100g/kg - dose), combined with the same dose of 2% 
xylazine hydrochloride. The rats received a intratendinous 
injection with 0.10ml of collagenase (10 mg/ml; SIGMA; C6885), 
dissolved in a sterile phosphate buffered saline solution, in the 
right calcaneus tendon, using a 30G needle. Subsequent to the 
surgical procedure, the rats were submitted to prophylactic use 

of a wide-spectrum Pentabiotic (Fort Dodge) in a single dose 
of 0.02mL per 100g of the animal, intramuscularly.

The crushed pequi seeds were macerated with hexane 
at room temperature for the extraction of the total lipids. 
This procedure was repeated three times at thirty minute 
intervals. The extract was subjected to a reduced pressure 
in a rotary evaporator, and thus, the oil of pequi seeds was 
obtained.

The saponification was done from 50g of the oil with 14g 
of potassium hydroxide (KOH) and 750mL of methanol under 
reflux for 60 minutes. Thereafter, 80% solvent evaporation 
occur in a rotary evaporator under reduced pressure. 
The initial volume was reconstituted with distilled water and 
extracted with diethyl ether in a separator funnel. The ether 
phase was concentrated on rotary evaporator under reduced 
pressure, dried over anhydrous sodium sulfate, washed with 
distilled water and weighed to determine the percentage 
of unsaponifiable material present in the oil. The material 
produced was the unsaponifiable fraction of the oil that was 
used in the biological tests.

The treatment was started 24 hours after induction of 
tendinitis. An ultrasound of Ibramed brand, model sonopulse 
in pulsed mode at 10% was used, frequency of 1 MHz, with an 
intensity of 0.5 W/cm2, direct coupling method of oscillatory 
movements in an ERA of 1 cm2 for three minutes, using 0.5 mL 
of pequi oil in each animal, where in the UST+pequi oil group 
the two techniques were associated, whereas in the pequi oil 
group, only the oil was applied to the tendon as a treatment. 
Animals were treated daily for a period of seven and 14 days.

The animals from the UST+pequi oil group, as well as the 
pequi oil group, were positioned in pronation with the limb 
in extension, where it facilitated the manipulation of the right 
calcaneus tendon of the animal for proper treatment.

This protocol followed the literature because, for superficial 
lesions with small area, it uses the above protocol(12). 
The device was duly calibrated by a specialized company, 
before and after the proposed treatment, to verify if there 
would be no loss of intensity during the treatment.

At the end of the 7 and 14 day cycles, the rats were 
sacrificed by intravenous application of a barbiturate overdose 
(Pentobarbital Sodium, 60mg/kg). Then, the dissection and 
removal of the calcaneus tendon from the right hind paw 
was performed. Thus, enabling the histological analysis of the 
tendon with Hematoxylin & Eosin (HE).

All treatments and readings were performed on the right 
hind paw of each animal. For the intervention and handling the 
animals were placed in an anesthetic chamber, manufactured 
by hand, using Halotane as a volatile anesthetic, thus avoiding 
their suffering. The animals sacrificed were later taken to a 
landfill.

For macroscopic analysis, it was necessary to quantify the 
edema in the region of the experimental lesion, where a metal 
caliper was used, positioned in the hind paw in the region of 
the right calcaneal tendon of the animal, with the limb in full 
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extension, where the reading was measured in millimeters in 
the first, seventh and 14th day by the same researcher, in order 
to avoid changes in the mode of measurement, according to 
the literature.

The rat achilles tendon was isolated after 7 and 14 days of 
tendinitis induction. For histological preparation, the tissue 
was fixed in 10% formaldehyde for a period of 24h. Then the 
piece was dehydrated in alcohol with increasing percentages 
(50%, 70%, 80%, 90%) for periods of 1h and finally in alcohol 
100% for 8h. After dehydration, the specimen was diaphanized 
in xylol for 4h, remaining in paraffin for 4h in a stove at 58ºC 
and then emblocated to perform the histological sections.

The pieces were stained with Hematoxylin Eosin - HE, 
for later microscopic analysis. The slides were also referred 
to a pathologist who observed the following characteristics: 
arrangement of the collagen fibers; neovascularization (absent, 
mild, medium or severe) and type of inflammatory reaction 
and predominant cell type: acute (neutrophils), chronic 
(lymphocytes) and acute-chronic (without neutrophils or 
lymphocytes predominance).

The anatomical piece of interest was removed with a 
sterile scalpel, with a margin of one centimeter around 
the lesion and referred for routine histological procedures. 
Semi-serial sections with 0.5mm were obtained, stained with 
hematoxylin-eosin (HE), submitted to histological analysis. 
This was done using a Labomed optical microscope (TCM 400), 
coupled to a digital camera system NA 0.30.

Three images of different fields were obtained in each slide, 
per animal, in the 40X objective: central, right and left margin 
of the lesion. To count the number of inflammatory cells, 
the Image J computer program was used in its “cell conter” 
function.

For qualitative evaluation was analyzed the evolution of 
tendon repair process for the presence of inflammatory cells, 
fibroblasts and collagen fibers(13).

The study of the data occurred after histological processing, 
through the analysis of the inflammatory cells, which were 
stained in purple and pink through HE.

The data were collected in standardized spreadsheets 
and organized in the Microsoft Office Excel 2010 program. 
Subsequently, the data were analyzed from the inferential 
statistics by variance tests for repeated measures, the One Way 
ANOVA Test Post Hoc TUKEY. The confidence interval used 
was 95% around the mean, and the comparison was made in 
graphic mode. Statistical analysis was performed using Graph 
Pad Prism 5.0 software.

RESULTS
After analysis of the data, it was observed a minimum 

growth in tendon width from 7th to 14th day, probably due 
to human failure at the time of calcaneus tendon diameter 
measurement of rats, which did not compromise the result 
of the research, since rats were analyzed in groups, not 
individually.

In comparison of the tendon width values among the three 
groups, the ultrasound+pequi oil and oil pequi groups were 
quite effective in the treatment of inflammation after seven 
days, with highly significant (p <0.001), while the control it was 
not observed significant improvement in that short period of 
time, which is due to do not received no intervention, however 
after 14 days, all groups were able to achieve the same tendon 
width values, demonstrating that the therapy employed was 
more efficient at an acute phase when it comes to edema 
analysis (Figures 1 and 2).

In the analysis of the inflammation by the number of 
Neutrophils, we observed that in the first seven days there 
was an increase in the anti-inflammatory effect in the 
treated groups compared to the control group (13.80±7.11). 
In both the U+Pq.O (4.22±2.32***) as Pq.O. (2.56±1.57***) 
presented statistical significance in the first seven days, 
which we did not observe after 14 days of treatment [Control 
(2.67±0.95, U+Pq.O.±1.03), Pq.O. (1.53±0.56)], suggesting 
that the organism recovered naturally after 14 days, with a 
reduction in the number of neutrophils in the Control group, do 

Figure 1: Values of the tendon width evaluated between the values distributed 
between the time of treatment. Legend: *p<0,05 compared to control; 
***p<0,001 compared to control; ns (non significant); C (Control); U+Pq.O. 
(ultrasound + pequi oil); Pq.O. (pequi oil).

Figure 2: Values of the tendon width evaluated distributed between the time 
of treatment. Legend: *p<0,05 compared to control (C) and groups ultrasond 
+ pequi oil (U+Pq.o.) and Pequi oil (Pq.O.); Mean values shown.
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not presenting statistical difference between groups, ratifying 
that in the period of seven days both therapies are effective 
and that after 14 days there is no difference between the 
groups in this question (Figure 3).

In the evaluation of tissue repair through fibroblast cell 
counting, we observed a restoration of the fiber constitution 
in the U+ Pq.O. group (3.87±1.15**) in the first seven days, 
compared to group C (1.00±0.33), which we did not observe 
in the Pq.O. group (2.28±0.93). Regarding the study of the 
number of fibroblasts at 14 days of the experiment, we 
observed a numerical difference between the group, but 
not significant, with the group U+Pq.O. (4.67±1.04) having 
a greater numerical representation of fibers compared to 
groups C (3.07±0.89) and Pq.O. (2.67±0.62). This suggests 
that the activity of pequi oil is efficient, but when associated 
with ultrasound there is a greater potentiality for tissue 
reconstitution (Figure 4).

DISCUSSION
Given the various experimental models that exist, the 

acute collagenase-induced tendon inflammation model in rats 
is one of the most used in the study of tendinitis because it 
resembles the acute inflammation of the tendon in humans 
with formation of edema and acute destruction of the matrix 
extracellular, and it is considered an ideal model that allows 
to investigate molecular and histological changes “in vivo”(14).

In this study, a significant reduction in the size of the 
damaged area, showing the anti-inflammatory power of 
Caryocar coriaceum Wittm and therapeutic ultrasound seven 
and 14 days. In one study (15) it was also carried out the 
treatment of tendinitis in rats induced, but with the application 
of fatty material Ovis aries (goat tallow) associated with 
therapeutic ultrasound of 1MHz, pulsed mode at 10%, intensity 
of 0.5 Wcm2 during 2 minutes, and it was found that there 
was a significant anti-inflammatory effect in a period of seven 
days when compared to the control group, concluding that this 
technique interferes positively in the tendon healing, as well 
as the present study that used a similar protocol, differing in 
substance applied.

In the treatment of tendon lesions, the use of ultrasound 
is a real possibility therapy, as shown in a study(16), in which 
the therapeutic ultrasound produced reduction of pain and 
edema in 21 Wistar rats were divided into control group (CG); 
Continuous ultrasound (CUG); and pulsed ultrasound (PUG) 
with injured Achilles tendon, noting that the edema was a 
decreased earlier for ultrasound in pulsed form, using the same 
protocol for this research, differing only in the ultrasound cycle, 
which in this was of 10% and in the first it was of 20%, which 
did not significantly interfere in the results of the research, 
showing that the ultrasound in the pulsed form may be the 
most effective in this type of therapy.

A research(17) published recently also showed that the pequi 
oil has positive influence on the healing process of skin lesions 
in rats, by promoting greater speed tissue repair, by closing 
faster wounds and observation inflammatory characteristics 
reduced in the treated group compared to the control 
group, using 20 Wistar rats (Rattus norvegicus), body weight 
300-350g, randomly divided into two groups: GI-control and 
GII- treated with pequi oil daily topical application of 1 ml and 
studied in 7 and 14 days, which resembles the findings of this 
research on the influence that pequi oil has on inflammation, 
even acting alone, without another therapeutic means of 
conduction, such as ultrasound.

A study(18) in 25 Wistar rats, divided into three experimental 
groups (seven and 14 days): A7 and A14, induced tendinitis 
in the Achilles tendon right without treatment; B7 and B14, 
induced tendonitis treated with pulsed ultrasound of 1 MHz 
at 10% 0.5 W/cm2 with neutral gel, and C, control group, 
showed qualitatively and quantitatively an increase in 
the number of fibroblasts in seven days, and the collagen 
fibers at 14 days, for the ultrasound group compared to the 

Figure 3: Inflammatory cell values present in the three groups evaluated during 
the treatment period. Legend: ***p<0,001 compared to C (Control); U+Pq.O. 
(ultrasound + pequi oil) and Pq.O. (pequi oil); μm2 (Micrometer squared).

Figure 4: Fibroblast values present in the three groups evaluated 
during the treatment period. Legend: **p<0,01; C (control); U+Pq.O. 
(ultrasound + pequi oil); Pq.O. (pequi oil); μm2 (Micrometer squared).
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untreated induced tendonitis group and the control group. 
These findings confirm the anti-inflammatory power of the 
US, also found in the present study, which it was able to find it 
using the associated pequi oil, a fact that further potentiated 
the tendon repair.

The treatment with pulsed US showed efficacy in 
tendon regeneration in rats(19), because in 24 animals 
(Rattus norvegicus albinus), Wistar, male, 24 to 26 weeks of 
age and weighing between 350 and 450 grams for 11 days 
treatment after edema induced in the calcaneus tendon, 
divided in control group (CG) n=6, where they did not receive 
intervention; group 1 (G1) n=6, treated for 5 minutes with 
US in 20%, intensity 0.3 W/cm2; Group 2 (G2) n=6, treated 
as the same in the G1, but with an intensity of 1.5 W/cm2 
and Group 3 (G3) n=6, which received placebo treatment 
(turned off equipment), it was observed that the G1 and 
G2 obtained significance after posttreatment analysis, with 
a small advantage for G1, which is in agreement with the 
results of the present study, which, using a similar protocol, 
also verified tissue repair efficacy with a larger sample and 
shorter treatment time with the US.

Another study(20) demonstrated the influence pequi 
in inflammations, using 15 rats of the species Rattus 
norvegicus divided into three groups: sham operated 
(abdominal incision), placebo (pulmonary inflammation 
without treatment); Treated (pequi oil on acute pulmonary 
inflammation). It was observed that the treated group at 
the end of the study had fewer inflammatory cells when 
compared to the other groups (p <0.001), suggesting that 
pequi oil reduces the inflammatory response, even if it is of 
pulmonary origin, confirming what was seen in this research, 
which also showed that pequi oil is effective in inflammation, 
even when applied in isolation on the body, even after 
analysis of a different pathology and use of a larger sample.

It is observed that many authors agree that phonophoresis 
brings many benefits, however, many studies are still analyzed 
only in animals, where, despite their similarity with human, 
it is suggested that more research in necessary, especially in 
humans, to verify advantages of this type of therapy.

CONCLUSION
The pequi oil accelerated the tendon repair process in 

rats with induced tendinitis, mainly after seven days, but 
when it was associated with ultrasound, there was an even 
greater potential for repairing tendonitis, since it was able 
to reduce the number of inflammatory cells and increase the 
the number of fibroblasts in seven and 14 days, showing that 
phonophoresis is an advantageous technique when using 
pequi oil, which may help not only the physiotherapist on his 
ducts, but also the population that makes use of alternative 
therapies.
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