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ABSTRACT

Copaifera langsdorffii is a Brazilian native plant that is used for wound healing or as an anti-inflammatory agent.
Non-healing wounds are an important health problem, particularly in horses, because they can cause the animal invalidity
or even lead to death. In addition, horses respond to skin wounds with chronic inflammatory response and intense
wound granulation, thereby delaying the healing process. By this way, our aim was to evaluate the healing potential of
Copaifera langsdorffii hydroalcoholic extract (HE) and oil-resin creams (OR) in horse skin wounds. Four wounds were
performed bilaterally in the lumbar region of six horses with a 2 cm punch and treated daily with the respective treatments:
saline solution, vehicle, 10% HE creams or 10% OR cream. Daily planimetry analyses were performed to measure the
wound area and clinical parameters. In four different experimental periods (3, 7, 14 and 21 d), wound biopsies were
removed and used for microscopic analyses. SS wounds presented a significant small area at day 3 and 7, OR wounds
presented significant small area in comparison with HE at 14 d, and no significant difference was observed between
treatments at 21 d. A better microscopic and clinical healing activity of HE and OR was identified in comparison with
the controls. The OR group showed better healing quality, specifically after 7 d of treatment. Therefore, Copaifera
langsdorffii formulations demonstrated their wound healing potential in horse skin lesions, exhibiting an improvement
of the macro- and microscopic parameters.
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RESUMO

Copaifera langsdorffii é uma planta nativa brasileira usada para cicatrizagdo de feridas e como agente anti-inflamatério.
As feridas que ndo cicatrizam sdo um importante problema de saude em equinos, devido a possibilidade de afastamento
da carreira atlética ou até mesmo levar a morte. Além disso, os cavalos respondem as feridas com resposta inflamatdria
cronica e intensa granulagéo, atrasando o processo cicatricial. Dessa forma, o presente trabalho avaliou o potencial do
extrato hidroalcodlico (EH) e cremes de 6leo resina (OR) de Copaifera langsdorffii em feridas cutaneas de equinos.
Quatro feridas de 2 cm foram realizadas bilateralmente na regiao lombar de seis equinos e tratadas diariamente
com: solugdo salina, veiculo, creme EH 10% ou creme OR 10%. Diariamente foi efetuada a andlise macroscdpica das
feridas e planimetria para mensurar a area da ferida. Em quatro periodos experimentais diferentes (3, 7, 14 e 21 dias), as
bidpsias foram realizadas e utilizadas para analises microscopicas. As analises microscopica e clinica indicaram melhor
resposta cicatricial nas feridas tratadas com HE e OR em comparagao com os controles. O grupo OR apresentou melhor
qualidade de cicatrizagdo, especificamente ap0s sete dias de tratamento. Portanto, as formulagoes de Copaifera langsdorffii
utilizadas apresentaram potencial de cicatrizacao de feridas em lesdes de pele de cavalo, exibindo uma melhora nos
pardmetros macro e microscopicos.

Palavras-chave: Copaiba. Cicatrizagao. Fitoterapia.
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Introduction

Copaifera langsdorffii Dest Kuntze (Leguminosae) is a
native plant from the tropical regions of Latin America and
West Africa, which can be found from North to Southeast
Brazil, primarily in the states of Amazonas, Para and Ceara
(Veiga & Pinto, 2002). Copaifera langsdorf{fii is particularly
important in Brazil because it is widely distributed throughout
the country and is used in popular and indigenous knowledge
as a healing and anti-inflammatory agent (Corréa, 1984;
Veiga & Pinto, 2002). Due to its use in popular medicine
since the 16™ century, studies have reported several biological
activities related to the Copaifera langsdorffii oil-resin and
leaves extract, as well as skin wound healing (Gushiken et al.,
2017a; Lemos et al., 2015; Masson-Meyer et al., 2013),
anti-microbial activity (Abrao et al., 2015), gastrointestinal
diseases treatments (Gomes et al., 2007; Lemos et al.,
2015; Paiva et al., 2002), antiedematogenic (Furtado et al.,
2015), antinociceptive (Gomes et al., 2007) and urolithiasis
treatment (Brancalion et al., 2012; Oliveira et al., 2013).
However, there are few studies reporting copaiba effects
in horse skin wound healing (Lucas et al., 2017).

The study of cutaneous wound healing is an important
research field in veterinary medicine, particularly in
horses. From the discontinuity of skin integrity, there is
the beginning of the cicatricial response to re-establish
the protective barrier that separates the organism from
the external environment, thereby promoting a series
of mechanisms, such as coagulation, inflammation,
reepithelialization, granulation, angiogenesis, lesion
contraction and extracellular matrix remodelling (Rittie,
2016; Tziotzios et al., 2012). Due to biological factors, such
as a reduction of blood supply, excessive granulation and
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chronic inflammation, distal lesions in equine limbs present
retardation in healing mechanisms (Schwartz et al., 2002;
Spaas etal., 2013). Chronic inflammation causes excessive
granulation, delaying reepithelialization and remodelling of
the extracellular matrix, which delays wound closure and
increases the risk of possible infections, which may lead to
animal incapacitation and death (Funkquist & Obel, 1979;
Spaas et al., 2013).

Due to the importance of horses in human life, the
delay of wound healing in this species, the economic costs
of the treatments and the ineffectiveness of conventional
treatments, it is necessary to identify new therapeutic
strategies and products to accelerate wound retraction.
By this way, the use of natural products (Gal et al., 2009;
Rennert et al., 2013), such as plants or derived molecules,
have been successfully tested in wound healing (Cetin et al.,
2013; Morin etal., 2012; Roy et al., 2012; Tarameshloo et al.,
2012; Upadhyay et al., 2013).

Therefore, this study evaluated the healing potential
of topical formulations containing Copaifera langsdor{fii
hydroalcoholic extract of leaves and oil-resin extracted
from bark in the cutaneous lesions of horses.

Material and Methods

Animals

This study was approved by the Ethics Committee
on the Use of Animals of the Institute of Biosciences of
Botucatu - UNESP (CEUA - IBB 419/12). Six healthy
mixed-breed adult horses of both genders and with an
average age of 8 years were used. The animals were kept in
individual stalls, fed with coast cross grass hay, and provided
with water ad libitum.

The health status of all included horses was accessed by
clinical and laboratory evaluation (WBC count and feces
examination).

Skin wounds experimental induction

After 12-h fasting and xylazine hydrochloride (0.5 mg/ kg)
intravenous administration, horses were clipped covering
aregion of approximately 35 cm, in which the cranial limit
of the clipped area was the spinous processes of the 10"
thoracic vertebra, and the caudal limit was the spinal
processes of the 4" lumbar vertebra. The clipped area
extended bilaterally parallel to the axis of the vertebral
spine by 15 cm in width on the region of the longissimus
dorsi muscle. Antisepsis of the region was performed
with 2% degermant chlorhexidine digluconate followed
by alcoholic 0.5% chlorhexidine digluconate.
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Skin marking of the region for wounds was performed using
a pen for projector film, with markings being spaced 5 cm
apart between the wounds. Local infiltrative anaesthesia
was performed with 2% lidocaine without a vasoconstrictor.
Using a punch of 2 cm in diameter, four circular wounds were
performed on each side of the animal (one for each treatment).
The size of the wounds was based in previous descriptions
(Hussni et al., 2010; Gushiken et al., 2017a). The right side
was intended for macroscopic observations, planimetry and
observation of total healing time. Left-sided wounds were used
for biopsy collection for histopathological analysis according
to the protocol described by Hussni et al. (2004, 2010).

The study was randomized. The choice of the horses
for each treatment sequence was aleatory. The sequence of
the treatments was arranged in different sequences in each
animal and were combined alternately in the craniocaudal
direction, to avoid the influence of the location of the lesions
on the results. This combination resulted in an equitable
distribution of treatments by region. The sequence for each
animal was used bilaterally (Table 1).

Experimental groups

The wounds were subjected to the following treatments:
Saline solution 0.9% - control (SS); Base cream (Lanette) -
vehicle (BC); Base cream containing hydroalcoholic extract
from 10% copaiba leaves (HE); Base cream containing oil-
resin extracted from 10% copaiba bark (OR).

Pain assessment

Previously to the macroscopic examination of the
wound beds, a digital palpation of the perilesional region
was performed to evaluate the presence of pain sensibility.
The degree of sensibility was scored in 0-absent; 1- present
in one of the lesions; 2-present in two or more wounds.
The horses behavior was also evaluated to identify the
presence of pain. For this, food intake and the position of
the horse in the stall was used.

Perilesional oedema was evaluated in addition to pain
assessment and was graduated in 3 scores: 0-absent; 1- mild;
2- severe. The frequency of the scores of pain and edema
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atday 1, 3,7, 14 and 21 was evaluated between treatments.
The distribution of the frequencies was realized using
Proc Freq, and the analysis was performed using SAS
Version 9.1 (SAS Institute Inc., Cary, NC, USA).

No anti-inflammatory drugs were administered after
the lesions were performed to minimize negative effects
on healing. The administration of dipyrone (30 mg/Kg)
was reserved in case of pain at the wound site.

Macroscopic analysis

The wounds were treated daily with topical application of
the products directly on the lesion. Prior to the application
of the respective treatments, the wounds were cleaned
with 0.9% saline solution. The treatment was started
immediately after the wounds were performed.

Macroscopic analysis was performed by two trained and
independent evaluators. In cases of discordance, a third evaluator
was actioned. Photo documents were obtained at the time of
the macroscopic evaluations for each treatment performed
on each animal. A distance of 20 cm was standardized for the
photographs. In addition, daily measurement of the lesion
areas was performed using planimetry, with the contour ofits
edges being drawn by overlapping in transparent plastic sheets
and a marker pen. The area of the lesion was measured using
specific software from the ellipse area formula (Area = m *
smaller radius * larger radius).

Treatments were applied immediately after the macroscopic
analysis.

Microscopic analysis

All the wounds in the left side of the horses were subjected
to the biopsies that were performed on days 3, 7, 14 and 21 of
the treatment. Samples were collected using a scalpel blade
(n.15), alternately between the ends of the rays at the edges of the
wounds, measuring approximately 5 mm in length and 3 mm
in width, covering the transition region of the wound bed and
integrated skin (Figure 1). The samples were fixed in 80%
alcohol, formaldehyde, and acetic acid solution (18: 2: 1) and
processed for morphological and morphometric analyses. Next,
5-um-thick blades were stained with hematoxylin and eosin

Table 1 — Wound treatment distribution in the horse lumbar region (Botucatu- SP, Brazil, 2014)

Wound 1 Wound 2 Wound 3 Wound 4
Animal 1 SS BC HE OR
Animal 2 OR SS BC HE
Animal 3 HE OR SS BC
Animal 4 BC HE OR SS
Animal 5 SS BC HE OR
Animal 6 OR SS BC HE

SS — saline solution; BC — base cream; HE — hydroalcoholic extract; OR — oil-resin.
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(HE) to visualise the cellularity and quantify the number of
vessels (Gushiken etal., 2017a). All morphological analyses were
performed in 5 random fields for each sample with 40x lens
and the cellSens Standard software (Olympus, USA), with a
total analysis area of 100.000 um?*/slide. Measurements were
performed using AVSoft BioView 4.0 software.

Statistical analysis

Parametric data were expressed as the mean + standard
deviation of the mean and one-way ANOVA was performed
followed by Tukey’s test or Dunn’s Multiple Comparison

Intact skin

Figure 1 — Sequence of biopsy performed in horses for evaluating
skin lesions, on days 3, 7, 14 and 21 of treatment. The
fragments were removed in the form of an ellipse,
where the longest length was 5 mm and width 3 mm.

BC

Test with p <0.05. Analyses were performed using GraphPad
Prism software.

Results

Regarding the lesion induction procedure, there were no
complications that would cause discomfort and / or inflammation
for the removal of any of the animals from the experimental
groups. No horses presented pain at the perilesional lesion,
reduced food intake or presented a behavior compatible
with pain. No analgesics were administered. No difference
of pain sensibility or local edema was observed between
treatments. A mild perilesional edema was observed in all
lesions in the first 2 d of treatment. The frequency of the
scores of pain sensibility was the same between treatments.
All the lesions presented score 0 for pain at all time points.
Regarding edema, a score 1 was observed in all lesions
at day 1, a score 1 was maintained in the lesions treated
with SS at day 3, and a score 0 was identified for the other
treatments at day 3, and to all treatments at day 7 and 14.

The incorporation of the active principles into the
Lanette cream provided greater physicochemical stability
to the product, presenting low oiliness, moisturizing action,
emollient and maintenance of the chemical structure of
the active principles.

The wounds showed expected bleeding at the time of the
accomplishment (Figure 2A-D), followed by the formation
of a dark reddish crust consisting of a dehydrated and
non-adhered hemostatic clot. Between the second and

HE OR

Figure 2 — Treated horse wounds at different experimental periods (0, 3, 7, 14 and 21 d). Presence of initial hemorrhage (A-D);
presence of a hemostatic crust, serous exudate and edema of the border of the wounds (E-H), specifically (E-F); reduction
of exudate and perilesional edema, visualization of granulation (I-L); significant retraction of the lesions (Q-T), presence
of the fibrin crust (Q). SS — saline solution; BC — base cream; HE — hydroalcoholic extract; OR — oil-resin.
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third day, these wounds crusts were not adhered and were
removed during daily treatment, except for those treated
with physiological solution, which remained firmly adhered.

On the third day of treatment, the lesions showed
intense exudation and perilesional edema, particularly in
wounds treated with saline solution (Figure 2 E-H). In the
lesions treated with HE, there was no perilesional edema,
but the presence of exudates was observed (Figure 2G).
The wounds treated with the oil-resin were drier and did
not present an apparent crust (Figure 2H).

Biopsies performed on the third day showed many
typical lymphocytic infiltrate cells, and abundant cellular
debris could still be observed (Figure 3A-D).

The wounds treated with BC, HE and OR presented more
persistent serous exudate production with the formation of
a discrete yellowish, thin and adherent crust from the 7*
day of treatment (Figure 2 J-L), while the wounds of the
control group (SS) presented serous exudate only until the
third day of treatment (Figure 2E and I). This regression in

TR
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exudate production was not observed in the treated wounds
potentially due to the maintenance of moisture provided
by the Lanette cream formulations.

The development of granulation was observed from
the third day of treatment, with evident occurrence on
the fifth day. This analysis was difficult to perform in the
control wounds (SS) as the presence of the crust covered
the wound (Figure 2E-H). The granulation development
was observed microscopically in the samples collected on
the seventh day of treatment for all wounds (Figure 3E-H).
In addition, lesions of the BC group were more humid
and exudative with maintenance of the fibrin crust and
reduction of perilesional oedema.

The comparison of the wound area between treatments
demonstrated a significant small area of the lesion in
the wounds treated with SS in day 3 and 7. After 14 d of
wounds induction, OR wounds presented a significant
small area in comparison with HE wounds. At 21 d after
induction, despite no significant difference, the wounds

HE
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Figure 3 — Cutaneous wounds photomicrographs in the different experimental periods (3, 7, 14 and 21 d). Large number of cells
resulting from the local inflammatory process is noted (A-D); increased cellularity in the HE and OR groups (G-H);
greater organization of the connective tissue fibers of the HE and OR groups in relation to the others, presenting lower
cellularity and important vascularization (K-L); maintenance of the same pattern in 21 d (O-P). SS — saline solution;
BC — base cream; HE — hydroalcoholic extract; OR — oil-resin.
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treated with BC, HE and OR presented a smaller area than
SS (Table 2 and Figure 4).

In the microscopic analysis, a large number of cells in
the region of the lesions of the HE and OR groups was
observed due to the acute inflammatory process of wound
healing, in addition to an increase in the number of vessels
in the HE and OR groups compared to the other periods
within the same group (Table 3).

After 14 d of treatment, the lesions had no fibrinous
exudate, and the BC and OR groups (Figures 2N and P)
had no crust, whereas the HE group presented a dry crust.
In addition, there was total re-epithelialization of the lesions.

The analyses of the biopsies in this period revealed that
the total number of cells, local inflammatory infiltrate, and
a more typical structuring of the dermis and cellularity
was observed compared to the controls (Figure 3K and L).

After 21 d of treatment, it was possible to perceive the
absence of a crust and complete re-epithelialization in
the lesions of the HE and OR groups (Figure 2S and T).
Microscopically, the dermis was fully organized and
exhibited an adequate distribution of the extracellular
matrix compared to the other groups (Figure 30 and P).

Discussion

The objective of this study was to evaluate wound healing
in horses subjected to Copaifera langsdorffii treatment.
In spite of the fact that wounds are more common in the
limb region and that the healing process occurs differently
between the limbs and the dorsal region of the equine
body (Howard et al., 2019; Hussni et al., 2010; Jacobs et al.,
1984; Oliveira et al., 2012; Theoret & Wilmink, 2013) we
opted, as well as other several studies, to use the dorsal

Table 2 — Wound area (cm?) in horses on days 1, 3, 7, 14 and 21 of treatment with saline solution, base cream, hydroalcoholic
extract, and oil resin of Copaifera langsdorffii. Data is expressed as mean + standard deviation (Botucatu- SP, Brazil, 2014)

Day 1 Day 3 Day 7 Day 14 Day 21
SS 3.38+0.26 2.76+0.17 2.66+0.74 1.58+0.32 0.55+0.39
BC 3.30+0.27 3.55+£0.39** 3.94+0.30%** 1.67+0.36 0.36+0.42
HE 3.22+0.27 3.43£0.34** 3.95+0.46** 2.26+0.72# 0.32+0.38
OR 3.51+0.26 3.40+0.32** 4.10+0.35%** 1.35+0.68 0.10+0.13

SS — saline solution; BC — base cream; HE — hydroalcoholic extract; OR — oil-resin. Data expressed as the mean and standard deviation. ** p <0.01 and;
**% p <0.001 with respect to the saline group and; #p <0.05 compared to the test groups HE and OR.

Table 3 — Vessel quantification in skin wounds performed in horses after 3, 7, 14 and 21 d of treatment. Data is expressed as mean

+ standard deviation (Botucatu- SP, Brazil, 2014)

Day 3 Day 7 Day 14 Day 21
SS 7.83+2.04 11.95 £ 3.91 21.83 +8.85 14.30 + 3.90
BC 9.75+ 1.71 13.06 +4.73 21.89 +9.09 16.29 + 5.50
HE 8.00 = 1.00 11.68 +3.76 2094 +7.14 15.13+5.41
OR 9.17 £ 1.50 13.11 =+ 3.68 19.39+7.49 13.45+4.17
SS — saline solution; BC — base cream; HE — hydroalcoholic extract; OR — oil-resin. Data expressed as the mean and standard deviation. Count in a total area of
100.000 pm?.
4.5 A
4.0 A
3.5 4
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3.0 4
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o 2.5 A eSS
13
®
T 2.0 A BC
§ 15 == HE
1.0 === OR
0.5 A
0.0
1 3 7 14 21
Day of treatment

Figure 4 — Wound area (cm?) on days 1, 3, 7, 14 and 21 of treatment of skin lesions performed in horses with saline solution (SS),
base cream (BC), hydroalcoholic extract (HE), and oil-resin (OR) of Copaifera langsdorffii.
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region of the body to evaluate healing in horses. The use
of the lumbar region allowed the achievement of a greater
number of wounds per animal, minimized the number of
animals required and the environmental contamination of
the wounds, facilitated monitoring, and allowed data to be
obtained in a shorter time of experimentation.

The wounds were treated with no dressing or protection,
although open wounds are more suitable to desiccation
and trauma (Kamus et al., 2018; Stashak, 2008). The local
environment was kept moist by the application of ointments
and the wounds were located dorsally in the body,
circumventing this problem. In addition, the non-use of
wound protection has the principle to observe the effect
of the product without the interference of other aspects.

The difficulty of standardization of the treatment can be
considered one limitation of this study, since the saline-treated
wounds presented a firmly adhered crust in comparison
with the other treatments, where the crust removal was
involuntary as a result of ointment hydration. Based on the
fact that trauma is one of the main factors that negatively
interfere in wound healing (Estevao et al., 2013; Hendrickson
& Virgin 2005), it is believed that the forced removal of crusts
in saline solution treatment would be more detrimental to
the evaluation of wound healing than maintenance. Crust
removal mimics a trauma situation and stimulates healing
delay, leading the wound to return to an inflammatory phase.

The Lanette cream formulations and respective
concentrations of HE and OR were based on previous studies
(Estevao et al., 2013; Gushiken et al., 2017a, 2017b; Masson
Meyer et al., 2013), and showed the biological potential of
HE and OR in the cutaneous lesions of rats.

As a physiological control of the healing, we used saline
isotonic solution, which has been characterized as non-toxic
and non-aggressive to scar tissue (Beam, 2006). In horses,
an experimental study was performed using 10% copaiba
oil to treat induced skin wounds and presented results that
were indicative of its use for the treatment of wounds in this
species (Lucas et al., 2017). However, the study addressed
only the macroscopic reduction of the lesions and did not
report the mechanisms and clinical parameters involved;
thus, there is a need for further studies to elucidate the
mechanisms of action of this treatment.

The initial bleeding at the time of the accomplishment
was considered the initial phase of the wound healing
process (Hussni et al., 2004; Mandelbaum et al., 2003).
On the third day, wounds treated with saline solution showed
perilesional edema, and the lesions treated with HE did not
show edema, although they presented exudation, and the
lesions treated with OR were drier and did not present an
apparent crust. Interestingly, it is desirable that skin wounds
are not exudative, and under treatment, they remained

7/10

dry. At the same time, biopsies showed a large number of
typical lymphocytic infiltrate cells, and abundant cellular
debris, consistent with the description of Ribeiro et al.
(2013), where the development of perilesional edema was
observed from 24 h to the fourth day of treatment. In a
study performed by Lucas et al. (2017) with 10% copaiba
essential oil on wounds in the lumbar and metacarpal regions
of horses, a non-exudative repair process was reported,
which was consistent with our results after 3 d of treatment
with oil-resin cream. In rats, there was significant activity
in the inflammatory mechanism of Copaifera langsdor{fii
creams (Gushiken et al., 2017b).

The observation of persistent serous exudate production
in the wounds treated with BC, HE and OR, was not observed
in the control group (SS), that presented a serous exudate
only until the third day of treatment. This regression in
exudate production was not observed in the treated wounds
potentially due to the maintenance of moisture provided
by the Lanette cream formulations.

The development of granulation from the third day of
treatment, with evident occurrence on the fifth day, and
microscopically observed on the seventh day of treatment
for all wounds is similar to those described in previous
studies (Hussni et al., 2004, 2010). In addition, lesions
of the BC group were more humid and exudative with
maintenance of the fibrin crust and reduction of perilesional
edema, unlike that observed in the use of systemic anti-
inflammatories, which minimized edema and exudate of
the wounds (Hussni et al. 2004, 2010). In the microscopic
analysis, we observed a large number of cells in the region
of the lesions of the HE and OR groups due to the acute
inflammatory process of wound healing, in addition to an
increase in the number of vessels in the HE and OR groups
compared to the other periods within the same group.

At 14 d of treatment, there was total re-epithelization
of the lesions, no exudate and absence of crust in BC and
OR groups. Microscopically, a reduction of blood vessels
in the HE and OR groups was observed. These results were
consistent with previous studies using Copaifera langsdorffii
in cutaneous lesions of rats by Estevao et al. (2013) and
Paiva et al. (2002). Clinically, in horses, the results obtained
in this study do not present significant data as in rats, but
analyses of the biopsies in this period revealed that the
total number of cells and local inflammatory infiltrate and
amore typical structuring of the dermis and cellularity was
observed compared to the controls.

Although the Lanette cream formulation is currently used
as one of the primary moisturizers based on dermatological
products in humans, the incorporation of dermatological
active principles for experimentation and non-described
reactions resulting from its use in humans and potential
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dermatological reactions in horses are unknown, which
warrant further study in the use of this commercial
formulation for topical treatment.

The use of oil resin can be indicated as an auxiliary
product in the treatment of cutaneous wounds in horses
and does not interfere in the retraction of the lesion and
promotes improvement of healing quality after 7 d of
treatment. The results indicated that is important to develop
a new method of dispersion of Copaifera langsdor{fii Desf
Kuntze (Leguminosae) extract and oil.

New studies are needed to evaluate the use of the oil resin
in naturally occurring wounds in different body locations
and with different sizes. It is expected that large wounds
treated with the oil resin will heal with a more favorable
aesthetic aspect. Thus, the study in the lumbar region is
an initial phase of future studies and applied in different
regions of the horse’s body and in different clinical situations.

Conclusions

Topical treatments of oil-resin and hydroalcoholic
extract formulations of copaiba did not reduce healing
time within the first 7 d after surgical wound induction.
After 14 and 21 d, the copaiba-based treatments, especially
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