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Abstract

The aim of this study was to evaluate clinical and histopathological aspects of topical application of pure and ozonized
andiroba oil (Carapa guianensis Aublet.) on the healing process of wounds in healthy horses. Eight 6.25 cm? wounds
were surgically produced on each horse, from the cranial region to the sacrum, being four wounds on each side of the
lumbar region. In three animals, left side was used for macroscopic observations and area measurement and right side
was used for histopathological analysis. For the other two animals, evaluations were inverted. The beginning of the
topical treatment occurred 12 hours after surgical induction of the injuries and was maintained daily until complete
healing of the wounds, using saline solution (GC), ozonized saline solution (GO) sequentially and bilaterally in the
craniocaudal direction, pure andiroba oil (GAP) and ozonized andiroba oil (GAO). Randomly, the sequence of the
treatments was modified. Macroscopic and histopathological analyses were performed at 3, 7, 14, and 21 days after
surgery. The time for complete healing of all wounds was recorded. A wound contraction of 67.75% for GC, 65.26% for
GO, 67.91% for GAP, and 69.84% for GAO were recorded. Histopathologic evaluation revealed that wounds from the
GAO and GAP had an advanced epithelialization, fibroblast proliferation and collagen deposition, moderate vascular
proliferation, and presence of PMN infiltrate and discrete viewing of MN. It was possible to conclude that all treatments
had benefits when comparing to control group, concluding that both pure and ozonized andiroba oil may be good
options for treating wounds in horses.

Keywords: Carapa guianensis. Healing process. Equines. Wounds. Ozone.

Resumo

Este trabalho realizou uma avaliacdo clinica e histopatoldgica da aplicagdo topica do o6leo de andiroba (Carapa
guianensis Aublet), puro e ozonizado, no processo de cicatrizagao de feridas em cinco equinos saudaveis. Oito feridas
de 6,25 cm?® foram induzidas cirurgicamente, quatro de cada lado da regiao lombar, craniais em relagdo a regiao sacral.
Em trés animais, o lado esquerdo foi destinado a avaliagao macroscopica e mensuragdo de area, enquanto o lado
direito foi destinado a andlise histopatolégica. Nos outros dois animais, as avaliagdes foram invertidas. O tratamento
topico foi iniciado 12 horas apds a indugao cirurgica e foi mantido diariamente até a completa cicatrizagdo das feridas.
Foram usados, sequencialmente e bilateralmente, no sentido craniocaudal: solugéo salina (GC), solugdo salina ozonizada
(GO), 6leo de andiroba puro (GAP) e 6leo de andiroba ozonizado (GAO). Aleatoriamente, a sequéncia de tratamentos
foi modificada. As analises macroscopicas e microscopicas foram realizadas 3, 7, 14 e 21 dias apds a cirurgia, e o tempo
total para cicatrizagao registrado. A contra¢do da ferida foi de 67,75% para GC, 65,26% para GO, 67,91% para GAP,
€69,84% para GAO. A avaliagao histopatoldgica demonstrou que as feridas tratadas com GAO e GAP apresentaram uma
avancada epitelizagao, proliferacao fibroblastica e deposi¢ao de colageno, moderada proliferagao vascular e presenga de
infiltrados de células polimorfonucleares (PMN) e discreta proliferagdo de células mononucleares (MN). Foi possivel
concluir que todos os tratamentos usados foram benéficos perante o grupo de controle, mostrando que as versoes pura
e ozonizada do 6leo de andiroba representam alternativas terapéuticas ao tratamento de feridas em equinos.
Palavras-chave: Carapa guianensis. Cicatrizagdo. Cavalos. Feridas. Ozonio.
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Introduction

Healing process is subject of clinical, scientific, and
economical interest (HUSSNI et al., 2010), particularly
in equine species in which skin healing tends to occur
in a differentiated manner with a tendency to form an
exuberant granulation tissue, thus impairing the animal’s
function (STASHAK, 1994).

There are many studies conducted in order to prove
the effectiveness of oils and phytotherapeutics on wound
healing in humans and animal species, being possible to
highlight researches involving copaiba oil (CAVALCANTI
NETO et al, 2005), papain (LEITE et al., 2012), sugar
(LIMA et al., 2012), barbatimio (VIANA et al., 2014),
passion fruit (GARROS et al., 2006), and sunflower-seed oil
(MARQUES et al.,, 2004). Some topical preparations have
already been tested in skin wounds in horses (MARTINS
et al., 2003; SOUZA et al., 2006; COELHO et al., 2012,
OLIVEIRA JUNIOR et al., 2012).

Some andiroba oil properties have been proven, such
as insect repellent (FREIRE et al., 2006), mite control
(FARIAS et al., 2007), and combating intestinal sepsis
(TEIXEIRA et al,, 2012). Although, the use of andiroba
oil in natura generated impairment in the healing process
with delayed wound contraction and epithelialization in
skin wounds in rats (BRITO et al., 2001). Other studies
proved that this oil has analgesic, anti-allergic, and anti-
histaminic activity, inhibiting the formation of local
edema (PENNAFORTE, 2003). Antiedema and analgesic
properties of andiroba oil and a derived fraction of this
oil, rich in tetranortriterpenoids, were confirmed in Swiss
C57/BL10 strain mice with induced pleurisy and edema
of the limbs (PENIDO et al., 2005) and zymozan-induced
arthritis (PENIDO et al., 2006).

More recent therapeutic protocols recommend
combination of vegetable oils with medical ozone for the
treatment of wounds due to its oxidant properties, its
bactericidal and bacteriostatic effects, and its ability to
promote granulation tissue formation (KIM et al., 2009).

Therapeutic effects of topical ozone application have been
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studied in the healing skin of guinea pigs (Cavia porcellus)
(KIM et al.,, 2009), which demonstrated that presence of
ozone accelerated skin repair. Similarly, ozonized sesame
oil at a concentration of 1631 + 64 mEq/1000 was able
to accelerate the healing process in the initial phase
(VALACCHI et al., 2010).

The aim of this study was to evaluate the clinical and
histopathological aspects of topical application of pure and
ozonized andiroba oil (Carapa guianensis Aublet.) in the
healing process of experimentally induced wounds in the

lumbar area of healthy horses.

Material and Methods

The project was approved by the Ethics Committee for
Animal Use at Universidade Vila Velha (CEUA-UVV),
Protocol 216/2012.

Five healthy crossbred horses were used, mean weight of
278.0 £79.5 kg and mean age of 8.4 + 3.6 years. All animals
were considered normal after physical examination (without
skin abnormalities present), complete blood cell count, and
parasitological examination. The horses were kept stabled
in an Equestrian Center (Centro Capixaba de Hipismo -
CCH) in the city of Serra, Espirito Santo, Brazil, where they
were adapted for a 2-week period before the onset of the
experiment. Each horse was dewormed (ivermectin 200ug/
kg BW, orally), vaccinated against influenza, tetanus, and
encephalitis (Tri-Equi-Hertap, Hertape Calier Saide Animal
Juatuba, MG, Brazil), and dentistry was performed to remove
sharp points. Animals were fed hay (Cynodon dactylon) and
mineral salt ad libitum, and commercial concentrate feed
containing 12% protein (1% body weight), being kept in
individual stalls during the evaluation period. Water was
also provided ad libitum.

Ozonized isotonic solution (used in ozone group; GO)
and ozonized andiroba oil (GAO) were produced by an
ozone generator (Ozone & Life model 0&L 3.0 RM). The
equipment contains an oxygen flow regulator, which allows
flow variations from 0 to 1.0 L/min. The higher the oxygen
flow, the lower the ozone concentration. Oxygen used
was stored in a medical oxygen cylinder. Three hundred
milliliters of isotonic sodium chloride solution (NaCl 0.9%)
were placed in a graduated glass beaker (1000 mL), with a
0.3 L/ml flux, concentration 25 mg and dosing device 9 for
a period of time of 2h30 min and, through bubbling, NaCl
0.9% solution was obtained with 1.125 mg or mass of ozone.
After preparation, solution was distributed in amber vials of

50 mL each, sealed and stored in a refrigerator at 4°C. The
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same procedure was repeated to prepare ozonized andiroba
oil. Both solutions, in addition to pure andiroba oil, were
sent to the Laboratory of Natural Products at UVV-ES for
analysis of peroxide index, saponification, and iodine index.

Hay and commercial feed were withheld from all horses
for 12 hours prior to surgery, with free access to water.
Animals were placed in restraining stocks and sedation was
performed using 10% xylazine (1 mg/kg, intravenously).
In the lumbar area, local anesthesia was achieved using 2%
lidocaine with vasoconstrictor, performing an inverted L
block on both sides. Lumbar area was clipped and aseptically
prepared using povidone-iodine 5% solution and 70%
alcohol. Four 6.25 cm? (2.5x 2.5 cm) wounds were surgically
produced on each side of the lumbar region in each horse
(cranial to the sacrum, ventral to L1-L6), with aid of a
number 22 scalpel. Wounds were measured using a digital
pachymeter (Starrett 727-6/150; L.S. Starrett Company, CA,
USA). Excision depth included skin and subcutaneous tissue.
After surgery, each horse was treated with phenylbutazone
(4.4 mg/kg, intravenously) every 24 hours for 3 days to
control edema and pain (GOMEZ et al., 2004).

Topical treatment began 12 hours after surgery and was
repeated daily until the complete healing of the wounds,
and (1) Isotonic sodium chloride solution (NaCl 0.9%)
(GC); (2) Ozonized isotonic sodium chloride solution
(GO); (3) Pure andiroba o0il (GAP); (4) Ozonized andiroba
oil (GAO) were used sequentially and bilaterally in
craniocaudal direction for the lumbar wounds. Initially,
wounds were rinsed with gauze soaked in isotonic sodium
chloride solution (NaCl 0.9%). Then, application of the
treatments mentioned above was performed using gauze
on the wounds. The sequence of the treatments was
alternated randomly.

Macroscopic evaluation of lumbar wounds was
performed on the left side of three horses. Subjective
macroscopic evaluation (qualitative observation of edema
presence, hyperemia, exudation, granulation tissue, and
crusts), objective area measurement (using a digital
pachymeter - Starrett 727-6/150; L.S. Starrett Company,
CA, USA), and photographic documentation (using a
Sony digital camera, model Cyber-shot DSC-H9 model,
16.2 mega, at a distance of about 30 cm to obtain a good
focus) were performed on the day of surgery and on days
3,7, 14, and 21 postoperatively by a veterinarian blinded
to the treatment.

The wound area was estimated (MAGALHAES et al.,
2008) using the following equation: A = mx Rxr (where A
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represents the area, R represents the greatest distance and
r the shortest distance recorded in the wound).

The degree of contraction of the wounds was calculated
by the following equation (OLIVEIRA JUNIOR et al.,
2012): Degree of contraction (%) = 100 x (FO - FA) / FO
(where FO is the original wound area and FA represents
the area at the time of evaluation, performed at 21 days).

In these same three horses, biopsy samples for
histopathological examination were obtained using a 6mm
skin punch (Brasmed Equipamentos Veterindrios, Paulinia,
SP, Brazil) on wounds on the right side on days 3, 7, 14,
and 21 after surgery. For this, the same sedation protocol
and local anesthesia previously described were followed,
without posterior use of nonsteroidal anti-inflammatory
drugs. Biopsy specimens included limits of the wounded
area and undamaged tissue and were taken around the
wound to ensure that none of the previous biopsy sites were
included. After withdrawal, samples were placed in 10%
formalin and they were sent for histological evaluation by a
pathologist blinded to the type of the treatment and timing
of the samples to avoid induced results (WENDT, 2005).

Specimens were fixed in 10% formalin for 12 hours and
they were embedded in paraffin and sectioned at 4um-
thickness with the aid of a microtome (LEICA RM 2125
RT; Leica Microsystems, Nussloch, Germany). Later they
were stained with hematoxylin-eosin (HE) and subjective
evaluation was performed using magnification of 100x
and 400x (Olympus DX51, Olympus, Tokyo, Japan)
focusing mainly on the presence of inflammatory infiltrate,
exuberant granulation tissue, neovascularization, necrosis,
and collagen fiber organization (GARROS et al., 2006;
SOUZA et al., 2006).

In the remaining horses, inversion of the sides was
performed (left side for microscopy and right side,
macroscopy). This selection was made randomly.

During experimental period, animals were clinically
evaluated twice a day. The period for the complete healing
of the wounds was recorded in all treatments.

Analysis of the wound area data was performed using
computer software GraphPad InStat 3.00 (GraphPad
Software, CA, USA). Comparisons between treatments
were made using Tukey test, considering significant when
p < 0.05.

Results
Chemical analyses of pure and ozonized andiroba oils

were conducted on the same day. Results showed acid values
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0f19.0 + 0.4 and 18.7 + 0.2/100 g, mEq/kg in KOH per gram
of oil, peroxide values of 3.0 £ 0.0 and 51.1 £ 5.6/100 g, mEq/
kg in KOH per gram of oil, saponification index of 301 + 3
and 269 + 1.0/100 g, mEq/kg in KOH per gram of oil, iodine
index 0f 9.2 + 0.4 and 5.8 + 0.6/100 g, mEq/kg in KOH per
gram of oil, respectively for pure oil and the ozonized oil.
During the whole period of the experiment, no clinical
abnormalities were observed. Table 1 shows mean values
and standard deviations for the areas of the lumbar wounds
throughout the trial period, where it is possible to observe
the significant reduction of the wound area for all groups

(p <.0001). Comparing the moments for the different

treatments, there was a significant difference (p = .0188)
in the area of the wounds only on the 14" day of evaluation.
Relative degree of contraction recorded in the wounds
was 67.75% for GC, 65.26% for GO, 67.91% for GAP, and
69.84% for GAO.

On the macroscopic evaluation (Figure 1), it was
possible to observe that the main differences between
groups were recorded between the 7" and the 14" day
of treatment. In both GC and GAP groups, a discrete
exuberant granulation tissue was observed from the 14™
day of treatment. No specific treatment for the exuberant

granulation tissue was done.

Table 1 - Mean values of areas of the lumbar wounds experimentally induced in horses treated with saline NaCl 0.9% (GC),
ozonized saline (GO), pure andiroba oil (GAP), and ozonized andiroba oil (GAO) - Vila Velha - 2016

Day 0 Day 3 Day 7 Day 14 Day 21 p
GC 19.63 = 0.00° 22.40 + 3.93* 25.11 £ 2.06° 12.12 £ 0.27¢ 6.33 £ 1.65¢ < 0.0001
GO 19.63 = 0.00° 21.21£3.17* 24.09 £2.71° 13.44 £ 0.71¢ 6.82 +1.37¢ < 0.0001
GAP 19.63 = 0.00° 20.60 + 3.55% 22.49 + 2.69° 1249 £ 1.914C 6.30 £ 0.96¢ < 0.0001
GAO 19.63 £ 0.00° 25.05+4.71%® 20.82 +2.19° 10.14 £ 2,11 5.92 +2.244 < 0.0001

Note: Different lowercase letters in the same line are significantly different between (p <.05). Different upper letters in the same column are significantly different (p <.05)

Figure 1 - Macroscopic views of lumbar wounds experimentally induced
in one of the horses showing the wounds of the control group
(GC) (A); those treated with ozonized saline (GO) (B); those
treated with pure andiroba oil (GAP) (C); and those treated with
ozonized andiroba oil (GAO) (D), on the 14" day of evaluation.
It is possible to observe a well-defined transition area with no
formation of exuberant granulation tissue in GAO (D). Bar: 1 cm
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From the 3™ day of treatment, absence of local pain
in wounds treated with andiroba (GAO and GAP) was
detected, that is, animals showed no signs of discomfort
such as skin tremors, response to manipulation, or even
moans during manipulation of these wounds. In contrast,
produced pain was observed in the wounds of GC and
GO groups.

Healing times for the studied wounds were similar,
occurring at 30 days for GAO and GAP, 32 days for GO,
and 31 days for GC.

On day 3, histopathological evaluation (Figure 2),
all groups were similar, with no collagen deposition
and discrete fibroblast proliferation. Moderate vascular
proliferation, severe presence of polymorphonuclear cells
(PMN), and discrete visualization of mononuclear (MN)
was observed. Significant differences were noted from
the 7™ day of treatment, when fibroblast proliferation and
discrete vascular proliferation with presence of PMN and
MN infiltration were observed in the wounds of the groups
GAO, GA, and GO when compared to the GC.

Figure 2 - Histopathological observations of lumbar wounds experimentally induced in

horses. On image A, control group (GC), it is possible to observe incomplete
epithelialization (green arrow), mild to moderate fibroblast proliferation,
moderate collagen deposition, and mild to moderate vascular proliferation (red
arrow). On image B, wounds treated with ozonized saline (GO), it is possible to
observe incomplete epithelialization (black arrow), discrete to moderate fibroblast
proliferation, and moderate to severe collagen deposition (yellow arrow). On image
C, wounds treated with pure andiroba oil (GAP), it is possible to see complete
epithelialization (black arrow), moderate fibroblast proliferation (white arrow),
and discrete vascular proliferation (red arrow). On image D, wounds treated with
ozonized andiroba oil (GAO), it is possible to see complete epithelialization (black
arrow) and fibroblast proliferation (white arrow). Photograph taken from the
wound margins (100x), HE staining

On the 14" day of evaluation, it was possible to observe
that GAO wounds had moderate fibroblast proliferation,
accentuated collagen deposition, and moderate vascular
proliferation, still with presence of discrete PMN and
MN infiltrate and areas of epithelialization in the wounds.
On GAP and GO groups, these findings were observed.

However, areas of epithelialization were not seen. GC
presented conditions inferior to those found in the
other groups.

Histopathologic evaluation on day 21 revealed that
wounds from GAO had an advanced epithelialization,

accentuated fibroblast proliferation and collagen deposition,
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moderate vascular proliferation, and presence of PMN
infiltrate and discrete viewing of MN. On GAP group, it
was possible to observe advanced epithelialization, but a
moderate fibroblast proliferation, accentuated collagen
deposition, and moderate vascular proliferation with
discrete PMN and MN infiltration. GO showed a moderate
epithelialization and fibroblast proliferation, however
inferior to GAO and GAP treatments, with accentuated
collagen deposition and moderate vascular proliferation
presenting discrete PMN and MN infiltrate. GC showed
satisfactory progress in healing, but with an inferior
evolution than the other treatments, showing moderate
epithelialization, moderate fibroblast proliferation and
collagen deposition, and severe vascular proliferation, with
moderate PMN and MN infiltrate

Discussion

The choice of the size of the wounds was based on
studies performed similarly in horses (MARTINS et al,,
2003; SOUZA et al.,, 2006; OLIVEIRA JUNIOR et al.,
2012), as well as depth of the lesions (MAGALHAES et al,,
2008; OLIVEIRA JUNIOR et al., 2012) including skin and
subcutaneous tissue, without involving adjacent muscles.
Initial total area of the wounds was similar to those of the
authors mentioned above, but differed in format to Oliveira
Junior et al. (2012), who solely conducted square wounds
in similar experiment. This standardization is essential for
comparative studies of different therapies in the healing
process of cutaneous wounds in horses. To avoid interference
from the biopsies in the area of the wound, one side of the
animal was destined to macroscopic evaluation and the
other side for collection of biopsies (MARTINS et al., 2003;
SOUZA et al., 2006; OLIVEIRA JUNIOR et al., 2012).

Administration of nonsteroidal anti-inflammatory
(NSAIDs), phenylbutazone, was performed in order
to minimize the painful reaction related to the surgical
procedure (GOMEZ et al., 2004; OLIVEIRA JUNIOR
et al., 2012; MARTINS et al., 2013). In the same line of
thought, Martins et al. (2003) made use of buprenorphine.
Although a possible delay in the healing process of
secondary intention was described when administering
phenylbutazone for five days (HUSSNI et al., 2010), no
influence on the healing process was observed, as also
described by other authors (GOMEZ et al., 2004; MARTINS
etal., 2013). In the present study, even with administration
of NSAID, there was local pain reaction more evident in
GO and GC wounds on the 3" day of treatment. This
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may be explained by andiroba oil’s analgesic effects due
to blockage of inflammatory mediators (eicosanoids)
(PENIDO et al., 2005). Although proposed protocol for
the evaluation of local pain through behavioral analysis is
considered subjective, blinded examination prevented that
recorded results be influenced.

Complete healing time of the wounds was slightly
inferior to the 35 days described for those treated with
Triticum vulgare (SOUZA et al., 2006). Furthermore, it was
superior to the 21 days described for wounds treated with
comfrey and barbatimao, the 26 days described for those
treated with calendula (MARTINS et al., 2003), and the 21
days for those treated with sunflower-seed oil (OLIVEIRA
JUNIOR et al., 2012).

Similarly, a delay in wound healing with the use of
andiroba oil had already been described (BRITO et
al., 2001). Anti-inflammatory action of andiroba oil is
assigned to limonoids, tetranortriterpenoids that promote
inhibition of the cellular influx and edema formation in
mice (PENIDO et al., 2005). This cell influx inhabitation,
which is already slow in horses (WILMINK; VAN
WEEREN, 2004), is possibly responsible for the observed
delay in the healing process. Despite this, histopathologic
examination performed on the 3™ day of evaluation did
not suggest differences between the studied groups, with
similar presence of PMN infiltration in GO, GAO, and
GAP, contradicting the delay in healing time.

Contraction degree of the wounds analyzed in this
study was inferior to the results described in the study by
Oliveira Junior et al. (2012), which used sunflower-seed oil.
According to these authors, a contraction degree of 90.78%
was observed. This might have been due to the presence
of linoleic acid, known precursor of arachidonic acid, on
the composition of sunflower-seed oil.

Regarding the influence of ozone on the degree of
contraction, there was no difference between the treated
groups. This fact differs from studies in guinea pigs, in
which a greater and significant wound contraction was
observed with consequent reduction of the residual area of
the wounds in the group treated with ozonized oil, when
compared to the control group and the group treated
with pure oil (VALACCHI et al., 2010). Ozone increases
the expression of pro inflammatory cytokines, such as
interleukin 1 and tumor necrosis factors and adaptive
responses, including activation of cyclooxygenase 2 in
keratinocytes (VALACCHI et al., 2004). Following this

line of thought, it was expected that a greater contraction
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degree be seen in the GO wounds of the present study,
but such was not observed. It is noteworthy that in this
group ozone was mixed with NaCl 0.9% solution and it
is well known that ozone maintains its active stage for a
longer period of time when mixed with oils (KIM et al.,
2009), being unstable in aqueous solutions. Additionally,
different ozone concentration can influence results and
optimal concentrations have to be established, because
like any other chemical substance, insufficient doses may
not produce satisfactory results and excessive doses may
be harmful.

In the macroscopic evaluation, none of the treatments
used in this experiment led to local irritation in the wound
area, different from studies where authors used aloe vera
extract and nitrofurazone (RIBAS et al., 2005). Crust
formation and serofibrinous exudate were not observed
in any of the wounds in the present study, similarly to
what was observed when using barbatimao (MARTINS et
al., 2003). Presence of hyperemia in all wounds evaluated
three days after induction, even with the use of systemic
anti-inflammatory, was also described in an experiment
studying the use of ketanserin in the healing process
of induced wounds in horses (RIBEIRO et al., 2009).

According to the referred author, the presence of redness,
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