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A B S T R A C T

Copaiba oil is widely used in medicine, but there are no reports regarding its application in ophthalmology.
Therefore, the objective of this study was to evaluate the clinical, histopathological and toxicogenetic effects of eye
drops containing 0.1 and 0.5% of Copaifera multijuga Hayne oil on superficial corneal ulcers induced with alkali in
the left eye of rats. For histological analysis, the percent reduction in ulcers and thickness of the corneal epithelium
and stroma were evaluated 48 and 72 h after ulcer induction. Additionally, neovascularization and polymorpho-
nuclear infiltration were classified in the stroma. The bone marrow micronucleus test was used for toxicogenetic
assessment. None of the animals exhibited clinical signs of immediate ocular discomfort after instillation and the
eye drops were harmless to the ocular surface. There was a significant difference in percent ulcer reduction and
corneal stroma thickness between animals treated with the C. multijuga eye drops and untreated animals with
corneal injury and the negative control, respectively, suggesting a healing effect of the oleoresin. Analysis of the
thickness of the corneal epithelium at the two time points showed that the eye drops formulated did not sig-
nificantly reduce the damage caused by alkali. The same was observed for the treatments with the reference drugs.
No difference in stromal neovascularization or inflammatory infiltration was observed between the treated groups.
The toxicogenetic results revealed the absence of cytotoxicity and genotoxicity of the treatments. In conclusion, the
C. multijuga eye drops did not cause damage to the ocular surface under the present experimental conditions and
corneal epithelization was similar to the conventional treatments. These results indicate that eye drops containing
C. multijuga oleoresin are a promising option for the treatment of superficial keratitis.

1. Introduction

Superficial corneal ulcers are a common finding because of the
constant exposure of the cornea to the environment [1]. Etiological
factors include alkali burns, which are an ocular emergency because
they cause damage to the surface and anterior segment [2]. Alkaline
products penetrate the cornea, causing damaging by the action of hy-
droxyl ions that promote saponification of triglycerides and cell mem-
brane lysis. Furthermore, pH changes result in the hydrolysis and de-
naturation of proteins and enzymes and the consequent loss of cell
function and death [3].

Although several therapeutic modalities exist for alkali burns, none
of them is completely effective [4]. Thus, new drugs need to be

identified, for example natural products that can be used alone or in
combination with already established drugs [5]. Within this context,
the oleoresin of Copaifera multijuga Hayne is an interesting option be-
cause of its documented medicinal effects such as antimicrobial [6],
antinociceptive [7], anti-inflammatory [8] and healing properties [9].
These activities are attributed to the presence of sesquiterpene and
diterpene metabolites [10].

Since ulcers are a common condition [11] and considering the
therapeutic properties of copaiba oil [7,12,13] and the lack of scientific
studies on the use of this plant subproduct in ophthalmology, the ob-
jective of the present study was to evaluate the topical activity of C.
multijuga oleoresin in corneal repair and its genotoxic potential.
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2. Material and methods

2.1. Collection of the oleoresin of Copaifera multijuga

The oleoresin was collected in Manacapuru, AM, Brazil (03º11.858’
S latitude and 60º35.437’ W longitude). Exsiccates permitted botanical
identification (NID: 62/2013) in the Zoological and Botanical Park of
the Emílio Goeldi Museum in Belém (PA). The following major com-
pounds were identified by chromatographic analysis: β-caryophyllene,
α-copaene, α-humulene, and ent-3β-acetoxycopalic, ent-3β-hydro-
xycopalic and ent-copalic acid.

2.2. Formulations and preparation of the eye drops

The low water solubility of the oleoresin impaired its incorporation
into an ophthalmic pharmaceutical form and it was necessary to dilute
the oil in 5% Tween 80® in distilled water. The eye drop solutions were
prepared daily at 0.1% and 0.5% and no oscillations in pH or physical
stability were observed over a period of 24 h.

2.3. Animals and chemical induction of corneal ulcers

Male Wistar rats (Rattus norvegicus), weighing approximately 120 g,
were supplied by the Animal House of the School of Pharmaceutical
Sciences of Ribeirão Preto, University of São Paulo, Ribeirão Preto (São
Paulo, Brazil). The study was conducted in accordance with inter-
nationally accepted guidelines for the use and care of laboratory ani-
mals. The animals were acclimated for one week before the beginning
of the experiments. During the experiments, the animals were kept in
plastic boxes in an experimental room under controlled conditions of
temperature (22 ± 2 °C) and humidity (50 ± 10%) under a 12 h light-
dark cycle, with standard rat chow and water available ad libitum. The
study protocol was approved by the Animal Care and Use Committee of
the University of Franca (Approval No. 051/13).

For standardization and animal welfare, only the left eyes were used
[14]. The animals were anesthetized by intraperitoneal administration
of ketamine hydrochloride (50mg/kg) and xylazine hydrochloride
(5mg/kg) [15]. Additionally, 0.5% proxymetacaine hydrochloride was
applied for ocular anesthesia [11]. Ulcers were induced using a 3-mm
diameter Whatman No. 41 filter paper disk produced with a surgical
punch [4] and immersed in 1 N sodium hydroxide solution for 15 s [5].
The disk was then placed in the center of the cornea for one minute and
disposed of after use. Corneal debridement was performed with a swab,
followed by washing with saline. Ulcer formation was confirmed by
staining with 1% fluorescein sodium.

2.4. Experimental design

The rats were divided into 18 groups of six animals each: animals
without corneal injury treated with the eye drops containing 0.1% and
0.5% C. multijuga oil (CM 0.1% and CM 0.5%) for 48 (T48) or 72 h
(T72); control animals with corneal injury (CI) at T48 and T72; animals
with corneal injury treated with 5% Tween 80® solvent (IS) at T48 and
T72; animals with corneal injury treated with the eye drops containing
0.1% and 0.5% C. multijuga oil (ICM 0.1% and ICM 0.5%) at T48 and
T72; animals with corneal injury treated with commercial eye drops
(IED) at T48 and T72, and animals with corneal injury treated with
commercial ointment (IO) at T48 and T72. In addition, negative (no
treatment – NC) and methyl methanesulfonate (MMS) (40mg/kg body
weight, i.p., single dose) control groups were included in the tox-
icogenetic assays.

The following commercial ophthalmic drugs commonly used in
Brazil were applied as reference: tear-replacing eye drops (Lacrima
Plus®: 0.1% dextran 70 and 0.3% hypromellose) and antibiotic ointment
(Epitezan®: 10,000 IU retinol acetate, 2.5% amino acids, 0.5% me-
thionine, and 0.5% chloramphenicol).

The eye drop solutions (1 drop, 50 μL) and ointment (thin layer)
were instilled every 6 h over the periods established. Tramadol hydro-
chloride (5mg/kg, subcutaneously, every 12 h) [15] was administered
to all animals, except for the NC and MMS controls, until the end of the
study periods. The animals were killed with sodium pentobarbital
(120mg/kg body weight, i.p.) 24 h after the last treatment.

2.5. Clinical examination

Local symptoms indicating ocular discomfort after the instillations
were evaluated daily by direct inspection and a percentage of symp-
tomatic animals was established for statistical comparison of the results
between groups.

Ophthalmological signs were evaluated daily until the end of
treatment by clinical examination and direct inspection. Ulcerations in
the topically treated groups were confirmed by sodium fluorescein
staining. For the evaluation of ulcers in relation to epithelialization,
when compared to T0, the corneas were photographed at T48 or T72
after instillation of sodium fluorescein. The photographs were edited
with Photoshop for the elimination of artifacts and were analyzed with
the ImageJ® program for automatic quantification of the stained area.
After measurement of six random initial areas of the ulcers (T0),
measurements were made in the corneal areas of the respective animals
to obtain the percentages that these ulcers represented in relation to the
corneas. The remaining photographs obtained at T48 or T72 were
submitted to the same steps and calculation of percentages for com-
parison to T0.

2.6. Histopathological analysis

The corneas were obtained by subconjunctival enucleation [2] for
the preparation of histological slides [16]. The slides were analyzed
under a bright-field microscope for digitalization of the corneal epi-
thelium (400× magnification) and stroma (200×). Three measure-
ments of the thickness (μm) of these layers were obtained with the
ImageJ® program in random areas close to the wound and the mean of
these measurements was calculated. Six healthy corneas from animals
of the negative control group were submitted to the same procedures
for statistical comparison with the other groups.

Neovascularization (200×) was classified in the stroma close to the
wound area as follows: 0 (absent, no new vessels), 1 (mild, up to five
blood vessels), 2 (moderate, six to 10 vessels), or 3 (intense, more than
11 vessels). Under an immersion objective (1,000×), polymorpho-
nuclear leukocytes were quantified using the same scores considering
leukocytes instead of vessels.

2.7. Toxicogenetic assessment

The genotoxic and cytotoxic potential was evaluated following the
OECD 474 [17] recommendations. For assessment of genotoxicity, 5000
polychromatic erythrocytes (PCEs) were analyzed per animal to obtain
the frequency of micronucleated erythrocytes (PCEMNs). For evalua-
tion of cytotoxicity, 500 erythrocytes/animal were analyzed and the
ratio of PCEs/total erythrocytes was determined.

2.8. Statistical analysis

The results of immediate clinical analysis and those obtained at the
end of treatment were submitted to logistic regression, adopting a level
of significance of 10%. Ulcer evolution and the histopathological and
toxicogenetic results were analyzed by simple analysis of variance (one-
way ANOVA) for completely randomized experiments, calculating F
statistics and the respective P-value. In the case of P≤ 0.05, treatment
means were compared by the Tukey test and the least significant dif-
ference was calculated for α=0.05 (GraphPad Prism 5.0®).
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3. Results

3.1. Clinical data

Sodium hydroxide induced the formation of corneal ulcers and
perilesional edema. Immediate clinical analysis revealed no ocular
discomfort after the instillations in any of the animals, and no differ-
ence was observed between groups or treatment times.

The signs observed at the end of the treatments were corneal ulcers
and perilesional corneal edema (Table 1). However, no signs were
found for the CM 0.1% and CM 0.5% groups, demonstrating that the
oleoresin was harmless to the ocular surface.

A reduction in the number of animals with a positive fluorescein test
was observed in the ICM 0.1% and ICM 0.5% groups compared to CI,
suggesting re-epithelization and a consequent healing effect of the
oleoresin. However, the ulcers persisted until the last assessment in all
groups with corneal injury, including those treated with the commercial
products. Although a decrease in the number of animals with corneal
ulcers was observed in the IS group, more marked percent reductions
were found in the ICM 0.1% and ICM 0.5% groups at T48.

Regarding corneal edema, the group ICM 0.1% was less affected at
T72 than CI, indicating an anti-inflammatory activity of the oil.

Table 2 shows the percent reduction in corneal ulcers. All groups
exhibited significant reductions at T48 and T72 compared to T0. In ad-
dition, statistically significant reductions in corneal ulcers were observed

at T48 in the groups treated with C. multijuga eye drops and with the
commercial products when compared to the untreated control group.

3.2. Histopathological results

When compared to the NC group, treatment with the C. multijuga
eye drops did not reduce the damage to the corneal epithelium caused
by alkali at T48 or T72. The same was observed for the other groups,
including those treated with the commercial products. On the other
hand, the C. multijuga eye drops significantly increased stromal thick-
ness at T48 when compared to the CI group, demonstrating the healing
properties of the oleoresin. Similar effects were found for the com-
mercial eye drops and ointment. At T72, a reduction in stromal damage
was observed in the groups treated with the C. multijuga eye drops
compared to the CI group, but the difference was not statistically sig-
nificant. There were also no significant differences compared to the NC
group (Fig. 1).

Neovascularization did not differ significantly between the treat-
ment groups and the NC group at either time point analyzed (Table 3).
Inflammatory infiltration in the damaged cornea was significantly in-
creased in the groups with injury at T48 and T72 compared to the NC
group, a finding favoring the removal of cell debris and defense against
microorganisms. Animals with injury treated with the C. multijuga eye
drops and commercial drugs did not differ from the CI group (Table 3).

More intense cytoplasmic vacuolization of the corneal epithelium
was observed at T48 in animals of the CI, IS, ICM 0.5% and IED groups
(Fig. 2A). Lacunae among stromal collagen fibers were noted in all
groups with corneal injury (Fig. 2B).

Table 1
Percentage of Wistar rats with corneal ulcer and perilesional corneal edema in each group
after different times of ophthalmic treatment with Copaifera multijuga oil-containing eye
drops or commercial products and their respective controls.

Group Corneal ulcer Corneal edema

T24 T48 T72 T24 T48 T72

CM 0.1% 0% 0% 0% 0% 0% 0%
CM 0.5% 0% 0% 0% 0% 0% 0%
CI 100.0% 66.7% 50.0% 100.0% 100.0% 100.0%
IS 83.3% 14.7% 33.3% 91.7% 83.3% 66.7%
ICM 0.1% 83.3% 25.0% 33.3% 100.0% 100.0 83.3%
ICM 0.5% 83.3% 33.3% 50.0% 100.0% 100.0% 100.0%
IED 91.7% 50.0% 16.7% 100.0% 100.0% 66.7%
IO 75.0% 25.0% 16.7% 83.3% 75.0% 33.3%

T24, T48 and T72: 24, 48 and 72 h of ophthalmic treatment and clinical evaluation,
respectively; n: number of animals; CM 0.1% and 0.5%: animals without corneal injury
treated with eye drops containing 0.1% and 0.5% copaiba oil, respectively; CI: untreated
control with corneal injury; IS: animals with corneal injury treated with 5% Tween 80®

solvent; ICM 0.1% and 0.5%: animals with corneal injury treated with eye drops con-
taining 0.1% and 0.5% C. multijuga oleoresin, respectively; IED: animals with corneal
injury treated with commercial eye drops; IO: animals with corneal injury treated with
commercial ointment.

Table 2
Percent reduction in left corneal ulcers of Wistar rats treated with eye drops containing
Copaifera multijuga oleoresin or commercial products and their respective controls.

Group T48 T72

CI 67.1% * 84.3%*

IS 98.8% *,** 92.6%*

ICM 0.1% 100.0% *,** 92.3%*

ICM 0.5% 97.7% *,** 63.9%*

IED 81.4% *,** 100.0%*

IO 100.0% *,** 97.6%*

T48: 48 h of treatment; T72: 72 h of treatment; CI: untreated control with corneal injury;
IS: animals with corneal injury treated with 5% Tween 80® solvent; ICM 0.1% and 0.5%:
animals with corneal injury treated with eye drops containing 0.1% and 0.5% C. multijuga
oleoresin, respectively; IED: animals with corneal injury treated with commercial eye
drops; IO: animals with corneal injury treated with commercial ointment.

* Significantly different from T0 (before treatment) (P < 0.05).
** Significantly different from CI (P < 0.05).

Fig. 1. Thickness of the epithelium and stroma of the left cornea of Wistar rats treated for
48 h (T48) and 72 h (T72) with eye drops containing Copaifera multijuga Hayne oil or
commercial products and their respective controls.
NC: negative control (animals without corneal injury not submitted to topical treatment);
CM 0.1% and 0.5%: animals without corneal injury treated with eye drops containing
0.1% and 0.5% copaiba oil, respectively; CI: untreated control animals with corneal in-
jury; IS: animals with corneal injury treated with 5% Tween 80® solvent; ICM 0.1% and
0.5%: animals with corneal injury treated with eye drops containing 0.1% and 0.5%
copaiba oil, respectively; IED: animals with corneal injury treated with commercial
Lacrima Plus® eye drops; IO: animals with corneal injury treated with commercial
Epitezan® ointment.
a Significantly different from NC (P < 0.05).
b Significantly different from CI (P < 0.05).
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3.3. Toxicogenetic assessment

No significant differences in the frequency of PCEMNs or in the
PCE/total erythrocyte ratio were observed between the treatment
groups and the NC group, demonstrating the absence of genotoxicity
and cytotoxicity at the time points studied (Table 4).

4. Discussion

Chemical analysis of the copaiba oil used in the present study per-
mitted to determine its chromatographic profile, ensuring credibility of
the study. According to Veiga et al. [13], the price difference to other
oils renders adulteration common, a process that reduces effectiveness
of the active ingredients and generates disbelief in the pharmacological
efficacy of the product. Scientific studies have identified diterpenes and
sesquiterpenes as major compounds of the oleoresin [1–19]. Since these
compounds account for more than 90% of the composition of C. mul-
tijuga oil, its pharmacological activities can be attributed to these mo-
lecules [20].

The model of iatrogenic induction of ulcers with filter paper was
based on the experiments of [21] and [22]. Standardization of disk size
and thickness and permanence on the corneal surface [23] minimized
differences in depth, ensuring uniformity of the ulcers. The ulcers were
induced in the center of the cornea to avoid damage to the limbus and

its stem cells and consequent impairment of cell migration and healing
[24]. Furthermore, the sensitivity threshold is higher in the center of
the cornea because of extensive neuronal density [25], a fact con-
tributing to the investigation of new ophthalmic products, especially
those related to nociceptive analysis and local irritation.

The pharmaceutical form was chosen because of its easy instillation
and to prevent wasting during the applications [11]. Since this is the
first study using C. multijuga oleoresin to treat superficial keratitis, it
was necessary to test different concentrations of the solutions in a pilot
study. In that analysis, concentrations of the eye drop solution of 1, 3
and 5% were found to predispose to hyphema, flare and fibrin accu-
mulation in the anterior chamber of most of the treated eyes and were
therefore unsuitable to study the effect of the oleoresin on superficial
keratitis.

The interval between instillations was based on the demonstration
that frequent applications result in higher local concentrations [26] and
that lacrimal drainage causes the rapid loss of the instilled ophthalmic
solution [27]. In this respect, the greater the viscosity of the drug, the
more difficult its removal from the corneal surface. Despite the viscosity
of the C. multijuga oleoresin, it was not instilled without previous di-
lution because its natural pH is acid (pH 4.2), a fact that can cause
iatrogenic injury and compromise ocular homeostasis. The concentra-
tion of the vehicle was defined so that its amount was sufficient to di-
lute the oil.

The similar clinical (corneal re-epithelization) and histopathological
results (stromal healing demonstrated by the thickness of this corneal
layer, neovascularization and inflammatory infiltrate) obtained for
animals with injury treated with the solvent and with the C. multijuga
eye drops suggest that the solvent may have interfered with the action
the oleoresin exerted on the ulcers. The lowest concentration possible of
the solvent was used for solubilization of the oleoresin to permit dilu-
tion and preparation of the eye drops. The biological effects may be
attributed in part to the interaction between substances of the oleoresin
and solvent [28]. Furthermore, the viscosity and surfactant, hydrophilic
and tensoactive characteristics of the solvent [1] probably reduced
superficial ocular tension and thus permitted better contact with the
lacrimal film and improvement in corneal lubrication, favoring cell
migration adjacent to the wound margin [29].

The full acceptance of the commercial pomade used in the present
study is attributed to its viscosity and composition, particularly retinol
acetate which is essential for epithelial repair and maintenance, and
chloramphenicol which exerts intraocular antibiotic activity. The
commercial eye drops were adopted to stabilize the lacrimal film and to
reduce its fragmentation time in cases in which the loss due to eva-
poration is increased [26]. Despite a different composition, the com-
mercial products used in the present study did not differ in terms of
percent ulcer reduction, restoration of epithelial thickness, neovascu-
larization or inflammatory infiltrate. Both products exhibited effects
similar those observed for the treatments with the C. multijuga oil-
containing eye drops.

The gradual decrease in corneal edema observed in animals treated

Table 3
Scores of neovascularization and inflammatory infiltrate in the left corneal stroma of
Wistar rats treated for 48 or 72 h with eye drops containing Copaifera multijuga oleoresin
or commercial products and their respective controls.

Group T48 T72

New vessels Inflammatory
infiltrate

New vessels Inflammatory
infiltrate

NC 0.17 ± 0.41 0.17 ± 0.41 0.17 ± 0.41 0.17 ± 0.41
CM 0.1% 0 0.17 ± 0.41 0 0.33 ± 0.52
CM 0.5% 0 0.50 ± 0.55 0 0.50 ± 0.55
CI 0.50 ± 0.84 2.67 ± 0.82* 1.83 ± 1.47 2.33 ± 0.82*

IS 1.00 ± 1.10 2.67 ± 0.52* 1.17 ± 1.47 2.33 ± 0.82*

ICM 0.1% 0.33 ± 0.52 2.67 ± 0.82* 0.83 ± 0.75 2.50 ± 0.55*

ICM 0.5% 0.50 ± 0.55 2.17 ± 0.98* 1.17 ± 0.98 2.17 ± 0.98*

IED 0.83 ± 1.17 2.67 ± 0.52* 1.67 ± 1.21 2.17 ± 0.75*

IO 0.67 ± 0.82 1.83 ± 0.75* 1.00 ± 0.89 1.50 ± 0.55*

T48: 48 h of treatment; T72: 72 h of treatment; NC: animals without corneal injury not
submitted to treatment (negative control); CM 0.1% and 0.5%: animals without corneal
injury treated with eye drops containing 0.1% and 0.5% copaiba oil, respectively; CI:
untreated control with corneal injury; IS: animals with corneal injury treated with 5%
Tween 80® solvent; ICM 0.1% and 0.5%: animals with corneal injury treated with eye
drops containing 0.1% and 0.5% C. multijuga oleoresin, respectively; IED: animals with
corneal injury treated with commercial eye drops; IO: animals with corneal injury treated
with commercial ointment.
Values are the mean ± standard deviation.

* Significantly different from NC (P < 0.05).

Fig. 2. Digital photomicrographs of the cornea of
Wistar rats. A – Cytoplasmic vacuolization (V) of the
corneal epithelium (EP) observed in all groups with
corneal ulcers at 48 h after induction with alkali
(H.E., 400×), associated with alterations in the
structural quality of this newly formed layer (arrow).
B – Corneal injury after 48 h. Observe the lacunae (*)
among stromal collagen fibers (ST) (H.E., 200×).
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with 0.1% C. multijuga eye drops at T72 was probably due to organi-
zation of stromal collagen fibers [3] mediated by the anti-inflammatory
effect of this oleoresin. According to Veiga et al. [13], this anti-in-
flammatory effect can be attributed to the presence of sesquiterpenes,
especially β-caryophyllene, a molecule found at high concentrations in
the oil used in the present experiment.

The absence of ocular secretion in the treated groups can be ex-
plained by the lack of conjunctival and corneal irritation [11], as well
as by the probable microbiological control exerted by the C. multijuga
oleoresin at the concentrations tested. The antimicrobial effect of this
oil has been demonstrated in vitro by Mendonça and Onofre [6] against
some microorganisms such as Pseudomonas aeruginosa, a bacterium that
is potentially pathogenic to damaged ocular tissues.

The restoration of corneal epithelial thickness is directly related to
inflammatory intensity and to cell proliferation and migration [2], as
well as to repair of the stroma which provides the structure for epi-
thelial adherence [11]. Analysis of corneal re-epithelization in the
groups treated with the C. multijuga eye drops revealed that the copaiba
oil did not interfere with the proliferation or transport of cells close to
the wound. Similar findings have been reported by Atiba et al. [4]. who
used Aloe vera in rats. However, in the present study renewal of the
epithelium did not accelerate complete healing, with a difference in
epithelial thickness compared to the negative control. This finding
might be explained by the short duration of treatment since the epi-
thelium requires 2–10 days for complete healing, as well as by extensive
cytoplasmic vacuolization [30].

Cytoplasmic vacuolization suggests early injuries to epithelial cells
by the expulsion of damaged organelles attributed to the hydrophobic
interface between water and lipids in the cell cytoplasm, as demon-
strated by Zachary and McGavin [30]. Since no cytoplasmic vacuoli-
zation was observed in animals without ulcerations, it is believed that
these vacuoles were caused by alkali. The latter induces saponification
of triglycerides in the cell membrane [3], compromising the structural
quality of the newly formed epithelium because of incomplete re-
storation of intercellular links [2] and facilitating removal of the epi-
thelium. Closure of the degraded region of the cornea, even with a thin
layer of epithelium, possibly prevented the aggravation of corneal
edema and limited the access of infectious agents that could hinder and
further delay the repair process [30].

The C. multijuga eye drops stimulated the proliferation of kerato-
cytes and the production of fibroblasts by favoring stromal repair. This
healing property might be attributed to the presence of terpenoids [31],

which regulate collagenases [32]. The irregularity of the newly formed
stroma seen in the present study, which was characterized by spacing
between collagen fibers and incomplete adherence to the epithelium,
might be due to edema and degradation of the stromal matrix, as well as
deficiency in fibronectin and other adhesion molecules [30]. Another
explanation could be the lack of restoration of the tensile strength of
this layer, probably due to the short time since injury [11], although the
formation of new vessels and migration of leukocytes occurred within
the first 48 h after injury induction. Leukocytes actively participate in
tissue organization [2].

At the beginning of the repair process, within the first 48 h after
alkali burn, migration of polymorphonuclear cells to the denuded re-
gion of the cornea was observed in all groups with corneal injury, in
agreement with the literature [14]. These results confirm that, at the
concentrations tested, the oleoresin of C. multijuga does not prevent the
migration of inflammatory cells during this phase. Similar results have
been reported by Martin et al. [2]. who tested the application of green
propolis to the cornea of rats. The components of the inflammatory
infiltrate stimulate fibroblasts to produce collagen, in agreement with
the histological results of stromal thickness. In addition, they secrete
cytokines that act on cells residing in the wound, organizing the in-
teractive cellular network during healing [2].

In view of their complexity and severity, the treatment of chemical
ulcers continues to be a challenge. In this respect, the present results
agree with the report of [33] that, although different therapeutic
modalities administered by different routes have been established and
tested, none of them is completely effective in mediating corneal
healing.

The copaiba oil has not yet been registered as a phytochemical drug.
Thus, in the present study, toxicogenetic assays were necessary to verify
possible deleterious effects on organs that were not targets of the study
[34]. The micronucleus test revealed no structural or numerical chro-
mosome damage in dividing cells of animals treated with C. multijuga
oil-containing eye drops, which would therefore not predispose to the
occurrence of genetic diseases or neoplasms in exposed individuals. The
micronucleus test was used because it is a rapid and simple method of
easy interpretation and wide applicability that is less subjective than
other mutagenicity assays and provides reliable results after acute
treatment. In addition, the micronucleus test is accepted by interna-
tional agencies and government institutions for registration of new
pharmaceutical products [17]. Although Kirsch-Volders et al. [35]
showed that the anucleated immature erythrocyte has a short lifespan

Table 4
Frequency of micronucleated polychromatic erythrocytes (PCEMNs) and ratio of polychromatic erythrocytes (PCE) to total erythrocytes (PCE+NCE [normochromatic erythrocytes]) in
bone marrow of Wistar rats treated for 48 or 72 h with eye drops containing Copaifera multijuga oleoresin or commercial products and their respective controls.

Group T48 T72

PCEMNs PCE/PCE+NCE PCEMNs PCE/PCE+NCE

NC 11.00 ± 3.85 0.65 ± 0.10 11.00 ± 3.85 0.65 ± 0.10
CM 0.1% 10.83 ± 4.12 0.67 ± 0.07 11.67 ± 4.12 0.67 ± 0.03
CM 0.5% 14.83 ± 1.83 0.65 ± 0.08 12.83 ± 1.83 0.67 ± 0.07
CI 11.83 ± 1.94 0.62 ± 0.07 10.50 ± 1.94 0.60 ± 0.02
IS 12.17 ± 1.33 0.65 ± 0.05 9.33 ± 1.33 0.67 ± 0.02
ICM 0.1% 12.50 ± 2.17 0.65 ± 0.08 12.50 ± 2.17 0.73 ± 0.03
ICM 0.5% 12.50 ± 2.88 0.67 ± 0.05 11.83 ± 2.88 0.68 ± 0.05
IED 10.00 ± 2.28 0.71 ± 0.04 10.00 ± 2.28 0.71 ± 0.03
IO 10.67 ± 1.97 0.71 ± 0.05 10.00 ± 1.97 0.70 ± 0.05
MMS 92.50 ± 17.68* 0.44 ± 0.01* 92.50 ± 17.68* 0.44 ± 0.01*

T48: 48 h of treatment; T72: 72 h of treatment; NC: animals without corneal injury not submitted to treatment (negative control); CM 0.1% and 0.5%: animals without corneal injury
treated with eye drops containing 0.1% and 0.5% copaiba oil, respectively; CI: untreated control with corneal injury; IS: animals with corneal injury treated with 5% Tween 80® solvent;
ICM 0.1% and 0.5%: animals with corneal injury treated with eye drops containing 0.1% and 0.5% C. multijuga oleoresin, respectively; IED: animals with corneal injury treated with
commercial eye drops; IO: animals with corneal injury treated with commercial ointment; MMS: methyl methanesulfonate control.
Values are the mean ± standard deviation.
The frequency of PCEMNs was obtained analyzing 5000 PCEs/animal.
The PCE/PCE+NCE ratio was calculated analyzing 500 erythrocytes/animal.

* Significantly different from NC (P < 0.001).
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and any micronucleus found is therefore the result of recently induced
chromosome damage, young rats were chosen to reduce interferences
from preexisting mutagenic environmental factors.

Almeida et al. [36]. used the liver comet assay and peripheral blood
and bone marrow micronucleus tests to investigate the acute genotoxic
potential of a single administration to mice of copaiba oil by gavage at
doses of 500, 1000 and 2000mg/kg and observed no cytotoxic or
genotoxic effect. Furthermore, Gonçalves et al. [34] demonstrated that
the oral administration of C. multijuga oleoresin (200, 500 and
2500mg/kg, for 8 consecutive weeks) exerted no toxic effect on the
reproductive system of male rats.

In conclusion, the eye drops formulated with C. multijuga oil were
well tolerated by the ocular surface, reduced the symptoms associated
with chemically induced corneal ulcers, and showed no cytotoxicity or
genotoxicity. In addition, these eye drops mediated corneal re-epithe-
lization similar to that found for the conventional reference products
and could be a promising and less costly option for the treatment of
chemical superficial keratitis.
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