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Abstract
Rosmarinus officinalis commonly known as rosemary, alecrim, or romero is a worldwide plant with
antioxidant and antimicrobial potential. The present study aimed to evaluate an emulsion containing the
essential oil of R. officinalis (EORO) as an open wound healer in rats. The emulsion containing 20% of
EORO was produced by the technique of hot emulsification. After the creation of a full-thickness wound
in each of the 30 male Wistar rats used, they were divided into three groups treated once a day with the
EORO emulsion, emulsion base, or an irrigated saline solution. Cutaneous wound contraction
measurements, exudate scores, and histological analysis were performed on the 0, 3rd, 6th, 9th, 12th, and
15th. The saline group presented a great contraction on days 3, 6 (p<0.05), and 9 (p<0.001) when
became similar to the EORO emulsion until the next days of evaluation. After that, there were no
differences between the groups. The group treated with EORO emulsion reduced the exudate scores from
the 9th day (p<0.01) different from saline. On the 6th day, the EORO emulsion group showed a little
granulation tissue which did increase on the 9th day and became a thin epithelium on the 15th day. Also,
the EORO emulsion enhanced an accented collagenesis in the 15th day seen by the histological analysis.
The study reinforces the healing properties from EORO formulated as a topical emulsion.
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1. Introduction
Rosmarinus officinalis also isnamedas Salvia rosmarinus Schleid. and Rosmarinus
angustifolius Mill, but commonly known as rosemary, alecrim, or romero [1]. That is a
worldwide plant with pharmacological properties due to its antioxidant and antimicrobial
potential, besides antinociceptive effects [1-6].
Sincethe topical application is an important administration route for drugs requiring local
action on the skin, the extract from R. officinalis leaves demonstrated potential applications in
cosmetic formulations in the treatment of cellulite, alopecia, ultraviolet damage, and aging [7-8].
Its essential oil also showed the biological activities reported both in vitro and in vivo assays [910]
. It can be attributed to several molecules present in the essential oil such as β-pinene, 1, 8cineole, borneol, camphor, limonene, and verbenone [11].
Related to the topical healing properties from R. officinalis, although widely studied, the
researchers have shown the use of the emulsion with associations of other plant extracts [12, 13],
or topically only the oil [14-16]. Therefore, the present study aimed to evaluate a feasible and
inexpensive emulsion containing the essential oil of R. officinalis (EORO) as an open wound
healer in rats.
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2. Material and Methods
2.1. Materials
The EORO used in this work was produced and donated by the company Tekton® Óleos
Essenciais Ltda (Brazil). To obtain this oil, steam extraction of R. officinalis leaves was used
and analyzed by gas chromatography coupled to mass spectrum (GC/MS). The chemical
analysis of the volatile oil provided by Tekton® is detailed in Supplementary Table 1.
For the emulsion, it was used Cetearyl Alcohol (and) Diacetyl Phosphate (and) Ceteth-10
Phosphate (Crodafos CES®, UK), Butylated hydroxytoluene (BHT) (Sigma Aldrich, US),
Propylparaben (Sigma Aldrich, US), Methylparaben (Sigma Aldrich, US), Glycerin(Sigma
Aldrich, US), Disodium EDTA (ethylenediaminetetraacetic acid) (Sigma Aldrich, US) and
Hydroxypropyl Starch Phosphate (STRUCTURE® XL, Underwriters Laboratories, US).
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dilutions of the EORO through the Agar disk-diffusion testing
using Staphylococcus aureus ATCC 25.923 e
Staphylococcus epidermidis ATCC 1228 as test
microorganisms. Therefore, EORO 20% was used considering
that the bacterial growth inhibition was similar to the positive
control (chlorhexidine 0.05%) in the antimicrobial assessment
(data not shown). A second product containing the same
constituents and established concentrations, substituting only
EORO for mineral oil was also obtained for use as a negative
control in skin healing tests.

2.2. Emulsionpreparation
The formulation consisted of an emulsion produced by the
technique of hot emulsification, with separation of the
aqueous and oily phases and mixing of both with constant
agitation until cooling below 40ºC. EORO was incorporated
into the oil phase in order to obtain a more stable emulsion.
All components were selected based on criteria such as low
toxicity and high skin tolerance (Table 1). The concentration
of EORO in the final product was determined previously after
evaluating the inhibition zones developed with the serial

[17]

Table 1: Emulsion composition containing essential oil of Rosmarinus officinalis (EORO)
Components
Cetearyl Alcohol/ Diacetyl Phosphate/ Ceteth-10 Phosphate
EORO
Butylated hydroxytoluene (BHT)
Propylparaben
Methylparaben
Glycerin
Disodium EDTA
Hydroxypropyl Starch Phosphate
Distilled water

Concentration (%)
5.00
20.0
0.01
0.05
0.15
5.00
0.05
0.50
69.24

Basic Function
Surfactant stabilizer and thickening agent
Emollient
Antioxidant
Preservative
Preservative
Humectant
Chelating agent
Thickening agent and sensorial corrective
Vehicle

zero to four where the amount of exudate (evaluated before
any treatment was applied) could be: absent = 0, small = 1,
moderate = 2, and large = 3.

2.3. Animals
The experiments were conducted using a total of 30 male
Wistar rats (160-250 g) that were obtained from the Vivarium
of the Lutheran University of Brazil (ULBRA), Canoas, the
Rio Grande do Sul, Brazil. All experiments were approved
according to the guidelines established by the Ethics
Committee of Animals (ECA) from the ULBRA, Canoas, RS,
Brazil, nº 2013/19P. The animals were maintained alone in
standard cages under a 12h light/dark cycle and in a
temperature-controlled room (25 ± 2ºC). Food and water were
available ad libitum. This study followed the Guidelines for
Animal Research, as set out by the Brazilian College of
Animal Experimentation (COBEA) and conducted in
accordance with the internationally accepted principles for
laboratory animal use and care as found in for example the
European Community guidelines (EEC Directive of 1986;
86/609/EEC).

2.6. Histologicalevaluation
A fragment from each wound was collected and immersed in
10% buffered formalin for 24 hours. After the conventional
ethanol gradient dehydration, the samples were sectioned at
7μm in paraffin and stained with hematoxylin and eosin (HE).
The animals were anesthetized from this procedure on the 9th
and 15th days. The parameters evaluated in the epidermis
were the presence of collagenesis, fibrin, bleeding, hyperemia,
and inflammatory infiltrate.
2.7. Statistical analysis
The analysis results were studied by Two-Way Analysis of
Variance (ANOVA), followed by Bonferroni’s test when
using Graph Pad 5 Software (USA). All data were expressed
as mean ± standard error and it was considered a significant
value if p<0.05.

2.4. Wound creation and treatments
The procedure was carried out under anesthesia by an
intraperitoneal injection of ketamine (50 mg/kg) and xylazine
(10 mg/kg). The rat’s dorsum was shaved and disinfected with
70% ethylic alcohol. A single lesion in each rat was created
up to the muscle fascia, 2x2 cm in size, using a sterile scalpel.
After the operation and according to the treatment to be
applied on their lesions, the animals were equally divided into
three groups (n=10). They were treated once a day with a thin
layer (± 2 g) of the emulsion containing EORO, emulsion
base, or an irrigated saline solution (± 1 mL), for 15 days.

3. Results
3.1. Morphological and exudate evaluation
The saline group presented a great contraction on days 3, 6,
and 9 when became similar to the EORO emulsion until the
next days of evaluation (Figure 1a). The base emulsion
showed the worst result from the beginning of the experiment
(day 3: 13.8 ±5.01%, p<0.05) until the 9th day (54.6 ± 8.26%,
p<0.001), being significantly different from the saline group
(day 3: 28.04 ± 4.17%; day 9: 81.7 ± 3.50%) and EORO
emulsion (day 9: 75.28 ± 3.55%, p<0, 01). After that, there
were no differences between the groups, wherein the 15th-day
EORO emulsion group presented 97.22 ± 0.71 %, the saline
group presented 93.65 ±1.05%, and the base emulsion 86.44 ±
2.74% of wound contraction.
Related to the exudate score, the group base emulsion
presented the higher scores from the first’s treatment days
(Figure 1b). The EORO emulsion reduced the exudate scores
from the 9th day (1.8 ± 0.03) until the 15th day (0.2 ± 0.13),
being significantly different from saline until the end of the
experiment (day 9: 2.9 ± 0.28, p<0.05; day 12: 2.6 ± 0.37,
p<0.01; day 15:2.0 ± 0.30, p<0.001).

2.5. Morphological and exudate evaluation
The evaluation of tissue healing of each animal was evaluated
for measurement by a digital caliper. They were photographed
on the 0, 3rd, 6th, 9th, 12th, and 15th days using a Cyber
Shot® digital camera (Sony®, Tokyo, Japan),with a pre-set
height (30 cm) and zoom, and in a standard animal body
position. The images were evaluated with ImageJ imageprocessing software (NIH, Bethesda, MD, USA), to determine
the area of the wound from the formula: WCR = [(A0At)/A0]*100%, where A0 and at refers to the initial area and
the wound’s area at a time t, respectively.
The analysis of the exudate was transformed into scores from
~9~
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Fig 1: Cutaneous wound contraction measurements (a) and the exudate scores of the cutaneous wounds in rats treated with saline, base
emulsion, or emulsion containing essential oil of Rosmarinus officinalis(EORO) on the 3rd, 6th, 9th, 12th, and 15th days

Each column represents the mean ± standard error of 10
animals. *p<0.05 and ***p<0.001 represents the level of
significance when compared to the saline group and ##p<0.01
represents the level of significance when compared to the
EORO emulsion group (Two-Way ANOVA, followed by
Bonferroni’s test).

3.2. Histological evaluation
Table 2 shows the studied parameters on the 9th and 15th days
of treatment. Besides, all groups showed an absence of
epithelium on the 9th day (Figure 2a, b, and c). On the 15th
day, the group EORO emulsion showed a higher epithelium
than the other groups (Figure 2d, e, and f).

Table 2: Histological parameters were evaluated after 9 and 15 days after treatment of open wound with saline, base emulsion, or emulsion
containing essential oil of Rosmarinus officinalis (EORO)
After 9 days
After 15 days
Saline Base emulsion EORO emulsion Saline Base emulsion EORO emulsion
Collagenesis
Absent
Absent
Absent
Moderate
Absent
Accented
Fibrin
Absent
Absent
Accented
Absent
Absent
Absent
Bleeding
Accented
Absent
Accented
Discreet
Absent
Absent
Hyperemia
Absent
Accented
Absent
Absent
Absent
Absent
Inflammatory Infiltrate Accented Accented
Discreet
Absent
Discreet
Absent

Histological parameters
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Fig 2: Histology of the fragment of a wound from animals on days 9 (a, b and c), and 15 (d, e, and f), after the wonder lesion treatments with
saline (a and d); base emulsion (b and e), and emulsion containing essential oil of Rosmarinus officinalis (EORO) (c and f). Staining H&E,
40x(I),and 400x(II) magnification. Blue arrows: absence of epithelium; red arrows: inflammatory infiltrate; white arrows: bleeding; yellow
arrows: fibrine; purple arrow: thin epithelium; pink arrow: accented Collagenesis; green arrow: moderate collagenesis

work were α-pinene, 1.8-cineole, and camphene, which is in
line with the previous studies showed by Borges et al. [9], in
their review. These chemical components are responsible for
antimicrobial [21-24] and anti-inflammatory activities [5, 9, 25]. In
this sense, based on these useful features, the work aimed to
evaluate the healing properties from an emulsion containing
EORO in the open wound in rats.
A wound leads to a cascade of events that ends with the
complete and organized closure of the wound aiming at the
reconstruction of the structural and functional barrier of the
skin, preventing an invasion of microorganisms into the body
[26]
. Pérez-Recalde et al. [27], reviewed that EORO has shown
positive results in rodent wounds like faster closure rate,

4. Discussion
According to Cizauskaite et al. [18], EORO offers advantages
as a stabilizer in the formation of dermopharmaceutical and
cosmetic preparations, besides, containing active ingredients
that work as functional cosmetic agents due to its biological
activities. Moreover, its dermal toxicity is low in rabbits, and
dermal irritation could occur only with 24 hours of direct
contact, being skin sensitization reported as negative [19]. In
addition, The Cosmetic Ingredient Review Expert Panel
concluded that the R. officinalis-derived ingredients are safe
as used in cosmetics when formulated to be non-sensitizing
[20]
.
The main compounds found in the EORO used in the present
~ 11 ~
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better collagen deposition, and/or enhanced fibroblasts
proliferation. In the present results, the researchers showed
that the emulsion containing EORO can reduce the wound
area within the fifteen-day evaluation, alike the treatment with
saline. Also, knowing that conditions of excessive and
extreme exudate adversely affect healing [28], the product
decreased the exudate score significantly on days 12 and 15
after the injury. Still macroscopically, on the 6th day, the
EORO emulsion group showed a little granulation tissue
which did increase on the 9th day and became a thin
epithelium on the 15th day. Finally, the EORO emulsion
enhanced an accented collagenesis in the 15th day seen by the
histological analysis, differently from the other groups
studied. These findings suggest that through the formation of
collagen and re-epithelialization, the migration of fibroblasts
to the extracellular matrixis confirmed [29]. In this sense,
similar results were found in animals treated topically only
with EORO when the wound was evaluated until the 21st day
postoperative [16].
A promising resource for the discovery of new antiseptic and
healing agents with lesser side effects has been found in oils
and plant extracts used in folk medicine [30]. The interest in the
use of herbal medicines does not aim to replace drugs already
registered and marketed, but to provide a variety of products
with the same effectiveness, low cost, legitimizing the
empiricism of popular medicine [31].
Although there are many works studying ways to formulate
topical emulsion with EORO, the topical healing properties of
the essential oil are not well known yet, mainly in control
animals. The present findings indicate a potential healer to be
used in the cosmetic field since the increased of aesthetic
procedures evolving skincare like cleaning, peels, laser
treatments, micro blading, needling, lip-blushing, need a postcare being recommended the association of antimicrobial and
healing properties. Based on this, the EORO emulsion would
have some interesting features to fit in the cosmeceutical
market. Nevertheless, it is needed more studies evaluating the
emulsion stability, viable bacterial count, and cytotoxicity, as
well as acute and chronic toxicity tests in order to evaluate the
safety of the emulsion.

5.

6.

7.

8.

9.

10.

11.

12.

6. Conclusion
The study reinforces the healing properties from EORO
formulated as a topical emulsion, which could be useful in the
aesthetic cosmeceutical market due also to its antimicrobial
activity.
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