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Abstract

Background: Pulegone as principal component of essential oil, reported to have anti-
bacterial, antioxidant and anti-inflammatory properties. The present study was aimed to evaluate
wound healing activity of pulegone in a rat model.

Method: Forty rats were used for excisional and incisional wound healing models. For
each model twenty male white Wistar rats were randomly divided into five groups (n = 4) of
control (CG), Sham surgery, E1, E2 and E3. Wound size, hydroxyproline content of wound and
biomechanical testing were assessed.

Result: In E2 animals, the wound size was reduced earlier than in E1 and E2 groups
(P = 0.035). However, time had significant effect on wound contraction of all wounds.
Hydroxyproline contents in the groups CG, sham surgery, E1, E2 and E3 were found to be
51.25 + 3.40, 58.41 + 4.62, 68.59 + 3.53, 86.32 + 3.18, and 74.26 + 4.73 mg g*, respectively.
Hydroxyproline contents were increased significantly in E2 compared to E1 and E3 which implied
more collagen deposition compared to other experimental groups (P = 0.001). The biomechanical
indices, maximum stored energy, stiffness, ultimate strength and yield strength obtained for E2
group were significantly higher than those obtained for E1 and E2 groups (P = 0.002).

Conclusion: The pulegone showed a reproducible wound healing potential in rats.
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Introduction

Wound is defined as disruption of cellular,
anatomical, and functional continuity of a
living tissue. Wound care and maintenance
involves a number of measures including
dressing and administration of painkillers, use
of anti-inflammatory agents, topical systemic
antimicrobial agents, and healing promoting
drugs (1).

Wound healing is the interaction of a
complex cascade of cellular and biochemical
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actions leading to the restoration of structural
and functional integrity with regain of strength
of injured tissues (2). Plants have the immense
potential for the management and treatment
of wounds. A large number of plants are used
by tribal and folklore in many countries for the
treatment of wounds and burns. These natural
agents induce healing and regeneration of the
lost tissue by multiple mechanisms. These
phytomedicine are not only cheap and affordable
but are also safe. The presence of various life-
sustaining constituents in plants has been
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encouraging to urge scientist to examine the
plants with a view to determine potential wound
healing properties (3).

In cases of severe distortion of the
tissue architecture, the healing process may
not lead to morphofunctional normality,
however, result in the formation of disoriented
connective tissue with a fibrous appearance (4,
5). This abnormal tissue architecture reduces
the mechanical strength and leads to scar
formation. Phytomedicine can assist the proper
physiological reconstruction of the skin and
reduce or prevent scar tissue formation.

Pulegone is natural monoterpene ketone
obtained from the essential oil of a variety of
plants such as Nepeta cataria (Catnip) and
Mentha species. Mentha pulegium L. contains
60%—-90% and Mentha longifolia L. contains
17% pulegone as principal component of
essential oil, reported to have anti-bacterial,
antioxidant and anti-inflammatory properties
(6, 7). Commercially, it was used as flavoring
agent for toothpastes and mouthwashes, as
valuable ingredient for perfumes and various
pharmaceuticals and has been utilised in
aromatherapy (7).

It has also been suggested that pulegone
bears  antimicrobial activity, particularly
against all the Salmonella species (8). In
vitro studies have revealed that pulegone is a
selective COX-2 inhibitor and probably acts
through the inhibition of the production of
inflammatory mediators from the cascade of
cyclooxygenase (9). In addition, a study to
evaluate the correlation between structure and
anti-nociceptive activity demonstrated that
pulegone showed an antinociceptive against the
pain response induced by acetic acid (10). These
properties of pulegone made it favorable for the
authors to conduct a study to evaluate its wound
healing potentials.

To the best knowledge of the authors,
literature is poor regarding the effect of pulegone
on full thickness wound healing. The aim of the
present study was to evaluate the wound healing
activity of pulegone on full thickness wounds in
a rat model. Assessment of the healing process
was based on excision, incision, hydroxyproline
estimation and biomechanical studies.

Material and Methods

In the present study a total number of 40
healthy male Wistar rats were used either for
excisional wound model (n = 20) and incisional

wound model (n = 20). The animals in each
group were again divided into 5 (n = 4) groups,
randomly. Animals were kept in separate
cages for five days at room conditions for
acclimatization at a temperature of 22 + 3 °C,
humidity (60 + 5%), and 12 h light/dark cycle.
During the study all animals had free access to
standard chew pellet and fresh water.

Our study protocol was reviewed and
approved by Urmia University ethical committee.
All animals received humane care in accordance
with the Guide for the Care and Use of
Laboratory Animals prepared by the National
Academy of Sciences and published by the
National Institutes of Health (NIH publication
No. 85-23, revised 1985). Pulegone was
purchased from Sigma Chemical Co., USA.

Formulation of Topical Wound
Application Forms

The base formulation consisting of
Eucerin (30%) and Vaseline (70%) in about
1:2 proportions were prepared. Three variants
of the topical application form were prepared
comprising 0.25 g, 0.5 g and 1 g of the pulegone
in ointment.

Acute Toxicity and LD_, Determination
Test '

The LD _, for the pulegone were determined
using the method described by Lorke 1983
(11). In brief, LD, of pulegone through oral
and dermal routes were determined in rats by
dissolving pulegone in Tween 80 (2%). For the
dermal route, a day before dermal exposure
the skin in back of animals was shaved and
the diluted solution was spread uniformly and
evenly on a quadrangular area of 5x5 cm. In
the oral route, the animals were gavaged with
animal oral feeding cannula. Acute toxicity tests
were performed in both male and female rats
in order to evaluate the toxic effect of pulegone
(10, 100, 1000, 1600, 2900 and 5000 mg/kg)
in either genders. The general signs of toxicity,
convulsions, ataxia, hypoactivity, ventilation
disorders and local lesions in applied area of
skin, and mortality rate were recorded hourly
on the first day and subsequently all rats were
observed twice daily for 14 days after dosing, and
then killed and necropsied. The body weights
were recorded twice through the toxicity study on
starting day (o day) and the on day 14.

www.mjms.usm.my



Malays J Med Sci. Sep-Oct 2017; 24(5): 52-61

Excision Wound Model and Planimetric
Studies

For excisional wound healing model 20
healthy male Wistar rats weighing approximately
170 g—180 g and six weeks of age were divided
into 5 groups (n = 4), randomly: Control
group (CG) including creation of wounds and
no treatment, sham surgery group including
creation of wounds and application of base form
of the ointments, E1, E2 and E3 groups including
creation of wounds and application of ointment
carrying 0.25, 0.5 and 1% of the pulegone,
respectively. After induction of anesthesia
with Xylazine HCL 2% (5 mg/kg/IP, Alfasan
International, Woerden, Holland) and ketamine
HCL 10% (60 mg/kg/IP, Alfasan International,
Woerden, Holland) rats were fixed in a ventral
posture on a surgery table. Following shaving
and aseptic preparation, a circular excision
wound was made by cutting away approximately
300 mm? full thickness of predetermined area on
the anterior-dorsal side of each rat. All the test
formulations were applied for 10 days starting
from the day of wounding. Wound-healing
property was evaluated by wound contraction
percentage and wound closure time. Photographs
were taken immediately after wounding and on
days 6, 9, 12, 15, 18 and 21 post-operation by
a digital camera while a ruler was placed near
the wounds (Figure 1). The wound areas were
analysed by Measuring Tool of Adobe Acrobat
9 Pro Extended software (Adobe Systems Inc,
San Jose, CA, USA) and wound contraction
percentage was calculated using the following

formula: Percentage of wound contraction =
(A,—A) /A, x100.

Where A is the original wound area and
A, is the wound area at the time of imaging (12).
The animals were left in separate cages for four
days at room conditions for acclimatisation.
Animal houses were in standard environmental
conditions of temperature (22 + 3 °C), humidity
(60 = 5%), and a 12 h light/dark cycle. The
animals were maintained on standard pellet diet
and tap water. All rats were closely observed
for any infection and if they showed signs of
infection were separated, excluded from the
study and replaced.

Determination of Hydroxyproline Levels

On the day 21 after surgery, a piece of skin
from the healed wound area was collected and
analysed for hydroxyproline content. As a major
part of collagen, hydroxyproline has an essential
role in collagen stability. The collagen is the
major component of extracellular tissue, which
gives support and strength. The hydroxyproline
contents were estimated using a method
described by others (13). Briefly, tissues were
dried in a hot air oven at 60—70 °C to constant
weight and were hydrolysed in 6N HCIl at
130 °C for 4 h in sealed tubes. The hydrolysate
was neutralised to pH 7.0 and was subjected to
chloramine-T oxidation for 20 min. The reaction
was terminated by addition of 0.4M perchloric
acid and color was developed with the help of
Ehrlich reagent at 60 °C and measured at 557 nm
using UV-visible spectrophotometer (CamSpec
M330, Cambridge CB2 4BG, UK).

Figure 1. Photograph was taken immediately after wounding by a digital camera while a ruler was
placed near the wound and the area was analysed by Measuring Tool of Adobe Acrobat 9 Pro
Extended software (Adobe Systems Inc, San Jose, CA, USA)
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Incision Wound Model and
Biomechanical Testing

Twenty healthy male Wistar rats weighing
approximately 170 g—180 g and six weeks of age
were divided into 5 groups (n = 4), randomly.
All animals of four groups were anesthetised
as mentioned above and a paravertebral long
incision of 4 c¢cm length was made through the
skin and cutaneous muscle at a distance about
1.5 cm from the middle on right side of the
depilated back. After the incision was made, the
two ends of the wound were sutured at 0.5 cm
intervals with 3/0 nylon. The formulations were
applied the same way in the excisional wound
model. Ointments were applied once daily for
9 days. On day 9, sutures were removed and
a strip of skin, 7 cm long, with the same widths
of wound diameter, in the manner that the
wound was located at the middle of the strip,
was removed by a double-blade scalpel. The
skin was then wrapped in Ringer’s soaked gauze,
aluminum foils, and plastic bags and kept in
-20 °C freezer until mechanical testing. The
TA.XTPlus Texture Analyser mechanical test
device was used for the assessment (Stable Micro
Systems, Surrey GU7 1YL, UK). The samples
were fitted with appropriate clamps, the distance
between the clamps at the start of testing being 4
cm. The strips were loaded with o kg—30 kg load
cell, with strain rate of 1 cm/min and the load
elongation curves were obtained. Yield strength
(vield point) (kg), ultimate strength (kg),
maximum stored energy (kg/cm), and stiffness
(kg/cm) were measured from the load elongation
curves.

Statistical Analysis

Normal distributions of data were evaluated
by Kruskal-Wallis variance analysis. Multiple
comparison tests were used to know differences
among experimental groups. One way ANOVA
and post hoc Tuky’s test were used in toxicity
and mechanical tests. Repeated measures
ANOVA and a factorial were used for wound area
analyses. SPSS 17 (SPSS Inc., Chicago, IL, USA)
was used for statistical analyses. A P-value was
set at 0-05.

Results

Acute Toxicity Test Findings

Dermal administration of the pulegone
in highest doses, 5000 mg/kg did not produce
any mortality and visible signs of toxicity when

observed 24 h after treatment and for further
14 days. Administered orally, the pulegone
produced visible signs of toxicity in rats at
doses of greater thanioo mg/kg and mortality
was observed in doses greater than 1600 mg/
kg. The signs included abnormal gait, increased
respiration, decreased activity, unresponsive
to writhing test and limb paralysis. Significant
body weight loss was not observed after two
weeks of oral and percutaneous administration of
pulegone. Pulegone was more toxic through oral
route than dermal route.

The LD, was estimated to be 1250 mg/kg
for the oral route and greater than 5000 mg/kg
in dermal route. Visual inspection, on necropsy,
did not reveal any signs of damage to organs
(Table 1 and Table 2).

Reduction in Wound Area

Wound contraction percentage in different
groups during the course of study is shown
in Table 3. The healing rate of 0.5% ointment
treated group was significantly different
compared to other groups (P < 0.05). However,
time had significant effect on wound contraction
of all wounds (P = 0.035) (Figure 2).

Hydroxyproline Content of Wound

Proline is  hydroxylated to  form
hydroxyproline  after  protein  synthesis.
Hydroxyproline contents in the groups CG,
sham surgery, E1, E2 and E3 were found
to be 51.25+3.40, 58.41+4.62, 68.59+3.53,
86.32+3.18 and 74.26+4.73 mg g, respectively.
Hydroxyproline  contents were increased
significantly in 0.5% ointment treated group
which implies more collagen deposition
compared to other experimental groups (P =
0.001).

Biomechanical Findings

The biomechanical indices, maximum
stored energy, stiffness, ultimate strength and
yield strength obtained for 0.5% ointment
treated group were significantly higher than
those obtained for other groups (P = 0.002)
(Table 4). This indicated better biomechanical
properties of the 0.5% ointment on treated
tissues.
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Table 1. Mortality and behavioural changes are shown in acute dermal toxicity of pulegone examined
rats. The pulegone dissolved in Tween 80 (2%) was rubbed as single doses in area 5cm x 5cm of
the back zone of each rat. All animals were carefully examined for adverse effects, behavioural
changes and mortality, for 14 days. Symptoms of toxicity are described for each group

Treatment D/T Effects Body Weight (g)
k
(mg/kg) Symptoms of toxicity Day o Day 14

Tween (2%)  0/3 None 121.3 + 18.6 137.2 +19.3 P=0.002
Severe hypoactivity, local P=0.004

5000 o/3 redness and congestion 127.3 %39 137:4 % 6.2
Severe hypoactivity, local P=0.004

2900 0/3 redness and congestion 123.2+15.8 138.7+11.3
1600 0/3 hypoactivity 136.7 £ 10.4 130.3 £ 12.5 P=0.004
1000 0/3 No clinical signs were observed  129.5 + 6.9 125.7 + 14.8 P =0.002
100 0/3  No clinical signs were observed = 110.7 + 10.4 124.6 + 15.3 P=0.002
10 0/3 No clinical signs were observed  133.4 + 12.1 138.3+13.5 P =0.002

D/T: dead/treated rats, latency: time to death after the animal was dosed, none: no toxic symptom was observed during the
observation period.
Body Wight values are expressed as Mean £ SD. One way ANOVA and post hoc Tuky’s test were used.

Table 2. Mortality and behavioural changes in acute oral toxicity of pulegone are shown in examined
rats. The pulegone, dissolved in Tween 80 (2%) was administered as single oral doses to 6
groups of 3 rats each. All animals were carefully examined for adverse effects, behavioural
changes and mortality, for 14 days. Symptoms of toxicity are described for each group

Treatment D/T Effects Body Weight (g)
k
(mg/ke) Symptoms of toxicity Day o Day 14
Tween (2%) 0/3 None 3.7 £ 109 4.6 £ 124 P =0.002
Hypoactivity, Altered respiration, ) B
5000 3/3 recumbencey 4.3 + 124 P =0.004
Hypoactivity, Ataxia, Altered ) B
2900 2/3 respiration 11.5 + 146 P =0.004
1600 3/3 Hypoactivity, Altered respiration 9.6 £ 119 - P=o0.004
1000 0/3 Hypoactivity 10.8 + 135 11.3 + 152.7 P =0.004
100 0/3 Hypoactivity 10.2 + 131.7 9.8 + 125.4 P =0.004
10 0/3 Hypoactivity 14.4 + 124 2.3 + 120.7 P =0.004

D/T: dead/treated rats, latency: time to death after the animal was dosed, none: no toxic symptom was observed during the
observation period.
Body Wight values are expressed as Mean+ SD. One way ANOVA and post hoc Tuky’s test were used.
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Table 3. Effect of pulegone on circular excision wound contraction area (mm?) is represented. Values are
given as mean + SD

Wound area in days (imm?)

Groups Day 6 Day 9 Day 12 Day 15 Day 18 Day 21 P - value
CG 254.67 £ 0.49 100.78 £1.78 85.13+0.26 4528 £1.34 2143 £ 1.57 8.11+0.21 P =0.001
Sham 244.18 £ 0.45 96.55+0.46 82.12+1.39 41.50+0.25 18.10+1.17 4.04+0.24 P =0.001
surgery
E1 254.31 + 1.37 87.23 + 1.12 67.62 + 0.15 25.63+0.39 13.11 + 0.38 2.75+0.41 P=0.003

E2 215.09 + 0.44* 61.52 + 0.75% 24.12 + 0.27% 4.40 £+ 1.18* 2,50 £ 0.47* 00.35 + 0.57° P =0.002

E3 234.60 £ 0.77  76.25+0.49 43.22+0.18 1514 +0.14 7.28 £ 0.47 1.17 £ 0.12 P =0.003

*: The mean difference is significant at the .05 level vs other experimental groups. Repeated measures ANOVA were used.

Figure 2. The representative photographs of wounds on day 15 show wound area in the experimental
groups

Table 4. Biomechanical parameters assessed for each of the experimental groups are represented.
Values are given as mean + SD

Biomechanical Parameters

Groups MES (Kg/cm) Stiffness (Kg/cm) Ultimate Strength (Kg)Yield Point (Kg) P - value

CG 0.63 + 0.15 0.40 £+ 0.18 0.72 + 0.18 0.67 £ 0.12 P=o0.001
Sham 0.73 £ 0.1 0.48 £ 0.1 0.81 £ 0.12 0.75 £ 0.1 P =0.001
surgery .73 £ 0.17 4 .19 . . .75 14 = 0.
E1 1.13 + 0.24 0.95 + 0.19 0.95 + 0.16 0.76 + 0.14 P =0.003
E2 1.71 £ 0.32* 1.65 + 0.12% 1.48 + 0.15% 1.42 + 0.12% P =0.002
E3 1.32 £ 0.26 1.11 + 0.16 1.19 £ 0.17 0.95 + 0.15 P =0.003

MES: Maximum Energy Stored. *: The mean difference is significant at the .05 level vs other experimental groups. One way
ANOVA and post hoc Tuky’s test were used.
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Discussion

Inflammation, proliferation and tissue
remodeling are three phases of healing process
which occur following tissue damages as closely
as possible to its natural state. The healing
process is activated when platelets come into
contact with exposed collagen leading to platelet
aggregation and the release of clotting factors
resulting in the deposition of a fibrin clot at
the site of injury. The fibrin clot serves as a
provisional matrix and sets the stage for the
subsequent events of healing. Inflammatory cells
also arrive along with the platelets at the injury
site providing key signals known as growth
factors. The fibroblast is the connective tissue
cell responsible for collagen deposition required
to repair the tissue injury. The collagen is the
main constituent of extra cellular tissue, which is
responsible for support and strength (14).

Monoterpenes, belonging to a large and
diverse group of chemical compounds named
‘terpenes’, represent a group of naturally
occurring organic compounds whose basic
structure consists of two linked isoprene units,
which are formed by a 5-carbon-base (C5) each.
They are the most representative molecules
constituting 90% of the essential oils and
have a great variety of structures with several
functions such as antimicrobial, hypotensive,
anti-inflammatory and antipruritic (15-18).
These compounds are inexpensive and have been
widely used in flavourings and fragrances since
the beginning of the 19th century. More recently,
in the pharmaceutical industry, they play a great
role because of their therapeutic potential (19).
Pulegone, a naturally occurring monoterpene
ketone, has been reported to be able to reduce
the number of writhings induced by acetic acid
with the same intensity shown by carvone (20).
This monoterpene also reduces the licking time
induced by formalin and increases the latency
time in hot-plate test with non-participation of
the opioid system (21).

Inflammation is the reaction of a normal
living tissue to local injury and it plays an
important role in the defense mechanism which
helps to protect us from infection or injury (22).
The function of inflammation is to eliminate the
foreign bodies or injurious agents. Furthermore,
it removes damaged tissue components, so
that the body can begin to heal and recover.
However, if the inflammation is left untreated
or uncontrolled, it will lead to many acute and
chronic human diseases (23).
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In vitro studies revealed that pulegone is
a selective COX-2 inhibitor (24). Although no
mechanism of action has been investigated,
probably pulegone acts through the inhibition
of the production of inflammatory mediators
from the cascade of cyclooxygenase. It has also
been stated that pulegone bears regenerative cell
proliferation properties in experimental animals
(25). It seems as a result of anti-inflammatory
and cell proliferation properties of pulegone, the
pulegone treated animals showed accelerated
wound repair on the present study.

The investigation of cytotoxic activity of
pulegone and its metabolites like piperitenone,
piperitone, = menthofuran and menthone
demonstrated their cytotoxic activity against rat
at bladder and a rat urothelial cell line (MYP3
cells) (26, 27). The animals in group E2 showed
a significant improvement in wound healing
compared to group E3. This significant effect
might be associated with exuberant toxic effects
of pulegone with 1g of the pulegone in ointment
(group E3) where the toxic effect of the pulegone
dominated its beneficial wound healing activity.

In excisional wound model there was
a significant decrease in wound area. This
indicated improved collagen maturation by
increased cross linking. The balance between
synthesis and breakdown and so deposition
of collagen is important in wound healing and
development of wound strength (28).

Mechanical testing is sensitive to
changes that occur during the progression
of wound healing, and can be used as a tool
to measure the quality of healing. One of
the most important factors in the healing of
wounds is the stimulation of wound strength
(29). Wound strength is determined by the
amount and quality of newly synthesized and
deposited collagen, as well as degradation of
preformed collagen (30). Tensile strength, which
demonstrates the force per unit of cross-sectional
area needed to break the wound, is an important
measure since it reflects the subdermal
organisation of the collagen fibers in the newly
deposited collage (29). Tensile strength indicates
how much the repaired tissue resists to break
under tension and may indicate in part the
quality of the repaired tissue (31).

Collagen is one of the major components
that is mainly responsible for the mechanical
properties of the skin (32). The net amount
of wound collagen deposition depends on
collagen turnover and is a reflection of collagen
synthesis minus collagen breakdown (30).
The changes in the diameter of collagen fibrils
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have also been related to mechanical strength
of the skin. Apparently thick collagen fibrils
can resist greater tensile strength as opposed
to thin ones (33). Once the skin is injured, the
normal collagen will be replaced by scar collagen
and the connective tissue will not regain the
original highly organised structure of collagen.
Thus, the healing skin is weaker and results in
lower tensile strength as opposed to the normal
skin (34). Mechanical property data provide a
clinically relevant and functional assessment of
wound healing quality. When compared to other
experimental groups, pulegone treated animals
showed a statistically significant difference in
biomechanical parameters.

Hydroxyproline is a major component of the
collagen that permits the sharp twisting of the
collagen helix. It helps on providing stability to
the triple-helical structure of collagen by forming
hydrogen bonds. Hydroxyproline is found in few
proteins other than collagen. For this reason,
hydroxyproline content has been used as an
indicator to determine collagen content (14).
Increase in hydroxyproline content in pulegone
treated groups indicated increased collagen
content, since hydroxyproline is the direct
estimate of collagen synthesis.

Although the present study showed the
promising effect of pulegone on wound healing
in rats, data regarding the histological and
molecular mechanisms leading to its action
remain to be investigated in depth. The authors
have not provided the histologic and molecular
evidence for the action of pulegone, which may
be considered as a limitation of this study.

Conclusions

The pulegone resulted in significant
improvement of full thickness wound healing.
Thus, from this study we concluded that
pulegone had a reproducible wound healing
potential in rats. However, because of toxicity of
pulegone further dose-dependent study is needed
to determine an appropriate dose that achieve
maximal efficacy in facial nerve transection
models.
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