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ABSTRACT

OBJECTIVES: This study aimed to investigate the wound healing activity of liposomal Carpobrotus edulis
powder extract (CEPE) formulation on incisional and excisional wounds in rat.
BACKGROUND: In the event of any damage, the damaged tissue undergoes a process of regenerating itself,

which is called wound healing.

METHODS: Centella asiatica extract (CAE) was used as the reference molecule in the study. The wound
healing process was tested by using the excisional and incisional wound model. On the 12th day of the study,
maximum stress, stress, % of elongation values were evaluated in the incisional wound. Also; histological
parameters and macroscopic photographic analyses were evaluated in the excisional wound.

RESULTS: In the photo evaluations, the improvement was more prominent in both CAE and CEPE groups
than in the control group. Histological evaluation showed that CEPE group had significant wound healing
activity compared to the control and CAE groups. Axial tensile-elongation experiments in incisional wound
tissue show that there was no significant difference between CAE and CEPE groups.

CONCLUSION: Liposomal formulations of C.edulis extract were found to have positive effects on the healing
process, both on excisional and incisional wound tissues (Tab. 2, Fig. 3, Ref. 30). Text in PDF www.elis.sk
KEY WORDS: Carpobrotus edulis, liposome, incisional wound, excisional wound, axial tensile-elongation tests.

Introduction

In the event of any damage, the damaged tissue undergoes
a process of regenerating itself, which is called wound healing.
There are hemostasis, inflammation, granulation tissue formation,
neovascularization, reepithelization, and remodeling stages in the
wound healing process (1). There are different experimental models
to evaluate the wound healing process. Excisional and incisional
wound models are commonly used in the literature. Surface area
healing rates in excisional wound models; stress, strain, and per-
cent elongation levels are evaluated by measuring wound tension
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forces in incisional wound models. Besides, histological evalua-
tions are of great importance in these studies. The stress (Mpa)
parameter measured in the axonal tensile tests used in incisional
wound measurement is defined as the force value affecting at the
unit area and is also called tensile stress. Strain (mm/mm) is de-
fined as the degree of deformation according to the state of the skin
sample under load before the load is applied. This definition is a
mathematical concept that describes the distortion of all materials
showing elastic properties. Percent elongation (% elongation) is
the change of percent difference between the length of the skin
tissue before starting the tensile test and the skin length just before
the skin rupture occurs (2).

Today extracts obtained from plants, monoterpenes such as
carvacrol, various essential oils and many drugs, are used to regu-
late the wound healing process (3—5). Carpobrotus edulis (L.)
N.E.Br. is an invasive plant species belonging to the family of
Aizoaceae, which is unique to the Cape Region of South Africa
(6-8). This plant is used by the people of this region as a traditional
medicine for the treatment of a wide range of ailments such as tu-
berculosis, throat infections, burns, and stomach ailments (9—11).
It is also used in Tunisia and its environs for its wound healing
properties (12). Studies have shown that C. edulis extract has a
perfect inhibitory effect against NO production and therefore has
anti-inflammatory activity (13). In addition, because of the potent
antioxidant properties of flavonoids contained in the traditional
treatment method is used, justifies the choice of treatment (14,
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Tab. 1. Liposome formulation and composition.

Preparation of herbal liposome formula-

Composition

pH Molar Ratio

Observations tions containing Carpobrotus edulis pow-

CEPE free
18%CEPE

*HPC:DCP:CHOL 5.5
*HPC:DCP:CHOLA+C.edulis (18% w/v) 5.5

7:1:2
7:1:2

der extract (CEPE)
The chemicals used to prepare the lipo-

Milky dispersion
Milky dispersion

*HPC: Hydrogenated phosphatidyl choline; DCP: Dicetyl phosphate; CHOL: Cholesterol, CEPE: Carpobrotus

edulis powder extract liposomal formulation

Tab. 2. Characterization result of herbal liposome formulations.

some formulations were purchased from the
following companies (HPC = Hydrogenated
phosphatidylcholine, LIPOID GmbH, Ger-
many; DCP = Dicetyl phosphate, Sigma

Aldrich, USA; Cholesterol, Fluka Research

C i Size Zeta Potential PDI
omposttion (nm) (mV) Chemicals, USA).
CEPE free  *HPC:DCP:CHOL 158.80+2.88  -24.8+0.18  0.144+0.001 Herbal liposome dispersion formula-
18%CEPE__*HPC:DCP:CHOL+C.edulis(18% wiv) 178804742 -254+0.62  0172£0.003 tion was prepared by thin film methods.

*HPC: Hydrogenated phosphatidyl choline; DCP: Dicetyl phosphate; CHOL: Cholesterol; PDI: Poly Dispersity

Index; CEPE: Carpobrotus edulis powder extract liposomal formulation

15). It has been shown that C.edulis phytochemicals can induce
apoptosis in cancer cells and is involved in the regulation of key
proteins. In the same study, agar diffusion test was carried out to
evaluate its antibacterial effect and as a result, the phenolic extract
of C.edulis showed strong antibacterial activity against Bacillus
cereus, Staphylococcus aureus and S. epidermidis (12).

Centella asiatica (L.) Urban Extract (CAE) is another tra-
ditional herbal extract commonly used for therapeutic purposes
and particularly in dermatological formulations. It is particularly
useful in the repair of wound tissue and has also potent antimi-
crobial activity. Therefore, it was preferred as a reference mate-
rial in our study (16).

Skin absorption properties of molecules used topically for
wound healing are factors that directly affect the healing process.
Nanoencapsulation can increase the absorption of molecules in
target tissues and increase the chemical stability and bioavail-
ability of the molecules (17). The use of liposomes as a drug or
molecule carrier provides sufficient penetration of these mole-
cules to the target tissue while minimizing systemic side effects
(18). No significant impact and changes were observed in the
skin structure after the application of empty liposomes to the skin
(19-21).

Although C. edulis is a native plant to South Africa, it is eas-
ily cultivated widespread in the coastal areas of Turkey to overlay
bare lands as an invasive plant with beautiful flowers. Due to its
widespread distribution people use the fleshy part of leaves for
wound healing and also is applied on skin as an anti-ageing rem-
edy. In this study, we aimed to investigate the effect of the lipo-
somal formulation containing C. edulis extract on the incisional
and excisional wound healing process.

Materials and methods

Test material

Succulent leaves of C. edulis (L.) N.E.Br. were collected from
Yeditepe University Forest area (Istanbul) in April (40.972748
latitude and 29.152182 longitude). Fleshy parts of fresh leaves
were removed (200 g) and homogenized in distilled water (400
mL). The homogenate was then frozen (at —80 °C) and lyophi-
lized (yield 2.35 g).

Firstly, liposome dispersion was prepared
by dissolving the 100 uM of phospholip-
ids) in 40 mL organic solvent (chloroform-
methanol) mixture in a round-bottom flask. The organic solvent
was evaporated using a rotary evaporator under reduced pressure
to form a thin film over the wall of round-bottom flask. The dried
lipoid film was hydrated over a water bath with 10 mM phosphate
buffer solution containing hydrophilic active substance (CEPE)
at pH 5.5 above phase transition temperature. After multi lame-
llar vesicle preparation, ultrasonication process (Hiescher, UP400,
Germany) and physical incorporation technique were applied, re-
spectively. Final concentration of CEPE was 18 % (w/v) (Tab. 1).
Then liposomes were sonicated during 5 minutes x 3 times to pro-
vide content uniformity. All dispersions were kept under nitrogen
atmosphere at 4 °C until experimental processing.

Once the liposomes were prepared, their sizes, zeta potentials
and PDI (Poly Dispersity Index) values were measured, respec-
tively. According to the results obtained, the mean particle size
distribution of sham liposomes is lower than that of CEPE loaded
liposomes because of encapsulation process (Tab. 2). 18 % CEPE
formulation was optimized based on their PDI and zeta potential
values. The zeta potential is a function of the general charge of a
particle and it gives a secondary stability parameter of liposome
dispersions. Differences in particle size give information about ag-
gregation and fusion events. If the zeta potential rises above —25
mV and +25 mV (away from zero) stability increases. As this po-
tential value approaches zero, the product loaded with liposomes
breaks down quickly. In this research, —24.8 mV for empty lipo-
some formulation, —25.4 mV for 18 % CEPE were found for op-
timum liposome formulations with zeta potential. Therefore, it is
seen that the liposomes we have used have a stable structure. The
value of PDI is an indication of the rate of degradation of lipo-
somes. As the PDI value increases, the rate of degradation of the
liposome increases (22). When liposomes were evaluated from the
point of view of PDI, CEPE-loaded liposomes had a larger particle
size than empty liposomes, and PDI values were between 0.1 and
0.5, which is the ideal value. According to all these information, li-
posomal dispersions containing 18% CEPE preferred because they
have an encapsulation property and appropriate zeta potentials.

Animals

Male Wistar-Albino rats weighing 250-300 gr were used in the
study. The rats were hosted in regular cages with food and water

913



Bratisl Med J 2021; 122 (12)
912-917

(a)

120 ~

100

80

60 -

40 ~

Percent of baseline

20

—{ Control
—- CAE
—— CEPE

Control

CAE

CEPE

Fig. 1. The effect of C.edulis powder extract liposomal formulation (CEPE) on the wound healing process in the excisional wound model. A.
Healing percentage of wound tissue surface area in each group. *p < 0.05 control group compared with CAE group; Pp < 0.05 control group
compared with CEPE group; “p < 0.05 CAE group compared with CEPE group. All values are given as mean + S.E.M. B. Macroscopic pho-

tographs of wound tissue.

ad libitum, at room temperature (24 °C) with artificial light from
7.00 am to 7.00 pm. Before performing in vivo experiments, ethi-
cal clearance approval was obtained from the Local Ethical Com-
mittee. The experimental animals were divided into 3 groups of 8
animals per group; namely control group, the group treated com-
mercial product containing 1 % Centella asiatica extract (CAE) as
reference drug and the group treated test material containing 18 %
Carpobrotus edulis powder extract liposomal formulation (CEPE).

Anesthesia and protocols for wound induction

Rats were anesthetized with a combination of 60 mg/kg keta-
mine and 6 mg/kg xylazine intraperitoneally (4). The modified
wound model was used to create the wound model considering the
information in the literature (4, 23). Two excisional wound tissues
were formed using a 5 mm punch biopsy instrument on the left
side of the midline in the shaved back region, one cm apart from
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each other and 1.5 cm away from the midline. Except for the con-
trol group, linear full-thickness incisional wound was formed in
a length of 2 cm using a No.11 surgical scalpel to remain 1.5 cm
to the right of the midline in the dorsal region. Incisional wound
edges were sutured using 3/0 silk thread. In the control group, only
the excisional wound model was formed as described above. Drug
formulations were administered topically to the relevant groups
every morning for 11 days. On day 12 of the study, the rats were
sacrificed under anesthesia; tissue samples were taken for histo-
logical evaluation and wound tension measurement.

Macroscopic evaluation

From the day when the excisional wound tissue was formed,
every other day photographs were taken, and the surface areas were
measured with the ImagelJ program. Afterwards, wound healing
rates were calculated by the formula given in the literature (4, 5).
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All pull tests were initiated by resetting the
force sensor. At certain intervals, a draw of
100 microns was applied. At the same time,
the device continued to record by continu-
ously measuring the stress-strain responses
with applied force. Maximum load, maxi-
mum stress, strain and percent elongation
values calculated in skin tissue.

Statistical evaluation

*p <0.001

For statistical data comparisons, a stan-
dard software package (SPSS 20 for Win-

3 p=0.126

Score
N
1

‘ dows; SPSS Inc., Chicago, IL, USA) was
used. Differences between groups were ana-
lyzed by one-way ANOVA, followed by
least significant differences (LSD) tests. All
values were given as mean+S.E.M. p <0.05

*p <0.001

—

were considered significant.

Results

Control

SRR M A AR

CAE CEPE

Fig. 2. Histological evaluation of wound tissue (Hemotoxylin and eosin (H&E), (original magni-
fication x 10)). The scale bars represent 100 pm for a figure. A. Control group, B. CAE group,
C. CEPE group, D. Histological scoring of wound tissues. In the histological scoring of the
healing of the excisional wound tissue; epidermal regeneration (it is illustrated by “*” in the
figure), dermal regeneration and granulation tissue (it is illustrated by “«<” in the figure),
and angiogenesis (it is illustrated by ”—” in the figure) were better in the CEPE group than

in the control group.

Histological evaluation

On day 12, the animals were sacrificed by decapitation and
the skin of the back including the wound area was removed. Full-
thickness biopsy samples extended from the outside margin to the
center of the treated area. All tissue specimens were fixed in 10 %
neutral formalin for at least 24 h at room temperature. After fixa-
tion, wound samples were dehydrated in graded ethanol series,
cleared in xylene and embedded in paraffin. 5 pm thick sections
(Thermo Microm HM 340E, Waltham, US) were mounted on
glass slides, dewaxed, rehydrated with distilled water and stained
with Hematoxylin-Eosin (HE) according to routine procedures for
light microscopy. The images were taken under a Nikon Eclipse
Ni (Nikon Instruments Europe BV, Amsterdam, Holland) research
microscope. Measurement was performed by two independent
researchers blind to the drug administration groups. The scoring
system defined by Galeano et al. was used for the histological
evaluation of wound healing (24-26).

Axial tensile-elongation experiments in incisional wound tissue
Axial tensile-elongation experiments were carried out on a TA
Instruments QA-800 mechanical analyzer at Yeditepe University
Engineering Faculty. In order to standardize the data obtained from
the skin samples taken after the incisional wound model, the cross-
sectional areas of skin tissues to be subjected to tensile-elongation
tests were measured separately. During the measurement, the skin
tissues were attached to the fixed ends of the mechanical analyzer.

There was no significant difference be-
tween the groups when compared with the
control group at 8th day in the evaluation of
the surface of the excisional wound. How-
ever, there was a significant difference on
the 2nd, 6th, 10th and 12th days, between
CAE and the control group (respectively
p=0.029; p=0.016; p=0.01; p=0.03); on
the 4th and 6th days, between the CAE group and CEPE group
(respectively p=0.014; p=0.007); on the 12th day between the
control group and CEPE groups (p=0.004) (Fig. 1).

Histological scoring of excisional wound tissue was evaluated
for epidermal regeneration, dermal regeneration, and granulation
tissue formation and angiogenesis. The values of the CEPE group
were higher than both, the control group and the CAE group (p <
0.001; p <0.001, respectively) (Fig. 2).

When the maximum stress, strain, and elongation levels of
the incisional wound tissue were evaluated, there was a statisti-
cally significant decrease in all parameters in the CAE and CEPE
groups compared to the control group. This situation was expected
because the skin tissue of control group was intact. There was no
significant difference between CAE and CEPE (Fig. 3).

Discussion

Wound healing is a complex process consisting of inflamma-
tion, cellular proliferation and remodeling (1). Many molecules can
accelerate wound healing by affecting these phases. A wide range
of herbal remedies either directly or its extracts such as ethanol or
oily extracts of Hypericum perforatum (27) and various essential
oils such as Lavender oil (28) were also used for this purpose in
worldwide communities. Although C. edulis is native to South
Africa’s Cape region, it is an invasive plant species that are com-
mon throughout the world (6-8). Traditionally, it is widely used
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Fig. 3. Axial tensile-elongation measurements in incisional wound tissue. A. Maximum stress values, B. Strain values, C. Elongation (%) val-

ues. All values are given as mean = S.E.M.

by local people in the treatment of respiratory infections, various
stomach ailments, wounds, and burns (9-12).

Wound healing studies are generally performed with the burn,
incisional, and excisional wound models. In our research, incisional
and excisional wound models were used together, as stated in the ma-
terial-method section to use fewer experimental animals. The photo-
graphs of the excisional wounds were evaluated with the ImageJ pro-
gram and surface area healing rates were calculated. According to the
measurement results, the recovery rates of CAE and CEPE groups
were significantly better, especially after the eighth day (Fig. 1).

Angiogenesis, granulation tissue formation, dermal, and epi-
dermal regeneration are the main histological evaluation criteria
for wound healing. In our study, biopsy materials were taken from
excisional wound tissues and evaluated as described in the litera-
ture (24, 25). In histological evaluation, angiogenesis, epidermal
regeneration, size and organization of granulation tissue and dermal
regeneration were better in the CEPE group compared to both the
control group and the CAE group (Fig. 2).

In the evaluation of incisional wound tissue, it is important
to measure the wound tissue tension forces. Fibroblast cell proli-
feration is the leading factor affecting wound tension. These cells
convert to myofibroblast form and contribute to wound tension.
Axial tensile elongation tests were applied to the samples taken
from the incisional wound tissues to evaluate the wound tensile
strength. When the control group and other groups were compared,
there was a statistically significant difference in terms of maximum
stress, strain, and percent elongation values (Fig. 3). These parame-
ters in the control group were better due to undamaged skin tissue.
On the other hand, CAE and CEPE groups were not statistically
significant in their comparison, and the values were similar. Also,
the histological evaluation parameters in our study were consistent
with the data obtained in the incisional axial-tensile elongation test.

Infectious agents, such as bacteria, can adversely affect the
wound healing process, slowing or completely disrupting the heal-
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ing process. Therefore, the antibacterial properties of the molecules
to be used in the treatment affect the healing positively and are
preferred. It has been found that a large number of compounds ob-
tained from C.edulis show antibacterial properties (11). It has been
shown to have vigorous antibacterial activity, especially against
triterpene uvaol, multidrug-resistant (MDR) Gram-positive bac-
teria (29). Interestingly, in another study with methanol extract
of the same plant, it was suggested that this extract could be used
against problematic MDR intracellular infections (30).

In light of all these information, C.edulis extract may be a
new option in wound healing because of the similar properties of
CAE, which is accepted as the reference molecule in routine use
in wound tissues for treatment purposes, and also it has strong
antibacterial properties.

Liposomal formulations of C.edulis extract have positive ef-
fects on the healing process in both incisional and excisional wound
tissues. Our research is a preliminary study, and we believe that
further investigations on its crude extract and fractions as well as
its purified components by using molecular methods would pro-
vide data to shed light on new treatment modalities.

Limitations

Although the effect of liposomal formulations of CAE and
C.edulis extracts on wound healing was investigated, parameters
such as cytokine and growth factors were not evaluated.
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