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Abstract

Ethnomedicinal plants are considered as the recent resources for producing
components to healt wounds. Stevia rebaudiana is a native plant in Iran, which has
been used as an anti-inammatory, antioxidant, antibacterial, antifungal, antiparasitic,
antiviral, and antidiabetic agent. In this study, the authors describe the property of
aqueous extract of S. rebaudiana on wound healing markers in Sprague-Dawley male
rats. Full-thickness excisional wounds (2 2 cm) was induced on the back of 32 rats.
In this study, rats were randomly divided into four main groups (n=8), untreated
(control) and treated with 1ml basal cream, 1ml tetracycline (3%), and 1ml S.
rebaudiana aqueous extract 10% for 10 days. Animals of each group were euthanized
at 10 days post-injury (DPl) and wounds were assessed through gross and
histopathological analyses. Treated animals with S. rebaudiana demonstrated a
considerable decrease in the wound area during the experiment compared to control,
basal cream, and tetracycline groups. Parameters such as healing tissue alignment
and epithelialization indicated substantial changes when compared to other groups.
Moreover, treatment with S. rebaudiana decreased the number of wound surface

area, lymphocytes, and macrophages, it increased the number of blood vessels and
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ing property of aqueous extract of Stevia rebaudiana

fibrocytes compared to other groups at 10 days. Thus, the present research shows the

wound healing effect of the S. rebaudiana, suggesting to be used as a therapeutic

supplement. Additional in vivo researches and clinical trials would be needed to

Justify the findings.
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Introduction

Wound healing is a hemostatic mechanism to return
physiological balance, including restoration of the damaged
structures by complex interactions between reconstruction
and inflammatory cells [1]. There are three main phases for
healing wounds in the injured area; (I) inflammatory phase,
(II) proliferative phase and (III) remodeling phase. The aims
of wound caring include reducing of the risk agents that
prevent wound healing, enhancing the healing mechanism
and extenuating the incidence of infections of wound [1, 2].
Several factors can lead to impaired wound healing. In
general terms, the factors that affect repair can be categorized
into local and systemic. Local factors are those (Oxygenation,
infection, foreign body, venous, sufficiency) that directly
affect the characteristics of the wound itself, while systemic
factors (Age, gender, sex hormones, stress, ischemia, diseases,
obesity, medications, smoking, immunocompromised
conditions, nutrition) are the overall health or disease state of
the individual that influence his or her ability to heal [2]. The
study on wound healing factors is one of the advanced fields
in new biomedical sciences. The enormous costs of modern
medicines demonstrate that alternative strategies are needed
for better management of wounds and their related problems
[2-5].

Plants are popular remedies applied by a majority of the
world’s population. Ethnomedicinal plants as a rich source of
medicinal compounds have continued to play a distinguished
role in the maintenance of human health against several
disorders. The impression of medicinal plants in prohibit and
remedy of diseases is irrecusably [6, 7]. Furthermore, the
doubtful performance and side effects of chemical

supplements such as sulfa antibiotics, silver sulfadiazine and

santyl are worrying for the medical community world and
people. Therefore, the utilization of natural medicinal plant
has been widely welcomed [8-10].

Phytochemical studies have attracted the consideration of
plants researchers due to the development of new methods.
Types of extraction methods had a high effect on the
medicinal properties of obtained extracts [11]. One of
extraction methods of compounds of medicinal plant is using
of water, which the produced extract is called aqueous extract.
Aqueous extracts could be extracted from different parts like
roots, stems, leaves, and flowers. Aqueous extracts are source
of antioxidant and anti-inflammatory compounds [10, 12]. In
recent years, interest in aqueous extracts of plants has been
increased for pharmacological studies which claim that the
plant extracts have useful properties for preventing and
treatment of several human diseases [12]. Because of the vast
amount of triterpenes, saponins, flavonoids, alkaloids and
tannins in the aqueous extract of medicinal plants, they have
been applied in cure of cutaneous wounds to enhance the rate
of healing [13-16].

Animal studies of various plant species have generated
promising results. For example, Leea macrophylla has healing
effects. It increases the synthesis of collagen, stimulates the
production of antioxidants, reduces the levels of
proinflammatory factors, and improves cell proliferation
[16]. Wrightia tinctoria presented healing activity, with an
increase in the contraction rate of induced lesions
[16]. Pereskia aculeata accelerated the cicatricial process by
increasing blood flow and collagen deposition [16¢]. An
ointment from Struthanthus vulgaris stimulated the closure

of lesions, stimulated the formation of granulated tissue, and
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stimulated the proliferation and organization of collagen
fibers [16]. Cynodon dactylon presented antioxidative
activity and stimulated collagen formation and healing
[16]. Caesalpinia mimosoides stimulated reepithelialization
of the epidermal layer and the contraction of lesions [16].

There are several medicinal plants in Iran that increase
rate of cutaneous wound healing. A list of Iranian medicinal
plants that consumed for their healing activities on cutaneous
wounds including Achillea millefolium, Aloe vera, Arnebia
euchroma, Avocado, Camellia Sinensis, Equisetum arvense,
Eucalyptus, Falcaria vulgaris, Hamamelis virginiana,
Lawsonia  inermis, Lotus corniculatus, Matricaria
chamomilla, Prosopis farcta, Silybum marianum, Teucrium
polium, Verbascum Thapsus, Urtica dioica [17, 18].

One of the most important herbal medicines widely
consumed in Kermanshah in the west of Iran, is Stevia
rebaudiana from order Asterales, Asteraceae family,
Eupatorieae tribe, Stevia genus. S. rebaudiana is usually
Cultivate for its sweet leaves, which are the sources of steviol
glycosides (mainly rebaudioside and stevioside) [19]. S.
rebaudiana 250-300 times the sweetness of sugar, so it is used
in industry as a sweetener additive [20]. S. rebaudiana has
been used since ancient times in traditional medicines to treat
diabetic, gasteric ulcers, cancer and microbial disease,
however there is a deficient evidence that it is advantageous
to treat skin wounds [21, 22].

Based on the knowledge of the authors, in comparison to
many other pharmaceutical-industrial plants, there is very
little data about the wound healing activity of S. rebaudiana
aqueous extract collected from Kermanshah province, west of
Iran. Hence, the aim of the recent study was the evaluation of

property of the aqueous extract of S. rebaudiana on wounds

healing in male rats.
Materials and Method
Plant sample collection and Preparation of

aqueous extract

In this study, medicinal plant collected from Kermanshah
city in October 2017. To obtain the aqueous extract of the
plant, 250 gr of the dried branches of the S. rebaudiana leaves
were poured in a container containing 2000 mL boiled water,
and the container lid was tightly closed for 4 h. Then, the

container’s content was filtered, and the remaining liquid was

placed on a bain-marie to evaporate. Finally, a tar-like

material was obtained, which was powdered by a freeze dryer.

Wound creation and Study design

All animal procedures were approved by standards of the
Payame Noor University of Kermanshah (No. 01/Z/G
1395/12/01) on Humane Care and Use of Laboratory
Animals, by the Research Ethics Committee of the Ministry
of Health and Medical Education in Iran (adopted on April
17, 2006), based on the Helsinki Protocol (Helsinki, Finland,
1975).

Thirty two male Sprague-Dawley rats weighing 200-220 g
were applied. The animals were housed at 253 °C
temperature and 12:12 h light-dark and fed with standard
pellet diet and water ad libitum conditions (standard
environmental and nutritional) during the study [8]. The
animals were anesthetized by intraperitoneal injection of
Img/kg xylazine HCl (Xylazine 2%; Alfasan) as
premedication, and 60 mg/kg ketamine HCI (Ketamine 5%;
TRITTAU, Germany) for anesthesia ratio of 1 to 3
respectively [8]. Under sterile conditions, a square shape full-
thickness incision of 2x2 cm was made in the cervical region
skin of the back of rats and the incised piece was removed.
The wound was left undressed and no local or systemic
antiviral, antiparasitic, antifungal and antibacterial factors
were applied [8].

After wounding, the animals were randomly divided into
four equal groups (n=8), representing 10 days after injury.
The groups were enumerated as follows:

(1) Control: In the control group, no material was used in
the skin injured area, which was left uncovered.

(2) Basal cream: In the basal cream group, the skin injured
area was covered with 1ml basal cream (eucerin) daily, for 10
days post-injury (DPI)

(3) Tetracycline: In the tetracycline group, the skin
injured area was covered with 1ml basal cream and
tetracycline (3%) daily, for 10 DPI

(4) S. rebaudiana aqueous extract 10%: In S. rebaudiana
group the skin injured area was covered with Iml S.
rebaudiana aqueous extract 10% (10 g S. rebaudiana were
suspended in 90 g eucerin) for 10 DPL

Sample collection and histological evaluation

At the end of 10 DPI, the animals were euthanized by

intraperitoneal injection of 1mg/kg xylazine HCl and
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60mg/kg ketamine HCI ratio of 1 to 3 respectively, and
sampling was done [8]. Full thickness skin samples from the
wound site including dermis, epidermis and subcutaneous
were carefully dissected. After 72h fixation, the samples were
embedded in paraffin and sections (5 um thicknesses) were
prepared. Then, they were stained by hematoxyline and eosin
stain and studied with a routine light microscope.

The twenty pictures were taken from every tissue sample
in all groups by a digital camera (Dino capture; version 1.2.7)
and transferred to the computer software (Photoshop CS-4;
Adobe) for digital analysis. The criteria that were investigated
in histopathological sections consisted of epithelialization,

cornification of the epithelium, fibrin deposition,

Results

A total of 32 rats were used in the study, with each group
containing 8 rats. On day ten post-injury, the wounds
exhibited the formation of a scar covering thick granulation
tissue in all rats. However, treatment with S. rebaudiana
produced more scar tissue than other groups when examined
macroscopically. No re-epithelialization was evident in the
control, basal cream and tetracycline groups, while rats in the

S. rebaudiana group indicated minimal re epithelialization.

ealing property of agueous extract of Stevia rebaudiana

hemorrhage, mononuclear cell and polymorphonuclear cell
infiltration, revascularizations, necrosis, presence of
fibroblasts, fibrocytes, maturation and organization of
collagen. The number of fibrocytes, fibroblasts, neutrophils,
lymphocytes, and macrophages (magnificationx800) and
total cells and blood vessels (magnification x200) of the
injured area were counted and their mean and standard
deviations were computed [23].

The empirical results were expressed as means + SD.
Statistical comparison among the groups was made using
one- way ANOV A followed by Tukey's post-hoc test. P value

less than 0.05 was considered significant.

Simultaneously, less cellularity, perivascular edema and fibrin
deposition and more collagen fibers were observed in S.
rebaudiana wounds compared with the other groups.

The wounds rendered the formation of a scar covering a
thick granulation tissue in all rats; but, treatment with S.
rebaudiana yield more scar tissue than other groups. Also, in
table 1 indicated that S. rebaudiana reduced wound surface
area (cm2) in comparison to other groups (P<0.05). In all
groups, the epidermis was thick and disorganized. (Table 1;

Figure 1, 2).

Table 1: Mean + SD of wound surface area (cm?) in groups on the 10th day.

E Day Control Basal Cream Tetracycline S. rebaudiana
o 10 1.45+0.04° 1.3+0.04° 1.05+0.05°¢ 0.77+0.05¢
% Values bearing different superscripts in a row differ significantly (P<0.05).
'§' Table 2: Mean + SD of histomorphometrical criteria in groups on the 10th day.
g 10th day Control Basal Cream Tetracycline S. rebaudiana
E Total cell 1395.90+201.98° 1549.80+292.82% 1170.90+169.67¢ 1365.54226.34°
§g Vascular no. 18.60+8.93" 18.90+6.38° 12.10+5.66° 20.20£5.67°
2 Fibrocytes 1.9+1.59° 1.2£1.61° 2.7+1.56* 3.2+£2.14°
Q  Fibroblasts 27.7+6,12° 49.7+9.32° 21.1+3.66 45.9+10.38°
- Ratio Fibrocytes to 0.06£0.05° 0.2+0.03* 0.1240.07° 0.07£0.05°
Fibroblasts
Neutrophils 7.7+3.65¢ 12.7+8.3° 21.6%8.32° 8.38+8.27¢
E; Lymphocytes 3.542.17" 1£1.15¢ 7.3+3.3" 0.7+0.82¢
:c;'i Macrophages 2.2+1.81° 0.3+0.67° 1.6+1.26* 0.0+0.0°
§ Values bearing different superscripts in a row differ significantly (P<0.05).
g
2
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Figure 1: Macroscopic wound images of the control, basal cream, tetracycline and SR (From left to right, respectively), on day 10.

The data from the histopathologic analysis are
demonstrated in Table 2 and figure 3-4. Treatment with §.
rebaudiana significantly reduced wound surface area,

inflammatory cells (lymphocytes and Macrophages)
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compared with the other groups (P<0.05; Table 2; Figure 4).
The treated lesions with S. rebaudiana had a higher number
of fibrocytes compared to the other groups. (P<0.05; Table 2;
Figure 4).

Figure 3: Longitudinal sections of the control, basal cream, tetracycline and SR (From left to right, respectively), on day 10 post-injury

with Hematoxylin-Eosin staining.

Figure 4: Longitudinal sections of the control, basal cream, tetracycline and SR (From left to right, respectively), on day 10 post-injury

with Hematoxylin-Eosin staining.
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Discussion

Iran has a rich flora widely distributed throughout the
country, particularly in the west of Iran especially in
Kermanshah [24-26]. In Iranian traditional medicine, herbal
medicines are used for the prevention and curing of different
diseases such as cutaneous wounds [27-30]. S. rebaudiana as
a plant in Iranian traditional medicine has good antioxidant
properties against free radicals. Also, it revealed that S.
rebaudiana have a strong protective potential against the
toxicity of most of the body organs [3]. S. rebaudiana has
many anti-inflammatory compounds [3], so it can use for the
management and treatment of several injuries such as
cutaneous wounds. In this experimental study the wound
healing potential of S. rebaudiana aqueous extract was
determined in the rat model.

The results of the present study indicated that topical
application of S. rebaudiana was able to significantly
increment the wound contraction and epithelization rate in
rats at the short term. Epithelialization is an indispensable
and inseparable part of cutaneous wound healing used as
defining criteria of prosperous wound closure. A cutaneous
wound cannot healed completely without epithelialization.
The epithelialization procedure is defective in all types of
wounds [31]. One of the major results in this study
Was the significant difference in wound contraction rate and
epithelization rate between S. rebaudiana group and the other
groups. The increased rate of wound contraction and
decrease healing time in treated lesions with S. rebaudiana
might be due to the anti-inflammatory properties of this plant
together with its effect on maturation and organization of the
granulation tissue.

Based on histopathological findings, the granulation
tissue formation was precipitated by applying S. rebaudiana.
This ability was especially obvious when these observations
were compared with those of other groups. Also, the
increment in dry granulation tissue weight in the treated
animals offered higher protein content.

In granulation tissue formation, fibroblasts and fibrocytes
are very active. Fibroblast and fibrocytes are specialized cells
that produced the collagen, extracellular matrix, and the
structural framework for animal and human tissues, and play
a very important and necessary role in cutaneous wound

healing. They with making collagen, decreased cellularity in

aling property of agueous extract of Stevia rebaudiana

wound area [32]. Collagen is the most plentiful structural
protein in the animal and human body and is the component
that retains the whole body together. It is found in the skin,
tendons, muscles, bones etc. It makes a treillage to create
structure and strength daily activities body. In skin, collagen
accelerates wound healing in the injured region. Also,
collagen plays an important role in hemostasis [33, 34], in fact
when collagen is made accessible to the wound bed, closure
can happen.

In this experiment, S. rebaudiana enhanced the number
of blood vessels in comparison to other groups. With an
increasing number of blood vessels, the number of fibroblast
and fibrocytes increased in the surface wound area and
promoted the rate of wound healing.

The lower levels of inflammation in S. rebaudiana group
can be due to the presence of some phytoconstituents in this
plant species which prevented the effects of inflammatory
cells and production of chemical mediators and consequently
reduced inflammation and subsequently promotes the
organization. In this study, S. rebaudiana decreased the
number of lymphocytes and macrophages compared to other
groups and decreased neutrophils in comparison to basal
cream and tetracycline at 10 days. Presences of lymphocytes
and macrophages, reduced quality and rate of cutaneous

wound healing in wound surface area.

Conclusion

Our results endorse the use of the ethnomedicinal plant in
traditional medicine and offer that S. rebaudiana aqueous
extract possess compounds with good wound healing effect.
In details, S. rebaudiana reduce inflammation, wound size
significantly and ameliorated epithelialization rate,
fibroblastic response, and collagen content and yield more

scar tissue in the early stages of wound healing.
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