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Abstract

This study aimed to evaluate the wound healing activity of an ointment containing the hydroethanolic extract of Salvia Tomentosa (S. tomentosa)

in a dermal wound model using rabbits. Ointments with concentrations of 2.5% (w/v) and 5% (w/v) were prepared using the hydroethanolic

extracts of S. tomentosa. An in vivo excisional wound model was embloyed with New Zealand rabbits (n = 35) to assess the wound healing

activity of these ointments. Rabbits were randomly divided into five experimental groups: negative (received no treatment), vehicle (received

only the ointment vehicle), positive control (treated with Fitokrem®), and those treated with 2.5% (w/v) and 5% (w/v) S. fomentosa ointments.

Wound diameters were measured using calipers on the 4th, 8th, and 14th days, and histopathological examinations were conducted on the 3rd,

7th, and 14th days of treatment. The total phenolic content of the S. tomentosa hydroethanolic extract was determined to be 61.52 + 2.33 pg of

Gallic Acid Equivalents per mg of dry plant material. The total phenolic content and 2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging

activity of the hydroethanolic extract of Salvia tomentosa were determined spectrophotometrically. In terms of wound closure, both 2.5%

and5%S. tomentosaointmentsdemonstratedwoundhealingactivity comparableto thatofFitokrem®. Inconclusion, S. tomentosaexibits

a positive effect on dermal wound healing in rabbits.
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Introduction

Wound healing is a multifaceted and dynamic process that
engages multiple cell types, an array of cytokines, and me-
diators. This intricate process results in the substitution of
dead structures and tissue layers with new ones."* Various
factors, such as presence of infection, immunity, and nutri-
tion, influence the wound healing process. Consequently,
adequate wound care is paramount to reduce infections
and enhance healing.” Wound healing presents challenges
due to the use of synthetic drugs. These drugs often come
with high cost and potential side effects, including antibac-
terial resistance, reduced effectiveness, and allergic reac-
tions. Thus, there is a pressing need for alternative agents
that can promote swift and high-quality wound healing.**

For centuries, plants have been utilized to address and
prevent a plethora of diseases, including malaria, stomach
ulcers, wounds, sores, hemorrhoids, cancer, toothaches,
and infections, in numerous countries worldwide.5* De-
rived from various plant parts such as leaves, fruit, stems,
roots and bark, herbal remedies are crafted into creams,
lotions, gels, solvent extracts, or ointments. These formu-
lations, known for their antimicrobial and antioxidant ac-
tivities, are then used for skincare.'-"* It’s well-documented
that ointments infused with plant extracts in various pro-
portions enhance wound healing across different wound
types.'*'¢ Globally, a vast array of plant species from fam-
ilies such as Fabaceae, Combretaceae, Asteraceae, and La-
miaceae have been harnessed as wound healing solutions
in traditional medicine.!”-%
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In Turkish fol medicine, Salvia Tomentosa is a popular
choice for wound healing, attributed to its cost-effective-
ness and accessibility. Boasting over 700 species, the Sal-
via genus, part of the Lamiaceae (Labiatae) family, thrives
in the tropical and subtropical regions, notably in the
Mediterranean and Central Europe.” Turkey is home to
92 Salvia species, with 44 being endemic to the region.*
S. tomentosa is predominantly found the Mediterranean
and Aegean regions of Turkey. It's not only consumed as
an herbal tea but it also a traditional remedy for ailments
such as abdominal pain, flatulent dyspepsia, laryngitis, oral
mucosal inflammation, pharyngitis, tongue inflammation,

and wounds.!7?!?

Research on the phytochemicals and pharmacological at-
tributes of Turkish S. tomentosa remain limited. However,
various extracts of S. tomentosa have displayed both an-
tibacterial'”** and antifungal prowess.” Different solvent
extracts of S. tomentosa have showcased notable antiox-
idant activity in wounds.”** The plant’s rich secondary
metabolite content, including phenolics and terpenoids,
is believed to underpin its antimicrobial and antioxidant
properties. Prominent flavonoids of S. tomentosa include
rosmarinic acid, caffeic acid, morin, p-coumaric acid, and
myricetin.!”?*?** The antioxidant and antibacterial effi-
cacy of S. tomentosa in wounds could be instrumental in
shielding tissues from infections. To the best of the authors’
knowledge, no studies have yet confirmed its wound heal-
ing capabilities. This research, therefore, delves into the
wound healing potential of an ointment containing the
hydroalcoholic extract of S. tomentosa in a rabbit dermal
wound model.

Material and Methods

Plant Material

The aerial parts of S. tomentosa were harvested from the
Celtik¢i district (GPS Coordinates: 37°35°50.2” N, 30°
24°08.3” E) in the Burdur province of Tiirkiye in July 2020.
These were then dried in the shade at room temperature
(25 °C). The plant sample was authenticated, and reference
specimens were archived in the Konya Herbarium with the
voucher accession number 25899 (Fig 1).

Preparation of Hydroethanolic Extraction

The dried plant sample was pulverized using an electric
blender. A 100 g portion of the powdered plant was sus-
pended in 500 ml of a water/ethanol (30-70% v/v) mixture.
Extraction proceeded at 180 rpm at room temperature for
8 hours in a Thermo shaker, ensuring complete solution
homogeneity.”' Subsequently, the solution underwent cen-
trifugation at 5,000 rpm using a centrifuge (Hettich Rotina
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Figure 1. Herbarium archive photo of Salvia tomentosa Miller (Knya

herb No: 25899).

38R) for 15 minutes. Filtration was carried out employing
Whatman No.1 filter paper. The obtained filtrate was then
concentrated via a rotary evaporator (RV10, IKA °, Ger-
many) at 40°C. The resultant concentrated extract was lyo-
philized using a freeze dryer (Martin Christ, Alpha 1-2LD
plus, Germany) and stored in a sealed bottle in the dark at
4°C.

Ointment Preparation

An ointment was formulated using the lyophilized extract.
Table 1 provides a detailed breakdown of the ointment's
constituents. In brief, the components of Phase B were add-
ed to a beaker and heated to between 70-80 °C. Meanwhile,
the Phase A components were melted in a separate beaker
by heating them to the same temperature range. The mol-
ten phases A and B were combined, mixing at a rate of 600-800
rpm using a laboratory mixer. For Phase C, the S. tomentosa
extract and polyethylene glycol were dissolved in 15-20 ml of
distilled water (constituting a portion of the ointment’s to-
tal water content) and were homogenized. Once the com-
bined temperature of phases A and B dropped below 40 °C,
C phase portion was introduced. The remaining Phase C
components were then incorporated, and stirring contin-
ued until the mixture reached room temperature.
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Table 1. Salvia tomentosa ointment content.

Control ~ 2.5% extract 5%

extract

Substances

Glyceryl stearate and Peg-100 stearate 6.0 6.0 6.0
Pentaerythrityl distearate 25 2.5 25
Myristyl myristate 2.0 2.0 2.0
A Hydrogenated vegetable glycerides 3.0 3.0 3.0
Caprylic/capric triglyceride 4.0 4.0 4.0
Coco caprylate 2.0 2.0 2.0
Hexyldecanol and hexyldecyllaurate 25 2.5 25
Cetearyl alcohol 3.0 3.0 3.0
B Water 65.8 63.3 60.8
Glycerin 7.0 7.0 7.0
C  Dehydroacetic acid and benzyl alcohol 0.2 0.2 0.2
Salvia tomentosa extract 25 5.0
Peg-8 2.0 2.0 2.0

PEG-100: Polyethylene glycol monostearate; Peg-8: Polyethylene glycol

Determination of Total Phenolic Content

The total phenolic content (TPC) of the Salvia Tomento-
sa crude extract was gauged using the Folin - Ciocalteu
method. This was based on the protocol proposed by Pawar
and Dasgupta®, with results expressed in pg Gallic Acid
Equivalents (GAE) per mg of dry plant material. Briefly,
gallic acid standart solutions, ranging from 3.12-200 ug/
ml (prepared through two-serial dilutions in ethanol from
Merck, Germany), were set. A 200 pl aliquot of the filtered
extract (1 mg/ml in ethanol) or the standard solution was
combined with 400 pl of distilled water. To this mixture,
200 pl of the 10% Follin - Cicocalteu’s phenol reagent (di-
luted with distilled water) was added. Following a 5-min-
ute interval, 200 pl of a 1 M sodium carbonate solution
was introduced. The solution was then incubated at room
temperature for 30 minutes, shielded from light. Post incu-
bation, 300 pl of the mixture was transferred to a 96-well
plate, using ethanol as the reference blank. Absorbance was
then taken at 750 nm using a microplate spectrophotome-
ter (Multiskan Go, Thermo Scientific).

Radical Scavenging Assay

The free radical scavenging activity of 2,2 — Diphenyl - 1
- picrylhydrazyl (DPPH) was assessed following a previ-
ously established procedure.” Briefly, 50 uL of extract at
varying concentrations (ranging from 10-1000 ug/ml) in
ethanol was introduced to 150 pL of a 200 uM methano-
lic DPPH solution in a 96-well plate. The reaction blend
was incubated for 30 minutes at room temperature in a
dark setting. Absolute methanol served as the reagent
blank. Absorbance readings were recorded at 517 nm us-
ing a Microplate Reader (Multiskan Go, Thermo Scientif-
ic). Ascorbic acid acted as benchmark control. The DPPH
radical scavenging activity (%) was derived using the for-
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mula: DPPH scavenging activity (%) = [(Ac - As) / Ac] x
100, where Ac denotes the absorbance of control (DPPH +
Methanol without the sample] and As presents the sample’s
absorbance (DPPH + Extract). The 50% inhibitory concen-
tration (IC50) was deduced from the plot mapping the in-
hibition percentage against extract concentration (ug/ml).

Wound Healing Activity

Animals

A total of 35 adult male New Zealand rabbits, approximate-
ly one year old and averaging a body weight of 3.5 kg, were
chosen to establish the excision wound model. The animals’
care, feeding, and biopsy procedures were overseen at the
Burdur Mehmet Akif Ersoy University Experimental Ani-
mal Production and Experimental Research Center. Rab-
bits were individually housed in standard cages measuring
45 x 40 x 50 cm. They were maintained under standard
conditions, which included a 12:12-hour light-dark cycle,
50-70% humidity, and a temperature range of 25°C + 3°C).
They were provided unrestricted access to standard feed
and water. The study adhered to the guidelines of the Eu-
ropean Community Council Directive (2010/63/EU). The
Burdur Mehmet Akif Ersoy University Rectorate Animal
Experiments Local Ethics Committee approved the study,
as reflected in the decision dated January 15, 2020, bearing
the number 610.

Excision Wound Model

Our methodology for creating the excision wound mod-
el in rabbits was adapted from the protocol established by
Huang et al.,*. Rabbits were anesthetized using a combina-
tion of ketamine and xylazine (40 mg/kg ketamine; 20 mg/
kg xylazine). While under anesthesia, each rabbit’s dorsal
skin was shaved using an electric clipper and subsequently
sanitized with a topical povidone-iodine. Four full-thick-
ness wounds, each measuring 1.5 cm x 1.5 cm, were made
on both the left and right sides of the midline on each an-
imal’s back. Three biopsies were taken from three distinct
wounds on each animal. At the study’s conclusion, a fourth
wound was left unbiopsied to assess the degree of wound
closure.

Treatment Schedule

Rabbits were categorized into five groups, each comprising
seven individuals. Group 1 served as the negative control,
receiving no treatment. Group 2, the vehicle group, was
administered the vehicle ointment. Group 3, designated
as the positive control, was treated with Fitokrem®, a com-
mercial ointment formulated for wound healing. Groups
4 and 5 were respectively treated with ointments that con-
tained 2.5% and 5% S. tomentosa extract. Treatments were
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applied topically, with ointments smeared on each rabbit’s
wound area daily. Biopsies for histopathological evaluation
were obtained on the 3rd, 7th, and 14th days under anes-
thesia induced by xylazine and ketamine. The right cau-
dal wound’s complete healing facilitated the assessment of
the wound closure level. On day 14, the diameters of the
right caudal wounds were measured using calipers. During
the study’s course, due to complications, deteriorating
health conditions, or mortality, two animals from the con-
trol group, two from the Fito group, one from the vehicle
group, and two from the 5% S. tomentosa group were ex-
cluded. Wound areas were also delineated with a caliper
immediately post-wound induction. The recovery rate
(percentage of wound closure) was calculated using the
following formula: Revovery rate (%) = [(wound diameter
on day 0 — wound diameter on day 14) / wound diameter
on day 0] x 100.35 The quantitative data and conclusions
drawn from this research were primarily based on caliper
measurements, ensuring the accuracy and reliability of our
findings.

Histopathology

Post fixation in a 10% neutral buffered formaldehyde solu-
tion, 4 um thick cut sections were taken from the biopsy
samples, embedded in paraffin and stained with hema-
toxylin and eosin (H & E). Within the wounded region,
histopathologists evaluated aspects like inflammatory cell
infiltrations (both acute and chronic), angiogenesis, the
amount of granulation tissue, and fibroblast maturation
levels. Angiogenesis was scored as 0 = absent, 1 = mild (less
than 5 vessels in 1 high magnification), 2 = moderate (6-
10 vessels in 1 high magnification), and 3 = evident (more
than 10 vessels in 1 high magnification). Inflammation was
scored as 1 = very mild (0-25 cells in 3 high magnification),
2 = mild (25-50 cells in 3 high magnification), 3 = medi-
um (50-75 cells in 3 high magnification), and 4 = (75-100
cells in 3 high magnification). The amount of fibrosis and
fibroblast maturation levels were also scored as 0 = absent,
1 = mild, 2 = moderate, and 3 = significant. The scoring
approach was consistent with prior literature.***” Fibroblast
maturation was assessed based on the cellular morpholo-
gy and arrangement in the tissue. Mature fibroblasts were
identified by their elongated spindle shape, organized ar-
rangement in parallel arrays, and reduced cellular density
compared to the more proliferative zones of granulation
tissue. Additionally, the presence of a well-developed ex-
tracellular matrix, indicative of active collagen production
and deposition by mature fibroblasts, served as a key crite-
rion for assessing fibroblast maturity.” Group comparisons
were executed distinctly for each biopsy timeline.
Statistics
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Statistical evaluations was performed using the Minitab
16 software package (Version 16.1.1). The Ryan-Joiner
test was employed to assess data distribution’s normali-
ty. Group comparisons were conducted using One-Way
ANOVA coupled with a Posthoc Tukey test. The signifi-
cance threshold was set at 0.05.

Results

Total Phenolic Content and Radical Scavenging Activity
The hydroethanolic extract of S. t omentosa exhibited a
TPC of 61.52 + 2.33 ug of GAE/mg of dry plant material
(Table 2). Using the DPPH method, we assessed the anti-
oxidant capacities the extract. The IC50 values for ascorbic
acid and the extract stood at 14.45 + 1.28 and 293.23 + 5.43
pg/mL, respectively (Table 2). Notably, the extract demon-
strated low antiradical capacity compared to ascorbic acid.

Table 2. DPPH radical scavenging activity and TPC of Salvia tomentosa

hydroethanolic extracts.

Sample ICso values (pg/mL) TPC (ug of GAE/mg)
Ascorbic acid 14.45+1.28
S. Tomentosa extract 29323 +5.43 61.52+2.33

Values are presented as mean + Standard deviation of triplicate experiments.

DPPH: 2,2 — diphenyl — 1 — picrylhydrazyl; TPC: Total phenolic content

Table 3. Comparison between groups in terms of wound closure levels.

Group ‘Wound closure rates (%)

14

Group 1 (Negative control) 3520+8 ()0b

Group 2 (Vehicle control) 31.33£6. 65b

Group 3 (Positive control, Fitokrem®) 7280+ 6.14°

. . o
Group 4 (Ointment containing 2.5% S. fomentosa 68.43£532"
extract)

Group 5 (Ointment containing 5% S. fomentosa 72.60 + 13_370’
extract) o

P value 0.001

a, b: The statistical difference between the means with different letters in the same row is significant

Macroscopic Observations

Wound closure rates in the Fitokrem®, S. tomentosa 2.5%
(ST-2.5) and 5% (ST-5) groups significantly outperformed
those in the negative control and vehicle groups (p = 0.001)
(Table 3). Although there was no statistical difference be-
tween the extracts and Fitokrem®, full wound closure was
observed exclusively in 2 animals from the ST-5 group (Fig
2).
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Figure 2. Wound closure levels in groups at 0, 7 and 14 days.

5% ST

Histopathological Findings

Throughout all groups and as time progressed, there was
a noticeable increase in angiogenesis, fibrosis, and fibro-
blast maturation, while inflammation showed a consistent
decline.

On the 3rd day, every group displayed extensive necrot-
ic tissue in the wound area, accompanied by pronounced
neutrophil infiltrations at the wound edges. This was par-
ticularly evident in Fig 3A-3E. Angiogenesis was observed
to be mild to moderate, especially proximate to the necrot-
ic tissue. The control group stood out as it didn't show any
signs of fibrosis. On the other hand, mild fibrosis was iden-
tified in certain animals from the vehicle, Fitokrem, and
ST-5 groups.

By the 7th day, the control group had mild to moderate
dermal fibrosis, some regeneration of the epidermis, and
an observable uptick in angiogenesis (Fig 3F). The vehi-
cle group showed signs of partial epidermal regeneration,
mild fibrosis in the dermis, and a notable increase in both
inflammation and angiogenesis (Fig 3G). The Fitokrem
group, on the other hand, exhibited extensive epidermal
regeneration with enhanced angiogenesis and fibrosis (Fig
3H). The ST-2.5 group was characterized by evident der-
mal fibrosis, extensive regeneration of the epidermis, and
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a decline in inflammation (Fig 3I). Lastly, the ST-5 group
presented significant fibrosis in the dermis, wide-ranging

Figure 3. On the 3rd day, the wound edge appearances were observed
in the Control (A), Vehicle (B), Fitokrem (C), ST-2.5 (D), and ST-5 (E)
groups. By the 7th day, the Control group exhibited partial epithelial re-
generation (arrow head) and fibroblast proliferation (star) in the dermis
(F). The vehicle group showed partial re-epithelialization (arrow head),
fibrosis (star) and neutrophil infiltrations (arrow) (G). The Fitokrem
group had an extensive re-epithelialization area (arrow head) with der-
mal fibrosis and dense neutrophil infiltrations (star) at the wound mar-
gin (H). The ST-2.5 group displayed re-epithelialization (arrow head)
and dermal fibrosis (stars) (I), while the ST-5 group demonstrated
pronounced fibrosis (star) in the dermis alongside re-epithelialization
(J). On the 14th day, the control group had a partial re-epithelializa-
tion area (arrow head), dense dermal fibrosis (star), hemorrhage, and
inflammatory cell infiltrations in the healing region (arrow) (K). The
Vehicle group was marked by re-epithelialization (arrow head), dermal
fibrosis (arrow head), and inflammatory cell infiltrations (arrow) (L).
The fitokrem group showed maturation from a large re-epithelialization
area (arrow head) and had substantial fibrosis in the dermis (stars) with
multiple new vessel formations (M). The ST-2.5 group revealed a large
re-epithelialization area (arrow head) and widespread dermal fibrosis
(star) (N). Lastly, the ST-5 group presented with complete re-epitheli-
alization (arrow head) and a mature dermal healing area (arrow head)

(O). H&E. Bars: 50 um.

regeneration of the epidermis, and varying levels of inflam-
mation across animals (Fig 3]).

Moving to the findings on the 14th day, the control group
showed intense fibrosis in the dermis, partial regeneration
of the epidermis, and a general increase in angiogenesis
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(Fig 3K). The vehicle group displayed extensive regener-
ation of the epidermis, marked proliferation of fibrocytes
in the dermis, and a clear emphasis on matured connective
tissue (Fig 3L). The Fitokrem group had extensive fibrosis
in the dermis with an observable rise in the formation of
new vessels (Fig 3M). The ST-2.5 group displayed a wide
area of epidermal regeneration and pronounced dermal fi-
brosis (Fig 3N). Notably, in the ST-5 group, two animals
exhibited full epidermal regeneration accompanied by
well-matured dermal fibrous tissue (Fig 30).

In terms of angiogenesis, the 3rd day presented no signif-
icant differences across groups. By the 7th day, however,
the TS-2.5 group was found to surpass the control group
in angiogenesis (p = 0.028). By the 14th day, all other
groups showed no significant differences in comparison
to the control. When considering acute inflammation, the
results from the 3rd and 7th day biopsies were consistent
across all groups. However, by the 14th day, there was a
marked decrease in neutrophil leukocytes in the ST-2.5
and ST-5 groups, especially when compared to the control
and vehicle groups (p = 0.003). Regarding fibrosis volume
and fibroblast maturation, results from the 3rd day biop-
sies were consistent across all groups. However, by the
7th day, there was an observed increase in fibrosis for the
ST-2.5 and Fitokrem groups in comparison to the vehicle
group (p = 0.005). The findings from the 14th day showed
no major differences across groups. In terms of fibroblast
maturation, there was no significant difference between
the groups in the 3rd day biopsies, but the vehicle group
showed significantly lower maturation in the 7th day biop-
sies compared to all other groups (p = 0.000).For a compre-
hensive understanding, detailed statistical analyses of these
histopathological parameters are provided in Table 4.

Table 4. Statistical comparison between groups in terms of histopatho-

loglcal parameters.
Day Group Acute Fibrosis Fibroblast
Maturation
Control 1.00 +0.00% 3.00+0.63% 0.00 +0.00% 0.00+0.00%
Vehicle 1.16+0.16% 233+0.55% 0.50+0.22% 0.00+0.00%
3 Fito 1.80+0.49% 3.80+0.20% 0.80+0.37% 0.20+0.20%
S. tomentosa 2.5% 1.85+0.34% 3.42+036% 1.00+0.30% 0.57+0.29%
S. tomentosa 5% 2200372 3.00+0.54% 0.80+0.37% 0.40+0.40%
P value 0.086 0.204 0.179 0.361
Control 220+037° 2.60 +0.40% 1400240 1.80+0.20
Vehicle 283£030% 2830407 083£0.16°  0.66+021°
7 Fito 260£024% 2600512 220£037% 2,00 0.00%
S. tomentosa 2.5% 3.42+0.20% 2.28+0.36% 2.28+0.28% 2.00 +0.00%
S. tomentosa 5% 280+ 03730 2.40+0.24% 2.00+03130 2.40+0.24%
P value 0.028 0.862 0.005 0.000
Control 3.00+0.54% 2.40+0.512 2.40+0.24% 2.00+0.00%
Vehicle 2.50+0.22% 2.50+0.34% 2.16+0.30% 1.83+0.16%
¥ Fito 3200207 1.40£0.5130 300£000%  2.40%024%
S. tomentosa 2.5% 3.14+0.26° 0.85+0.26° 2.71+0.18% 2.42+0.20%
S. tomentosa 5% 32040372 0.60 % 0.24° 2.60 +0.243 2.40£0.247

P value 0.513 0.003 0.146 0.120

a, b: The statistical difference between the means with different letters in the same row is significant.
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Figure 4. On the 3rd day, the Control Group (A) exhibited pronounced

neutrophil infiltration (indicated by stars) and neovascularization (ar-
rows), the Vehicle Group (B) showed neutrophil infiltrations (blue ar-
rows) and vascular formations (arrows), the Fito Group (C) had dermal
fibrosis, neutrophil (blue arrow), mononuclear cell infiltrations (red ar-
row), and neovascularization (arrows), the ST-2.5 Group (D) displayed
fibroblast proliferation at the wound edge (stars) and neovasculariza-
tion (arrows), and the ST-5 Group (E) demonstrated intense fibroblast
proliferation (stars) and neovascularization (arrows). By the 7th day,
the Control Group (F) presented fibroblast proliferation, inflammato-
ry cell infiltrations (blue arrow), hemorrhage, and neovascularization
(arrows) in the healing zone, the Vehicle Group (G) featured fibrosis in
the healing zone (stars), neovascularization (arrows), and neutrophil in-
filtrations (blue arrow), the Fito Group (H) highlighted dermal fibrosis
(stars) and neovascularization (arrows) in the healing area, the ST-2.5
Group (I) portrayed inflammatory cells in the dermis, neovasculariza-
tion (arrows), and mature fibrous tissue (stars) in the healing zone, and
the ST-5 Group (J) indicated dermal fibrosis (stars), neovascularization
(arrows), and sparse inflammatory cell infiltrations (blue arrow). On the
14th day, the Control Group (K) displayed ongoing healing with dermal
fibrosis featuring angiogenesis (arrows) and scattered inflammatory cell
infiltrations (blue arrow), the Vehicle Group (L) showed fibrosis area
with neovascularization (arrows) and neutrophil infiltrations (blue ar-
row) in the healing zone, the Fito Group (M) revealed advanced mature
connective tissue area (star) featuring neovascularization (arrows), the
ST-2.5 Group (N) exhibited advanced mature connective tissue area
(star) with neovascularization (arrows), and the ST-5 Group (O) pre-
sented a well-developed dermal fibrosis area (star) with neovasculariza-

tion (arrows). H&E. Bars: 50 um.
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Discussion

Throughout history, plants have been employed as thera-
peutic agents for wounds, attributed to their active com-
pounds known for antioxidant and antimicrobial prop-
erties.”*! Salvia Tomentosa, a mainstay in Turkish folk
medicine, is utilized for various ailments including swollen
dyspepsia, laryngitis, pharyngitis, stomatitis, gingivitis,
glossitis, hyperhidrosis, and galactorrhea.*” The antioxi-
dant potential of this plant largely due to the substantial
precence of phenolic compounds.*** Typically, there is a
discernible correlation between a plant’s antioxidant activ-
ity and it’s total phenolic content.*** The TPC value ob-
served in our study (61.52 + 2.33 pg of GAE/mg) aligns
with previously reported values ranging from 10 to 275
Hg GAE/mg for S. tomentosa extracted with various sol-
vents.”**% Furthermore, the radical scavenging activity of
our extract mirrored that of S. tomentosa extracts derived
through different solvents in other studies.’**’

Phenolic compounds, representing a significant class of
plant secondary metabolites, act as primary antioxidants
and free radical scavengers.*® Additionally, many of these
phenolics possess direct antimicrobial effects.*** Chron-
ic oxidative stress is instrumental in the pathogenesis of
impaired wound healing and scar development.”* Several
studies underscore the potential of phenolic compounds
with robust antioxidant activities in accelerating wound
healing. They achieve this by modulating inflammatory
markers, reducing oxidative stress, and curtailing microbi-
al growth.”>* In our study, the observed positive effects of
S. tomentosa on wound healing can be attributed to its phe-
nolic compound content and radical scavenging activity.

For our research, we utilized 2.5% and 5% hydroethan-
olic extracts of S. tomentosa. We observed that the mac-
roscopic wound closure efficiency was notably higher in
the Fitokrem and extract groups compared to the control
and vehicle groups. Karimzadeh and Farahpour> investi-
gated the effectiveness of S. officinalis on rat wounds and
evaluated 1%, 3%, and 5% hydroethanolic extracts. Their
findings emphasized the particularly beneficial impact of
the 5% extract on wound healing. Similarly, Giizel et al.””
reported significant wound closure levels using both Salvia
extract and Fitokrem compared to controls when research-
ing ethanol extracts of S. kronenburgii and S. euphratica in
diabetic rat wounds. Pintapagung et al.*® reported that a 4%
n-hexane extract of S. hispanica positively impacted wound
contraction in diabetic mice. Irmak et al.”” assessed the ef-
ficiacy of orally administered S. miltiorrhiza in a post-burn
wound healing model using rats. Their findings indicated
that the extract not only reduced necrotic tissue in burn
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wounds, but also enhanced tissue perfusion and neovascu-
larization. In another study, Salimikia et al.*® observed that
methanolic extracts of S. multicaulis, at concentrations of
5%, 10%, and 20%, facilitated wound healing in rats. Siin-
tar et al.” investigated the potential of 1% ethanol extracts
from S. cryptantha and S. cyanescens on wound models in
both mice and rats, determining that S. cryptantha partic-
ularly contributed to wound healing. Consistently, in our
research, the hydroethanolic extract of S. fomentosa show-
cased positive outcomes in macroscopic wound closure,
echoing the effects seen in other Salvia species.

One essential factor for effective wound healing is swift
re-epithelialization.®*¢' Giizel et al.”” histopathologically
identified enhanced epithelial regeneration in Fitokrem
and all Salvia extracts compared to the control and vehi-
cle groups. Due to the limitations of our biopsy samples,
we couldn’t score and compare re-epithelization levels
comprehensively. Nevertheless, based on macroscopic
observations, only the ST-5 group exhibited complete epi-
thelialization. In contrast, all other groups showed partial
re-epithelialization overlaying the dermal granulation tis-
sue to varying extents.

Vascular endothelial cells are drawn to the wound site under
the influence of macrophages.®>** Neovasculature is pivot-
al for epithelial cells to migrate from the wound’s edges to
its center.®**> Karimzadeh and Farahpour® reported that S.
officinalis played a significant role in promoting new vessel
formation. Similarly, Giizel et al.”’ noted a marked increase
in angiogenesis on the 7th and 14th days due to the effects
of S. kronenburgii and S. euphratica. Irmak et al.”” docu-
mented that S. miltiorrhiza amplified angiogenesis and
tissue perfusion in burn wounds. In our research, while
there was a notable rise in angiogenesis across all groups
over time, distinct group differences emerged only on the
7th day of biopsy. Spesifically, the ST-2.5 group showed a
significantly greater increase in angiogenesis compared to
the control group. However, by the 14th day, no discern-
ible differences were observed between the groups. Even
though the ST-2.5 extract seemed to have certain advan-
tages in promoting angiogenesis, its overall effectiveness in
this regard, when evaluated across all time points, did not
appear to be markedly significant.

Following a vascular injury, the inflammatory phase of
wound healing, characterized as acute inflammation, be-
comes fully established. This phase can persist for up to
96 hours or potentially longer, especially if complications
such as infections, trauma, or other adverse events arise.
During this phase, neutrophils and macrophages work
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to clear tissue debris resulting from the injury, primarily
through phagocytosis and the release of degrading en-
zymes. While this cleanup process is essential for wound
recovery, an overzealous inflammatory response can ham-
per the wound healing process.®® The primary objective
of acute inflammation is to stave off potential infections
in the affected area.’® Karimzadeh and Farahpour® found
that S. officinalis notably decreased neutrophil infiltration
and simultaneously elevated the count of mononuclear
cells, particularly macrophages, in the initial stages. Gii-
zel et al.”” observed a decline in dermal inflammation with
S. kronenburgii and S. euphratica, akin to the effects seen
with Fitokrem. In our research, while the initial periods
(3rd and 7th days) showed no significant group disparities
regarding acute inflammation by the 14th day, both ST-2.5
and ST-5 groups exhibited a marked reduction compared
to the control and vehicle groups. This observation might
hint at the direct anti-inflammatory or possibly indirect
antibacterial capabilities of the extracts. Supporting this,
Tepe et al.* highlighted the antimicrobial and antioxidant
properties of S. tomentosa. They found that while its aque-
ous extract lacked antimicrobial activity, water-insoluble
extracts exhibited moderate antimicrobial action against
a range of bacteria. Separate findings by Haznedaroglu et
al.'”” identified antibacterial properties of S. tomentosa, al-
beit limited to Escherichia coli, S. aureus, and Pseudomo-
nas aeruginosa. Other researchers, like Ulukanli et al.*' re-
ported on the bactericidal and insecticidal attributes of S.
tomentosa Miller's essential oil. Tan et al.** demonstrated
the antimycobacterial and antifungal effects of four Salvia
species (S. tomentosa, S. cilicica, S. officinalis, and S. fruti-
cosa), employing both alcoholic extracts and essential oils
in their analysis. Furthermore, Askun et al.***” emphasized
the antimicrobial efficacy of the essential oils of S. fruticosa
and S. tomentosa. Beyond these established antimicrobial
activities, S. tomentosa appears to have anti-inflammatory
properties. This is underscored by the findings of Sawmill-
er et al.®® who determined that the flavonoid lutein, derived
from S. tomentosa led to a decrease in TNF-a and IL-1§
levels in a traumatic brain injury model. Collectively, these
studies affirm the antibacterial and anti-inflammatory
roles of S. tomentosa, further corroborated by our observa-
tions on the 14th day for the S. tomentosa groups.

During the proliferation phase of wound healing, process-
es like angiogenesis, epithelialization, and fibroplasia take
place. To regain a normal tissue structure, it’s essential that
the stromal elements within the extracellular matrix pro-
vide a foundational framework for healing. The presence
of functional fibroblasts, myofibroblasts, endothelial cells,
pericytes, and epithelial cells is vital. In secondary wound
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healing, fibrous connective tissue fills the void left by tissue
loss.* Our research found that on the 7th day, the fibrosis
level was higher in both the ST-2.5 and Fitokrem groups
when compared to the vehicle group, although the differ-
ence not statistically significant. By the end of the 14th day,
there was no discernible difference among the groups re-
garding fibrosis. Fibroblast maturation levels didn’t show
significant differences among groups on the 3rd and 14th
days. However, on the 7th day, the vehicle group exhibited
reduced maturation compared to other groups. These ob-
servations suggest that the vehicle might have temporari-
ly hampered fibrosis and fibroblast maturation on the 7th
day, but this effect seemed transient, as indicated by the
14th-day results. It aligns with the findings of Karimzadeh
and Farahpour® who reported that S. officinalis positive-
ly impacts fibroblast proliferation during wound healing.
Similarly, Giizel et al.”” found no statistical variance in fi-
brosis scores on both the 7th and 14th days, which is con-
sistent with our observations.

While the processes of hemostasis, inflammation, prolif-
eration, and remodeling typically follow a sequential pat-
tern during wound healing, the rate at which these phases
manifest can vary across wounds. It's even possible to ob-
serve different healing phases within distinct regions of
a single wound.*® Our histopathological analyses suggest
that S. tomentosa acts to suppress inflammatory cells in the
advanced stages of wound healing, potentially promoting
improved healing outcomes. The lack of significant differ-
ences in other histopathological parameters could be at-
tributed either to the inherent variability in wound healing
or the representativeness of the biopsy samples examined.

Conclusion

This research reveals that the 2.5% and 5% ointments of S.
tomentosa, which, to the best of our knowledge, have not
been previously examined in a wound model, may posi-
tively influence macroscopic wound closure. The thera-
peutic potential of S. tomentosa is likely attributed to its
angiogenic, anti-inflammatory, and antioxidant properties.
A significant limitation of our study is the inability to de-
termine its specific components. However, future research
can delve deeper by comparing the effects of various ex-
traction methods of this plant on wound healing aligning
these with content determination and more comprehen-
sive molecular analyses.
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