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Purpose: The aim of the present study was to evaluate the potential wound healing activity
of the hydroalcoholic extract of Salvia haenkei on in vitro and in vivo experimental models.
Materials and Methods: Preliminary analytical characterization of the hydroalcoholic extract
of Salvia haenkei was made by reversed-phase high performance liquid chromatography (RP-
HPLC) that permitted identification of a qualitative fingerprint of the extract of aerial parts. The
wound healing activity of the hydroalcoholic extract of Salvia haenkei was evaluated in vitro by
the scratch assay on human dermal fibroblasts and human epidermal keratinocytes and in vivo by
standardized mouse excisional splinting model. Real-time PCR (RT-PCR) experiments were
performed to analyze gene expression levels of inflammatory markers.

Results: The scratch assay tests showed that the treatment with the hydroalcoholic extract of
Salvia haenkei did not induce an increase in the fibroblasts migration rate with respect to the
positive control. Instead, the hydroalcoholic extract of Salvia haenkei was effective in
improving the wound closure rate on keratinocyte cell cultures with an almost total invasion
of the scratch after 48 h of treatment; whereas the positive control, at the same time point,
showed only a 67% reduction of the wound size. In vivo experiments showed that the groups
treated with the extract of Salvia haenkei completely re-epithelized the wound in 2.7 days,
a timing that was comparable with the action of the positive control that took only 2.1 days.
Gene expression analysis showed that Salvia haenkei positively regulated the signaling
pathway of the nuclear factor-kB (NF-kB) transcription factor.

Conclusion: The results suggested that the hydroalcoholic extract of Salvia haenkei induced
a clear wound healing effect.

Keywords: wound healing, cosmetics, animal model, scratch assay

Introduction

Wound healing is a properly timed, iterative, and dynamic process, mainly characterized
by three fundamental physiological stages: inflammation, proliferation and a final phase
of remodeling, which determines the strength and appearance of the healed tissue.'

The reported stages require a tethering between several molecular and biological
events such as cellular proliferation and migration, cytokines and growth factor
production that are principally orchestrated by the cooperation of dermal fibroblasts
and epidermal keratinocytes.” Furthermore, the mutual cutaneous processes of
repairing and regeneration are promoted by a cross-talk of a double paracrine
way, where the cellular migration plays a fundamental role in the physiological

repair processes.’
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The wound healing process is promoted efficiently by
the use of traditional remedies, which are mainly based on
plant sources. These remedies have been shown to affect
one or more stages of the healing process. In this context,
traditional medicine provides a vast source for the discov-
ery of original bioactive compounds and for the develop-
ment of new pharmaceutical applications.

Salvia haenkei, a plant species of the genus Salvia (family
Lamiaceae),” popularly known as Pampa Salvia, is mainly
distributed in Bolivia and Peru.’ Salvia haenkei occupies an
interesting role in traditional Bolivian medicine .

Apillapampa, a community of Quechua-speaking peo-
ple, located in the Bolivian Andes, uses Salvia haenkei as
constituent of lejia, a water-based mixture of the ashes of
20 plant species commonly associated with practice of
chewing coca. The alkaline substances present in the
lejia promote the transformation of stimulating coca alka-
loids to free bases, enhancing their physiological and
psychoactive effects.®

The traditional Bolivian medicine also includes the use of
Salvia haenkei as a digestive or antiemetic agent, to reduce
colds and bronchitis symptoms, and against tuberculosis.’

Thanks to the preservation and dissemination activities of
Kallawaya knowledge of herbal cures by the Sociedad
Boliviana de Medicna Tradicional Medicine (SOBOM
ETRA), Abdel-Malek et al® demonstrated an anti-HIV activ-
ity of this plant.

Recently, a new medical use was attributed to Salvia
haenkei, thanks to the research of Alimonti et al, that
demonstrated an antisenescence activity of Salvia haenkei,
suggesting a potential use of Salvia haenkei based pro-
ducts for antiaging skin treatments.’'

The traditional uses and the recent research focused on
skin application inspired our studies to investigate the
wound healing capacity of Salvia haenkei.

The hydroalcoholic extract of the aerial parts of Salvia
haenkei was tested in vitro, by the scratch assay, which is
a widely consolidated tool for the screening of potential
wound healing agents'' on human dermal fibroblasts and
human epidermal keratinocytes, and in vivo, by the stan-
dardized mouse excisional splinting model to observe the
re-epithelialization of wounds in a more complex and
realistic system.'?

Our data demonstrated for the first time that hydroalco-
holic extract of Salvia haenkei promoted wound healing
activity, indicating its use as a potential ingredient in
developing new pharmaceutical formulations to treat
wounds, cuts, and other skin injuries.

Materials and Methods
Standard and Reagents for HPLC Analysis

Ethanol, methanol, distilled water, acetonitrile, and formic
acid, were purchased from VWR (Milan, Italy). The
European Pharmacopoeia Reference Standard of Rosmarinic
Acid (RA) was from EDQM (Strasbourg, France, code
Y0000786). All chemicals used in experimental procedure
were of analytical grade purity.

Plant Material

The aerial parts of Salvia haenkei, also known as Pampa
Salvia, were collected from a private cultivation situated in
Piemonte (Italy). The plant specimen was identified by
botanists of Martin Bauer S.p.A, Italy and a plant sample
was deposited at their herbarium.

The plant material was harvested and the aerial parts were
put in a ventilated stove at 45°C for 24 h and then ground
into a fine powder using a hammer mill. A quantity of 100
g of powdered dried plant material was placed in a percolator
and covered by 200 mL of water/ethanol (30-70% v/v)
mixture. The obtained suspension was incubated for two
hours at room temperature and subsequently the extract was
collected in a new flask (170 mL approximately). The
remained humid plant material was covered for the second
time by 200 mL of water/ethanol (30-70% v/v) mixture for
two hours. After the second collection process, the extraction
procedure was repeated, reaching an amount of six extrac-
tions. All the collected extracts were pooled and the obtained
hydroalcoholic total extract was filtered through a filter paper
and concentrated under vacuum (approximately 11 mmHg)
up to 30-35 mL by rotary evaporator, using a water bath at
low temperature (30°C), obtaining a viscous solution. The
filtrate was left open for 12 h in a well-ventilated hood at 30°
C until complete evaporation of the last traces of solvent. The
plant/dry extract ratio was 7:1. Finally, 10 g of maltodextrin
(DE10) were added to the dry extract in order to improve the
consistency and the mixture was ground in the mill and
sifted, obtaining 23.7 g of dry extract.

HPLC Analysis

The RA standard was dissolved in methanol at the theore-
tical final concentration of 0.04 mg/mL. The plant dry
extract (50 mg) was accurately weighed into a 100 mL
volumetric flask and dissolved in methanol. Both final
solutions were filtered through PTFE 0.22 pm filters
prior to injection into HPLC system.
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The HPLC analysis of hydroalcoholic extract of Salvia
haenkei were performed using the Agilent 1260 Series
(Santa Clara, CA, USA) equipped with DAD (diode array
detector). The separation was carried out by a gradient sys-
tem, using a reverse-phase Phenomenex (Torrance, CA,
USA) Luna CI18 (100%4.6 mm, 3 pm) column maintained
at 40°C. Injection volume was 3 plL. UV spectra were
collected across the range of 200-600 nm. The wavelength
of 329 nm, with a sampling frequency of 20 Hz, was
selected as the detection wavelength for the identification
of the peak of the RA. The mobile phase was composed of
solvent (A), acetonitrile and solvent (B), 0.25% (v/v) formic
acid solution in water. A linear gradient elution (Table 1),
with a flow rate of 1.2 mL/min was used. The presence of
RA in the extract was identified by comparing its retention
time and spectrum with retention time and spectrum of the
RA standard. The estimation of the RA content in the extract
was performed using linear regression analysis.

Cell Culture

“Human adult primary dermal fibroblasts” (ATCC PCS-201-
012) and “Human skin keratinocyte-human papillomavirus 16
(HPV-16) E6/E7 transformed” (ATCC CRL-2404), were
grown in the appropriate minimal medium, fibroblast b-
asal medium supplemented with “fibroblast growth kit-low
serum” (ATCC, American Type Culture Collection,
Manassas, VA, USA) and 0.2% FBS, and Keratinocyte SFM
(Thermo Fisher Scientific, Monza, Italy)supplemented with
EGF (5 ng/mL), respectively. The culture conditions were
37°C in a moist atmosphere containing 5% CO,.

The Scratch Wound Healing Assay

The hydroalcoholic dry extract of Salvia haenkei was dis-
solved in 10% ethanol and then diluted to the final concen-
tration (0.031%) in the appropriate cell culture medium in
order to obtain a 1% ethanol working solution. The final
solution was sterilized by filtration with 0.22 um sterile

Table | HPLC Linear Gradient

Time (min) % A % B
2 98
14 86

10 20 80

16 95 5

18 95 5

20 2 98

25 2 98

membrane filter. Working concentration of Salvia haenkei
was determined because of previous cellular proliferation test
and solubilization limits of the plant extract (data not shown).

Dermal fibroblasts (5x10° cells/well) and epidermal
keratinocytes (2x10° cells/well) were seeded in 12-well
tissue culture plates, in triplicate for each treatment.
Seeding conditions were assessed previously based on
the growth curves (data not shown), in order to obtain
a confluence of 80-90% after 24 h of culture. Twenty-
four hours postseeding, the cell monolayers were scraped
mechanically with a sterile 1000 pL pipette tip in a straight
line to create the “scratches”. Detached cells and debris
were washed away with PBS."? The culture media contain-
ing the hydroalcoholic extract of Salvia haenkei were
added to fibroblasts and keratinocytes. The appropriate
minimal media were added as negative control; complete
media supplemented with 2% FBS or 10 ng/mL EGF were
added to cell cultures as positive control for fibroblasts and
keratinocyte, respectively.

Immediately after wound induction (TO0), and at 3, 6, 24,
48 h after treatments, the dishes were placed under a phase-
contrast microscope, equipped with a digital camera, for the
acquisition of the images of the wounds. At least two fields/
well were evaluated for a total amount of 10 images/treat-
ment/time point. In order to maintain fixed the fields during
the image acquisition, markings with an ultrafine tip marker
were drawn close to the scratch as reference points.

Distance covered by cells moving into the scratched
area was measured using the Tscratch software (Geback,
Zurich, Switzerland)."* Images were analyzed per condi-
tion, per time point, and means and standard deviations
were calculated. Student’s r-test was used for statistical
evaluation. The results were considered significant when
P-value was lower than 0.05.

Gene Expression Assays

Dermal fibroblasts (5%10° cells/well) and epidermal keratino-
cytes (3x10° cells/well) were seeded in six-well tissue culture
plates, in triplicate for each treatment. Seeding conditions
were assessed previously based on the growth curves (data
not shown), in order to obtain a confluence of approximately
50-60% of confluence at the day of the treatment. Twenty-
four hours after seeding, the appropriate culture media con-
taining the hydroalcoholic extract of Salvia haenkei, prepared
as previously described, were added to fibroblasts and kerati-
nocytes. As negative control, appropriate fresh medium was
added to three wells for each cell line. Cells were scraped at
the established time points (1.5, 3, 6, 18, and 24 h after the
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treatment) and collected in RLT buffer. Total RNA was iso-
lated from cells using RNeasy Mini Kit. The reverse tran-
scriptase reaction was performed using 1.5 pg of total RNA in
a 10 pL reaction. Ten nanograms of the resulting cDNA was
used in the subsequent amplification step along with 1 pL of
each 20X TagMan® probe (Assay ID: Hs00174128 ml,
TNFo; Hs01042014 m1, NF-xB; Hs01075529 ml1, NOS2;
Hs00153133 m1, PTGS2; Hs00174131 ml, IL-6). The
expression levels of the eukaryotic 18S rRNA (Assay ID
Hs03003631 gl) was used as normalization factor. Real-
time PCR reactions were performed in duplicate by using
the TagMan®™ Master Mix in a 7900HT system. All the
reagents for RNA extraction and retrotranscription were
from Qiagen NV (Milan, Italy), whereas reagents and instru-
ments for real-time PCR were from Thermo Fisher Scientific
(Monza, Italy). The relative transcription level was calculated
by using the AACt method. Statistical analysis were per-
formed through a one-way ANOVA followed by the
Dunnett’s test with control. The results were considered sig-
nificant when P-value was lower than 0.05.

Animals

The Italian “Ministero della Salute” approved the animal
protocol (protocol no. 4561/16). All experimental procedures
involving animal and their care were carried out in accor-
dance with Italian approved guidelines. Eighteen females,
not pregnant BALB/c mice (eight weeks old) were purchased
from Charles River Laboratories (Calco, Italy). Animals
were housed under controlled room temperature (224+2°C)
and humidity (55£10%) with a 12:12-h light-dark cycle.
Mice were randomly divided in three experimental groups.

In vivo Wound Healing Experiments
A standardized mouse excisional splinting model'? was used.
Briefly, after shaving the back area of the mice, the wound
healing model was prepared by pulling with fingers the
dorsal skin of the back and punching the folded skin with
a 3 mm diameter biopsy punch in order to create a full-
thickness wound of @ 3 mm in diameter at left and right
side of the midline. Then, a silicone splinting ring was placed
and fastened around the wound perimeter to prevent wound
closure caused by skin contraction, in order to obtain
a healing process very similar to that in humans.

The wounded area of six mice was treated topically, once
a day for 18 days, with a water based cream (glycerine, sorbitol
70%, carbomer, sodium hydroxide and water) containing the
hydroalcoholic dry extract of Salvia haenkei (0.5% w/w)
whereas that of the mice of the positive control group was

treated with a commercially available unguent composed by
collagenase and chloramphenicol (Iruxol®, Smith & Nephew
GmbH, Monza, Italy). An untreated group was used as nega-
tive control group. Wounded areas were photographed imme-
diately after wound induction and then at days 2,4, 6, §, 11, 14,
and 18. To assure the same distance between the lens of the
camera and the back of the mice, we used a standardized and
fixed system applied to the stereomicroscope. In addition, we
put a measuring tape near the wound as length reference for
After each
a removable sterile dressing was placed on each wound to

each collected image. image acquisition,
protect them from the external environment. Photographs
were processed with the software ImageJ (Rasband,
Bethesda, MD, USA)15 to measure the closure of the wounds,
normalized taking into account the absolute error of measure-
ment. The percentage of healing, expressed as re-epithelialized
area with respect to wounded area at day 0 (assumed as 100%),
was calculated as follows: 100- (wounded area at day x (mm?)/
wounded area at day 0 (mm?))x100. Statistical analysis was
performed using the software GraphPad Prism® 6.07
(GraphPad Software Inc., La Jolla, CA, USA). Correlation
and statistical significance were calculated through Student’s
t-test and Pearson’s correlation (P-value <0.01).

Results
Chemical Analyses of Salvia haenkei

Extract

The chromatographic profile, or fingerprint, of Salvia
obtained by HPLC
(Figure 1), confirmed the RA as the characteristics consti-

haenkei hydroalcoholic extract,
tuent. The calibration curve of RA standard solution was
found to be linear (y=6051.2x + 1.0085; R?=0.9994) in the
concentration range 0.61-39.00 ug/mL. The content of RA
in the hydroalcoholic extract was roughly 0.45% w/w.

Effect of Salvia haenkei Extract on Cell
Migration

In order to investigate the potential healing activity of the
hydroalcoholic extract of Salvia haenkei, we used the in vitro
model of wound healing assay, the scratch assay. Specifically,
we investigated the healing potential of Salvia haenkei by
evaluating the ability of the extract of Salvia haenkei to
induce cell migration on human dermal fibroblasts and
human epidermal keratinocytes, in comparison to that of
the positive control. To this aim, we created scratches in the
cell monolayers by scraping cells with a pipette tip. The
migration rate, ie, the time used by cells to invade the scratch,
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Figure | The chromatographic profile of Salvia haenkei extract obtained by HPLC. (A) Chromatogram of RA standard. (B) Chromatogram of hydroalcoholic Salvia haenkei

extract. The average retention time of RA was 12.61 min.

of both cell lines was evaluated by monitoring the size of the
wound at time 0, immediately after scratching, and at four
different time points after the treatment with Salvia haenkei
or the positive control. Our results showed that the extract of
Salvia haenkei did not induce a statistically significant
increase in the fibroblasts migration rate (Figure 2).
Conversely, the extract of Salvia haenkei was effective in
improving the cell migration rate on keratinocytes cell cul-
tures, showing an increase of the wound closure with respect
to the negative control even higher than that of the positive
control. Indeed, 24 h after treatment, the extract of Salvia
haenkei induced a wound closure of about 60%, with
a nearly total invasion of the scratch in 48 h of treatment
whereas the positive control showed at the same time point
only a 67% reduction of the size of the wound (Figure 3).

Effect of Salvia haenkei Extract on

Pro-inflammatory Genes Transcription

Subsequently, we tried to elucidate if Salvia haenkei could
exert an effect also at the molecular levels on fibroblasts and
keratinocytes. In fact, during wound healing, the classical
nuclear factor-kB (NF-«xB) pathway is activated as an innate

immune reaction and it promotes the transcription of many
cytokines, chemokines, adhesion molecules, enzymes
which produce secondary inflammatory mediators neces-
sary for the correct sequence of the next healing steps.'®
Thus, we verified if the gene transcription pattern of the two
cellular types could be affected by the treatment, at defined
time points, with the hydroalcoholic extract of Salvia haen-
kei. Specifically, we analyzed the mRNA levels of some of
the genes involved in the early inflammatory phase of skin
repair: the transcriptionally active subunit of the transcrip-
tion factor NF-kB (RelA), the inflammatory cytokines inter-
leukin-6 (IL-6) and tumor necrosis factor-alpha (TNFa.), the
inducible nitric oxide synthase (iNOS or NOS2) and the
inducible prostaglandin synthesizing enzyme, cyclooxy-
genase-2 (COX-2) (Figure 4).

RelA transcription levels mildly increased in keratino-
cytes in the early phase of stimulation, from 1.5 to 6 h,
with the highest value at 6 h (4.4 folds of induction).
However, mRNA levels of RelA in the human dermal
fibroblasts remained slightly increased (about 2-3 folds
of induction) for all the time when the extract of Salvia

haenkei was in the culture medium.
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Figure 2 “Scratch assay” on human dermal fibroblasts. Graphical representation of the percentage of the wound closure respect to TO. Statistical significance calculated

respect to negative control.
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Figure 3 “Scratch assay” on human epidermal keratinocytes. Graphical representation of the percentage of the wound closure respect to TO0. Statistical significance

calculated with respect to negative control. P-value: ¥<0.05 and *¥<0.005.

It is known that IL-6 modulates immune response and is

17,1

essential for timely wound healing,'”'® whereas regulated and

balanced TNFa signaling is important to assure the activation
of the correct signal transduction pathways leading to the

expression of some growth factors promoting re-

epithelialization (for example, FGF-7)."° Our results showed
that IL-6 expression had a huge increase after 1.5 h of stimula-
tion with Salvia haenkei both in fibroblasts and in keratino-
cytes (83.6 and 19.7 folds of induction, respectively), whereas
TNFa levels had just a mild increasing trend in the early times
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of treatment, with the highest value at six hours (4.6 folds of
induction), only in epidermal keratinocytes.

Data obtained from iNOS-deficient mice clearly indi-
cated an important role for iNOS-derived NO in wound
healing. The average time of wound closure was significantly
delayed in the knockout animals in a model of full-thickness

excisional wounding.**!

Regarding iNOS transcription
levels, the Figure 4 shows that, except for the complete
silencing of the gene at six hours, they were not affected by
the treatment with Salvia haenkei in fibroblast cell line.
A slight increase of the NOS mRNA could be appreciated,
instead, in keratinocytes at 1.5 and six hours (2.1 and 2.5
folds of induction, respectively). Though the role of cycloox-

ygenases in wound repair remains still not completely

clarified,”> some evidences exists that COX-2 induction
may be important in cutaneous wound healing. >

The treatment with the extract of Salvia haenkei
induced the transcription of COX-2 gene at 1.5 h time
point in both cell lines, with a major effect on fibroblasts
(47.5 folds of induction).

In vivo Wound Healing Potential of Salvia

haenkei

To better investigate the wound healing potential of the
extract of Salvia haenkei, we generated a mouse model of
wound, the standardized mouse excisional splinting
model.'? Therefore, we performed two full thickness
round wounds with a biopsy punch on the skin of the
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Figure 4 RT-PCR on (A) human dermal fibroblasts and (B) human epidermal keratinocytes. Graphical representation of the gene expression levels, expressed as folds of
induction respect to the not-treated control. Statistical significance calculated respect to not-treated control. P-value: ¥<0.05 and **¥<0.005.
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back of the mice and then we treated the wounded areas
topically once a day with a formulation containing the
extract of Salvia haenkei (0.5%). Similarly, we treated
another group of mice with an unguent composed by
collagenase and chloramphenicol as positive control.
Finally, we generated a third group of wounded, not trea-
ted mice as negative control for re-epithelialization.
Immediately after injuring and then at days 2, 4, 6, 8, 11,
14, and 18, we photographed the back of the mice and the
images were used to measure the size of the wounded area.
The healing potential of the tested products was expressed
in terms of wound closure, ic as percentage of re-
epithelialized skin at day x with respect to the wounded
area at day 0. As shown in Figures 5 and 6, the topical
administration of the extract of Salvia haenkei resulted in
a wound-healing rate higher than that of the negative
control (P-value <0.05) and very similar to that of the
positive control, with a re-epithelialization of about 60%
at day four.

In addition, although at day 18 we observed the com-
plete wound closure for all the three groups, is noteworthy
that the treatment with the Salvia haenkei based formula-
tion, like the positive control, was particularly effective in
the early stage of the healing process. Through a statistical
extrapolation, we were able to calculate the time needed to
reach the 50% and the 100% of wound closure for all the
three experimental group. As shown in Figure 7, we
observed that, while the not treated group needed 4.8
days to reach the 50% of wound closure, the groups
treated with the extract of Salvia haenkei and the positive
control took only 2.7 and 2.1 days, respectively.

120

Discussion and Conclusion
Several traditional remedies, mainly based on plant
sources, are commonly involved in the treatment of
wounds. These remedies have been shown to affect one
or more stages of the healing process.

The genus Salvia presents several species directly
involved in the wound healing mechanism.**2¢

In this study, an investigation on the involvement of
Salvia heankei hydroalcoholic extract in the wound healing
process was made for the first time, thanks to a combined
approach of in vitro and in vivo experimental techniques.

A preliminary quali-quantitative analysis of the hydroal-
coholic extract of Salvia haenkei was carried out by RP-
HPLC to characterize the aerial parts extract used for
in vitro and in vivo tests. The obtained fingerprint of Salvia
haenkei (Figure 1) at the reported analytical conditions (see
Materials and Methods), showed a well characteristic spec-
trum with a predominant presence of rosmarinic acid,
a metabolite widely used as preservative agent in pharma-
ceutical and food industry,”” with a pronounced antiviral,
antibacterial, anti-inflammatory, anti-allergic, and anti-
oxidant properties.”>*® The content of rosmarinic acid in
the hydroalcoholic extract was approximately 0.45% w/w.

Thanks to the scratch assay, one of the major methods
used as in vitro model of wound healing assay, we monitored
the wound healing process promoted by the extract of Salvia
haenkei at different physiological levels. The scrath assay
was carried out on dermal fibroblasts and epidermal kerati-
nocytes, two cell lines that are synergistically implicated
in wound healing mechanisms,

P<0.005 vs negative control
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Figure 5 Graphical representation of the wound healing process, expressed as percentage of re-epithelialized area with respect to wounded area at day 0 (P-value <0.05).
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Figure 6 Representative images of the effect of Salvia haenkei on wound closure in mice skin. The scale bar was reported on the right side of each picture. The distance

between each horizontal line of the scale bar is | mm.
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Figure 7 Graphical representation of time needed to reach the 50% and the 100%
of the wound closure, expressed as days.

Indeed, fibroblasts play a fundamental role in the produc-
tion and remodeling of the extracellular matrix; in addition,
the proliferation and migration of these cells play a key role
in the formation of granulation tissue and in the further steps
of wound repair.”’ Keratinocytes, however, migrate from the
basal layers of the epidermis to a more superficial one,
triggering a series of biochemical events that lead to the re-
epithelialization of the skin, a fundamental parameter of
successful wound closure. "'

Interestingly, our in vitro investigations revealed that,
though the hydroalcoholic extract of Salvia haenkei did

not induce a pronounced fibroblast migration (Figure 2), it
showed, in epithelial keratinocyte cultures, statistical sig-
nificance related to wound closure efficacy (Figure 3). In
detail, the hydroalcoholic extract of Salvia haenkei
induced, after 48 h of treatment, a 25.1% higher coverage
of the wound with respect to the positive control.

In addition, at the molecular level, we observed that
extract of Salvia haenkei was able to modulate positively
the transcription of some of the genes mainly involved in
the early inflammatory phase of skin repair.

The first phase of healing, in fact, is characterized by
reactions mediated by cytokines, chemokines and growth
factors produced by both fibroblasts, keratinocytes and
inflammatory cells that migrate to the wounded area. All
these factors are essential in the early protective response
against pathogens and then become necessary for the migra-
tion of phagocytic and inflammatory cells to the injured
tissues. Many of them are target genes of the transcription
factor NF-xB.'®!%3%

In our experimental conditions, we observed a positive
regulation of the transcription factor NF-xB and, conse-
quently, a modulation of the expression levels of its target
genes. Noteworthy is the ability of Salvia haenkei to
induce IL-6 expression at high levels. In fact, IL-6 has
been reported as one of the key molecules promoting the
wound healing process through multiple mechanisms
including leukocyte recruitment, angiogenesis, and col-
lagen production.'® In addition, Gallucci et al’' showed
that IL-6 could influence wound healing by inducing
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keratinocyte migration, paving the way to explain, at least
in part, the molecular mechanisms through which Salvia
haenkei promotes wound closure in the in vitro assay.

The wound healing effects of Salvia haenkei were also
observed in the in vivo experiment performed by the
excisional wound model in mice. The water-based cream
containing extract of Salvia haenkei permitted 50% of
wound closure in 2.7 days with respect to 2.1 days of the
positive control, an approved drug for sores and wound
healing (Figure 7).

The obtained data reinforced the in vitro results, and all
together revealed more evidence that Salvia haenkei is
involved in the wound healing mechanism.

However, more evidence is needed to completely elu-
cidate at the molecular level the physiological re-
epithelialization process.

The literature suggests that terpenoids and flavonoids,

widely present in the genus Salvia®> >

and probably con-
tained in the Salvia haenkei phytocomplex,®® could be the
major promoters of the observed healing mechanism, even
if, as in this case, further investigations on qualitative and
quantitative Salvia haenkei phytocomplex composition are
needed to confirm the presented hypothesis.

In conclusion, this study offers, for the first time,
scientific value in support of our considerations inspired
by the recent research focused on skin application of
Salvia haenkei, promoting a reliable use of the extract of
Salvia haenkei as an ingredient in new pharmaceutical
forms for the treatment of skin lesions.
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