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Abstract: Chronic wounds remain a significant clinical challenge, necessitating the exploration of novel
therapeutic agents. Sedum telephium L. (syn. Hylotelephium telephium (L.) H. Ohba) leaf juice, known for its
traditional medicinal uses, was evaluated for its wound healing properties. This study aimed to chemically
characterize the leaf juice and assess its efficacy in promoting wound healing in vitro. Fresh leaves were
collected and processed to obtain the juice, which was analyzed for polyphenols, flavonoids, polysaccharides,
and proteins. Key bioactive compounds, including flavonols such as kaempferol glycosides and quercetin
glycosides, were identified. The juice and its polysaccharidic fraction were tested on human keratinocytes
(HaCaT) and fibroblasts (HFF-1) to assess cell viability, wound closure, and the production of growth factors
and pro-collagen I. Our results indicated that the whole juice significantly enhanced wound closure in both cell
types, with a marked increase in fibroblast growth factor (FGF) and LAP(TGF-{31) production in keratinocytes,
highlighting its potential mechanisms of action. The polysaccharidic fraction alone showed limited efficacy,
emphasizing the importance of the complete phytocomplex. These findings suggest that Sedum telephium L.
represents a promising candidate in the setting of skin regeneration and repair.

Keywords: phytomedicine, Sedum telephium L., wound healing, skin

1. Introduction

The healing process is a physiological complex of events comprising hemostasis, chemotaxis and
inflammatory cascade, cell proliferation and tissue remodeling[1-3].

A multitude of strategies are currently available to address acute injuries and promote tissue
regeneration [4-7]. Several safe and effective options to address minor and acute injuries include the
use of topical antibiotics and/or disinfectants (including silver sulfadiazine, benzalkonium chloride,
ethanol, povidone iodine). On the other hand, chronic ulcers pose a persistent challenge, often being
resistant to conventional treatments and prone to complications [8]. Chronic wounds are
characterized by prolonged healing time and propensity for recurrence, with subsequent diminished
quality of life for patients and increased healthcare costs [6,9,10]. The social impact is profound, as
chronic wounds can result in pain, disability, and reduced mobility, impairing patients' ability to
perform daily activities and to engage in social interactions [11]. Depression, anxiety, and social
isolation further exacerbate the burden on affected individuals [10,12]. Millions of individuals are
affected worldwide, giving reason to the unbearable economic burden for healthcare systems [9,13].

Available strategies include traditional and advanced dressings, dermal scaffolds, growth
factors, stem cells, systemic treatments [5,14,15]. The therapeutic choice varies upon the type of ulcer,
patient comorbidities and the expertise of the healthcare team in treating cutaneous ulcers [2,16].
However, no definitive treatment for the cure of chronic wounds is available to date. As such, there
is an urgent need for innovative therapies tailored specifically to these recalcitrant wounds. Current
research is increasingly focusing on phytoderivatives, bioactive compounds derived from plants, as
promising candidates for addressing this unmet medical need [17]. These natural compounds offer a
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multifaceted approach to wound healing, targeting inflammation, infection, and tissue repair
processes [18-20]. With growing evidence supporting their efficacy and safety, phytoderivatives
represent a compelling frontier in the quest for novel therapies to combat chronic ulcers and improve
patient outcomes.

On the one hand, the interest towards medicinal plants in wound healing is supported by a
vigorous push provided by growing literature in the setting of ethnopharmacology; on the other
hand, another stimulus to the growing interst towards phytomedicine is provided by the official
recognition of several herbal products, marketed as conventional drugs, enlisted in the Monographs
on Selected Medicinal Plants of the World Health Organization (WHO) (who.int) and, in the
European Union (UE), in those of the European Medicines Agency (EMA) (www.ema.europa.eu).
The aim of this work is to provide an insight on the potential use of Sedum telephium L. (syn.
Hylotelephium telephium (L.) H. Ohba) (Crassulaceae), in the setting of wound healing. S. telephium is
a medicinal plant initially studied by Balatri and collaborators[21,22]. More in details, the juice
obtained from fresh leaves was demonstrated to contain mucilage that have showed
immunomodulatory and anti-inflammatory activity [20,23] and flavonols that in vitro demonstrated
to have antioxidant and photoprotective ability [21,24].

Products for topical application containing S. telephium extract are currently commercially
available and possess interesting potential implications in the dermatological setting. We aimed at
assessing the in vitro regenerative and immunomodulating properties of fresh juice obtained from S.
telephium fresh leaves.

In the present paper, we characterized the extract obtained from S. telephium leaves from a
chemical point of view and, more importantly, we report on its trophic action though in vitro wound
healing assay both on keratinocytes and fibroblasts. We also performed comparative assessment of
the efficacy of whole fresh juice and its polysaccharidic fraction only. Lastly, we assessed the
production of pro-collagen I by fibroblasts and the secretion of growth factors by keratinocytes
induced by S. telephium in order to better clarify its potential mechanism of action in the setting of
wound healing.

2. Materials and Methods

Sampling

Fresh leaves of S. telephium were collected from domesticated plants at the end of July, classified
and authenticated at the Botanical Garden of the University of Siena. At least 200 g of fresh leaves
were taken. Plants were selected according to the following criteria: integrity, absence of parasite
infestations, provenience from areas not subject to phytosanitary treatments. Sedum juice (SED) was
obtained by squeezing fresh leaves, using a kitchen centrifuge (Vitafruit, Moulinex).

Phytochemicals analyses

Polyphenols and flavonoids content

The total amount of polyphenols in SED was determined by Folin-Ciocalteu colorimetric
method, optimized as described by Finetti et al. [25]. Gallic acid (Merck Sigma-Aldrich, Darmstadt,
Germany) was used as reference standard and results were expressed as gallic acid equivalents
(GAE). Flavonoids content was quantified by means of direct absorbance [26]. Briefly, SED was
diluted 100 mg/ml in bidistilled water, and the absorbance was detected at a wavelength of. Quercetin
(Merck Sigma-Aldrich) was used as a reference standard with 366 nm being its peak of absorbance.
Results were expressed as quercetin equivalents (QE). A Shimadzu UV 1900 spectrophotometer
(Kyoto, Japan) was used for absorbance quantification. All analyses were performed in triplicate.

Quantification and isolation of polysaccharides

SED polysaccharides (SEDPOL) were isolated through conventional ethanol precipitation.
Basically, 1 g of SED was diluted 1:2 with bidistilled water and placed in a bain-marie at 100 °C for
15 minutes to promote sugar solubilization. The obtained solution was centrifuged at 2000 rpm for 5
minutes and precipitated material was discarded. Absolute ethanol (Merck Sigma-Aldrich) at -80 °C
was added to the solution in a 1:1 ratio and determined precipitation of the polysaccharides, in the
form of a whitish gel. The solution was centrifuged and the supernatant was removed. The precipitate
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was recovered with 10 ml of bidistilled water and assayed through the colorimetric phenol-sulphuric
method, already used and described in [18]. Briefly, 20 pl of the sample was diluted with 380 pl of
bidistilled water and placed in a reaction tube; then, 200 pl of 6% m/v (mass/volume) aqueous phenol
solution were added. Subsequently, 0.5 ml of 98% m/m sulphuric acid was added and the reaction
tube was quickly closed. After 10 min. at 80 °C, the absorbance was read at 490 nm with a Shimadzu
UV 1900 spectrophotometer. The amount of polysaccharides was calculated interpolating data on the
standard curve constructed with D(+)-glucose (Merck Sigma-Aldrich) and by multiplying x0.9 to
convert D(+)-glucose in polysaccharides.

The test was conducted in experimental triplicate.

Protein dosage

The validated Bradford method [27] was used for the quantification of proteins in SED. Five uL
of the SED sample were placed in 96-well plates; Double-distilled water was used as a control. An
amount of 245 puL of Bradford's solution (B6916-500mL, Merck Sigma-Aldrich) was added to each
well and plates were incubated for 15 minutes in the dark at room temperature. The plates were then
read through Victor NIVO 3S (Perkin Elmer, Waltham, Massachusetts, United States) at 595 nm. The
calibration curve was obtained using bovine serum albumin (BSA) (A3059-100G, Merck Sigma-
Aldrich). All the measurements were conducted in triplicate.

Flavonols profile

HPLC-DAD (High Performance Liquid Chromatography coupled with a Diode Array Detector)
analysis was performed by using a Shimadzu Prominence LC 2030 3D instrument (Shimadzu, Kyoto,
Japan) equipped with a Bondapak® C18 column, 10 mm, 125 A, 3.9 mm x 300 mm column (Waters
Corporation, Milford, Massachusetts, United States).

Water solutions containing 0.1% (v/v) formic acid (A) and acetonitrile with 0.1% (v/v) of formic
acid (B) were used as mobile phases. The following program was applied: B from 10% at 0 min to
25% at min, then B 50% at 26 min to 10% at 35 min. Flow rate was set at 0.9 ml/min. Chromatograms
were recorded at 366 nm. Analyses were performed using 20 ul of SED diluted 1:5 in bidistilled water;
quercetin, kaempferol, isoquercitrin, hyperoside and kaempferitrin (Merck Sigma-Aldrich) were
used as external standards. Three independent runs were performed.

Cell biology analysis

Cells cultures

Aneuploid immortal keratinocytes from adult human skin (HaCaT) and Human Foreskin
Fibroblasts (HFF-1) (gently furnished by Dept. of Life Sciences, University of Modena and Reggio
Emilia) were cultured in polystyrene flasks (Sarstedt AG & Co. KG, Niimbrecht Germany) using
Dulbecco’s Modified Eagle’s Medium — High glucose (DMEM-Hi glucose — D5796, Merck Sigma-
Aldrich) supplemented with 10% v/v Fetal Bovine Serum (FBS Merck Sigma-Aldrich) and 1 % v/v
1:100 diluted Antibiotic-Antimycotic solution (Merck Sigma-Aldrich) at 37 °C in 5% CO2 atmosphere.

Buffer Saline (PBS) solution and 1x Trypsin-EDTA solution (Merck Sigma-Aldrich) were used to
detach cells from flasks when reaching 70% confluence; by means of centrifugation at 800 rpm for 5
minutes the cell pellet was obtained and then resuspended into fresh medium. Therefore, cells
underwent 2 passages in culture. Cells count was performed using a hemocytometer after staining
with Trypan Blue dye (Merck Sigma-Aldrich).

Cell viability

The Cell Counting Kit — 8 (CCK-8, Merck Sigma-Aldrich) was used to evaluate cell viability of
HaCaT and HFF in response to treatments with SED, SEDPOL and the reference drug (REFDRUG).
SED was tested at different dilutions (0.1, 1 and 5 mg/ml respectively), SEDPOL was tested at a
concentration of 0.03 mg/ml and REFDRUG was a cream containing 15% m/m Triticum vulgare L.
standardized water extract + 1% m/m phenoxyethanol, tested at 0.1 mg/ml.

Cells were seeded at a density of 5,000 cells/well in a 96-well plate and incubated for 24 hours at
37 °C in 5% CO2 atmosphere. Supernatants were then removed and wells were filled with 90 uL of
culture medium and 10 pL of treatment samples and again incubated for 24 hours as described above.
Then, fresh DMEM and CCK-8 (9:1) was added in each well and incubated for 30-60 minutes.
Absorbance was measured at 450 nm using Perkin Elmer Victor Nivo 35 Microplate Reader.
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Scratch test - wound healing assay

We performed a revised version of the protocol published by Chen et al. [28], as also already
described by Chiocchio et al. and Pressi et al.[29,30]. HaCaT and HFF cells were seeded into 6-wells
plates (Sarstedt AG & Co. KG) at a density of 50,000 cells/well with DMEM supplemented with 10%
FBS and incubated at 37 °C in 5% CO: atmosphere until the achievement of approximately 80 %
confluence as a monolayer. Using a 1 ml pipette tip, the monolayer was scratched to create a cross at
the center of each well. Supernatant (together the detached cells) was then discarded and DMEM
supplemented with 3 % FBS together with different treatment samples (SED 1 mg/ml, SEDPOL 0.03
mg/ml and REFDRUG 0.1 mg/ml) were added to the wells. Two independent experiments in
technical triplicates (n=6) were performed. Microscopic images of each well were taken at 0, 6 and 24
hours after treatment by using a Leica DMIL microscope (Leica, Wetzlar, Germany). The wound size
was evaluated using IC Measure software (The Imaging Source LLC, Version 2.0.0.286,
https://www.theimagingsource.com/en-us/support/download/icmeasure-2.0.0.286/). Two different
measurements were performed for each well. Untreated scratched cells represented the control. The
percentage of wound closure was calculated using the following formula: [(Wound area to - Wound
area t)/Wound area to] x 100.

Growth factors dosages

ELISA (Enzyme-Linked ImmunoSorbent Assay) test was used for the measurement of fibroblast
growth factor (FGF), epidermal growth factor (EGF), precursor transforming growth factor latency-
associated peptide (LAP(TGF-B1)) and procollagen I. While EGF, FGF and LAP(TGEF-31) were dosed
on HaCaT-grown media, procollagen I measurement was performed on HFF-1 supernatant.

Cells were seeded into 24-well plates (10,000 cells/well) and treated with SED 1 mg/ml, SEDPOL
0.03 mg/ml and REFDRUG 0.1 mg/ml for 6 and 24 hours. At the end of the treatments 10 uL of
protease inhibitor (Merck Sigma-Aldrich) 1x were added to each well and the plates were frozen.
Following, 3 cycles of freezing and thawing were performed in order to obtain complete cell lysis.
Finally, the supernatants were collected in 1 ml tubes.

The human FGF-7 ELISA kit (RAB0188, Merck Sigma-Aldrich), human EGF ELISA kit (RAB0149,
Merck Sigma-Aldrich), human LAP(TGF-B1) (88-50390-22, Thermo Fisher Scientific Inc., Waltham,
Massachusetts, United States) and procollagen I o1 ELISA kit (ab210966, Abcam, Cambridge, United
Kingdom) were used for ELISA assays. All ELISA dosages were performed following suppliers” data
sheets. A Victor Nivo 35 Multimode Microplate Reader (Perkin Elmer) was used to read plates.
Dosages were performed in two independent experiments with technical triplicates (n=6).

Statistical analysis

The one-way analysis of variance (ANOVA) followed by Tukey post-hoc test was used to
compare datasets and to assess the statistical analysis; p<0.05 was set as significance level. y. Data are
presented as mean of replicates + standard deviation (SD). Analyses were conducted using SPSS for
Windows® v.25 (SPSS Inc., Chicago, USA) and Graphpad Prism (San Diego, USA).

3. Results

3.1. Chemical characterization of Sedum telephium L. leaves juice

In accordance with published literature previously published on S. telephium, chemical analyses
showed that also in SED polysaccharides were the main constituents, 2.47% m/m in fresh leaves; in
this work we highlighted the presence of proteins in SED, very plausibly as part of mucilage, also
composed by glycoproteins[31]. Moreover, as previously reported, SED was enriched in polyphenols
(793 mg GAE/Kg), especially flavonols, quantified by means of UV method (420 mg QE/Kg), and
clearly individuated through an HPLC-DAD analysis. From UV spectra, the main peaks with
retention time (RT) between 11.9 and 18.1 minutes could be attributed to kaempferol glycosides:
considering the method used, is plausible to identify the main peaks as kaempferol tri- and di-
glycosides, as already reported by Mulinacci et al. [21] for S. sedum subsp. maximum; kaempferitrin
was identified in the number at RT=18.1 min. (0.007%); in accordance with the cited reference,
quercetin glycosides were also identified, including isoquercitrin and hyperoside, partially
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overlapped at RT=18.8 and 19.0 min. Quercetin and kaempferol as aglycones were identified only at
very low concentrations.

Table 1. chemical composition of Sedum telephium L. leaves juice. Polyphenols are expressed as gallic
acid equivalents, flavonoids as quercetin equivalents, protein as bovine serum albumin equivalent
and, finally, polysaccharides as D(+)-glucose.

Chemical class Content % (m/m)
Total polyphenols 0.08 +0.01
Total flavonoids 0.04 +0.01
Total proteins 0.16 £ 0.02
Total polysaccharides 2.52+£0.22

mAU

PDA Multi 2 366nm, 4nm|

20

Figure 1. chromatogram of the flavonolic fraction of Sedum telephium L. leaves juice. Main peaks could
be attributed to kaempferol. tri- (at lower retention time, RT) and di-glycosides, also including
kaempferitrin (RT = 18.1 min.); a quercetin tri-glycoside is recorded at RT = 11.2 min. and
monoglycosides matching RT of isoquercitin and hyperoside are recorded at RT = 18.8 and 19.0 min.

3.2. Wound healing activity of Sedum telephium L. leaves juice in human keratinocytes

Cell viability assays in human keratinocytes showed that SED 5 mg/ml slightly decreased the
cell viability at 6h (-19% vs ctrl, p<0.01) even if it did not alter the cell viability at 24h; on the other
hand, SED 0.1 and 1 mg/ml and SEDPOL 0.03 mg/ml and REFDRUG 0.1 mg/ml did not impact cell
viability nor at 6h neither at 24h. For this reason, we chose SED 1 mg/ml for subsequent test, together
with SEDPOL 0.03 mg/ml and REFDRUG 0.1 mg/ml. Also in human fibroblasts, these samples did
not impact cell viability.

Skin healing tests were performed on both keratinocytes and fibroblasts: considering the
preponderance of polysaccharide components within the SED phytocomplex, it was decided to also
test SEDPOL alone at the same concentration than in SED phytocomplex.

As shown in the representative images in Figure 2 and in the panel in Figure 3, there was a clear
improvement in the healing rate in keratinocytes treated with SED, especially at 24h, with a mean of
+33% of wound closure compared to the control (p<0.01 vs ctrl). A slight improvement (mean: +13%,
p>0.05 vs ctrl) over the control was also observed at 6 hours. In both cases, the activity of SED on
keratinocytes was found to be higher than that of REFDRUG at 6 and 24h (+3 and +8 % respectively,
p>0.05 vs ctrl at 24h). A null effect was recorded for SEDPOL in the wound closure, confirming the
importance of the whole phytocomplex in exerting skin healing activity.
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SED 1 mg/mL

SEDPOL 30 pg/mL

REFDRUG 100 pg/mL

Figure 2. Microscopic images documenting of the in vitro healing effect of S. telephium leaves juice
(SED) 1 mg/ml, of the isolated polysaccharides (SEDPOL) at the same concentration in which they are
present in SED (30 pug/ml) and of the reference drug (T. vulgare extract + phenoxy-ethanol, REFDRUG
100 pg/ml) in human keratinocytes through scratch test.

Wound healing in HaCaT
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Figure 3. Box Plot graphical representation of the in vitro wound healing effect of S. telephium leaves
juice (SED), of isolated polysaccharides (SEDPOL) and of the reference drug (REFDRUG) in human
keratinocytes. **: p<0.01 vs ctrl. (One-way ANOVA).

3.3. Wound healing mechanism of Sedum telephium L. leaves juice
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To better understand the mechanism of action whereby SED acted in healing processes in HaCaT
cells, the main growth factors produced by keratinocytes were dosed: FGF, EGF and the precursor of
TGF-B1, LAP(TGE-B1).

As shown in Figure 4, SED was able to increase FGF and LAP(TGF-1), at 6h and, in a higher
extent at 24h: +21% (p<0.001 vs ctrl) and +60% (p<0.01 vs ctrl) respectively, compared to the control.

No upregulation of these growth factors was found for REFDRUG 0.1 mg/ml. On the other hand,
the tested samples, were devoid of any effect on EGF.
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Figure 4. Histogram representation of growth factor production induced by of S. telephium leaves juice
(SED) 1 mg/ml, and of the reference drug (REFDRUG) 100 pg/ml. The upregulation of FGF and
LAP(TGF-B1) produced by SED is related to the scratching wound healing assay as SED at 24h.*:
p<0.05 vs ctrl; ***: p<0.001 vs ctrl. (One-way ANOVA).

3.4. Wound healing activity of Sedum telephium L. leaves juice and pro-collagen I dosage in human
fibroblasts

In order to further investigate the wound healing potential of SED, we tested it also in human
fibroblasts HFF-1 Also in the fibroblast line, as shown in Figure 5 and in Figure S1, SED implemented
cell migration and increased the rate of regeneration of the simulated wound maximally at 24h, with
an increase of 30% over the control (p<0.0001). An increase in wound closure was also recorded at 6h.
In human fibroblasts, SEDPOL was also able to increase the rate of wound healing at 24h of treatment

(20%, p<0.01 vs ctrl), but confirming the above statement regarding the importance of the whole
phytocomplex.
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Wound healing in HFF
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Figure 5. Box Plot graphical representation of the in vitro wound healing effect of S. telephium leaves
juice (SED) and of the polysaccharidic fraction (SEDPOL) in human fibroblasts. *<0.05 vs ctrl. **: p<0.01
vs ctrl. ****: p<0.0001 vs ctrl. (One-way ANOVA).

In fibroblasts we also focused on the pro-collagen I expression as an indicator of SED trophic
and stimulating activity, but we failed to observe any effect.

4. Discussion

Skin wounds have always represented a very important problem for human health, as they lead
to a disruption of the skin barrier[32]. Maintaining skin integrity is fundamental not only for the
protection against infectious agents, but also for regulation of body temperature, trans-epidermal
water loss, and sensory perception[33-36]. Skin healing may be affected by several factors including
age, metabolic conditions, drug consumption, inflammation, and oxidative stress. For these reasons,
wound healing continues to be a challenging area for dermatological research[37]. This focus is
particularly important for addressing minor wounds, which are frequently underestimated and often
not managed adequately[38,39]. Despite their seemingly insignificant nature, even minor wounds
can lead to complications if not properly treated, highlighting the necessity for improved therapeutic
approaches and increased awareness of their potential impact on overall health [8,39].

The use of herbal preparations, which leverage synergistic and multifaceted activities, is a
hallmark of phytotherapy within pharmacology. EMA and WHO have all acknowledged that
treating skin disorders and minor wounds is one of the most common applications for many
medicinal plants globally. An in-depth review of medicinal plants officially recognized for their
therapeutic role in wound healing reveals that their use is grounded in ethnobotanical knowledge
and traditional medicine. This traditional knowledge is enhanced by contemporary clinical and
experimental research aimed at elucidating their mechanisms of action. Recently, there has been a
renewed interest in ethnobotanical knowledge and traditional medicine practices. Promoting the
traditional use of medicinal plants could represent a highly effective approach to pharmaceutical
research, especially during challenging times for synthetic pharmaceutical chemistry [40,41].

In this work we investigated the in vitro wound healing effect of a medicinal plant with a
consolidated traditional use in our country, Sedum telephium L. The pro-epithelizing properties of
Sedum telephium are primarily attributed to its rich phytochemical composition. The plant contains
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various bioactive compounds such as flavonoids, phenolic acids, triterpenoids, and polysaccharides,
which have demonstrated wound-healing potential. These compounds possess antioxidant, anti-
inflammatory, antimicrobial, and immunomodulatory properties, all of which are crucial for
promoting skin regeneration[23].

Notably, Sedum telephium extracts have been shown to scavenge free radicals and reduce
oxidative stress, which is known to impair wound healing processes[24]. By neutralizing reactive
oxygen species (ROS), the plant helps protect cells from oxidative damage and supports survival and
proliferation of keratinocytes. Sedum telephium also inhibits the growth of pathogenic bacteria,
thereby promoting a sterile wound environment. In addition to that, Sedum telephium extracts have
been found to stimulate collagen synthesis by fibroblasts and to promote angiogenesis, enhancing
the integrity and strength of newly formed tissue.

Our findings reinforce the notion that Sedum extract (referred to in this work SED) is crucial
both for the proliferative phase of wound healing, promoting cell migration and proliferation, and
for tissue remodeling, though the secretion of TGF1b. In particular, SED showed to promote wound
closure both in keratinocytes and in fibroblasts monolayers and, even more importantly, we clearly
demonstrated the ameliorative effect of the whole phytocomplex compared to the polysaccharides
fraction, the most enriched one in SED.

In keratinocyte cultures, SED induced the secretion of TGFB1 and FGF, two growth factors
intrinsically connected [42] and dependent by the master TGF signalling [43]. Noteworthy, the
upreguation of TGFB1 and FGF is a pivotal mechanism also displayed by the well-known aloe gel
(Aloe vera (L). Burm f£. gel ex folia sine cute)[44].

As expected, SED showed a higher efficacy in wound closure compared to the reference drug
available in the market because this sample was used at a very low concentration, chosen after having
preliminarily verified the negative interference at high concentrations plausibly produced by
phenoxyethanol, used in the formulation as disinfectant and not as trophic agent; indeed, the trophic
effect of the patented water extract of Triticum vulgare L. water extract alone has been demonstrated
in in vitro studies at very high, but not toxic concentrations 30 and 150 mg/ml [45].

Overall, the pro-epithelizing properties of Sedum telephium make it a promising candidate for
the development of novel wound-healing therapies. This makes it suitable for various types of
wounds, including surgical incisions, burns, and traumatic injuries.

Beyond its pro-epithelizing properties, Sedum telephium extract holds promise for various other
applications in dermatology due to its multifaceted pharmacological profile. For example, certain
components of Sedum telephium extract, such as polysaccharides and amino acids, have
moisturizing and hydrating properties. The antioxidant activity of Sedum telephium extract can help
counteract oxidative stress-induced skin damage, including premature aging caused by
environmental factors such as UV radiation and pollution[46-48]. By scavenging free radicals and
protecting skin cells from oxidative damage, the Sedum telephium extract may hold promise as an
anti-aging agent.

The anti-inflammatory and antimicrobial effects of Sedum telephium extract make it beneficial
for managing various dermatological conditions characterized by inflammation and infection[20].
These include, among others, acne, atopic dermatitis, psoriasis, and rosacea, where reducing
inflammation and controlling microbial overgrowth are key therapeutic goals.

We are clearly aware that this work represents only a small step forward in the road of the
research on S. telephium, but it is undoubtful that this insight on healing activity of the phytocomplex
compared to its main fraction and on the main trophic mechanism was necessary. Coming back to
the beginning, this work also allowed us to consider how the quality control of S. telephium leaf juice
could be assessed from now by monitoring the total polysaccharides content and the flavonolic
profile with kaempferitrin representing a good specific marker, available in the market as standard.

Encouraged by the confirms obtained in this work, the next steps of the research focused on this
medicinal plant will take into consideration moisturizing and hydrating properties, potentially
exerted by polysaccharides and glycoproteins, as well as antimicrobial activity.
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5. Conclusions

Sedum telephium L. leaf juice represents a versatile botanical ingredient with a range of potential
applications in dermatology. Its wound-healing properties, accompanied by additional features such
as anti-inflammatory and antioxidant activities, make it a promising candidate for the development
of novel skincare products targeting various skin conditions and concerns. However, further
research, including larger clinical trials, is needed to validate its efficacy and safety for dermatological
use.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Figure S1: title.
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