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Abstract
Exosomes have been studied as a potential therapeutic option for improving skin texture. The mode of

action of exosomes for skin texture likely involves several mechanisms, including stimulation of collagen
production, promotion of skin cell proliferation; reduction of oxidative stress; regulation of inflammatory and
antioxidant responses; extracellular matrix remodeling, which is important for maintaining skin structure and
function. Aim of this study is to compare the in vitro effects of some commercial products that use new
technologies containing plant derived nanovesicles from Rosa damascena callus, Centella asiatica callus,
Euphorbia supina stem and exosomes from bovine colostrum passively loaded with growth factors and
cytokines purified from bovine colostrum, for facial repair, regeneration and rejuvenation. Of all the products
tested, only product containing exosomes purified from colostrum gave very encouraging results in terms of
effects on proliferation, cell viability and wound repair. The other products tested gave results comparable to
the untreated samples.

Keywords: plant nanovesicles; bovine colostrum derived exosomes; Rosa damascena callus; Centella
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1. Introduction

In the last decade, interest in extracellular vesicles has grown considerably, in particular since the key role
of exosomes in intercellular communication has been demonstrated [1,2]. Exosomes are spherical extracellular
nanovesicles with an endosomal origin with sizes ranging from 30 to 100 nm [3], as transporters of different
bioactive molecules including proteins and lipids, can take part in different physiological mechanisms by
transferring their contents to recipient cells, thus acting as extracellular messengers in cell-to-cell
communication, but they are also attracting attention as potential therapeutic tools and positive effects on the
regeneration of many tissues [3,4]. In this context, exosomes are attracting growing interest thanks to their
relevance in the modulation of cellular processes (physiological and pathological), as well as for their potential
beneficial effects on the organism, especially anti-inflammatory, anti-tumor, tissue regeneration and
modulation of commensal microbiota. Furthermore, it is hypothesized to also use them as transporters of active
molecules, so as to exploit them to improve the absorption and effectiveness of drugs thanks to their low
immunogenicity and high stability in the gastrointestinal tract [5]. It is widely accepted that the therapeutic
potential of several components purified from bovine colostrum may be mediated largely by paracrine factors,
and exosomes might be the main components of such paracrine factors [6]. Thus, exosomes derived from
bovine colostrum, as they induce the repair of damaged tissues, represent a relevant therapeutic option in
regenerative medicine and have a more promising future [7-11], especially when compared to the results
obtained with exosomes purified from stem cells [12] or plant nanovesicles [13]. Among the soluble molecules
that derive from colostrum we find cytokines and growth factors, which are involved in immunomodulation
[14]; in fact, as demonstrated with a quantitative proteomics analysis, exosomes from bovine colostrum are
significantly enriched with proteins that can potentially regulate the immune response and growth [14]. Also,
wound healing, a dynamic and complex process involving a sequence of coordinated cellular events through
which the organism attempts to restore the structural integrity and complete or partial functionality of the
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tissue, can be improved using products based on exosomes purified from bovine colostrum [8]. The healing of
skin wounds begins at the very moment of the wound and involves cells present at the site of the lesion, cells
migrated from different areas of the organism (such as keratinocytes, endothelial cells, fibroblasts,
inflammatory cells) and inflammatory mediators (such as cytokines, chemokines, growth factors). Many
research agrees that interleukin-6 (IL-6) [15] and transforming factor beta-1 (TGF-B1) [16] play key roles in
these processes. Is therefore clear that in order to promote the regeneration and healing processes of the skin
it is useful to stimulate cell vitality, promote healing, stimulate the proliferation and migration of fibroblasts,
endothelial cells and keratinocytes, reduce the inflammatory state and oxidative damage [17]. Similar
processes are necessary for tissue rejuvenation and skin tightening [17].

The aim of this study is to compare the in vitro effects of some commercial products that use new
technologies containing plant-derived nanovesicles or bovine colostrum-derived exosomes for facial repair,
regeneration and rejuvenation.

2. Materials and Methods

For our research we purchased commercial products that utilize new technologies containing among the
ingredients extracellular vesicles. In particular, one product contains plant extracellular vesicles extract from
Rosa damascena callus (indicated with Rosa-NVs). The second product contains plant extracellular vesicles
extract from Centella asiatica callus (indicated with Centella-NVs). The third product contains plant
extracellular vesicles extract from Euphorbia supina stem (indicated with Euphorbia-NVs). The fourth
compared product contains exosomes purified from bovine colostrum passively loaded with growth factors
and cytokines purified from bovine colostrum (indicated with Colostrum-Exo). This latest technology is called
AMPLEX plus technology.

2.1 Propagation and maintenance of cells

Normal adult primary human epidermal keratinocytes (HEKa) (Invitrogen) were maintained in a
humidified incubator with 5% CO; at 37°C in Epilife Medium containing Epilife defined growth supplement
according to the manufacturer's instructions and split every 2—3 days depending on cell confluence.

Normal adult human dermal fibroblasts (HDFa) (ThermoFisher Scientific) were cultured in Dulbecco's
Modified Eagle Medium (DMEM) supplemented with 10% FBS, streptomycin (0.3 mg mL™") and penicillin
(50 TU mL™), and GlutaMAX (1 mM) using 75 cm?® polystyrene culture flasks. Cells were maintained in a
humidified environment (37 °C and 5% CO») and split every 2—3 days depending on cell confluence.

2.2 Analysis of cell proliferation/metabolic status

Keratinocytes and fibroblasts were harvested by using a trypsin-EDTA solution, counted with a
hemocytometer and plated in 96-well plates (5%10° keratinocytes/well; 4x10* fibroblasts/well). The following
day, cells were treated with four products at three different concentrations (0.5%, 1% and 2%) and incubated
for 24 in a humidified environment (37 °C and 5% CO,). At the end of the treatment, MTT solution (1 mg/mL)
was added to each well and cells were incubated for 2 hours in a humidified environment (37 °C and 5% CO»).
Epoch Microplate Spectrophotometer (Bio Tec) was used to read the absorbance at 569 nm. Values were
normalized with respect to control untreated cells and were expressed as the percent variation of cell
proliferation/metabolic activity.

2.3 Scratch-wound assay

Human non immortalized fibroblasts were plated into six-well plates at the density of 2.5 x 10° cells/well
allowed to incubate until confluence. Once the confluence was reached, cells were scraped by using a 1 mL
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sterile pipette tip in order to form a wound. Cells were washed by using PBS to remove detached cells before
adding the medium, in absence or presence of tested products used at 2%. Untreated cells were considered as
control. Images were captured at 0, 1 and 24 hours after scratching.

2.3 Quantification and characterization of plant-derived nanovesicles and colostrum-derived exosomes

The characterization of plant-derived nanovesicles and colostrum-derived exosomes was performed with
a light scattering according to [18]. Measurements were performed with a homemade apparatus using a quartz
scattering cell, confocal collecting optics, a Hamamatzu photomultiplier mounted on a rotating arm, a BI-
9100AT hardware correlator (Brookhaven Instruments Corporation) and illuminating the sample with a 660
nm laser. The power ranged between 5 and 15mW. Low power intensity was used to avoid convective motions
due to local heating.

2.5 Statistical analysis

The statistical analysis was carried out by using Graphpad Prism software (version 8.0) (Graphpad
software, San Diego, CA, USA). Two-way analysis of variance (ANOVA), followed by Tukey’s post hoc test,
was used for multiple comparisons. The statistical significance was set at p-values < 0.01. Data were reported
as the mean + SD of at least 2 independent experiments.

3. Results and Discussion

The size distribution of extracellular vesicles was determined using the Dynamic Light Scattering
technique. In this measurement technique, a monochromatic radiation with wavelength A and wave vector ki,
generally obtained via a laser, is passed through a polarizing filter and then made to impact on a sample of the
colloidal dispersion of nanoparticles. When light radiation impacts a particle, scattering occurs where the light
is scattered in all directions with a wave vector ks which depends on the shape, dimensions and optical
properties of the particle. Since the suspension is made up of a very large number N of particles, the intensity
of the total scattering radiation that reaches the detector and is measured by it will be the sum (due to
interference) of the scattering contributions of the individual particles. If we consider a colloidal dispersion,
whose particles move independently with Brownian-type motion as a result of thermal agitation, the position
of the particles themselves varies randomly over time. Therefore, if the light radiation emitted by scattering is
collected, after being filtered by a second polarizer, by a detector, the measured intensity will fluctuate around
an average value (random walking of nanoparticles) [19, 20]. In table 1 are indicated the diameter size and the
concentration of the plant-derived nanovesicles and colostrum-derived exosomes. The dynamic light scattering
analysis has revealed that the diameter size of Rosa-NVs (Fig 1A), Centella-NVs (Fig 1B) and Euphorbia-NVss
(Fig 1C) are 565 nm, 677 nm and 667 nm respectively and that diameter size of colostrum-derived exosomes
is 113 nm (Fig 1D). Exosomes are a class of cell-derived extracellular vesicles of endosomal origin and are
typically 30-150 nm in diameter. They are the smallest type of extracellular vesicles, and their role is closely
linked to size. Plant nanovesicles called also exosome-like are nano-sized vesicles of 50-1000 nm diameter
[13]. In table 1 are indicated the diameter size and the concentration of the plant-derived nanovesicles and
colostrum-derived exosomes of tested products. The dynamic light scattering analysis has revealed that the
diameter size of Rosa-NVs (Fig 1A), Centella-NVs (Fig 1B) and Euphorbia-NVs (Fig 1C) are 565 nm, 677
nm and 667 nm respectively and that diameter size of colostrum-derived exosomes is 113 nm (Fig 1D).
Exosomes are a class of cell-derived extracellular vesicles of endosomal origin and are typically 30-150 nm in
diameter. They are the smallest type of extracellular vesicles, and their role is closely linked to size. Plant
nanovesicles called also exosome-like are nano-sized vesicles of 50-1000 nm diameter [13]. Recent data have
suggested that plant exosome-like nanovesicles (PENVs) and PENV-derived artificial nanocarriers (APNVs)
may have possible clinical applications, but there are many obstacles to overcome [13]. Currently extracted
plant nanovesicles are highly heterogeneous, containing multiple vesicle types, and of unknown origin.
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originates in plant cells [13]. Another problem to overcome depends on the fact that, because PENVs and
APNVs do not come from mammalian cells, they may have poor targeting ability in some targeted tissues [13].
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Figure 1 - DLS analysis used to characterize the size distributions of exosomes within four products: (A) product with
plant extracellular vesicles from Rosa damascena callus; (B) product with plant extracellular vesicles from
Centella asiatica callus; (C) product with plant extracellular vesicles from Euphorbia supina stem; (D) product
with exosomes from colostrum bovine loaded with growth factors and cytokines purified from bovine colostrum.

In the four products analyzed the concentration of nanovesicles was also different (Table 1), lower for
plant-derived nanovesicles (2° part/ml, 2° part/ml and 2° part/ml for Rosa-NVs, Centella-NVs and Euphorbia-
NVs respectively) and higher for colostrum-derided exosomes. (3.8 part/ml).

Table 1 — Diameter size and concentration of extracellular vesicles analyzed with DLS

Diameter size (nm) Concentration
(particles/ml)

Rosa-NVs 565 26
Centella-NVs 677 26
Euphorbia-NVs 667 25
Colostrum-Exo 113 3.8°

The viability cell assay was conducted for both, human keratinocytes and dermal fibroblasts, and the
results are presented in Figures 2 and 3, respectively. The results showed a statistically significant increase in
the level of cell viability after treatment with product containing colostrum exosomes at different doses
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(p<0.001) compared to cells treatment with plant-derived nanovesicles, whose results were lower than the
negative control (untreated cells) at all concentrations tested.

24 hours of treatment of keratinocytes
500

450 *k

" |

350

X 300
©
>

B 250

2 *k
i)
8 200 I
150
100
T T T
50 . . .
H ! ! !
0
SN N oo o Slo S e Sl o o oo do s s
] O \e) V! \d ) N v S N +
\;‘ £ O & & o €© €© S © *© S ©
Q@ o & S S S & & & 3 o o
5 < S S & & & NG X N @ & >
= O < S < < 2 & & N S &
N & & << & & & S N X
o o\o" & o & @Q‘\ %QQ ‘0;?

Figure 2 - The cell survival of human keratinocytes at 24h following treatment with the four products tested to
different concentrations (0.5%, 1% and 2%). NC (Negative Control, cells without treatment); PC (Positive Control,
80 uM H>03); The asterisks denote the degree of significance between results: **p<0.001. Errors bars represent the
Standard Deviation of the mean (experiment was repeated 2 times).
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Figure 3 - The cell survival of human fibroblasts at 24h following treatment with the four products tested to different
concentrations (0.5%, 1% and 2%). NC (Negative Control, cells without treatment); PC (Positive Control, 80 uM
H202); The asterisks denote the degree of significance between results: **p<0.001. Errors bars represent the
Standard Deviation of the mean (experiment was repeated 2 times).

The experimental results obtained with the scratch test have demonstrated a significant increase in the level of
cell proliferation following a 1 hour and 24 hour treatment with product containing colostrum-derived
exosomes loaded with colostrum biomolecules (growth factors and cytokines) at 2% concentrations. Figure 4,
in fact, show a statistically significant increase in the level of cell viability after treatment with product
containing colostrum exosomes (p<0.001) compared to cells treatment with plant-derived nanovesicles and
negative control (untreated cells).
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Figure 3 - Scratch assay on human fibroblasts treated with the four products to 2% concentration at 0, 1 and 24
hours’ time points. Untreated cells were considered as a control (NC). The asterisks denote the degree of significance
between results: **p<0.001. Errors bars represent the Standard Deviation of the mean (experiment was repeated 3
times). The box shows the images comparing the treatment with colostrum-derived exosomes and plant-derived
nanovesicles (the results were comparable for the three products containing plant NVs).

Wound healing, as well as tissue rejuvenation and skin tightening, are a complex processes that involves
multiple stages, hemostasis, inflammation, proliferation, and tissue regeneration being the most critical steps
[21]. The focus of this study was to examine the in vitro effects of some commercial products that use new
technologies containing plant derived nanovesicles or exosomes for facial repair, regeneration and
rejuvenation. The results obtained have demonstrated that the product containing colostrum-derived exosomes
passively loaded with growth factors and cytokines from colostrum (AMPLEX plus technology) promote cell
vitality and wound healing, determining a statistically significant increase in the level of cell viability after
treatment at different doses (0.5%, 1% and 2%) compared to cells treatment with plant-derived nanovesicles.
Also the results obtained with the scratch test have demonstrated a significant increase in the level of cell
proliferation already after a 1 hour treatment (78%) with product containing colostrum-derived exosomes
loaded with colostrum biomolecules (growth factors and cytokines) at 2% concentrations. Our results are in
according to other studies published in which the effectiveness of plant-derived nanovesicles was analyzed on
facial repair, regeneration and rejuvenation. The results obtained in these studies have showed a low efficacy
of plant nanovesicles, almost always comparable to untreated cells or even lower [13, 22-26]. Some Authors,
for example, hypothesized that Rose damascena stem cell in culture can release exosome-like particles that
may have biological function in cells relevant to skin, such as hair papilla cells, fibroblasts and melanocytes
[23]. The Authors have found that the Rose Stem Cell cultured supernatant reduce viability in human dermal
papilla cells, demonstrating its cytotoxic effect. However, the Rose damascena stem cell nanovesicles did not
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show any detrimental effect on viability of Human Dermal Papilla cells, but they have not even demonstrated
a positive effect. Furthermore, the Authors declare that the Rose damascena stem cell nanovesicles also
stimulate skin fibroblast proliferation and collagen production, as well as in vitro wound healing, but their
results are just higher than those of untreated cells and after 24 hours there was a closure of just 27.5% [23],
much lower than obtained in our experiments with bovine colostrum exosomes-derived after only one hour of
treatment, equal to 78%. Other Authors to confirm the cellular toxicity of Centella asiatica extract and Centella
asiatica exosomes, have performed the MTT assay with a keratinocyte cell line (KEKa cells) [24]. Centella
extract and Centella exosomes were nontoxic to the cells at all concentrations and induced cell proliferation
compared with the control. Moreover, Centella extract induced higher proliferation than Centella exosomes;
in particular, Centella exosomes has a maximum percentage of cell viability equal to 123.7 + 4.8 % with a
tested concentration of 1x10° particles/ml. In literature there is no research on the effects of exosomes purified
from Euphorbia asiatica, but some authors have studied the antioxidant and skin-whitening effects of a 70%
ethanol extract of Euphorbia extract. Authors have showed that Euphorbia extract significantly reduced
tyrosinase activity and melanin content in a dose-dependent manner and MTT test it showed that the Euphorbia
extract was not toxic as the percentage cell viability was the same to that of untreated cells [25]. Exosomes
from colostrum bovine instead have an excellent structural and have a great potential as natural therapeutic
agents to repair UV-irradiated skin aging and damage [27]. Authors showed that treatment with colostrum
exosomes prevented the UV-induced generation of intracellular reactive oxygen species in epidermal
keratinocytes. In UV-stimulated melanocytes, have reduce significantly the production of the protective skin-
darkening pigment melanin; in the human dermal fibroblasts treated with colostrum exosomes, the expression
of matrix metalloproteinases was suppressed, whereas increased cell proliferation was accompanied by
enhanced production of collagen, a major extracellular matrix component of skin [27]. Other Authors
suggested its potential antiaging properties. These effects are attributed to its capacity for moisturization and
wrinkle reduction, which correlate with improvements in the expression levels of FLG, CD44 in keratinocytes,
and HAS?2 in fibroblasts [28].

4. Conclusion

Extracellular vesicles, including exosomes, are produced via the endosomal pathway and released in the
extracellular space upon fusion with the plasma membrane [29]. Several studies show that these extracellular
vesicles play a key role in cell-to-cell communication, transporting bioactive molecules [30-32]. Exosomes
were reported to regulate also all phases of skin repair and rejuvenation [33, 36]. In particular, exosomes from
colostrum they appear to have a high potential for the applications in regenerative medicine [27, 28], as also
demonstrated by our research. Of all the products tested, in fact, only product containing exosomes purified
from colostrum passively loaded with growth factors and cytokines derived purified from colostrum
(AMPLEX plus technology) gave very encouraging results in terms of effects on proliferation, cell viability
and wound repair. The other products tested gave results comparable to the untreated samples, or even lower.

Author Contributions: Conceptualization, M.V.B.; methodology, M.V.B.; software, G.F. and M.Z.; formal

analysis, G.F. and M.Z.; investigation, G.F.; data curation, A.P., G.F. and M.Z.; writing original draft
preparation, M.V.B.; Writing — Review & Editing A.P.; supervision, M.V.B. All authors have read and agreed
to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This study was performed in line with the principles of the
Declaration of Helsinki and does not require approval from the Ethics Committee of University of Catania.

Acknowledgments: G.F. thanks the Ph.D. program FSE Notice 1/2021.


https://doi.org/10.1101/2024.12.07.627351
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.07.627351; this version posted December 8, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in

perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

Conflicts of Interest: The authors declare that they have no conflict of interest regarding the contents of this

article.

References

L.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Bischoff JP, Schulz A, Morrison H. The role of exosomes in intercellular and inter-organ
communication of the peripheral nervous system. FEBS Lett. 2022, 596(5):655-664. doi:
10.1002/1873-3468.14274.

Schneider A, Simons M. Exosomes: vesicular carriers for intercellular communication in
neurodegenerative disorders. Cell Tissue Res. 2013, 352(1):33-47. doi: 10.1007/s00441-012-1428-2.
Poinsot V, Pizzinat N, Ong-Meang V. Engineered and Mimicked Extracellular Nanovesicles for
Therapeutic Delivery. Nanomaterials (Basel). 2024, 14(7): 639. doi: 10.3390/nano14070639.

Basu J, Ludlow JW. Exosomes for repair, regeneration and rejuvenation. Expert Opinion on Biological
Therapy, 2016, 16(4): 489-506. https://doi.org/10.1517/14712598.2016.1131976.

Zeng H, Guo S, Ren X, Wu Z, Liu S, Yao X. Current Strategies for Exosome Cargo Loading and
Targeting Delivery. Cells. 2023, 12(10): 1416. doi: 10.3390/cells12101416.

Yalgmtas YM, Duman H, Lopez JMM, Portocarrero ACM, Lombardo M, Khallouki F, Koch W,
Bordiga M, El-Seedi H, Raposo A, Alves JLB, Karav S. Revealing the Potency of Growth Factors in
Bovine Colostrum. Nutrients. 2024, 16(14): 2359. doi: 10.3390/nu16142359.

Dos Santos PR, Kraus RB, da Silva Nascente P. Exploring the potential of bovine colostrum as a
bioactive agent in human tissue regeneration: A comprehensive analysis of mechanisms of action and
challenges to be overcome. Cell Biochem Funct. 2024, 42(4): ¢4021. doi: 10.1002/cbf.4021.
Jafarinejad S, Baumgartner A, Elis GJ and Najafzadeh, M. The Efficacy of a Novel Biological
Formulation from Bovine Milk Colostrum Exosomes and its Growth Factors in Enhancing the Process
of Wound Healing. Research & Reviews: Journal of Biology 2024, 12 (1). doi: 10.4172/2322-
0066.12.1.001.

Privitera A, Ferruggia G, Contino M, Maugeri S, Zimbone M, Cardile V, Caruso G, Brundo MV. Nutri
Complex 150+: a new and effective approach to facial rejuvenation. bioRxiv 2024. doi:
10.1101/2024.10.05.616805.

Mandloi V, Banerjee T, Sharma A, Pratap A, Ansari MA, Srivastava V. Role of Bovine Colostrum
Dressing on Chronic Non-Healing Wounds in Comparison to Conventional Dressing: A Case-Control
Study. Int J Low Extrem Wounds. 2024:15347346241241578. doi: 10.1177/15347346241241578.
Kim H, Kim DE, Han G, Lim NR, Kim EH, Jang Y, Cho H, Jang H, Kim KH, Kim SH, Yang Y.
Harnessing the Natural Healing Power of Colostrum: Bovine Milk-Derived Extracellular Vesicles
from Colostrum Facilitating the Transition from Inflammation to Tissue Regeneration for Accelerating
Cutaneous Wound Healing. Adv Healthc Mater. 2022, 11(6): ¢2102027. doi:
10.1002/adhm.202102027.

Rezabakhsh A, Sokullu E, Rahbarghazi R. Applications, challenges and prospects of mesenchymal
stem cell exosomes in regenerative medicine. Stem Cell Res Ther. 2021, 12(1):521. doi:
10.1186/s13287-021-02596-z.

Chen X, Xing X, Lin S.et al. Plant-derived nanovesicles: harnessing nature's power for tissue
protection and repair. J Nanobiotechnol 2023, 21: 445. https://doi.org/10.1186/s12951-023-02193-7.
Samuel M, Chisanga D, Liem M. et al. Bovine milk-derived exosomes from colostrum are enriched
with proteins implicated in immune response and growth. Sci Rep 2017, 7: 5933. doi: 10.1038/s41598-
017-06288-8.

Johnson BZ, Stevenson AW, Préle CM, Fear MW, Wood FM. The Role of IL-6 in Skin Fibrosis and
Cutaneous Wound Healing. Biomedicines. 2020, 8(5):101. doi: 10.3390/biomedicines8050101.
Ramirez H, Patel SB, Pastar I. The Role of TGFp Signaling in Wound Epithelialization. Adv Wound
Care (New Rochelle). 2014, 3(7):482-491. doi: 10.1089/wound.2013.0466.

Boen M, Vanaman Wilson MJ, Fabi S. Skin tightening-does it really exist? Semin Cutan Med Surg.
2017, 36(4):202-206. doi: 10.12788/j.sder.2017.034.

Ferruggia G, Contino M, Zimbone M, Brundo MV. Effectiveness of a Novel Compound HAIR &
SCALP COMPLEX on Hair Follicle Regeneration. Cosmetics 2024, 11(1): 10. doi:
10.3390/cosmetics11010010.

Zimbone M, Musumeci P, Baeri P, Messina E, Boninelli S, Compagnini G, Calcagno L. Rotational
dynamics of gold nanoparticle chains in water solution.J. Nanopart Res. 2012, 14, 1308. doi:
10.1007/s11051-012-1308-4


https://doi.org/10.1517/14712598.2016.1131976
https://doi.org/10.1186/s12951-023-02193-7
https://doi.org/10.1038/s41598-017-06288-8
https://doi.org/10.1038/s41598-017-06288-8
https://doi.org/10.1101/2024.12.07.627351
http://creativecommons.org/licenses/by-nc-nd/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2024.12.07.627351; this version posted December 8, 2024. The copyright holder for this
preprint (which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

perpetuity. It is made available under aCC-BY-NC-ND 4.0 International license.

Zimbone M, Baeri P, Calcagno L, Musumeci P, Contino A, Barcellona ML, Bonaventura G. Dynamic
light scattering on bioconjugated laser generated gold nanoparticles. PLoS ONE 2014, 9, e89048. doi:
10.1371/journal.pone.0089048

Tottoli EM, Dorati R, Genta I, Chiesa E, Pisani S, Conti B. Skin Wound Healing Process and New
Emerging Technologies for Skin Wound Care and Regeneration. Pharmaceutics. 2020, 12(8): 735.
doi: 10.3390/pharmaceutics12080735.

Wu W, Zhang B, Wang W, Bu Q, Li Y, Zhang P, Zeng L. Plant-Derived Exosome-Like Nanovesicles
in Chronic Wound Healing. Int J Nanomedicine. 2024, 19:11293-11303. doi: 10.2147/IJN.S485441.
YJ Won, E Lee, SY Min, BS Cho. Biological Function of Exosome-like Particles Isolated from Rose
(Rosa  Damascena) Stem  Cell Culture Supernatant. bioRxiv ~ 2023. doi:
https://doi.org/10.1101/2023.10.17.562840.

Kim M, Yoon EJ, Kim JS, Park SJ, Lee H. Comparative analysis of the transcriptome and efficacy of
bioactive Centella asiatica exosomes on skin cells. Pre-print 2023. doi: 10.21203/rs.3.rs-2787704/v1.
Kang SH, Jeon YD, ChaJY, Hwang SW, Lee HY, Park M, Lee BR, Shin MK, Kim SJ, Shin SM, Kim
DK, Jin JS, Lee YM. Antioxidant and skin-whitening effects of aerial part of Euphorbia supina Raf.
Extract. BMC Complement Altern Med. 2018, 18(1): 256. doi: 10.1186/s12906-018-2323-5.

Pintus F, Floris S, Fais A, Era B, Porcedda C, Tuberoso CIG, Caddeo C. Euphorbia characias Extract:
Inhibition of Skin Aging-Related Enzymes and Nanoformulation. Plants 2022; 11(14):1849. doi:
10.3390/plants11141849.

Han G, Kim H, Kim DE, Ahn Y, Kim J, Jang YJ, Kim K, Yang Y, Kim SH. The Potential of Bovine
Colostrum-Derived Exosomes to Repair Aged and Damaged Skin Cells. Pharmaceutics. 2022,
14(2):307. doi: 10.3390/pharmaceutics14020307.

Lu L, Bai W, Wang M, et al. Novel rolesof bovine milk-derived exosomes in skin antiaging. J Cosmet
Dermatol. 2024, 23:1374-1385. doi: 10.1111/jocd.16112.

Zhang, Y., Liu, Y., Liu, H. et al. Exosomes: biogenesis, biologic function and clinical potential. Cell
Biosci 9, 19 (2019). doi: 10.1186/s13578-019-0282-2.

Record M. Intercellular communication by exosomes in placenta: a possible role in cell fusion?
Placenta. 2014;35(5):297-302. doi: 10.1016/j.placenta.2014.02.009.

Simpson RJ, Lim JW, Moritz RL, Mathivanan S. Exosomes: proteomic insights and diagnostic
potential. Expert Rev Proteom. 2009;6(3):267-83. doi: 10.1586/epr.09.17.

Camussi G, Deregibus MC, Bruno S, Cantaluppi V, Biancone L. Exosomes/microvesicles as a
mechanism of cell-to-cell communication. Kidney Int. 2010;78(9):838—48. doi: 10.1038/ki.2010.278.
Prasai A, Jay JW, Jupiter D, Wolf SE, El Ayadi A. Role of Exosomes in Dermal Wound Healing: A
Systematic Review. J Invest Dermatol. 2022, 142(3 Pt A):662-678.e8. doi: 10.1016/].jid.2021.07.167.
Hajialiasgary Najafabadi A, Soheilifar MH, Masoudi-Khoram N. Exosomes in skin photoaging:
biological functions and therapeutic opportunity. Cell Commun Signal. 2024, 22(1):32. doi:
10.1186/s12964-023-01451-3.

Sreeraj H, AnuKiruthika R, Tamilselvi KS, Subha D. Exosomes for skin treatment: Therapeutic and
cosmetic applications, Nano TransMed 2024, 3: 100048. doi: 10.1016/j.ntm.2024.100048.


https://doi.org/10.1101/2023.10.17.562840
https://doi.org/10.1101/2024.12.07.627351
http://creativecommons.org/licenses/by-nc-nd/4.0/

