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Abstract: Epidemiology shows that alopecia afflicts about half of the adult population worldwide and has
become an important health problem affecting the daily lives of the general public. Due to the complexity of the
etiology alopecia and the limited number of available treatments, it is important to develop efficient and safe
treatment options. In this study, dutasteride (DUT) nanovesicles (NV@DUT) with egg yolk lecithin, oleic acid and
vitamin E polyethylene glycol succinate were constructed, aiming to enhance the skin penetration and retention of
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DUT while having multiple coordinated effects of antioxidation and anti-inflammation, thereby improving the
therapeutic effect. NV@DUT has a slightly milky luster, with a particle size of about 141.3 + 0.45 nm, uniformly
dispersed, its polydispersity index (PDI) is 0.17 + 0.003. After 60 days of placement at room temperature with
small changes in particle size and PDI. Compared with free DUT, the transdermal penetration and skin retention of
the drug in NV@DUT increased by approximately 1.7 times. /n vitro results showed that NV@DUT has antioxidant
and anti-inflammatory activity. At 500 pg-mL"' NV@DUT, the scavenging rate of radicals was about 50%, and the
inhibition rate of nitric oxide production was about 50%, it improves the homeostasis of the hair follicle microenvi-
ronment. In addition, at 20 pg-mL" NV@DUT can promote the proliferation and migration of dermal papilla cells
(HDPCs) and human umbilical vein endothelial cells (HUVECs), the cell viability were (132.67 + 4.14)% and
(116.64 £ 5.14)%; the migration rates were (84.68 + 3.31)% and (61.87 = 4.23)%. A preliminary investigation of its
mechanism revealed that NV@DUT up-regulate the mRNA expression of f-catenin, vascular endothelial growth
factor (VEGF), insulin-like growth factor-1 (IGF-1), and down-regulation the mRNA expression of type Il 5 alpha-
reductase (SRD5A2). NV@DUT can also promote hair regrowth in mice with androgenetic alopecia (AGA), and
the weight of the new hair and the thickness of the skin in the mice were higher than those in the model group and
the DUT group. The animal experiments were approved by the Laboratory Animal Ethics Committee of Sun
Yat-Sen University, and all experiments were conducted in accordance with relevant guidelines and regulations.
Approval number: 2022000828. The experimental results show that NV@DUT can treat AGA through multiple
mechanisms and pathways, providing a new therapeutic strategy for alopecia.
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Figure 1 Schematic of NV@DUT structure and mechanisms. A: Schematic of the construction of NV@DUT; B: The action mechanisms
of NV@DUT for alopecia therapy. NV@DUT: Nanovesicles @ dutasteride; HDPCS: Human dermal papilla cells; VEGF: Vascular endothe-
lial growth factor; IGF-1: Insulin-like growth factor-1; SRD5A2: Type I1 5 alpha-reductase
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Table 1 DNA sequence of primer pairs used for RT-qPCR in human dermal papilla cells (HDPCs). GADPH: Glyceraldehyde-3-phosphate
dehydrogenase; VEGF: Vascular endothelial growth factor; IGF-1: Insulin-like growth factor-1; SRD5A2: Type 11 5 alpha-reductase

Gene Forward primer Reverse primer
GAPDH TGAAGGTCGGAGTCAACGG TGGAAGATGGTGATGGGAT
f-Catenin CATCTACACAGTTTGATGCTGCT GCAGTTTTGTCAGTTCAGGGA
VEGF AGGGCAGAATCATCACGAAGT AGGGTCTCGATTGGATGGCA
IGF-1 GCTCTTCAGTTCGTGTGTGGA GCCTCCTTAGATCACAGCTCC
SRD5A2 CGGTTTAGCTTGGGTGTCTTC CCGAGGAAATTGGCTCCAGAA
A B C D E o
- 200 ) 0.3 w = 40 o
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0.2 o — =
E — & K ~ 10
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Figure 2 Preparation and characterization of NV@DUT. A: Physical appearance; B: Transmission electron microscope (TEM) image of
NV@DUT; C: Changes in particle size and PDI after 60 days of placement; D: Cumulative penetration of NV@DUT or DUT; E: Content of
DUT retained in the skin after treatment with NV@DUT or DUT. DUT: Dutasteride; PDI: Polydispersity index. n =3, x £5. ""P < 0.001
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Figure 4 [n vitro impact on HDPCs. A: Cell uptake of free C6 and NV@C6 co-incubated with HDPCs for 2, 4, 8, and 12 h. Scale bar =40 pm;
B: Cell proliferation of HDPCs after treatment with different agents. n = 6, x + s; C: Quantitative analysis of HDPCs migration rate. n = 3,
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Representative images of HDPCs migration. Scale bar = 1 000 pm. C6: Coumarin 6; MNX: Minoxidil
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Figure 5 Levels of mRNA expression in HDPCs. A: f-Catenin; B: VEGF; C: IGF-1; D: SRD5A2. n =3, x 5. ‘P <0.05, P < 0.001,
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