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Abstract: Background Developing innovative non-invasive formulations against skin photoaging is of considerable
importance. Objective To develop a novel chitosan--cyclodextrin/hyaluronic acid hybrid hydrogel (CS-B-CD-HAs) for the non-
invasive and efficient delivery of HA, and evaluate its efficacy against skin photoaging in vivo. Methods CS-p-CD-HAs were
prepared and characterized using X-Ray diffraction, fourier transform infrared spectroscopy, scanning electron microscope, and
rheology. Nine SD rats were randomly divided into blank control group, CS-f-CD-HAs group, and ultrapure water group to assess
skin hydration capacity. Twenty SD rats were randomly divided into control group, photoaging model group, hydrogel topical
application group (CS-B-CD-HAs), and HA injection group (INJ-HAs). A photoaging model was established on the dorsal skin of
rats by incremental exposure to UVA and UVB irradiation. Therapeutic effects were evaluated through macroscopic observation and
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photoaging scoring, histopathology (HE and Sirius Red staining), gene expression (RT-qPCR analysis of Col-1, Col-3, Elastin, and
Mmp-3 mRNA), and biochemical assays (Hyp content, SOD activity, and MDA content). Results The successfully prepared CS-p-CD-
HAs exhibited a stable three-dimensional porous network structure with good swelling capacity, self-healing properties, and
excellent transdermal performance. Cell experiments showed that CS- -CD-HAs significantly promoted the proliferation and
migration of human skin fibroblasts, indicating good cytocompatibility. Animal experiments demonstrated that topical application of
CS- B -CD-HAs significantly enhanced skin hydration capacity (P<<0.001). Compared with the Model group, CS- 3 -CD-HAs
treatment improved the macroscopic photoaging score (P<<0.001), alleviated dermal collagen loss (P<<0.001), upregulated mRNA
expression of Col-1, Col-3, and Elastin (P<<0.05), suppressed Mmp-3 mRNA expression (P<<0.01), increased Hyp content (P<<
0.05), enhanced SOD activity (P<<0.05), and reduced MDA levels (P<<0.05). No statistically significant difference in anti-
photoaging efficacy was observed between topical application of CS-B-CD-HAs and injection of the same molecular weight HA.
Conclusion CS-B-CD-HAs prove to be an efficient non-invasive HA delivery material, effectively ameliorating skin photoaging by

maintaining extracellular matrix homeostasis and mitigating oxidative stress damage.
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1 EREINIENERAE
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Tab.2 Primer sequences and information for gene

amplification
ElL7) a7
JF31(5'03") TRIERL
AR Kz
F:TGCTGAGTATGTCGTGGAG 19
GaPdh 288 bP
R:GTCTTCTGAGTGGCAGTGAT 20
F:TCCTGCCGATGTCGCTATCCA 21
Col-1 128 bP
R:CTTCTTGAGGTTGCCAGTCTGTT 24
F:CTCCAGGATCTCCAGGTCCACTTG 24
Col-3 200 bP

R:TGTACCAGGCTGACCAGGAAGAC 23

F:CTGCTACTGCTTGGTGGAGAATGT 24
Elastin 141 bP
R:CGTGGCTGCTGCTGTCTGATT 21

M3 F:CCTCCCTGAAACCGTCCAGAAGA 23
mp-
P R:CCAACTGTGAAGATCCGCTGAAGA 24

230 bP

1.5.2 L el P2 il 2 R % i LAVTA fise A s
FEHE i 2= R (hydroxyproline, Hyp) & i )5 & F 751
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Ay HTU g BT S I S A TR, AR R o
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geiter ot .
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Ak W) 15 AL T (superoxide dismutase, SOD)Z§4i %8 1k
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AR i ROS 34T — -7, FESOD{HHET
W s [RIET, SEANZRAE i P Sk, 3oy
(malondialdehyde, MDA)# gt Kk, wlim
1T 7E SOD 1M F MDA & it PP F2 IR 8N
R . SOD i P Fl MDA 5 2% F e £ 3253557
&, UL S TS . KRR SR, %
0.1 g/mL M HBINMASERIR, VKinAIHK; 4°C. 8000 g
230 10 min J5 B EVEW, FH0606EE TN E SOD
T PE I MDA & i
1.6 ZitFERT

BE A B A2z E 2 GraphPad Prism 10.1.2
BAF#AT . A TR AR E 22 R . B
AL R L AR B Hr s, sk A
FEARAMEE . GEit s U HEA T 2D Ry n=3 1Y
SR LT o T AR B R A B TR AR T (2
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LR FH L 25 223 M7 (one-way ANOVA), ZE
IF 2R P 2 7 2243 Bt (two-way ANOVA),  anFs ik
— PP ELEE, TR Tukey 5. LA P<<0.05 Ry 2=
ERCENIE -8

2 HR

2.1 CS-B-CD-HAs B B 1 RERAE

i 1 X G AT S 43 B CS-B-CD-HAs [ 2514,
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(20)7EFE N (1A, Hi 18 1B 7] Il CS-B-CD-HAs 7
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842, 690 cm kb H B IS I . 7E 3 350 em™ Ab Y BE
W8 I PR 42 JE (-O ) R (-NH-) B 4 R 31

KR E AT %48 T il % 1) CS-B-CD-
HAs (IERE P . BEE IREE T, R 5 BT i 18
Wb, RIS U R B B (B 2A): S — B
B B R 150 ~ 600°C,  JiT 5 461 2% 35 45.41%;
55 By BUIR B Y LA 600 ~ 700°C, K Gk
19.23%. SUCEIET, 7E 650°CHT M 5 3] — /> i 3
R BT ML 2 7 T ) B A 43 ik R R
EPLE . 7E 600 ~ 800°CHR TN, FESABAFAE
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Fig. 11 Hydroxyproline content (A), superoxide dismutase activity (B), and malondialdehyde content (C) in rat skin tissues across different

intervention groups
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