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& 2 (tyrosine kinase with immunoglobulin-like and EGF-like domains 2, Tie2) /M4 (angiopoietin, Ang) /IME A 745
ZHEE A (vascular endothelial cadherin, VE-cadherin) {55 H#iR¥E ML SAE I3 FHLH . i K se D-PRLMER /N RF
WA, #sE 8 ] ig 4 TRIIR (270.3 mg/kg) T, B HEOLHEE MFLRAE (laser speckle contrast imaging, LSCD Ml #
ELAR, YoM TWrE M &R (optical coherence tomography angiography, OCTA) MMM E % E, HARK-HA
(hematoxylin-eosin staining, HE) A Masson e fo P4k f7 Jh A LIRS MR RS 18, G2 8 6 B S s A AG I Bz Jok 2H 21 I 5
FArEY) CD31 FE M bR E9 M MRIFA K K Z 44 B (platelet-derived growth factor receptor B, PDGFRP) Kk, KH
ELISA #Jl % Angl/Ang2 [F{H, KA qRT-PCR &Il 7 B A 40l A % -1B Cinterleukin-1B, IL-15)+ LT Hifk 1 (C-
X-C motif chemokine ligand 1, CXCL 1) FlJif & 38 5 X F-a( tumor necrosis factor-o., TNF-a)mRNA 31X . K i S 4k & (hydrogen
peroxide, H202) ¥5-5 ASFF#: kA K 40 (human umbilical vein endothelial cells, HUVEC) % R ik B gEmi, 457 62.5~
250.0 pg/mL PR TRALHE 24 h, it CCK-8 4Ry /), Wit 3 2 A0 B-21- FLBE i (senescence-associated B-galactosidase,
SA-B-gal) Yetty [ G4 (reactive oxygen species, ROS) JK-FITALIEEFERE, qRT-PCR A&l EEZAH KA (senescence-
associated secretory phenotype, SASP) M #EACHEEKZRIE, Western blotting A5 I8 25 p53 (tumor protein p53, p53)-

JE AR R BT 1A (eyclin dependent kinase inhibitor 1A, p21). p-Tie2. Tie2. VE-cadherin. Il N 4K KT
A (vascular endothelial growth factor A, VEGFA) #HA3R1E, ELISA Il Angl/Ang2 HI{E, @I JE 40 I3E 55 M N B 55 S5
W MR E . SR s, BTk S SeE 2N R LIRS, Bk g R R EAREAR S48 (P<0.01.

0.001), WS BRI FEHETE F oo/ b 2% LA TE e U A7, 32 v B k4120 PDGFRB fRI335 K ML Angl/Ang2 {14 (P<<0.001),
TRRERTRIE (P<0.001), IR RAE. HSIF, B EEFIK HUVEC ' SA-B-gal FHHER K ROS /K (P<
0.001), i SASP K A&IEM IR FKIE (P<0.01. 0.001), _[iff p-Tie2 M VE-cadherin K& HFIE (P<0.001), Fif p53.
p21. Tie2 Al VEGFA MIEAERIE (P<0.05. 0.001), FHH&E Angl/Ang2 BI{H (P<<0.05. 0.01), 3458 4 K 4 st & 410
MU HE SR ) S N B R B ) e B . 25 TR AT e D-RALBEE S 2 R R 2R A, $E s Ui e o s
FreEFF RS, HAER R85 MY Tie2/Ang/VE-cadherin {5 5 4ilA <.
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Abstract: Objective To explore the pharmacological effect of Ejiao (Colla Corii Asini, CCA) on delaying D-galactose-induced skin
aging and maintaining microvascular homeostasis, and to clarify the molecular mechanism of'its regulation of vascular maturity through
tyrosine kinase with immunoglobulin-like and EGF-like domains 2 (Tie2)/angiopoietin (Ang)/vascular endothelial cadherin (VE-
cadherin) signal axis. Methods The model of premature senility in mice was established by sc D-galactose, and CCA (270.3 mg/kg)
was administered ig for eight weeks. The back blood flow was monitored by laser speckle contrast imaging (LSCI), the microvessel
density was observed by optical coherence tomography angiography (OCTA), the skin tissue morphology and collagen content were
evaluated by hematoxylin-eosin staining (HE) and Masson staining, the expressions of vascular endothelial marker CD31 and pericyte
marker platelet-derived growth factor receptor f (PDGFRp) were detected by immunofluorescence and immunohistochemistry, the
Angl/Ang2 value in serum was detected by ELISA, the expressions of interleukin-1f (/L-1f), C-X-C motif chemokine ligand 1
(CXCL1I) and tumor necrosis factor-o (TNF-o) mRNA in skin tissue was detected by qRT-PCR. Human umbilical vein endothelial cells
(HUVEC) were induced by hydrogen peroxide (H202) to construct a stress premature aging model, cells were pretreated with 62.5—
250.0 pg/mL CCA for 24 h. Cell viability was detected by CCK-8. Senescence-associated -galactosidase (SA-f-gal) staining and
reactive oxygen species (ROS) level were used to assess the degree of aging. qRT-PCR was used to detect the senescence-associated
secretory phenotype (SASP) and inflammation related gene expressions. Western blotting was used to detect tumor protein p53 (p53),
cyclin dependent kinase inhibitor 1 A (p21), p-Tie2, Tie2, VE-cadherin and vascular endothelial growth factor A (VEGFA) protein
expressions. Angl/Ang2 value was detected by ELISA. Vascular stability was evaluated through pericyte recruitment and endothelial
permeability experiments. Results In the animal experiment, CCA significantly improved the skin fold of aging mice, increased the
thickness of epidermis and dermis and collagen volume fraction (P < 0.01, 0.001), restored skin blood flow perfusion and reduced
disordered angiogenesis, increased the expression of PDGFRJ in skin tissue and the value of Angl/Ang2 in serum (P < 0.001),
decreased the expressions of inflammatory factors (P < 0.001), and enhanced vascular maturity. In the cell experiment, CCA
significantly reduced the positive rate of SA-B-gal and ROS level in HUVEC (P < 0.001), down-regulated the expressions of SASP
and inflammation related genes (P < 0.01, 0.001), up-regulated the protein expressions of p-Tie2 and VE-cadherin (P < 0.001), down-
regulated the protein expressions of p53, p21, Tie2 and VEGFA (P < 0.05, 0.001), and increased the value of Angl/Ang2 (P < 0.05,
0.01), significantly enhancing the ability of endothelial cells to recruit pericytes and the integrity of vascular endothelial barrier. Conclusion
CCA can improve the aging phenotype of aging skin model induced by D-galactose, improve microvascular maturity and maintain vascular
homeostasis, which may be related to the regulation of Tie2/Ang/VE-cadherin signal axis.
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B IR 3% 2 — > 1 N A AT AR A PR 2R 3L TR
W B AR, HARF RN BOR AR
PAVE B AHBOE SR BRI BEIRGR . IR T
KW, IR EAMCE R LA EER SR, B
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2 (tyrosine kinase with immunoglobulin-like and EGF-
like domains 2, Tie2) /I 42 (angiopoietin,
Ang) 5 51 FEB SAEEZOEEL 2 Angl 5
Tie2 ZARFFFIELE G, WU Tie2 AR M 2RI
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Kl f5e Colla Corii Asini XFRY RS, IR
g —RA LTI ER R, SAJLTHFER AT
s BARLBLZE LR A, B & A 2 Fh AT 1 %
gy, WK 2R, MEnRED, BAPE L.
PraEZ U0, N M #E . (L M RIEIAS1 71814 %
FhAEYEThRE . A AT IR 7T 3% MR i m] LA R
DU L R RIS BRI, (RN T RS 5 Kk
WM AR R RENIH . ST ST
T2 M P 11 B M DA BT e VR I B i
RFPELL90, PR ] i o} 3 2 1A A I RS, ] A
UL BH FHIE TT 47 0% A O I A5 22 0 B2 R BT 11 L At AR 3t
WAKHE . AT B IR B2 75 RELE 2% /)N BRI K
R, SR MERDS, i 40 i S350 i 5 ok
LALLM R, YRR I R 164 ML),
29 0] Js = TR Bk 36 2 R D Tl L A e 2 R AT (1) 24 3K
PEUT KL Fe 8 S a4
1 M8
1.1 5 4EM

SPF Z¢MfEtE ICR /MR 32 R, 6~8 Fl%, AR
& 20 g, W B AL s 4EIE R R A E ARG TR A A,
FYEAIES NO.110011241100523031. Bt s
Ak T A B R A B P A S R O SPF 2 B
IREE S B A8 FH VP AT UE SR 5 SYXK(5E)2021-
0017, 12h /12 h BEEIEH, HHEEDOK. 3)
W)L IG 20 v [ o PR R 2 B I 2 S B e O R R R
2 A% (GHEHES ERCCACMS21-2412-03).

N &8 bk N 2 48 e Chuman umbilical vein
endothelial cells, HUVEC, #t5 8000) 1 HAZFF
VR CEEDOARA R N 25 A % THP-
1 40 (%5 1101HUM-PUMCO000057) T E H [ 22
SR Tt S I A T T AN B TR O
1.2 ZAm5iEH

B[l (9 g/4%, #ib'5 2207001) W H Bl g KA 4
FRAF], 2 E R P e 2 5200 O 4= B e A
7t 5 K Fl SCIEX ZenoTOF 7600 Ji i 41X i 47
zenoSWATH 7347, %52 NSRS Equus asinus
Linnaeus W15 Jz BUEE 7 28 ALAE L R4 il B A ] 44
J5e, Zidt SR AT (P B2 ) 2025 FFERRAE CRIE 5
#4iE & C (vitamin C, VC, b5 A103533) I9H -
TR T AR R AR AR D-FILME Gt
A100366) 1 B iR dr T A4 B B B R A 7 5
HARZE-FZ (hematoxylin-eosin, HE) Jefi i) &
(#it5 G1120). Masson =fa gt ilH & (L5

G1340). Hank’s Z&HiK (b5 H1025), 4%ZEH
i (5 G110 WAL REEREE AR A

G YL (3B IE TR (LS PO09S ) Gy Yt dsf R (At
5 P0260). FEZAHR B-FILWEHEE (senescence-
associated B-galactosidase, SA-B-gal) Ze k57 & (4L
5 C0602)+ RIPA Zf# (45 PO013B). 5X SDS-
PAGE [ ARG (45 POO1SL). ECL K
W (iS5 POO1SAM). HRP Fric il £ 1gG —
Pt (A5 A0208). HRP FRic il EHiE [gG =9t
(b5 A0216) WH EiFE = RAEMHARARA A ;
A% 31 Ccluster of differentiation 31, CD31) ik
(L5 ab281583). Fu sz 2H A if /MR A= A PR 752
f& B (platelet-derived growth factor receptor B,

PDGFRB) Pifk (#Ht'5 ab69506) . % ¥% 9% ) A
PDGFRB Fiifk (iS5 ab32570). & DAPI = H ik (it
5 ab104139) HJEE Abcam AH]; PUEBE R
(b5 AR0026) M H s # LAY TRA R 2
Al AR A M ORI & (LS PV-
9002) M HILEHEEMEDMEARERAT; /MR
Angl ELISA R7l& (k'S MU30996). /M Ang2
ELISA {7 (iit5 MU31003). A Angl ELISA
A& (iS5 HM10112). A Ang2 ELISA il &
(fit5 HM11076) W H s UL AR A R A
w5 N i % 7% 2 Cendothelial cell medium, ECM,
#L5 1001) MYEEE ScienCell AF]; R4 ML
i& (fetal bovine serum, FBS, k'S ST30-3302) I
H %[ PAN-Biotech AH]; & RNA $#2HULF (Gt
5 RK30129). ABScript Neo RT Master Mix for qPCR
with gDNA Remover (fit 5 RK20433). 2X Universal
SYBR Green Fast qPCR Mix (#t5 RK21203). CCK-
8 W& ('S RM02823) I [ i F M ZE va 44
BEECAH BR 2wl s AU H b B -3- 05 1R I A e
(glyceraldehyde-3-phosphate dehydrogenase, GAPDH)
5191 (5 B661104-0001) K HAh 543 A T4
VTR (R B ARA R & DCFH-DA (it
5 R252) W H HARFAAL2E0E 50T Matrigel 55
B (5 354237) WY HEE Corning 4 7]; RPMI
1640 15973t (iS5 22400-089). DMEM £5 774 (it
‘5 C11885500BT) iy H 3% [H Thermo Fisher Scientific
A#]; GAPDH $iifk (#it'5 10494-1-AP). p53 ik
(#5 60283-2-1g). p21 Fifk (Ht5 82669-2-RR).
Tie2 PifA (5 19157-1-AP). M N EAK KT
A (vascular endothelial growth factor A, VEGFA) $it
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& (iS5 81323-2-RR) W H 3 Proteintech A 7] ;
p-Tie2 Hifk (5 AF2424) I [ 3 [E Affinity 237 ;
VE-cadherin ($it5 2500T) 4 H £ E CST A7) 5
ot (5 R510-22-16) 1 H RYIN T B R4S A= iy A}
F B BR A 100 X BERREHDHI FNE A Gt
AQ552) M H ALY B EA R AR 38 7Y
PUARRR (LS WBS00D). PUiARIEH (it
WB6500) 1 H 75 M1 8 38 R AV RHECH IR 2 7 5
0.25%J#5E (A (Jit5 25200-056) 1 H 3£ Gibeo
AH; BFH 6G (ibS R4127) W H FEAZ S (L)
AGEIR A

1.3 {4&#

SIM BFI HR Pro RYBO G MR G AX (laser
speckle contrast imaging, LSCI, RGO RS
AIRATR]D; BX51 MEIE B HEE (HA Olympus 2
A]); Archimed X6 756 5E & PCR X CIEETHENS
SERPHEABRTTEA TR D: RVL2-K2-01725 BL50
{88 S (SEE ECHO AFD; ZY KL
$20061152 AU IEY) A HLIFEER KR (L) (X ds
HIRAF]; BM450A BUEHENL CHIMIRIIAS RI7 %
HHMRAFD; ClearVue I Hl (3£H Epredia 2
F]); SpectraMAX D3 BUEgbR{X [EB 7 FA#s (b
W) AR ATE]]; NSP-300 BUHRIR (FRM K E=I7
FATBRA )5 MP ChemiDoc K22 R R R4t
1645050 %4 B 4% 4% (32 [ Bio-Rad /A 7] ); Cellcut pius
HGHM A5 sR (H A Nikon AF]); Allegra X-
15R AUE.HL (3 Beckman A 7]); JXFSTPRP-
CL-BSC BUAMRBHEEHL ( Lifg (s Sl R A R A
#); OPTOPROBE Micro-VCC RGART W12 14
{% (optical coherence tomography angiography ,
OCTA, AbntLBOGRBHEARARD.

2 B

2.1 ISR

211 PENRAE  ZRE LA AN i 4 s 2021,
By L% e thd e 98 AR E BT 176 MR B,
BFE 6 REEAR: 7 THHB/AR TR AR
S EAZE D B 1 C(heat shock protein family D
member 1, HSPD1). #MRIEE A 90a Kk A FEK
51 1 Cheat shock protein 90 alpha family class A
member 1, HSPOOAAT1) ; HE & AU il [ 40 s I A By
1 (enolase 1, ENOD). WA M1/M2 [F L/
(pyruvate kinase M1/2, PKM). GAPDH]; 4fififd & %2
FEA[WWLEE A B (actinbeta, ACTB). WLzhE A

v1 (actin gamma 1, ACTG1). & 1 o/B (tubulin
alpha/beta, Tuba/Tubb) . JJI¥k £ 1 H 5 /42 4% (myosin
heavy/light chain, MYH/MYL) 1; FHi¥AHCE A [0
FAZ BB E M A 7 lal (eukaryotic translation
elongation factor 1 alpha 1, EEF1A1). FAZHHPELE
fHEF- 2 (eukaryotic translation elongation factor 2,
eEF2) ]: #% RNA %58 8 A [0 57 it WA B
#/ H© Al/K/U  ( heterogeneous
ribonucleoprotein A1/K/U, HNRNPA1/HNRNPK/
HNRNPU) |; 2 (W H 2A.H 2B.H 3.H 4),
AFVHWYVGEGMEEGEFSEAR. AGLQFPVGR #l
FDGALNVDLTEFQTNLVPYPR Z3#|ULHE 19 &
15, AAVPSGASTGIYEALELR VGt 15 4N )5 »
HFSVEGQLEFR ILAC 12 NMEEAM . XL KA RE
Fe B AR 2 BRAT A oSt A i M o M AE
=2, KE] HSPD1 i) 7 Mk 2 ik, R
HSPD1 7ERTfig b & B 4= & sRas M Aa e , ATRefE L2,
PV A SRR I

212 . EEEAZY ICR NREENL TR
. B, VC AT, MH 8 K. Mlid
REPERETE 1S, B A sh, HAR /N EEH sc0.1
mL D-FFUBHATR (150 mg/mL), MELEVES 8 .

e fi & 245 75 B AR i PR RN FH 7RV, e ARk AR
B H TR E DRGSR IR R,

WRIEREN CPEERER 60kg) FREHMK 9 g
THE, ADNECPIIERREN 20 g, THEASRN RS
FIE A 270.3 mg/(kg-d), B 5% %) 5 AT i1 1
BRI 54.06 mg/mL FIEWR, B IRG IEKM N
PAEH TR MR . VC MR, W T
BRI EACZEZRRTT, K HAE N AHTE T HIRH
PEXTHRZ5), VC FH 5% % %) BE G 1] it & BE N
120 mg/mL FIIER . 1EREHT 3 d JF464EH ig 0.1 mL
FAR 259, AR AR ig 0.1 mL A BEERIK, %
(SRAPTEN L ELY

2.1.3 LSCI RH] LSCI W5/ BT Hf L A il i
FEVERE DL o S mUbe BRI /N BRUS , il b AR A P
A ST, DNRBET MRS ACE FIJE R
R _EBEATRAE . T I G — AT B BB X 3
B) 1H] R [X 3k (region of interest, ROID), WX}
WA B XN R HEVE R ST E B, RS
ST

2.1.4 OCTA RH] OCTA ML/ 5T 56 i 4544
LAt L, R SR S, kMR E H S,

nuclear
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Iy AT SR, R R E R R —
KAE OCTA B HHEAT 704, W/ MR MEEE
ML RS, PEA 3 32 R AN R B 1) I 2%
2.1.5 HE 4+t HBUNREEHEZEE, BT 4%%
RH S 24 h, HUGH [ € i i A ZUE Y 5 R RKEE
Pev EBRKDIEBK, AEEIE, VI 4 um 2
PR, 60 CH v 2h, —HZKIZHL 3 IR, &KX 5min,
ST TCIK G 80% LB 70% L BEH R FE K
PBS ¥k a, BHTHLEK, 4 HE Jetilfla
getty, 73 51F 80% L IE To/K LEEH AT BRI LK,
THZRERE, RYERIRE A, TEE SAE U
BRGNS JZ R

2.1.6 Masson Jetty R i 2K 5, f#
F Masson = o geta {7 G b7 Yeta, BEEEMLK.
THIGEWE, YRR R, R 5 E AN
A

2,17 R OGR4 4 CD31 Al
PDGFRB F&i& HAVI KA LAYI ), 60 ClE
2h, HEHIBEEZ K, Yt IBIE B 30 min,
PBS Y, s Gt A E I 1 he PBS ¥
¥J5, Wn CD31 (1:50). PDGFRP (1 :50) #i
i, 4 CMELR. PBS Weik)a, Wt 4,
37 CHEOGHEE 1 h, PBS ¥l 7 DAPL & W
BE, TRGEE DG TSI,

2.1.8 AL gL AT I B k42 PDGFRB KA
A BRI B, 60 CHEF 2h, AU 2
K, HGZAER AL R, #7585 .
WhyEEE W, EiRM%E 10 min. PBS ¥k 3 X,
FHK 3 min, JIN ANV SIS, EERE 10
min. PBS ¥Eik/a, HHEFAUET 2 RKE, WM
PDGFRB —#1 (1 :100), 4 CHKIFEL®H. PBS
Ve IE, HBTAETZRKEL WM 100 uL —
Pt, 37 CH¥E 20min, PBS ¥ei5)a, T318 Bkt
NI EEE

2.1.9 ELISA faillifii&=+ Angl Al Ang2 7K HX
/INRAEI, 37 CHEE 1h)J5T 4 Cukfadw, H
4 ‘C. 12000 r/min &0 15min, U EJZ Mk, %0
ELISA {78 5 B4 Angl F1 Ang2 7K-F-.
2.1.10 gRT-PCR A I JZ Jbk 20 23 (1 40 /- 25 -1
(interleukin-1B, IL-18). &L FEAA 1 (C-X-C
motif chemokine ligand 1, CXCL1) Fl R IR FE A
F-a (tumor necrosis factor-o, TNF-o) mRNA F#ik
f# ] TRIzol M/INER B IR FEEUE RNA, Ao

il & cDNA. f#H SYBR Green £ 5EH]
PCR X _E#4T qRT-PCR 73 #7. SIMFFINE 1, #
GAPDH {F NN S, R 2724ETHE H A
(R AE A 35 B
=1 514F7%
Table 1 Primer sequences

AFE ME 5P (5°-3°)
IL-If /MR F: CAAGAGCTTCAGGCAGGCAGTATC

R: AAAAGAAGGTGCTCATGTCCTCATCC
CXCLI /M. F: TCCGTCCCTGTGACACTCAAGAG

R: TTTGGGACTGCTATCACTTCCTTTCTG
INF-o. /MR F: GCCTCTTCTCATTCCTGCTTGTGG

R: GTGGTTTGTGAGTGTGAGGGTCTG
GAPDH /M. F: GGCAAATTCAACGGCACAGTCAAG

R: TCGCTCCTGGAAGATGGTGATGG
p21 A F: ACCGAGACACCACTGGAGGG

R: CCTGCCTCCTCCCAACTCATC
pl6 A F: ATGATGATGGGCAGCGCC

R: CGAGGTTTCTCAGAGCCT
p53 A F: GGCTCTGACTGTACCACCATCC

R: GGCACAAACACGCACCTCAAAG
PAI-L A F: ACGGCTGGTGCTGGTGAATG

R: CGCTGGAGAGGCTCTTGGTCTGA
IL-6 A F: GGTGTTGCCTGCTGCCTTCC

R: GTTCTGAAGAGGTGAGTGGCTGTC
INF-o. A F: TGGCGTGGAGCTGAGAGATAACC

R: CGATGCGGCTGATGGTGTGG
ccr2 A F: CCAGCAGCAAGTGTCCCAAAG

R: TGCTTGTCCAGGTGGTCCATG
cxcLr A F: CCGAAGTCATAGCCACACTCAAG

R: GTTGGATTTGTCACTGTTCAGCATC
GAPDH A\ F: GTGGACCTGACCTGCCGTCTAG

R: GAGTGGGTGTCGCTGTTGAAGTC

2.2 ‘ApEsCIS

221 YRR SERE K HUVEC B35 T8 5%
FBS. 1% =%l ECM B FE R8T, &
T 37 C. 5% CO G F-AHME - 55 N0l
HAMES, BRI, FHRKZE 80%A L, i
17103464, SR B3R5, PBS #iik 2 X,
TIN 0.25%M 8 A 2 mL JH4L 2 min, 8% N AL 540
MOARIR . 45486, SCEIIIN FBS 400 L & 1EyE1k, &
HWAT 2L, 2R A E 0, 1000 r/min
B0 Smin, 375 BIEW, INBE s &R 7R E B
JE RN R TR % $ U i g f 2 28
5 RIFE L . ZEBAEIF, WEFLHE H0, 7]
7t HUVEC SRS SRR HEE (stress-
induced premature senescence, SIPS) FfFRM, HF
BURFIEAFE SA-B-gal FHMEIE N, ROS FLE K pl6.
p21. p53 FHEREEM KTk i, DU AID)Re
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XA AW BAYIERS -, R 125 pmol/L
H,0, #li# HUVEC 4 h K EIEH H 9% 72 h, LA
T HUVEC H S8 A0 RO DG 1) L e 1220, 4G
A SA-B-gal. ROS. FEEAM K73 WEA (senescence-
associated secretory phenotype, SASP) AHI<HE K K&
MRS A KT ReFa bR AT 25 & VP4l
222 4HMIE ISR K HUVEC BL 4X10° AN/AL
R 96 FLAH, 23 2 000.00. 1 000.00.
500.00~ 250.00. 125.00. 62.50. 31.25 ug/mL B[ fi
W (2022 um TFLIEIERR 8D Ab3E 24 h,
R INAA S 5P EE 774k . LI 10 pL
CCK-8 ¥, T 37 C. 5% CO, B F-F IS
1h, {§HEEFMCEE 450 nm A EROEE (4D 14,
THE MRS

MIPFFTER=A s0/4 wm
2.2.3 SA-B-gal Bt WENIEA . BRI AL
(250 pg/mL) ZH, ] Jie ZE 0 N ] Jsg v b o A B 240 i
24 h J5, BERAFBTRAIAN 125 pmol/L H,0, fE
M 4 h JEEBF R RIS 72 h B
HUVEC %%, XHAMAAS AR FRE. %
H8 SA-B-Gal e ta i G i ol DR AR, Qe 8 h
o TR SIS ANFENLIEEE R
BF, DAVEAY SA-B-gal Hy € BH 14 24 i (1) LA
2.2.4 qRT-PCR 7p#r B X HEA . AL 20 R i
(62.5. 125.0. 250.0 pg/mL) 25, Kl i 25 0 A Bl fie v
WAL EANNE 24 h 5, BORAMBTRAMAN 125
umol/L HoO, 1 H 4 h Ji5 B4 g i i 15 5 FE 4k 2 15 5%
72h %S HUVEC 2&, XHRAINAAS 259155
FREE. WCEEYIAR, % “2.1.107 TR 554 SASP
FHOCFR AR DR A B B OB SR #1077 1A Ceyelin
dependent kinase inhibitor 1A, p21). 4i)/E & A
A5 14 BB 4 1) 77) 2A Ceycelin dependent kinase
inhibitor 2A, p16)- I8 & p53 (tumor protein p53,
p53) . A EBOE YA H -1 (plasminogen
activator inhibitor-1, PAI-1) | N KIEKF IL-6+ TNF-
a- C-C FEF bR FHiiE 2 (C-C motif chemokine
ligand 2, CCL2). CXCLI 3£ FMIX HIEE .
2.2.5 DCFH-DA K JlZHfg N ROS /KF  #492.2.4”
WU E#AT L MI25 24, M DCFH-DA T AE#%
W, T 37 CHEEEHEE 20 min. A Hank’s Z29Piik
BRAML 3 I, OB E B M S .
HikgEzb 3 NS, IHEH Image J ATHEATE
=T

2.2.6 IS 4 HUVEC & THRER,
SHETE Z MR MM RS, 4R R
JEo JEAMRE S HRATHME, W HUVEC #i2
Transwell /NEFI N E . #% “2.2.47 TN LT
ML), ¥ EHMMpIEES HUVEC L @ 5 A=
HE/NEN, LFEE 24h. 24h JFEUH/ANE, 4%

FHBEE 2 15 min J5H 0.1%45 i 442 15 min,
T B WA PR
227 WEBEREEEMESLS /R4 CHMETR (K E
A ¥ 50 uL Matrigel 55 I 32 217 i £ Transwell
N JRB A L, 37 CEIFRAETEE 3h, £
T TR A R . Rk =R 2Rk, &
LI 100 uL L IiE ECM 85953 )5, TR -5
& 30min, BATHERMKALG . B 500 pL 56 485 70k
I 24 FLHRCE %, 875 Transwell /% B T 24
FUBRA . HUVEC 40405, FHIGILIE 18 7 2
HE, AL 6 X10* NI AT Transwell /NE
i, R EYN, BT 37 C. 5% COs KI5 R4
HERFE 24 he $% “2.2.47 TN AT o RN R 2,
PBS ¥t HUVEC H.JZ 4}l . THP-1 4 i1 FH 5 pmol/L
P 6G #EEY 30 min J5, HTEIME RPMI
1640 FE ke E &, DL 1 X105 AN/FLINAF] Transwell
INE, FEIAE 10% FBS ) RPMI 1640 418
B3k, T 37 ‘C. 5% CO, I FRFA T ES 3% 4 h,
T B WA PSR
2.2.8 ELISA f&ill Angl 1 Ang2 7KV 4% “2.2.4”
TR IPEAT /r A ANZG 2, HUARR B35, 3 000X g
200 20 min, HU_EJE, $ZHR ELISA {75 & i 1A
M Angl 1 Ang2 /K-F-.
2.2.9 Western blotting f&illl p53. p21- p-Tie2 Tie2.
VE-cadherin fl VEGFA fEHKIE % “2.24”7 iR
TIERAT sy RIS 2, WUREME, IR L
HH . HEFE M E T e IR R BN - 58 A M Tt frg B 1
UK, ¥ % PVDF i, NI 5%Bife4-4 T =iE
H1, 2B p53 (1 :1000). p21 (1 :1000). p-
Tie2 (1 : 1000). Tie2 (1 : 1000). VE-cadherin (1 :
1000). VEGFA (1:1000) —#i, 4 CiEIK:
TBST ¥eik)a, A —dt, ZWFE 1h, AT
RIGRFNZEE, 1] Image I B 73BT 4645 IR AE .
23 FiHFESH

K GraphPad Prism 9.5 #5437 S8 12453 #7 o

Shapiro-Wilk &4 H TPl IEATE, JFIESHEEX
F Mann-Whitney #5536 . KH F #5%:5 Bartlett’s £
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UG HEAT 7 25 VER G . 2 4 EL R B IR R T 250y
M1 Cone-way ANOVA), FFAR#E SLI6 ¥ 11K H Tukey
8¢ Dunnett GRS W& 2 AN AR R SR A
X & J7 Z 4 B (two-way ANOVA ) 3 47
Bonferroni £ J5 %2 1E - AF 1E 2 70 A1 EdE K F Kruskal—
Wallis fr46 . % LA X £ 5 KR
3 #R
3.1 FRMERZE/DREKNZLERIR

WK 1-A s, 8 s D-Y-FL0E 8 &% S/
U T, AR /N BT R R R B AR A, AT
HiRGE, KW D-LARERINES T/ MREZ: 5
R LA, BTEHAN VC 4/ SR IR S
B EHRALY R HE tag R (B 1-B~D) &
N, XTI LR, BRLALN R IN R B R K E Y 2
JERE I AR (P<<0.01. 0.001); 52540 A
B LN R PRSI E 2 1B R K, SEAA
EEA, BT 4L/ BRI 22 B J2 S L Bz J2 T 320 ) 4. 1
B (P<<0.01. 0.001), VC ZH/NE I E B 2 5 1 B

A X

Rl 52

BN (P<<0.001), FWIRTRA VC Rebg 2t i ik
MM RIEA, WKL EMAELZENEE,
O R AR RN ThRE, SER R . R L
YA Masson Jeta st (] 1-E. F) EoR, 5%
HEH, E2/ANRE R R A gihs, RS
5 R S R TR (P<<0.001); SHEAIA A,
BT ZHAN VIO ZH /IS BES 300 12 ke 1) ot 5 40 W 3 X
#, WEERELEN (P<0.001). LA 45 REMH
e 1 10 IR B Jl W] A 25HE 28 Rk 7 2 5 40 R R

O
32 PIRE TR RIS I
CPSEES 20

HELLiENE 8 F G, @i LSCI MEET 5 i it i
HEN (Bl 2-AL ©, 4R SR, BAH/NREH
MR B ZEL B S5 BRA (P<<0.001); SR LhAs,
B A ZHAD VC /N B TS 30 IR Y 2 s (P<
0.001) o /IN B 04 1) R Mk 1) B 928 2 Dl G e 5 2R (4]
2-B) IR, ZEGECRAEMIMNE N bR EY) CD31

C
100 sk

§ 80 T

=

vC

XTI B fE: Ve

A-E BN R RSN B s B-S4/NR I AV B R0 HE Je a5 (X20); C. D-#2H/INR B IR 3R 2 2 A0 20 7 )2 5 2 g v I

(n=4); E-&H /MR AV L IRAZ) A Masson 2558 (X10); F-F24 /MR ERIRIEFR S HGTE (n=4); S5XHBALRK: #P<0.01
#p<0.001; SEAMLLE: “P<0.01 "P<0.001.

A-appearance and morphology of back skin of mice in each group; B-HE staining results of fully cut skin tissue sections on back of mice in each
group (x 20); C, D-statistical chart of skin epidermal and dermal layer thickness of mice in each group (n = 4); E-Masson staining results of fully cut skin
tissue sections on back of mice in each group (x 10); F-statistical chart of collagen volume fraction in skin of mice in each group (n = 4); #¥P < 0.01 *#P<

0.001 vs control group; ““P < 0.01

ok

P <0.001 vs model group.

E1 FRMERZ/DREKZ R

Fig. 1 Colla Corii Asini improves aging manifestations of skin of aged mice
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A xof Y Bal 52 vC

AFXE I I

X R R VC
D X R Rl 52 vC

30~40 um
XIRE AR BT VC

G
F etk
- ¢
Z_15 o
s =3 10
PDGFRp ﬁgz
Q™ 3
2
O N
H 1w B o XTI B T Ve
150 <10 ¥ 3 " X6 i
N AA ‘,S\J -}5} :&
N sk =8 o6 I
o kkok M
on 100 __ T 6 4
= < < < o
< HiH 4 4 e z .
o0 50 % 2 o kkk E 2 EEES
=] B
< «Q 2 \z 3
0 0 Lg 0 O 0
M B B Ve S AR B BT ve B XM BB BR Ve S xR BUE R Ve

A, C-EA R ZHUT SR #05 JRML JRE T 19 LSCI MR AR T i e JBk ROT X IGHEAT IR g BT (n=4); BN EE VIR RAZY)
JT CD31 (Z5). PDGFRP (%) Jethfh R (X4) RIRHBOCMEE CD31 7E K RFRE I BAGLE (X18), ARFRRIMEREL; D,
E-OCTA WA AR 8 20~30+ 30~40 pum HFEZMINME I Z RS (n=3); F. G/MRHAEVIRKALY A PDGFRB e ibg
g R (X10); H-ELISA Brll/NR A% T Angl/Ang2 BIME (n=5); 1-#-4H/N R B IR USG5 11 mRNA Rk (n=4); 5xf a4
Ffg: *P<0.05 #P<0.01 ##Pp<0.001; SHEBAHE: *P<0.05 “P<0.01 *P<0.001; SFKAHE: *4P<0.01,

A, C-representative LSCI images of dorsal skin perfusion acquired under identical parameters and corresponding quantitative analysis based on the dorsal
skin ROI (n = 4); B-immunofluorescence staining of CD31 (red) and PDGFR (green) in full-thickness dorsal skin sections (x 4); Magnified views (x 18)
show CD31 localization, white arrows indicate vascular clusters; D, E-OCTA-based assessment and quantification of microvascular density at depths of
20—30 um and 30—40 um in the dorsal skin (n = 3); F, G-immunohistochemical staining of PDGFR in full-thickness dorsal skin sections (x 10); H-
levels of Angl and Ang2 in serum determined by ELISA (n = 5); [-mRNA expression levels of pro-inflammatory cytokines in the dorsal skin tissues of
mice in each group (n = 4); P <0.05 #P<0.01 *#P<0.001 vs control group; *P<0.05 *P<0.01 **P<0.001 vs model group; **P < 0.01 vs
Colla Corii Asini group.

2 MREMRRE DR MEREYE

Fig. 2 Colla Corii Asini enhances vascular stability in aged mice
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FEERRIEERLLLT 20~40 um b, FHFEE
LSRR, MAEREERIK, KB
M. R, OCTA 455 h SRR B 4 1 %
BRI (P<<0.05, K 2-D. E), ZEi& Mg ®
AI, IR LRSI ME AN B A MR D) RE, RIfi AT
RESZM T I I IR ThBE - 42 TRTRCRI VC THils,
/N BRI 25 B B B IS (P<<0.05, & 2-D. ED. &
2 e £ I RS T R A B E R, EATTRRE S 1
BN A RAR AR, R A AR AR ek, 4
ML/ BE f) 52 B PR3], PDGFR( A2 JE 4H M ) 25 B A
BNz — R4, H Rk ' G N R A A A AL
Sl M I, B8 0% B A b R HE 4 R 1 A AR e KA
FRs26], GupeHALEE R (B 2-F. G) &R, SXHE
A Lb A, AL ZH /N BB R A 2R A i AR S A
PDGFRp HIRIEEH B> (P<0.01); HEALA
Lz, BTRRZHFn VC ZHnT % PDGFRB HIRIA =
(P<<0.01. 0.001), 7 BB fics fies % 38 5k 18 715 o 40 b
WL, (et F AR ThRe, ki g e i
faEtE, XL IME =ZEBARMER. XA
ELISA &l %525 /N iU H Angl F1 Ang2 155 1,
FHIH Angl/Ang2 (1, FISRFRAE/N R A4 Py L5 1)
faetk, 4RwE 2-H fn, SxAtiig, B
H/NRUMIE H Angl/Ang2 18 B B &K (P<0.001),
FREL /N BB A EE R B, I R AR e PERE
fiK; HBABA L, FIRAA VC /RIS
Angl/Ang2 {l B E T (P<<0.001), HFTRRAAEH
FoNEZE (P<0.01).

Fe R TR 2 HIRRE RIS SOE: NYR
PERZ PN REREIR 2B SASP, FF4fE
TR 4R PR 127 ANJEPERE R (e e E
IR B SR BRI L O B AR, R B ARIE R R
o IXELIRRILFE R 1 R R R E B R A T
(EAEE S B EES R EZ L NN IBEY S d S~ ysia e [
9% IR FRRSRI0G JOIE B, sk i IR 2R (1 S 4m i A
FE T B AR2S; [ B HO ) AT AR A B T AR, FHAG 2
TR, SRR RGN e R RE. X R
JRIE 1B I JORE” B IG AL, 2 7 Bk R
AW E RO . 21 Fios, SxTERA L
5, BRI /INGR R RN IL-18 TNF-ow CXCLI K]
mRNA FiE/KF R EFE (P<0.00D), fFEHEE T
BT e SEAALE, kAR Ve 4
BRI IL-18. TNF-a. CXCLI H) mRNA ik
KPS 2 BRI (P<<0.001), FHART [ BTk 51

RS EXE RN, AT REIE L PR A A A o e A B
Bifhi

gi b, BRI S iR D=2 FUBE S S/ R
&, WG /ANRIAN . BRI T &
B KRR VLI JE A fubr ik 5 2 A J7 I,
FESR/NRPIEEIRE, e M R e
3.3 PABZHIEI H,0,FSAH HUVEC &

WK 3-A Fizs, 31.25~1000.00 pg/mL Bl i 4k
¥ HUVEC 24 h, XJ4HHRSE /1 EH R, Jeask
B3 F% 250.0. 125.0+ 62.5 pg/mL iz % HUVEC i
AEBE 24 ho DARMTRRTRALFEAHAR 24 h, A 125 pmol/L
Ho02 1EH 4 h J5 T A e 55 IR S AR 255 57 72 h 15
$ HUVEC %%, 4R E/R, SXAti, i
4 SA-B-gal FHMER T (P<<0.001, & 3-B), ROS
FHE RN (P<<0.001, & 3-C), SASP AHZ<FE K] p21.
pl6. p53. PAI-1 BIRIEK T REFE (P<0.001,
3-D), KAEXF IL-6. TNF-a. CCL2. CXCLI ]
mRNA FIE7K - E R (P<0.001), $H&7=40Hd H
IR SR U SR O LA R A, Hoag il A el
PR BOR B ) SORE R T, 0 40 B3 it — 2P 1
05 SRR LR, 250 pg/mL B IR 5 35 PG SA-
B-gal FHEZR (P<<0.001), 62.5~250.0 pg/mL B JiX
i FBRA% SASP AHICIER p21. pl6. p53. PAI1 %
RIEHE T IL-6. CCL2. CXCLI i) mRNA Fik/KF
FITROS FAE (P<0.001), 125.0 250.0 pg/mL B fi%
& FHBRA% TNF-a ) mRNA £iA/KF (P<0.001),
F BB i AT HR SORE R T FRIL, X Ha02 521
P R 0 L B A S B A R E
3.4 PUBZI@EITIHTS Tie2/Ang/VE-cadherin @ FE4E
HRENR AR EM

R E— 0 PR BT e R 3 2 P Rz A I D e D s
Wi, SR FH ) 200 B 47 52 S 6 0 P B2 A P 28 B s 36 A T
I64F . HUVEC & H,0, 33 E )55 Transwell /)
EHNM AR TR TR IR R, (H]
TE N B2 A 3 WAME 5 I E N R A e I 32 4E, DU
kfemim g tt. W 4-A. C Fion, Bkt
5 ") HUVEC nl3mAE4dn iz iE (p<
0.05. 0.001), #&/m H S5 A rIRE Sy, B
SE M IREE o 3 P B Bl i P S8 T VP A P 2
T GREE  SE Bk, N 4-B. D s, Bl AL
HJf5 THP-1 4HHEABIENE R ERFIK (P<0.001),
2 W T fise T C50E 3 22 PN B 4T L1 B 1 T g O B AR
WM. I ARSI, L A R A B AR T
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I+
i

SA-B-gal BHH: Gett/%
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f=]
L

YRR AT B
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B
%
X
®
<
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~ 1. skeokok
~ EETS
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FoHE Y 250.0 125.0 62.5
BljEd(pg mL™)
3-
B HH
%
.K
z
M dkokk
g 14 s FRE
§ i
3
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EETES

skeskesk
skeskesk

ROS #x} Fik &
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A-BTE % HUVEC 4HM03E A5 (n=5); B-H,O, KI5 S HUVEC #¥J5, #H4T SA-B-gal Yt (X 10, n=4); C-%4H SASP HIF=IE K I

RIEHFH) mRNA Tk (n=3); D-F41ROS FiLE (X10, n=3);

Sxl it ##P<0.001;

SRR RO -

“P<0.01 ""P<<0.001.

A-effect of Colla Corii Asini on viability of HUVECs (n = 5); B-SA-B-gal staining of HUVECs following H,O,-induced senescence (x 10, n = 4); C-
mRNA expressions of SASP related genes and pro-inflammatory cytokines (n = 3); D-ROS level in each group (x 10, n = 3); ##P<0.001 vs control group;
"P<0.01 *"P<0.001 vs model group.

() Tie2 %145 Angl

@

[RI4E R I A A AR E

3 MR H20: %558 HUVEC =¥
Fig.3 Colla Corii Asini inhibits H202-induced aging of HUVECs

FEK (P<<0.001), RN LAIRFELE G, R T

1t

V)

N T TR 5 1

123k Tie2 [BEER1L,

[31-32]

Tie2 FIBERRAL

M R RE B FRAR, AR T4 if

B SEER KR, 18I Western blotting £l
p53. p21. p-Tie2. Tie2. VE-cadherin. VEGFA %&
HRIE. W& 4-F. G fros, SXHIEZA AL, BAH
p53. p21. Tie2. VEGFA E|ARIEKFEZEA
(P<<0.001), p-Tie2. VE-cadherin & A ik /KI5

B B A R A A R B R, AT AR I
BN IR s SRR LR, B i TR EE /S p53-
p21.Tie2. VEGFA & 1 3RIE K 835 K (P<<0.05.
0.001), p-Tie2. VE-cadherin & HRIEKVEZEF
1 (P<<0.001), KBBR8 3 3 32 15 7 2
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A payiict R B[ 250.0 pg'mL™  FA[ 125.0 pg-mL™! FiJi 62.5 pg-mL! 9 %o
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> i
b s o 00
= 04
{ oI
\ =
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(=}

o
_Ti 0
Bos m Lexios R B500 1250025 RITR 25001250625 R 25001250625
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p21 Tie2 VEGFA
14X10° M

N
o
]
o

VE 0 I Hﬂlﬂﬂl 5 #ﬁ# Eg 154 o sk ok KRR
- X . 1. "
cadherin - . - - - 14x1 ﬁl.o ﬁ s B &
- s ke Eio s 1o
x10* Z0. B z
VEGFA _L. - @ ‘ 40x10* 205 = 2
H e o
0

GAPDH| w—me e e e - 3|0

0
X 7R 250,0 125.0 62.5 HoHE 570 2500 125.0 62.5 S AR 2500 125.0 62.5
BT/ (ug-mL ™) BT/ (pg-mL ™) B2/ (ug-mL ™)

A, C-PlR ikt 5 TE% HUVEC X FAIIRIIEZESEE (X10, n=4); B. D-BIRTIALHEETEE HUVEC OIS (X4, n=
4); E-ELISA ¥:i40f L i& T Angl/Ang2 M (n=5); F. G-Western blotting #:lll Tie2/Ang/VE-cadherin iBIAHLE ARE (n=4); S5xR
HEEE: #P<0.01 #P<0.001; SHMALLE. *P<0.05 “P<0.01 *P<0.001; 45250 pg-mL™' Flfgditbis: *4P<0.01 **4P<0.001.
A, C-pericyte recruitment assay toward senescent HUVECsS pretreated with Colla Corii Asini (x 10, n = 4); B, D-experiment on barrier permeability of
senescent HUVECs following pre-treatment with Colla Corii Asini (x 4, n =4); E-Angl/Ang2 value in cell culture supernatants measured by ELISA (n =
5); F, G-Tie2/Ang/VE-cadherin pathway related protein expressions detected by Western blotting (n = 4); #P <0.01 ##P <0.001 vs control group; "P <
0.05 ™P<0.01 **P<0.001 vs model group; “*P<0.01 ***P<0.001 vs 250 pg-mL"! Colla Corii Asini group.

B4 PARIEIT TS Tie2/Ang/VE-cadherin B B4 HTE M R RARAVEE E 1
Fig. 4 Colla Corii Asini maintains stability of aging endothelial cells by regulating Tie2/Ang/VE-cadherin pathway
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Y A5 ) 20 [ (R B« SR FH ELISA Al Angl
Ang2 (/K FHIMHE Angl/Ang2 IMH, PAIGKRIF
fl MR . W 4-E fios, SxRRALi, f
B Angl/Ang2 AR E L (P<<0.001); SHEEAY
A ELE, 12500 250.0 pg/mL Fif 2 5 3E THE Angl/
Ang2 {6 (P<<0.05. 0.01), R BAF il A R i
B I LA

DA b2 SRR B, Bl Jie T Ak B ] 2 20 K~ E Tt
B H20 15 SN ME R 2, BT i v] B Jd ik 19 if
BFRaSHK Tie2/Ang/VE-cadherin {551, 38

R R A ThRE, B8 I8 A, oG I N 2R
i, MIM4ERF &SRS
4 g

B ARSI, R R I 4 ) 2R L LI 1 1Y
I, SR R R A AN R AR AR,
B R R o X B LR AT PR Bk LA 22
2, HRUHUHVEFEN R 4D Rebatg . SR I
1495 2 240 A1 J5 Jo B 0 A 330 AR 1 Y 4
PR T Py dui e B ik . A AR S IR B A
AT A ANE BT SRR E R Tie2 /2 FERIE T
PN B 0 2% T 0 32 AR T R Ml S Angl 5%
Ang2 Z55 JE AT AN TS 55 Sl R,
TEEREMINE R4, Tie2/Ang 15 51% Sl M Ak
TP R PUIRAS P, BRI IE 5 R B AR
FABS, A I 5 B Pk 3 2 2 A A E T 1 458 0%
RN, —J5TH, M TREEIR B S 8UL 8 IR R

Z AL, i SRR S — 7T,
FEE R PR RAER T (31 IL-6. TNF-a) AJ
B L N A, T BSCRYEIE R .
W R SASP KAl S I N B 4h
M I#% A ¥ -«B (nuclear factor-kB, NF-xB) {55 il
BR3O371, 15 5 J0E I N AT Il PR . Il PR
FOAHUESE, IR I 3% B Uk > 5 B SOR FE « B Aot
PR 52 0 3 TEAH OC0S), Ty s IfL 4 D e ml it g idk
B2 JEr 1 P3O0 ek D A A S BRE % B TR 3
AT g IE i A R AN S S, IRATRST TR
X I 5 S W s e HE EAE AL (Bl 5D 1E3)
sish, R D-FIEE SN RSB,
4 ig 45 TR 8 JA Ja vl A AAE ZE /N R 3E 2, WU
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Fig. 5 Colla Corii Asini improves skin aging related microvascular homeostasis disorder by regulating Tie2/Ang/VE-

cadherin pathway
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