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DESCRIPTION CN110237303A

Preparation method of decellularized periosteum matrix gel material from natural tissue

RARALFIRHIB AR B IR E VR &5 7R

[0001]

Technical Field

ARG
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[0002]

This invention belongs to the field of bone tissue repair and regeneration technology,
specifically relating to a method for preparing decellularized periosteal matrix gel materials

derived from natural tissues.

FEABTHARBEREBERATE, AETRRABLFRIIBRAEEEESRRMEH S
Fi%o
[0003]

Background Technology

BEREA

[0004]

Bone defects are a common clinical condition that often leads to nonunion, delayed healing
or nonunion, and local functional impairment, causing pain, limiting mobility, and severely

impacting quality of life for patients.
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BHAREREEINEERELR, WNEEISE

rﬂ”)

BRBEIRKE WER, FESERBTER. TR
&, SBHETHRE, £EREZITERM,
While traditional synthetic materials can provide sufficient mechanical support, they have
poor bioactivity, insufficient osteoinductive properties, are not easily degraded, and may even

cause foreign body reactions.

TRALEHMEIRARRHEBNNFXIE, BEEYELEE, BASURE, T5REHE, EE5|
EERYIR M,

Currently, the main methods for treating bone defects and osteonecrosis are autologous bone
transplantation and allogeneic bone transplantation. However, autologous bone
transplantation can cause secondary damage, while allogeneic bone transplantation carries
potential risks of immune and disease transmission. Therefore, there is an urgent need to
develop new bone tissue engineering materials with good bone healing, regeneration and

repair effects.

Bal, Ay BRI ESIFENTEZUBREBENEMREEZENE, EERBBESITETR
55, MAMSEESBERFEEAERENEREENGN, HitEFRLAHFNEERTFEUEEER

EX&%E’JE‘QH—/ \I*I*j*‘l'o

[0005]
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The extracellular matrix (ECM) is a macromolecule synthesized and secreted by cells outside
the cell. Its main components include collagen fibers, glycoproteins, polysaccharides, and

growth factors.

R ShE B (Extracellular matrix,ECM) @AM SHH D BEIMEIMIR D F, TBRD EERERLT
$#. BEEH. ZBRE. EKEFF
ECM forms a complex network structure that supports and connects tissue structures and

regulates a series of physiological activities such as tissue cell growth.

ECMIIRE RNMERLEN, SZHRFFFERALRLEN, BTARARNERKERYIEIEED.
Hydrogels are a class of scaffold materials that have attracted much attention in tissue
engineering, with advantages such as injectability, minimal damage, and arbitrary shaping.
Common hydrogel products are composed of a single or a few specific ingredients, making it
difficult to perfectly mimic the components of biological tissues. If additional growth factors
or active molecules are loaded, there is a risk of side effects and tumorigenesis. Patent
application number 201410145791.7 discloses a decellularized matrix gel and a new method
for its preparation. After decellularization and digestion, the gel is incubated at a lower
temperature to reduce damage to the tissue. Patent application number 201811452768.7

discloses a method for preparing decellularized matrix gel. In addition to using a mild
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decellularization method, the decellularized matrix gel is also processed under pressure after

digestion, which achieves better repair effect.

KERBALATIEP KRR XRINEMAER, BRSNS, Hifs/), EREEFAR. M=
KGR B R—E DS ER DR, MUTTEEMNEBARND, ERHESIMIEKEF
EEDF, BrERIMNMBYEENL, BFiES59201410145791. TSR AF T — AR AR E BT
REEGIEHE, RAR. HEBdRRRERBEE R T HARNH A, BESH

201811452768 TR LA A 7T —MAREESURRBIERTGE, BT RARMBIBRARE, T2k

ARBSURECEE, EMEFRGFTHTAE, RETERFEENR.

[0006]

However, the previous preparation of decellularized matrix gel materials by cutting and
shredding could not obtain sufficient specific surface area, which was not conducive to

sufficient contact with digestive fluids and resulted in low retention of bioactive substances.

{BREER AR B BRI RN G & B B A N ARG R BRILLRER, AFFHIRNTTDE
B, EVEMEYIBRIRER.

Furthermore, there are currently no standardized products for the preparation of periosteal
ECM gel. The periosteum is an important component of bone. The tissue specificity of the

periosteum ECM is more conducive to bone regeneration and repair, and it cannot be
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replaced by other ectopic tissues as repair materials. Therefore, based on the above
background, this patent proposes a method to achieve maximum retention of active
molecules of periosteal ECM through freeze-drying; and to increase the contact area of the
solution by grinding ECM into powder; and to control the particle size of the powder by sieve
filtration, thus standardizing the digestion steps. This results in a periosteal ECM gel repair
material with high bioactivity retention and standardized specifications. In addition, EDC
cross-linked growth factors have a good promoting effect on achieving excellent regeneration
and vascularization of new bone tissue. It can be used to repair various bone regeneration

disorders such as bone defects and nonunion caused by various etiologies in clinical practice.

te5h, BEHREBRECMERITENHIEN~m. BREENERAMED, SERECMIVAR
=HEEEMTENBERE, REMRUARENEEMERATERAN, EHit, BFEAER,
AEFIRE —MED A TIEN A RRINBRECME LD FRRARE,; FHERBECMRER G
IAREMER; B RmPEEEGRAREZ, MOELTR, MMSIEEEYEIESRE. 17
EF—UHNBRECMEREEMEL, Itih, BIEDCREKEKEF, MERMMEBSHELENNEES
£, MEUKARERENEHMR, ATRTERERKLEXFESHHFHRE, BFREFSH

BB ERERRI,

[0007]

Summary of the Invention
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REAAE

[0008]

In view of this, the purpose of the present invention is to provide a decellularized periosteum
matrix gel material with high retention of bioactive substances and a method for preparing

the same.

BETIL, AEARHENETRE—MEYEEYESRENRARSEREERMHLER S

o

[0009]

To achieve the above-mentioned objectives, the present invention provides the following
technical solution: after decellularization of periosteum tissue derived from natural tissue,
highly active periosteum ECM gel material is obtained through freeze-drying, grinding, and gel

treatment.

ATRYERREABR, REPRBEUTEALTR: WRALBLAKFENEERALLHARLIER, &

WRATIR. BR. RERAE, [FRISEENBRECMARRMH.
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Furthermore, by using modified gel technology, bioactive factors (VEGF, FGF) are introduced

and grafted onto the gel collagen fiber network to achieve a combination of specific functions.

HiBE I EIRRNEA, SINEYEERTF(VEGF. FGF), SHIER TRIRRRALEMLE, KIFEL

RERVE S,

[0010]

The naturally derived periosteal tissue includes mammalian bone tissue, specifically the
periosteum of the long bones of the limbs and the periosteum of the skull; the
decellularization technique comprises a decellularization scheme using chemical reagents
such as protease inhibitors, KCl, KI, acetone, tributyl phosphate, Triton X-100, and sodium
dodecyl sulfate (SDS), combined with a physical freeze-thaw method, and specifically

includes the following steps:

FTRBIRABLAKIRRBIRALROERBIA N BARTREAOKRKEEREURAEER; FrRaRLiH
R AR BEEREDEIT. KCL K. AER. BE=THE . Triton X-100. +ZIcEMRELIN(SDS)FL

FRMAIDFRGEARORERSR, RESENTHE:

[0011]
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a) The muscles, fascia, and fat surrounding the periosteum are initially removed and used as

raw materials;

)BT ERBRELANN. HERMAEIEARERME;

[0012]

b) Rinse the periosteal tissue material three times with sterile water for 20 minutes each time
to remove residual muscle, fascia and fat, and irradiate it with 24kGy dose of gamma rays for

24 hours to kill any bacteria and viruses present.

b) R BRRALMERTERKTRIR, BR200%, EERFERIAA. BIRMAER, A24kGyTIER

VETERIRES24h, RAGFENAENRES;

[0013]

c) Treat the material obtained in b) with tributyl phosphate and deionized water for 12-24

hours; the volume ratio of tributyl phosphate to deionized water is 1%-5%.

C) b)) B EINMEIEMEL = Tl S5 EB F/KOEL2- 24/ ; BER=TERSEBFKIAETREL 1%

-5%;
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[0014]

d) Immerse the material obtained in c) in a 1% Triton X-100 solution and shake at 200 rpm for
12 hours at a constant temperature of 23°C. Rinse with sterile water 3 times for 20 minutes

each time to remove residual Triton X-100 solution.

d) R )R EINMELZ BT REN1%TritonX-10078& R, 1E:E23°CHEAR200rpmEZ 12/, FAXE

KERIR, R0, EFRFEETritonX-100787%;

[0015]

e) Immerse the material obtained in d) in a 1% SDS solution, shake at 200 rpm for 2 hours at a
constant temperature of 23°C, and rinse with ddH<sub>2</sub>0 for 12 hours to remove

residual SDS solution.

e)Rid)REINMELR BT ERIKRENL%SDSHERT, 18823 CHER200rpmEZ2/N\8T, A

ddH<sub>2</sub>ORahAi12/\8y, EFRIAXESDSAR;

[0016]

f) Immerse the material obtained in €) in PBS buffer containing KCl for 8 hours. The

concentration of KClis 2M.
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f)¥iFe) B EINMELZ BT EKCIPBSE AR 8/NET, KCIRKRE2M;

[0017]

g) Soak the material obtained in f) in 2M Kl-containing PBS buffer for 10 hours, and then rinse

with ddH<sub>2</sub>0 for 12 hours to remove residual PBS buffer.

g) ) F IR LR AT EKIBPBSE R P L0/NET, KIBKRE2M, ddH<sub>2</sub>OizhH

12N ERRIA B PBSE AR

[0018]

h) Sterilize the material obtained in g) by irradiation;

h) ) SEIRMEHEIR K E

[0019]

The material obtained in g) was irradiated with gamma rays for 10-48 hours to kill any

bacteria and viruses that may be present.
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Rg) SRR EHZy LIRSS 10-48/ N8, RAAIGEFENARNRS;

[0020]

i) Freeze-dry the material obtained in h);

)REh)SRIBIMEL AR TIE;

[0021]

After sterilization, the materials are first pre-cooled in a -80°C refrigerator, and then dried in a

freeze dryer for 24 hours, maintaining a vacuum of 1.5 mtorr and a temperature of -50°C.

R X EERMEIERN-80°CKIETNR fa, BMNRFATIENTIE24E, REFETENL.5mtorr, &

rg'SOOCo

[0022]

j) Grind the material obtained in i) into powder.

) SRR ER

[0023]

20-01-2026 - Page 12



The freeze-dried material was transferred to a grinder at a frequency of 60 Hz for 1 minute.
After being frozen with liquid nitrogen, the material was ground into powder and passed

through a 40-100 mesh sieve to collect the freeze-dried tissue powder.

RRTIM RIS EIRERR R, REVIREN60HZ, GERELLSH, SRALK, MERMEK, T

40-1008 /M, WEFETHEKRK;

[0024]

k) Gel the material obtained in j);

K)¥%)) 1S BRI RLRER 5

[0025]

The powder obtained in j) was soaked in glacial acetic acid solution, pepsin was added, and
digestion was carried out at room temperature for 24-72 hours. After complete digestion, the
solution was centrifuged at 500 X g for 10 min to remove impurities. The pH was then adjusted
to about 7.4 with NaOH solution to obtain the periosteal ECM gel material, which was stored

at4°C.
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i) [EIRRMR BT AEERART, MABERR, BREL24-TUN, FEeHEl, BR
500X gBi10min, ERfFRBEANaOHARETPpHET.AER, EISERECMAERMEL, 4°CIR

%o

[0026]

The obtained periosteal ECM gel material was cross-linked with EDC and NHS to increase the

cross-linking degree of the gel fiber network.

Y Fr1S & BRECM AR EHE AR S BT HE INRRAR 4T 4 AR B SZBA S, SCBXFTINEDCHINHS,

[0027]

Preferably, the irradiation dose in h) is 5-40 kGy.

Rk, h)RRVERERIE795-40kGyo

[0028]

Preferably, the concentration of the glacial acetic acid is 0.3-0.7M.

AL, Fridpy7kEEERIRE90.3-0.7TM,
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[0029]

As a preferred option, tissue particles are sieved through an 80-mesh sieve.

ERfik, 1EE808 THMThiS LR kL,

[0030]

Preferably, the amount of pepsin added is 2-20% of the total solution.

ERfiE, BEABIMAENLEREREY2-20%.

[0031]

Preferably, EDC is used as a crosslinking agent with a volume concentration of 0.1-0.4%, and

the EDC:NHS ratio can be 2:1, 3:1, 3:2, 4:3, or 5:3.

«E?gﬁtﬁ, EDC%B\EH%%IJ’ 1$*;':\";5§}§§901-04%, EDC: NHSHS@'JE_[ygzla 31; 32, 43, 5:3,

[0032]

Preferably, bioactive factors are introduced and grafted onto the gel collagen fiber network.

The bioactive factors are VEGF or FGF.
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ERME, SINEVEEREFERTRRRIRAHENLE, EYEEERFNVEGFEFGF,

[0033]

The beneficial effects of this invention are:

RPN BmUR:

[0034]

The natural tissue-derived periosteal ECM gel of the present invention can retain a variety of
bioactive molecules in the matrix, and the gel particles are standardized in size. Furthermore,
through EDC cross-linking of various bioactive factors, it can achieve excellent regeneration of

new bone tissue and has a good promoting effect on vascularization ingrowth.

FERPANRABLAKFENBRECMRREBSREELPSMEYEEDF, BRRFARIR TR
£, FEBIEDCREXSMEYEIERTF, BRIAFESARNMAFEE. MEUKANEGRIFN

e FHRRo

[0035]
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Compared to existing technologies for treating gels or types of gels, the significant

advancement of this invention lies in:

FREEINA BB IERY R SRR, AAREZNHIET!

[0036]

1) Using mammalian periosteum as raw material, the previous method of cutting and
shredding could not obtain sufficient specific surface area, which was not conducive to the
full contact of digestive juices; this patent increases digestion efficiency by freeze-drying and

grinding.

1) A ELEp B R AIRAME, BRERdEEA T AR [ EBRILLRER, AT HURNTD &R

i AEFETATEMLE, BT HELSE,

[0037]

2) In the past, the digestion of tissue particles was carried out after grinding without
controlling the particle size, which was not conducive to the standardization and repeatability

of the digestion process.
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2)BR BT REEARFTREIHITEN, RREFNRST, AT BRI ECTIES T,
This patent utilizes an improved digestion control technology to facilitate the stable

production of hydrogels with controllable quality.

AEHBINRBEUERRAR, BFTFRESEMRAIERNCRR,

[0038]

3) The technology of this invention improves the retention efficiency of active molecules such
as collagen, GAGs and various growth factors in the natural matrix, so as to exert effects on
cell activity, proliferation, migration, morphology and differentiation, thereby promoting in

situ regeneration of functional tissues and having good biological activity.

)AEKARARE T HRAERFHRE. CAGSHZMERKAFFEED FHREVER, ULER
MdBRRE . 1EE. I SHMOWEER, #MEHBRARNRAUBE, AARFNEYFE

%o

[0039]

4) The periosteal ECM gel of the present invention crosslinks multiple growth factors, such as
VEGF and FGF, through EDC, thereby increasing the repair function of the periosteal ECM gel

material.
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4) AR EAN B IRECMARROEIEDCREXZME KA F, WVEGF. FGFF, 1EIN7T BIRECMARAHL
HEEThEE,

Compared to the side effects of abnormal calcification caused by current aldehyde
crosslinking agents, EDC crosslinking agents have better biosafety and can be completely

eliminated after catalytic reaction.

FEEL B RIBEE BT S R B LRVEIER, EDCREFHIEFNEZ 2, BRURN/GAHTS

BkRo

[0040]

5) As an important tissue component of bone, the periosteum has tissue specificity that is

more conducive to bone regeneration and repair, and has strong osteoinductive properties.

S5)BRFNBNERALR NS, HARKRUEERMTENBERE, 5ASME.
Therefore, developing high-quality periosteal ECM gel repair materials is of great significance

for bone defect repair.

Et, FRmRAAENESRECMAREEME, XWTFERBIZENEXEK,
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[0041]

Attached Figure Description

LRSS

[0042]

Figure 1. Schematic diagram of periosteal ECM powder, gel solution and gel material derived

from natural tissue.

ERABLAFRIBRECMH R, BEARAERMEIREE.,

[0043]

Figure 2 shows HE and DAPI staining of the periosteal ECM from natural tissue, demonstrating

that the DNA residue in this material is extremely low.

EI2RAAALKIRRIEIRECMBYHEZR B DAPIZE, JEBAZHAEIDNATL B E1R1E,

[0044]
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Figure 3. Scanning electron microscopy observation of type | collagen gel (8 mg/ml),

periosteal ECM gel (4 mg/ml), and type | collagen gel (8 mg/ml).

B3 | REERSMg/ml. BRECMER4AMg/mIFI8mg/mIAHEBEMER,
Under a microscopic scale, periosteal ECM gel has a nanofiber network that is highly similar to

type | collagen gel, and this structure has a good promoting effect on tissue repair.

BFIRECMAIHIL T R BRI R A & B EARARIART AL, XS THREBERERY

BUEE 1R,

[0045]

Figure 4. In vitro biocompatibility assessment of the periosteal ECM gel material derived from

natural tissue.

B4R AB L RIRIE EECMERM EHEAIN E YIRS MR,
(a) Mouse bone marrow mesenchymal stem cells (mBMSCs) showed good cell viability after 1,
3 and 7 days of culture on periosteal ECM gel, indicating the safety and good growth-

promoting properties of periosteal ECM gel.
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(a) R B BERIZERT4ERE(MmBMSCs)E B IRECMZRR E1577 1. 3. TRIAMEM R, WHAEIRECM
BRZ2MRRIFNEEKE,
(b) The number of live mBMSCs increased with the number of days during periosteal ECM gel

culture.

(b)mBMSCsTE B RRECMARIEF I 2 E AV EIEREE R EUE M,
(c) The CCK8 assay also demonstrated that mBMSCs cultured on periosteal ECM gel had good

activity.

(c)CCK8EEIFIEFARARECMERR L1EFAIMBMSCsiE 1 RiFo

[0046]

Figure 5. Evaluation of the angiogenic activity of the periosteum ECM gel material derived

from natural tissue.

EISRAAA L KIRAY B IRECMERRR A LI E 4 BUEMERTTEMN
In in vitro experiments on the formation of endothelial cell tubes, type | collagen and
periosteal ECM gel materials showed that periosteal ECM gel material exhibited stronger pro-

angiogenic activity.
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IR R A B FRECMARAM EHE RSN R AR E AN SRS, FRECMARMEHRILH ERAVE

MEERGEE,

[0047]

Figure 6. Evaluation of spontaneous mineralization of periosteal ECM gel material derived

from natural tissue in vitro.

Elo RALL SRR B RECMBRERMEEARINE ZH 1LEYITEN T
(a, b, c) Micro-CT scans of periosteal ECM gel material immersed in m-SBF (simulated human

body fluid). Periosteal ECM gel has a higher mineral content than type | collagen.

(a, b, ¢)BEECMERMILZBEM-SBFIEIMAMKR)FHImicro-CTHIEE], BIEECMELLIRYER
REEESHNT YR EBEECM,

(d) The periosteal ECM gel material showed more mineralized nodules under Von Kossa
staining, larger diameter mineralized fibers under scanning electron microscopy, and more
prominent mineralized diffraction rings under single-crystal transmission electron

microscopy.
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(d)BRRECMARMEIEVon Kossa B TEEFEMN (LET. FHEBR TEEARERRNY LT
4, B HRPERITH TEEENT LITHRIE,

This indicates that the periosteal gel scaffold provides more active sites, showing a higher
level of calcium and phosphorus deposition, which is conducive to spontaneous

mineralization.

HEABRARXRIEHEFENERMUR, ERHESHGEIIKE, BFFELN K.

[0048]

Figure 7 Evaluation of osteogenic activity of primary cranial cells by periosteal ECM gel

material derived from natural tissues.

E7 R ABLFIRI B EEECME R R A A= B R & & ERITEN .
(a) Relative expression of Runx 2, ALP, OPN and COL 1a when osteoblasts were grown on 8 mg

/mltype | collagen and PEM hydrogel for 14 days.

() N BE4IEESMg/ml | BERFPEMACER £ 14KAY, Runx2. ALP. OPN. COL l1ap9+Exd

=iko
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(b) Expression and location of Runx 2 and OCN in osteoblasts grown on 8 mg/ml type |

collagen and PEM hydrogel for 14 and 28 days.

(b)) E4EESMg/ml | BRREFPEMAKER E4EK14F128KEY, Runx 2F10CNTEARERBYZRIAF]
&,
This indicates that osteoblasts cultured on periosteal ECM gel scaffolds express higher levels

of osteogenic markers.

REABRECMAR I8 EIEFHIR B AR RAE S KRN B IRE.

[0049]

Figure 8. Results of in vivo cranial bone formation experiments using periosteum ECM gel

material derived from natural tissue.

EI8 R AR L KIRAY B IRECMABBR M EHAR S 2B SR 345 R

Periosteal ECM gel material promotes more new bone formation at skull defects.

B IRECMARBATRHE 3 P B TRAR SR (1 B Z R & 2o
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[0050]

Figure 9. Subcutaneous embedding results of periosteal ECM gel material derived from

natural tissue.

EOXRAALRIFEN B RECMERMELE T EIBLER,
(a) Gross images of subcutaneously implanted gels (8 mg/ml type | collagen hydrogel, 4 mg
/ml periosteal hydrogel, 8 mg/ml periosteal hydrogel) at 3, 7 and 21 days, showing a stable

degradation trend.

(a) R FHENER (8mg/ml | BRI, 4mg/mIBIENCER, 8mg/mIBIENERR)3. 7. 21d8Y
KEER, EMEEFREES,
(b) Histological evaluation of the systemic organ toxicity of subcutaneously implanted

hydrogels showed no obvious organ toxicity.

(b)) THENKERT 2SR ESEHRHBIARF TN, KRENMLAENHESESE RN,
(c) Histological images of subcutaneous hydrogel implantation on days 3, 7, and 21. Periosteal
ECM gel showed a low immune response and rapid regression, promoting angiogenesis and

migration into the scaffold.
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(€)%3. 7. 2IRRE MENKERIARFER, BSERECMERKIMEBRIRERNHTEHER,

et M E £ AT ZRAER

[0051]

Detailed Implementation

=3O s

[0052]

The following detailed description, in conjunction with embodiments, illustrates a naturally
derived decellularized periosteal ECM gel material and its preparation method provided by
the present invention. However, these descriptions should not be construed as limiting the

scope of protection of the present invention.

TEES G LRGN A& BRR M — MR IABLAKIRRIA AR FRECMARRME R B RI& 75 EHTIF

HpieE, BRFEECI RN LBFRIFEENRE.

[0053]

Example 1: Preparation of femoral periosteum ECM gel derived from natural tissue
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LRI 1R AB LR & B IRECMARRAYHI&

[0054]

1. Use a blade to remove the muscles, fascia, and fat from the femur of an adult pig, and cut

the periosteum of the femur as raw material;

1. B7IR5IkRERER S LRI, SBERMERSFER, YERESRIENRME;

[0055]

2. Rinse the material obtained in step 1 with sterile water 3 times, 20 minutes each time, to
remove residual muscle, fascia and fat tissues, and irradiate with 24kGy dose of y rays for 24

hours to kill any bacteria and viruses that may exist.

2. BLRIFMSHMERTEKERIR, S8R0, ERERNAKE. FRMAERSEAESR, B

24kGyFIERYILLIRET24h, RAAREFEENAENRS;

[0056]

3. The material obtained in step 2 is treated with tributyl phosphate and deionized water at a

volume ratio of 2% for 24 hours;
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3. BRI BFSIMEIERER =T B S X B FKRVATREL /2% 20324/ BT ;

[0057]

4. Immerse the material obtained in step 3 in a 1% Triton X-100 solution and shake it at 200
rpm for 12 hours at a constant temperature of 23°C. Rinse it three times with sterile water for

20 minutes each time to remove residual Triton X-100 solution.

4, BT BEIFAEIMELRS BT RE1%TritonX-10087%F, 18:823°CIER200rpmESF12/M\S, AT

BAGERIR, 8R2057%, EERFEZETritonX-100787%;

[0058]

5. Immerse the material obtained in step 4 in a 1% SDS solution, shake at 200 rpm for 2 hours
at a constant temperature of 23°C, and rinse with ddH<sub>2</sub>0 for 12 hours to remove

residual SDS solution.

5. RPBAFRSHMEIS BT RELI%SDSART, E:E23°CREKR200rpmEZ2/\8Y,

ddH<sub>2</sub>0iahH%12/\6Y, EPRFRESDSAR;

[0059]
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6. Soak the material obtained in step 5 in PBS buffer containing KCl for 8 hours. The

concentration of KClis 2M.

6. BFBSFASNMENR BT EKCIHIPBSEARHSNET, KCIHIRE2M;

[0060]

7. Soak the material obtained in step 6 in PBS buffer containing Kl for 10 hours. The
concentration of Kl is 2M. Rinse with ddH<sub>2</sub>0 for 12 hours to remove residual PBS

buffer.

7. BRI BOAMSHNMELZETESKINPBSEARFLI0/NE, KIBREN2M, ddH<sub>2</sub>0i

SRR 12N BT B PBSER AR,

[0061]

8. Irradiate the material obtained in step 7 with 24 kGy gamma rays for 24 hours to kill any

bacteria and viruses that may be present.

8. FHBIFASHIMEIA24kGyTIER Y AR ST 2400, FRKFAIREFERNARENRES;

[0062]
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9. After pre-cooling the sterilized decellularized periosteum material obtained in step 8in a
freezer at -80°C, place itin a freeze dryer and dry for 24 hours, maintaining a vacuum of 1.5

mtorr, a temperature of -50°C, and a vacuum pump pumping rate of 195 L/min at 60 Hz.

9. KT RFAISHNNERAEEEMENE-80°CKTETULE, BMNLHTRIITIER24/ N, RIFES

E91.5mtorr, JRE-50°C, EXERMSEZE195L/min, 60Hz;

[0063]

The freeze-dried material obtained in step 9 was transferred to a grinder with a grinder
frequency of 60 Hz and a set time of 1 minute. After being frozen with liquid nitrogen, it was
ground into powder, passed through a 100-mesh sieve, and the freeze-dried tissue powder

was collected. The obtained particle diameter was about 150 um.

B RFMSHUATMEELIZEIIRER TR, HENMEN60HZ, REME1LSH, KRELK, HE

RX#IR, L1008 7mK, WEATARKR, FRRFKRIERL9150um;

[0064]

10. Soak the powder obtained in step 10 in 0.5M glacial acetic acid solution to prepare a bone
membrane ECM powder suspension containing 10% pepsin, and digest it at room

temperature for 48 hours.
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10. BT RI0FMFHHRZET0.5MAKEEEART, HIEE10%BEEABHNEERECMHEKER,

T H A8/ MY

[0065]

11. Centrifuge the suspension obtained in step 11 at 500 X g for 10min to remove impurities,
and then adjust the pH to about 7.4 with NaOH solution to obtain the periosteal ECM gel

material, which is stored at 4°C.

11, BFRBIIFFAIRR500 X g&Ei0 10min, ERRFHREANaOHARIFTIpHET 4ER, BMGEIR
ECMAEERA KL, 4°CIRTF

As shown in Figure 1.

NELFRR.

[0066]

Example 2: Preparation of scapular periosteum ECM gel derived from natural tissue

SEREGI2RIABLRFKIRAYE B & B IRECM ARV HI &
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[0067]

1. Use a blade to remove the muscles, fascia, and fat from the scapula of an adult pig, and cut

the scapular periosteum as raw material;

1. B7IRZIERAEREBIRE LR, BIRMEREFAR, YEBREBRENRERMEL;

[0068]

2. The decellularization process is the same as steps 2-7 in Example 1 above; wherein the
volume ratio of tributyl phosphate to deionized water in step 3 is 1%; and the processing time

is 12 hours.

2. BiZRRANIES BB ERSSEf 1 E2-7; ERSBRIPRIEIER = T is 5 X B F/KRUARILL

1%; SbIBEYE]12/)\6F;

[0069]

3. Irradiate the material obtained in step 7 with 40 kGy of gamma rays for 10 hours to kill any

bacteria and viruses that may be present.

3. R RTFAIENMEIRA0KGYFIERIVITELIRET10/0\EY, RARIREFERNARNHRS;
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[0070]

4. After pre-cooling the sterilized decellularized periosteum material obtained in step 8in a
freezer at -80°C, place it in a freeze dryer and dry for 24 hours, maintaining a vacuum of 1.5

mtorr, a temperature of -50°C, and a vacuum pump pumping rate of 195 L/min at 60 Hz.

4. BT BRFAIFINAERMAREFIRMEITE-80°CKIETUL G, MNLATIENTIR24NE, RIFET

E1.5mtorr, J2E-50°C, ETRHFEZE195L/min, 60Hz;

[0071]

5. Transfer the freeze-dried material obtained in step 9 to a grinder. The grinder frequency is
60 Hz and the time is set to 1 minute. After freezing with liquid nitrogen, grind it into powder,

pass it through an 80-mesh sieve, and collect the freeze-dried tissue powder.

5. BT BOFSIAETMHEEZBEMEST, HENIIRN60HZ, KEMNEILDH, SRELE,

RERKIAR, I80BHM, WEATAHRMK;

[0072]

6. Soak the powder obtained in step 10 in 0.3M glacial acetic acid solution to prepare an ECM

powder suspension containing 2% pepsin, and digest it at room temperature for 24 hours.
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6. BT EIOFASHIKIARIZETOIMKEE AR, HINEH2%EEABNECMMARER, BRH

16 24/)\8;

[0073]

7. Centrifuge the suspension obtained in step 11 at 500 X g for 10min to remove impurities,
and then adjust the pH to about 7.4 with NaOH solution to obtain the periosteal ECM gel

material. Store at 4°C.

7. BRFZRIIFSHARS00X g0 10min, ElR#RE/EANaOHBRIBTIpHET.4EG, BISEIE

ECMIZER ML, 4°CIRTE;

[0074]

Example 3: Preparation of femoral periosteum ECM gel derived from natural tissue

SEREFI3RAB LR IRI AL & B IRECMARRAVHI&

[0075]

1. Use a blade to remove the muscles, fascia, and fat from the femur of an adult pig, and cut

the periosteum of the femur as raw material;
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1. B7IRZIRAERERE LA, SRMESFAHR, YIRREERIENEME;

[0076]

8. The decellularization process is the same as steps 2-7 in Example 1 above; wherein the
volume ratio of tributyl phosphate to deionized water in step 3 is 5%; and the processing time

is 16 hours.

8. BiZRRAbIES IR LIRS hwf 1P E2-7; HRSBIPRIEIER = T is 5 X B F/KRUARILL

5%; RbIBAT|E] A 16/\E;

[0077]

2. Irradiate the material obtained in step 7 with 5 kGy of gamma rays for 48 hours to kill any

bacteria and viruses that may be present.

2. FHZBEIFASHMEIASKGYFIER YR AR T4/, KRR REFENARENRS;

[0078]
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3. After pre-cooling the sterilized decellularized periosteum material obtained in step 8in a
freezer at -80°C, place it in a freeze dryer and dry for 24 hours, maintaining a vacuum of 1.5

mtorr, a temperature of -50°C, and a vacuum pump pumping rate of 195 L/min at 60 Hz.

3. BRI BRI KERARERMEHE-80°CKIETRE, BMNRETIENTIE24, REFEST

EA1.5mtorr, ;2E-50°C, ETRHFEZE195L/min, 60Hz;

[0079]

4. Transfer the freeze-dried material obtained in step 9 to a grinder. The grinder frequency is
60 Hz and the time is set to 1 minute. After freezing with liquid nitrogen, grind it into powder,

pass it through a 40-mesh sieve, and collect the freeze-dried tissue powder.

4. BT BRFMSFBVETHEIRLZEIRESTD, AEVSIERN60HZ, RENEILDH, SRALE,

IR, T40B7HM, WEATFAHRNK;

[0080]

5. Soak the powder obtained in step 10 in 0.7M glacial acetic acid solution to prepare an ECM

powder suspension containing 15% pepsin, and digest it at room temperature for 72 hours.
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5. BRI RIFFSHIMARZEBTO.TMAKEERA RS, HINEE15%BEEAMIECMHRER, @

SET2/NET

[0081]

6. Centrifuge the suspension obtained in step 11 at 500 X g for 10min to remove impurities,
and then adjust the pH to about 7.4 with NaOH solution to obtain the periosteal ECM gel

material, which is stored at 4°C.

6. BT EIIFASRIRRS00X g0 10min, EERZREIEANaOHBRIBTIpHET.ALG, BIFEE

ECMIRERAM L, 4°CIRTZE;

[0082]

Example 4: Preparation of cross-linked growth factors from femoral periosteum ECM gel

derived from natural tissues

SEhEfI4RIAH L RIRRIAR B B IRECMA R I EE KA FHH &

[0083]

1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;
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1. BRI AN IR B E LRSI 1R P B 1-11;

[0084]

2. Add the periosteal ECM gel material obtained in step 11 to 2-morphine ethanol sulfonate
buffer (0.05M, pH 5.6) containing 0.4% EDC and 0.24% NHS (N-imine), and incubate at 37°C for

4 hours.

2. BSBIIFAEMNEEECMERMEIINE0.4%EDCHI0.24%NHS(N-TLAZ)892-15MHE Z B i B 42

% (0.05M,pH5.6), F37°CHfiEAE4h,

[0085]

3. Then immerse in 1 X PBS and shake at 100 rpm for 6 hours.

3. BEER&T1XPBS, 100rpmAERE76h,

[0086]

4. The material was then immersed in 4M NaCl and shaken at a constant speed of 100 rpm for

6 hours.

20-01-2026 - Page 39



4, BEREEMELRSET4AM NaCl, 100rpmAiRE76h,

[0087]

5. Then immerse the material in ddH20 and shake it at a constant speed of 100 rpm for 6

hours. After washing it clean, set it aside for later use.

5. FEERMELREFddH20, LA100rpmAlEE76h, HFT#EER.

[0088]

6. Add growth factor solution, 5 ng/mL VEGF (vascular endothelial growth factor) or 5 ng/mL
FGF (human fibroblast growth factor), incubate at 37°C for 24 h to obtain a gel collagen fiber

network of grafted growth factors, achieving a combination of specific functions.

6. MAEKEFARK, 5ng/mLVEGF(MERNEEKREF)H5ng/mL FGF(ARMLFEEKRATF), 37°C

W5 24h, REERERRAFRIRRRRAEMES, SSIMAFEINRENAS,

[0089]

7. Obtain the periosteal ECM gel cross-linked growth factor (such as VEGF, FGF) material and

store it at 4°C;
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7. BNEBRRECMEBRRBLEKEF(WVEGF,FGF) 1%t , 4°CIRTE;

[0090]

Example 5: Histological evaluation of femoral periosteum ECM gel derived from natural

tissues

SEREIS R AL LA KRB & B FEECMARAVAB LR F I

[0091]

1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;

1. BReApeR R NI B E LIRS fI 1R P B1-11;

[0092]

2. The material obtained in step 11 was subjected to histological evaluation. The results are
shown in Figure 2. HE staining showed that the decellularized femoral periosteum ECM gel
structure from natural tissue was intact, the cell nuclear components were completely
removed, and there were no cell debris residues. DAPI staining further showed that the cell

nuclear components were negative and the antigenicity was completely removed.
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2. FHZBRIIFFSHMELEITARFTN, SRWE2, HERGBETRRABRARFENEMAERE SR
ECMERETE, MREKRDTEEMN, TARERTRE; DAPIREH - RAMmZA T = A

tt, MREREITE2ER

[0093]

Example 6 Surface properties of femoral periosteum ECM gel derived from natural tissue

L6 R AL LA FRBVAR B B FRECM AR AR E £ 5

[0094]

1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;

1. BRI B E LRSI 1R B1-11;

[0095]

2. The periosteal ECM gel material and type | collagen gel obtained in step 11 were cured at 37°
C, cutinto gel particles of 5X5mm size, and then fixed overnight at 4°C in 0.1M phosphate

buffer solution (PBS) at pH 7.0 and 2.5% w/v glutaraldehyde.
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—

2. FHTRIFEINBRECMERME. | BRERIIE3IT°CEIML, HIA5 X S5mmA/NATERFIAL,

AIETEpHT.0890. IMBERRER 2 /AR (PBS), 2.5%w/vix—EEP4°CERIE IR

[0096]

3. On the second day, wash the sample three times in 0.1M PBS at pH 7.0 for 15 min each time,
fix it with 1% osmium tetroxide solution for 2 h, and wash it three times in 0.1M PBS at pH 7.0

for 15 min each time.

3. £IK, BFEHRETpHT.0890.1M PBSHEHE3XR, E/R15min, Bl UEHHEAREE2h, A

pH7.0f90.1M PBSHE#E3R, &/R15min.

[0097]

4. Dehydrate in a series of gradient concentrations of ethanol solutions (30, 50, 70, 80, 90, 95

and 100% w/v, 20 min).

4, ET—RYFBEXRENZEEA®R(30, 50, 70, 80, 90, 95F1100%w/v, 20min)=Ri7K,

[0098]
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5. Transfer the sample to a mixture of ethanol and isoaryl acetate (1:1 v/v) for 30 min, then

soak in pure isoaryl acetate overnight, and dehydrate with liquid CO_NERS5.

5. BREEBIZENZEEEEL: VVKESYH0mn, AEEAZHBEEESLIR, B
RZSCO<sub>2</sub>Ri K,
Subsequently, gold and palladium were sprayed onto the sample, and the treated sample was

observed using a scanning electron microscope (TM-1000, Hitachi, Tokyo, Japan).

Befm, Wi EE, HERREBE(TM-1000, Hitachi, BARR)MMIEEHERHTT M,
As shown in Figure 3, the decellularized periosteum ECM gel has a highly similar microfiber
arrangement to type | collagen, which is widely used in the preparation of composite

materials, and there is no significant difference in pore size at the same concentration.

SNEI3FrR, WPRTY IRAREBIRECMAERS ZNATESMEHIERI BRI, HGERTRS
EARMA, HBERET, fLIRXNEEZER

It allows cells to grow and spread within it.

] A TR RN E KL%
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[0099]

Example 7: Biocompatibility Analysis of Natural Tissue-Derived Femoral Periosteum ECM Gel

SEREGI T RABLFRAIAR T B IRECMBRIRB EVAERIE D

[0100]

1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;

1. B4R R RS BRF ERSCEGI IR D EL-11;

[0101]

2. Digest and resuspend bone marrow mesenchymal stem cells (MSCs) to a cell density of
2X10 cells/mL. Add the material obtained in step 11 to a 96-well plate and add 100 ul of

femoral periosteum ECM gel to each well.

2. BEEEFTETAM(MSCs)EX. ERE2X10<sup>4</sup>1/mLAMZE, KL ELIFRSHM

EHIANZE6FRF, SFLIMA1I00uAEERECMAR,

[0102]
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3. Add 100 ul of cell suspension to the gel and then culture for 1, 3, and 7 days.

3. EARRFIMANLIOOUAERR, AFEFL 3. TR

[0103]

4. For the cells from step 3, stain them with 1 mM live dye and 2.5 mg/ml propidium iodide (PI)
from the live/dead cell staining kit (BioVision, Inc.). Poorly functioning or dead cells will be

stained red, while live cells will be stained green.

4. FHP BT, RIEFRARAEILFTIZE(BioVision, Inc)R1ImMEZEIFN2.5mg/mlBEL A IE(PI)
HITRE, KSENFENMAP SR, ENMABRSTLE,
Fluorescence microscopy (excitation/emission, 488/518 nm) was used to detect stained live

cells; (excitation/emission, 488/615 nm) was used to detect stained dead cells.

RICEAMIR R/ A&SS, 488/518nm)iuIZREFMAE; (Bk/ &S, 488/615)KMIREILT A,

Three levels were randomly selected to count the number of surviving cells.

FENLER = M5 R I SRR E,
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[0104]

5. For the cells from step 3, add 100 pl of a mixture of CCK-8 and culture medium containing
10% CCK-8 reaction solution, incubate at 37°C for 2 h, and measure the optical density (OD)
value at a wavelength of 450 nm. The control group was treated in the same way without the

presence of hydrogel. Repeat the experiment for 3 groups.

5. XHZ B3P, MMAE10%CCK-8RMARICCK-8FIEAERSKRLOOU, 37°CTiEF2h, NE
A50nmiE KB E(OD)E, WMRAESEKEREFENE R TURENALIE, EE3AX
%o

The result is shown in Figure 4.

LR INE 4,

[0105]

Example 8: Angiogenic capacity of naturally tissue-derived femoral periosteum ECM gel

SEEHIS R AB LR KRV & B FEECMAE A HIBX I & BE

[0106]
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1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;

1. BReApeR R NI B E LRSI 1RP B 1-11;

[0107]

2. Human umbilical vein endothelial cells were digested and resuspended to a cell density of
1X10 cells/mL. 100 ul of matrix gel containing 100 ng/ml VEGF, 8 mg/ml type | collagen, and 8
mg/ml decellularized periosteal ECM gel was added to each well of a 96-well plate and gelled

at 37°C.

2. BABEIKARAMEKEREL X 10<sup>5</sup>N/ mLAMRZE, EI6CFLIRTMADSIEE
100ng/mlVEGF, 8mg/ml I2¢E[FEF8mg/mIfi = EECMERRMEFRER, BFL100ul, 37°CE

1Ko

[0108]

3. Add 100 pl of cell suspension to the hydrogel, incubate for 6 h, and then fix with 4%

paraformaldehyde.

3. TEKERFIANIOOUARERR, 1HFr6hia, M4%NZRAERETE,
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[0109]

4. Quantify tubular structures by counting the number of intersections between branches of

the endothelial cell network.

4. BIIHHRARARMNLE 32 BRI RBREEEREW.

[0110]

5. Five high-power fields under each condition were tested, and the experiment was repeated

in three independent cultures.

5. E/MFAETHSTBINRGHIT TN, FE=MEIIEFYPES LR,

The results are shown in Figure 5.

LR UNE 5P

[0111]

Example 9: In vitro spontaneous mineralization evaluation of femoral periosteum ECM gel

derived from natural tissues
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SO RSAA L RIRRIAR B B IRECMARBIAINE EH LiITM

[0112]

1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;

1. BABRER BRI IES BFE EAL G 1P S EL-11;

[0113]

2. Cure the material obtained in step 11 at 37°C.

2. FHBIIFFSBIMEIST CE{L,

[0114]

3. The cured periosteal ECM gel was immersed in a simulated human body fluid m-SBF
solution containing 100 pg/ml of polyaspartic acid (p-Asp) (1.67 X 10<sup>-3</sup>m CacCl2,
9.5 X 10<sup>-3</sup>m Na2HPO4, 150 X 10<sup>-3</sup>m NaCl), kept at a constant

temperature of 4°C, and shaken for 28 days, with the solution being changed every 48 hours.
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3. BEHEBRECMER ZEERRREL IR (p-Asp)100ug/mIBIIEIAA K& mM-SBF(1.67
X 10<sup>-3</sup>m CaCl2,9.5 X 10<sup>-3</sup>m Na2HP04,150 X 10<sup>-3</sup>m NaCl)

AR, [ER4°C, EH28K, B48/NRERER.

[0115]

4. Rinse all mineralized collagen gels with deionized water after the specified time has

elapsed.

4. FREW ERERREAZIEERERE, BESFKHRE.

[0116]

5. The mineralization of the samples was evaluated using micro-CT scanning, scanning

electron microscopy, transmission electron microscopy, and von Kossa staining.

5. XHBmicro-CTHE. FHIEBHR. B EFEMvon Kossaf2 &3 mHETTH LT,

The results are shown in Figure 6.

LR UNEI6FTR.

[0117]
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Example 10 Osteogenic activity of femoral periosteum ECM gel derived from natural tissue

LRI 10RAA LR FCRAVAR B B IRECMAIR I A B &

[0118]

1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;

1. BREApER RIS B E LRSI 1R P R1-11;

[0119]

2. Primary osteoblasts of the skull were seeded in 24-well plates at a density of 1 X 10<sup>5<

/sup>/well.

2. BAEMRAKEHAMLL X 10<sup>5</sup>/FLIVZE BT 24FLIR M.

[0120]

3. Type | collagen hydrogel (8 mg/ml), periosteal ECM gel (4 mg/ml), periosteal ECM gel (8 mg

/ml), and hydrogel-free incubation groups were placed in 24-well plates and cured at 37°C.
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3 | BREKER8Mg/ml, BIEECMER4Mg/ml, BERECMERSMg/ml, TXKERIEETEFHD

A E F24FLIRA37°CE1Lo

[0121]

4. Add osteogenic induction medium (OIC, 100 nM dexamethasone, 5 uM ascorbic acid, 1 mM

B-glycerophosphate) and incubate together, changing the medium every other day.

4, MANBXEFESIEFE(OIC,100n M ZERAL, SUMFTIFIER, ImM b-H HBEERRS) HENE , SiF—

%*ﬁ_;kiﬁo

[0122]

5. At 14 and 28 days, gently wash the cells twice with PBS, fix with 4% paraformaldehyde for
15 minutes, then treat with 0.5% v/v Triton X-100 for 10 minutes, block with 10% goat serum,

and then incubate overnight at 4°C with anti-Runx 2 antibody and anti-OCN antibody.

5. 1£14F028K, FAPBSIRRERMIEMNR, BA4%ZERPRETE1SDH, SAGHH0.5%v/v Triton x-

10020210938, F10%WFMERHE, AE4CEHTE: HRunx 2H1E. FTOCNIFT R,

[0123]

6. Wash the cells with 1 ml of PBS, repeating the washing process three times.
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6. FA1mlPBSIRAAME, HF3Ro

[0124]

7. Incubate the adapted secondary antibody at 37°C for 1 hour.

7. 3T°CHEMAT, WEENN"Hilh,

Stain with Rhodamine Phalloidin for 1 hour in the dark.

EEYERhodamine PhalloidinZ & 1h,

[0125]

8. Wash the cells with 1 ml of PBS, repeating the washing process three times.

8. ﬁﬁlml PBS;?E;%?HH@: 55‘55?12\3;%0

[0126]

9. After staining with DAPI for 10 min, wash the cells with 1 ml of PBS three times.
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9. DAPIZE10minfg, 1ml|PBSHEHRAAM, #HR3Ro

[0127]

10. Observed using an immunofluorescence microscope (Nikon Corporation, Minato, Tokyo,

Japan).

10, BEEFREXKIEEMEE(Nikon Corporation, Minato, HZASFHRF)ME,

The resultis shown in Figure 7.

LERWET,

[0128]

Example 11: Effect of naturally derived femoral periosteum ECM gel on the repair of skull

defects in rats.

K11 RIAA L KRN B B IRECMARRBIA R A RIIEE R

[0129]

1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;
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1. BReApER RN B E LRSI 1R P B 1-11;

[0130]

2. Eighteen SD rats aged 6-8 weeks (250£50g) were randomly divided into three groups

(control group, type | collagen hydrogel group, and periosteal hydrogel group).

2. EX18R6-8EUeAISDAER (250 50g)FEN D A3H (R, | BRIFKERA. BIRKERA).

[0131]

3. Anesthetize animals by intraperitoneal injection of sodium pentobarbital (50 mg/kg).

3. BRRES X ELLZN(50me/kg) FREETH4.
After disinfection, a skull defect model was created. The diameter of the bilateral full-
thickness critical-size skull defect was 4 mm (skull thickness = 0.5 mm, volume = 6.28

mm<sup>3</sup>).

HERITTAERIER, NNEEERFAXNDMEREEZA4mMm(FAEEE~0.5mm, {FiR~=6.

28mms<sup>3</sup>).
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[0132]

4. The control group was not filled, but the periosteal defects were filled with 8mg/ml type |

collagen hydrogel and 8mg/ml periosteal hydrogel.

4, MIRAFIET, F8mg/mlIBRFNKER. 8mg/mIE RKAERIAT B RRIFER L,

Then, the periosteum and scalp were sutured together with intermittent 4-0 nylon sutures.

Al FiElkray4-0E B L&iE 5B/ IRMKARK,

[0133]

5. Four and eight weeks after transplantation, animals were euthanized by CO_NER13 and the

skull was fixed in 4% paraformaldehyde.

5. #%1Ef54. 88, ACO<sub>2</sub>ZER4FchY), KL EBEETEI%ZEREN,

[0134]

6. The repair effect of the material was analyzed using micro-CT (Siemens Ineon, German
Esborne) based on the scanning method (voltage 80KV, current 500mA, isotropic resolution

14.97mm).
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6. RIFFDEAIU(REABOKV, BIHRAS00mA, BEEMESPERFNI4.97Tmm), KAmicro-ct(F’]
Flineon, TEERETRERE)MMEIREERRHAITT 21,

New bone formation was analyzed using Ineon ResearchWorkine 2.2 (Siemens).

X HAIneonResearchWorkine2.2(F& | ] F) B RHETT T 2.

The result is shown in Figure 8.

LR INES.

[0135]

Example 12: In vivo osteogenic repair effect of femoral periosteum ECM gel derived from

natural tissue

SKHEHI12RAB LSRRI B BRECMARIIE AN BIEEMR

[0136]

1. The decellularization and gelation processes are the same as steps 1-11 in Example 1 above;
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1. BReApE R RN B E LRSS fI 1R P B 1-11;

[0137]

2.1 mlof type | collagen and femoral periosteum ECM gel were subcutaneously injected into

the back of SD rats through a 26 mm needle.

2. Fiml | BRE. REBRECMAERDFIZ26mmitR FERNESDAREER.

[0138]

3. Skin tissue samples were collected on days 3, 7, 21, and 28, and the obtained tissues were

fixed in 4% (w/v) paraformaldehyde (PFA) for 24 hours.

3¢ BAlFEE3 7. 210 28RRERRALNITA, FIRIGHIBLREETEL%(w/v) SREAEE(PFA) 24

AN:

[0139]

4. After washing with PBS for 5 min X 3 times, dehydrate with 50, 75, 85, 95 and 100% ethanol

at consecutive concentrations, and embed in paraffin.
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4, PBSHEE5mMIinX3%jG, F50. 75. 85. 95. 100%ZBRiELRERIK, AEEIE,

[0140]

5. The paraffin sections were then cut into 7um thick pieces, and the obtained tissues were

analyzed by staining with hematoxylin and eosin (HE).

5. ARBAEETIRYIKATUME, B3 75 AR (HE) REMRIFARHITI

[0141]

6. Take rat heart, liver, spleen, lung and kidney for visceral toxicity assessment.

6. EUKEOME. B BB B, BHITARSEIT(E.

The resultis shown in Figure 9.

ZERUNE9,

[0142]

The natural tissue-derived periosteal ECM gel materials obtained in Examples 2-4 were

subjected to histological evaluation, surface property observation, biocompatibility analysis,
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and in vivo repair experiments. The results were similar to those of the porcine femoral
periosteal ECM gel materials in Examples 5-12. This indicates that by adjusting the reagent
concentration and treatment time determined after the above optimization, it is possible to
prepare natural tissue-derived periosteal ECM gel materials with similar effects. These
materials have good repair and regeneration effects and can be used as filling materials for

clinical treatment of bone defects.

X SEHE2-4FR SR ABLARIRB BRECMBRM B 2 3 HTALRF NN REMESMEREYE
BEDIRUBAMBERMEE KT, ERSEMGI5- 128K B RECMERM SR,
XREAR @ _ ERRIEHENHTIREM L IR BAVETE, SSIMMREMRIRIAHLHL KRN FIR

ECMAERAMFIEHIE, HASRFNEEBEMER, FLUFAIRK LS SRR,

[0143]

As can be seen from the above embodiments, the method for preparing the periosteum ECM
gel material from natural tissue sources provided by the present invention can induce
biological mineralization, has osteogenic induction activity, is beneficial to osteogenic repair
in vivo, and can also promote endothelial cell differentiation and promote angiogenesis in

Vivo.
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Specific functions can be combined through cross-linking agent modification and the addition

of growth factors.

2 TBRFNE AN £ KA F AN AT H S 45 E AR

It is a promising material for bone defect transplantation.

E—MRAEERNNERIBEMH,

[0144]

The above description is only a preferred embodiment of the present invention. It should be
noted that for those skilled in the art, several improvements and modifications can be made
without departing from the principle of the present invention, and these improvements and
modifications should also be considered within the scope of protection of the present

invention.
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