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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant

or financial decisions, should not be based on machine-translation output.

DESCRIPTION CN116328039A

A natural bone repair material with specific mineralization that can regulate inflammatory

metabolism, its preparation method and application

— M ENEER OB EN KERATBEMHRER S AMNA

[0001]

Technical Field
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ARG

[n0001]

This invention relates to a biomaterial, specifically to a natural bone repair material with a
specific degree of mineralization that can regulate inflammatory metabolism, its preparation

method, and its application.

KBRS R—MEYIMEL, BAESR—MrlEEIERSRSEN CERATEBEMERERE A

Mo

[0003]

Background Technology

BREEA

[n0002]

Repairing bone defects caused by fractures, diseases, or congenital defects remains an
important medical problem to be solved. With the acceleration of population aging, the

number of patients with bone defects caused by frequent orthopedic diseases is increasing.
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T, HRERERES ENBRRVEENMARHFRANEE LEE/RH, MaEADBEKHN
iR, BEERRINA 5| &R BRI EE NEARBTE N,

According to statistics, there are 3 million cases of bone defects in my country every year, and
2 million patients need bone repair materials every year. The actual usage of bone repair
materials is about 500,000 cases per year. The average price of bone repair products in the
Chinese market is about 2,000 yuan per person. Based on this, it is estimated that the actual
market for bone repair materials in China is about 1 billion yuan per year, and the potential

market size is about 4 billion yuan per year.

BB, REFRBNEERGIN300LG/F, SREMBNFEREZEZ200L6l/F, BBEFIRY
BERLITAELNS0RH/F, EFETTNEEEFmAITIHINEL72000T/A, EILNEER
FIEEMKILIRH7L9AE101Z7T/E, BEMZHIEL N401Z27T/F,

Meanwhile, large-area bone tissue defects in clinical practice are often caused by various
reasons such as bone trauma and bone tumor resection. This not only causes physical
deformities and various bodily dysfunctions in patients, but also has an adverse effect on their

mental health.

ERY, ImRLEAEREARRRZHTEL G EMBITIGRESMERERER, TMUEREE SR

BAZA0A 5 B MALAIIREREES, AN ERE RS ERIHE~ERNREN,
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Therefore, bone defects cause a huge socioeconomic and psychological burden, and there is
an urgent need for a domestically produced innovative bone repair product with biosafety

and therapeutic effectiveness to be launched on the market.

Eib, BERIFRENEN TIRANEZEFAEMEHRNE, SIA—REGEYL2ENETERERN

ErglHEEErTmLh.

[n0003]

For bone defect filling, the gold standard for bone defect repair materials currently used in
clinical practice is autologous bone grafting, which involves removing theiliac bone, fibula, or
ribs from the patient and transplanting them to the defect site. However, its widespread
application is limited by its disadvantages, such as limited bone sources, the need for
secondary surgery which increases the risk of postoperative infection and possible infectious

diseases, and increased economic burden on patients.

XFERGET, Bk LEERNESRIVEEMHESINENBREEE, BRETRELRSHIE
B HEBSIEUIRR, HBEIGRREA, REFEEREER. FERFAFHEM T REREMN
AIREEFYRRAI NG, IBIIBRENSFNBEFRS, RHlTHEN ZNA,

However, the most commonly used allogeneic bone in clinical practice also suffers from

limited availability and carries the risk of immune rejection and transmission of potential
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diseases. Meanwhile, recent cutting-edge research has found that in organ and tissue injuries,
especially those of the musculoskeletal system, excessive inflammation in the early stages of
injury may lead to delayed tissue repair or even failure to heal. Therefore, based on the filling
of bone defect repair materials, it is necessary to regulate the homeostasis of early
inflammatory cells to ensure long-term healing. Therefore, developing artificial bone with
properties similar to human autologous bone materials and the ability to regulate

inflammatory cells is the future development direction of the bone repair material industry.

Bl R ERFRZHRMFABEIFFERRERIRR, TEAREHFRNIMEREBERR
R, FEEY, EFERNFDERRMRLINBELALR NG, LEHEBINASKIRGY, RiAREANE
ERIERRESHANBELREEFTES, Att, EERVEEMEHETHNEM £, NHBIEFEAR
EARRSURIETIRAR G, R, HAAEES5ABFERKREREMEBMEIEH BB KEARREERE

AT ERERMBEEMAF L UREN LR,

[n0004]

Tissue-engineered bone, due to its wide availability and natural structure, can restore
biological functions to the greatest extent and avoid surgical failure caused by allogeneic
rejection and immune reactions. It has now become a regenerative medicine material for
tissue engineering research and clinical applications, attracting the attention and importance

of researchers. After more than 20 years of development, many revolutionary innovative
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studies and products have emerged, making the complete repair and regeneration of

musculoskeletal system tissues possible.

BLATIRBRE ZRIFEMRIALN, EBRAREEEREVEIE, FERREHFERERNSH
NFEARKRY, MERANARTIEFHRARIRKRNANBEEFZME, & KAARARAXENER,
L0 REFERRE, FARILITEEERCIFRARMN~ R, MTRERIRARARNTSEE
BET AR,

Decellularization, as a representative technique in tissue engineering, uses physical, chemical,
and biological enzyme methods to specifically and precisely remove immunogenic
components from foreign tissues or organs while preserving highly bioactive and functional
tissue structures, namely the extracellular matrix (ECM). Over the past decade, ECM materials
have demonstrated excellent organ/tissue regeneration and repair effects in complex organ
construction research (e.g., heart, lung, liver, kidney, etc.) and clinical product applications. In
recent years, xenograft bone implant products have been launched and used in clinical
practice. These products aim to reduce immunogenicity and promote bone repair by
removing immunogenic components from the natural bone matrix while retaining its three-
dimensional structure. Among the aforementioned inventions, patent application number
CN201210060651.0 discloses a method for preparing decellularized bone, which involves
preparing animal bone sheets, virus inactivation, defatting, decellularization, freeze drying,

cutting, shaping, packaging, and irradiation sterilization processes to obtain decellularized

20-01-2026 - Page 6



bone. Patent application number CN201910244264.4 discloses a homologous demineralized
bone material for nasal augmentation and its preparation method, which uses cortical bone
as raw material and performs degreasing and demineralization treatment to obtain the

demineralized bone material.

BRAPRENARTIEARMERA, ENAYIE. KF. EVEEELZE, IR, BHRERSMAE
LAHBERNEFRBERIENAD, FAMEREEESEEYEEMINEERNAREN, BIABINER
(ECM, Extracellular Matrix)o TEEETEE, ECMMRHEEZBEWEAR(FIa0: O, Fh. BT
fE. BIRF)NEARTmEAAEYRRERENEFEE/MARBEBENR, EFEK, EAERMEEAN
Famt, HEATIRK. ZEFmBIEGRRATELRNERREHADHRERATER=HIT
Re5H, LUREIRRREREMEHABSERENBN, TLREREARS, HESH
CN201210060651.0N R A% T —MEIEHARSHGZE, BEBEIHEER. REE. B
B, BidBRE. AT, &30, BB, 8ENERESIZERIRARSE. HESH
CN201910244264 AW EF| A% 7 —T AT 2NBEMIERNEMERY SR REGIESZE, URRE

TERREMEL, #HITRBERE L I2, FEIRRE .

[n0005]

However, the inventions mentioned above are either fully mineralized bone repair materials
with dense surface microstructures and weak cell adhesion, or completely demineralized

bone repair materials with poor mechanical properties and inability to form effective support.
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Furthermore, the inventions mentioned above cannot reasonably regulate the state of
inflammatory cells in the early stages of bone injury to achieve a more ideal bone repair

effect.

B8N RN ABRS el KEEBEME, REMEWERE, MREkMEE5S, NT2HT &1
Sk, NFEMRE, TEAERENMZE, I/, BN ERNAZRELESIEREE I REAKEN
FIRES, DUOAEIEMEANEREMR.

Therefore, it is necessary to prepare a natural bone repair material with a specific
mineralization that can regulate inflammatory metabolism, simulate the specific
microenvironment required for natural bone repair, and help suppress inflammation and

promote bone tissue repair.

FEFEH M AEERIERSHBSEN CERATEBEME, RINKABEEFMFZENREMIF

1%, BEITRAEG], (RHFAREE,

[0008]

Summary of the Invention

REAAE
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[n0006]

This invention addresses the shortcomings of existing technologies by providing a natural
bone repair material with a specific degree of mineralization that can regulate inflammatory

metabolism, along with its preparation method and applications.

IRAHIHMERANRE, RE—MEEERERHVSET KEXABEBEMRRERIESZEN
Rz

The material is an extracellular matrix with a specific mineralization formed after ultrasonic
decellularization and demineralization of bone tissue. It simulates the specific
microenvironment required for natural bone repair, which helps to suppress inflammation

and promote bone tissue repair.

Pk BB R B R R ARG B AR ET KEARINER, RINKRABEEMZEENRER

MR, BEITFRIENS], (EHFHNEE,

[n0007]

To achieve the above objectives, the present invention provides the following technical

solution:
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NEMERBR, SRFREUTRALZE:

[n0008]

This invention provides a natural bone repair material with a specific mineralization that can
regulate inflammatory metabolism. This material is a mineralized extracellular matrix formed
after ultrasonic decellularization and demineralization of bone tissue; the mineralization

refers to a calcium mass content of 10-20%.

A RPRIRH MR ENRNEET WEXRABEBEMH, ZMHABARBESERARME S

RYBIE CEEZBRRSNE BT ; PRI (LR A T5RIRE & £7910-20%.

[n0009]

Preferably, the bone tissue source is human-derived allogeneic bone tissue or xenogeneic
bone tissue from pigs, cattle, sheep, or horses; more preferably, xenogeneic bone tissue from

pigs is used.

ERMME, FIRNEARFERAARENEMEARALIE. . F. SRENEMHEAR, BME

B, RABKRNSMEASR,

[n0010]
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Preferably, the bone tissue types include cortical bone, cancellous bone, cartilage, and

composite bone of the above components; more preferably, epiphyseal bone tissue is used.

ERfiE, FRdBRLRBEBERRE. MRE. WERLERRINESSE, MiEl, XAEHSE

AR,

[n0011]

Preferably, bone tissue specifications include bone granules, bone blocks, bone strips, and

bone powder, with bone granules being the preferred choice.

ERfE, BALRHBEREE. BR. BFNEN, XN, XAEKL

[n0012]

A method for preparing a natural bone repair material with specific mineralization that can

regulate inflammatory metabolism includes the following steps:

— M ENEERECHBSEN KERATBEMHNGIES X, SFEUTSER:

[n0013]
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Natural bone is cut into bone slices and cleaned. The bone slices are processed into different
specifications and cleaned. They are then disinfected, degreased, decellularized, and
specifically demineralized until the calcium content is 10-20%. Finally, they are cleaned and

tested for residues, freeze-dried, packaged, and sterilized.

BRABYIBINERHESR, BERAMIERARNAEHBER, SITHSAE. BELE. BRARL
B, JERN LIEESHREREN10-20%, #HITREFAAHLNZE, #H1TATHNEE, #HITK

-+
Ho

[n0014]

Preferably, the process of taking natural bone, cutting it into bone pieces, and cleaning it
involves taking fresh natural bone, removing most of the attached bone and flesh, cutting the
epiphysis, cortical bone, or cancellous bone into bone pieces of appropriate size, and cleaning
the bone pieces with a cleaning solution after cutting to remove most of the blood and bone

marrow from the bone pieces.

ERIE, FRRREXRABTIBIRERHER, BifN: BESENRAE, EFHELRBAEDE
N, K& REEHLAREENGENRNER, VEIRMERBEARELAER, SHEEHLEX

2853 BV MR A & BEo
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[n0015]

Preferably, the natural bone is human-derived allogeneic bone tissue or xenogeneic bone
tissue derived from pigs, cattle, sheep, or horses; more preferably, xenogeneic bone tissue

derived from pigs is used.

ERE, FIRNRABRAARENRMEAR[NIE. F. F. SHKENFMHEAHR, BRER,

RABFRNSMEAL,

[n0016]

Preferably, the above-mentioned cutting methods include bone sawing machines, oscillating
saws, semi-automatic cutting machines, CNC machine tools, high-pressure water jet cutting

machines, etc., with bone sawing machines being the preferred choice.

ERfE, ERNFANEEESN. BB, FEIIEWL. CNCEEENIR. SEKTIIFNEA,

iy, RAEE.

[n0017]
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Preferably, the above cleaning methods include high-pressure rinsing, vibration cleaning,
spray cleaning or ultrasonic cleaning, etc., with high-pressure rinsing being the preferred

method.

ERE, EREFERAAABESERL. K7ER BINEANBEEELAS, MiER, XRASEH

o

[n0018]

Preferably, the cleaning solution includes purified water, ultrapure water, water for injection,

physiological saline, phosphate buffer, etc., with purified water being the preferred choice.

ERE, ERFRREFMAMWK, BLAK. E5RAK, EEEK BEREPRSE, 0L, RAH

17K,

[n0019]

Preferably, the process of processing bone fragments into different specifications and

cleaning them specifically includes:

ERfiE, FridpvR & Il TRARBIMEFHEE, BiEA:
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[n0020]

Bone fragments are processed into bone granules, bone blocks, bone strips, or bone powder.
Preferably, bone granules are used. After processing, the surface of the processed productis

cleaned with a solution to remove bone debris and residual blood and bone marrow.

BERMIAERL. &R BFER, EN, XA, MIRkERBEREEINIKRESmE

HREENAFNMR. &8

[n0021]

Preferably, the above processing methods include cutting, stamping, crushing, etc.

EREE, ERMIAAESETR. HE. HEFHI

For bone strips, bone blocks, and bone granules, preferably, a cutting process or a stamping
process is selected. Cutting equipment can include bone saws, oscillating saws, semi-
automatic cutting machines, CNC machine tools, high-pressure water jets, etc., while
stamping equipment can include stamping machines. More preferably, a bone saw is used.
For bone powder, preferably, a pulverizing process is selected. Depending on the different
particle sizes of the bone powder, jaw pulverizers, rotary grinders, grinding machines during

cutting, disc grinders, etc. can be used. More preferably, a rotary grinder is used.
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HpxF&&. R BhL, MR, aRURITZ8HETIZ, EIRERAEE. FE. ¥+
BEptIEIN. CNCEUEAR. BEKTIF, HERERAFEN, BENER, XAESH; XNT&
¥, kR, EEMETZ, REFRNEMAIE, IXRAIMUNIEN. TeseUHEN. TIZINHE

. BNAENE, BENES, RAREIREN

[n0022]

Preferably, the above cleaning methods include high-pressure rinsing, vibration cleaning,
spray cleaning or ultrasonic cleaning, etc., with high-pressure rinsing being the preferred

method.

ERNE, EREFERAAANBESERL. K7ER BINEANBEEELAS, MiE, XASEH

o

[n0023]

Preferably, the cleaning solution includes purified water, ultrapure water, water for injection,

physiological saline, phosphate buffer, etc., with purified water being the preferred choice.

ERfiE, ERERRETFLMK. BAK. AN EEHK. BRETRSE, ik, RBM

ko
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[n0024]

Preferably, the disinfection treatment, degreasing treatment, decellularization treatment, and

specific demineralization treatment are as follows:

ERfik, FrRpESAIE. BASIE,. BRI, SER BE, BiFi:

[n0025]

The processed product is disinfected with disinfectant solution, then cleaned with cleaning
solution. The disinfected product is degreased with degreasing solution, then cleaned with

cleaning solution. The degreased product is then decellularized, then cleaned with cleaning
solution. The decellularized product is then decalcified to reduce the calcium content to 10-

20% by mass, and finally cleaned with cleaning solution.

RESRBEMIAEN o THSAIE, S EBERMERFELRER, BREREESEN~ R
TR IR, BREAMESEREABRRE R, BRI mETiiAmAE, RARLETNER
BEARET, BERARLEENFmETRIGNE, ErmiSBERREISHRESEN10-

20%, BRfSRIESERfERERRIA .

[n0026]
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Preferably, the disinfectant solution includes 75% ethanol, isopropanol, hydrogen peroxide,

and potassium permanganate solution; more preferably, 75% ethanol is used.

ERMME, FIRBESREETSNZE. RRE. d8ka. SEBRHAR, Lk, RATS%Z

B2,

[n0027]

Preferably, the disinfection treatment method includes mechanical stirring, constant
temperature shaking, and ultrasonic high-frequency oscillation, with ultrasonic high-
frequency oscillation being the preferred method; the disinfection conditions are a
temperature not higher than 37°C and disinfection for 1-24 hours, with disinfection for 4-8

hours being the preferred method.

ek, FrRpHSLEANEENMEHN. [ERERKE?. BESMR7, MiEN, XRAEBES

$iRS%; FRRECHERMERGIWREERSTIT°C, JHEL-24/NBT, ik, jHE4-8/M\T,

[n0028]

Preferably, the degreasing solution includes one or more of ethanol, sodium hydroxide,
hydrogen peroxide, acetone, methanol, chloroform, petroleum ether, and n-hexane, with

ethanol being the preferred choice.
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ERfiE, FRdmBRiEREECEE. S8 kM. IR E. RiE. Fiz. K. AhEt. ECkPs

—MESM, ER, RAZE.

[n0029]

Preferably, the degreasing treatment method includes mechanical stirring, constant
temperature shaking, ultrasonic high-frequency oscillation, etc., and preferably, ultrasonic
high-frequency oscillation is used; the degreasing treatment conditions are a temperature not

higher than 37°C and degreasing for 2-72 hours, preferably degreasing for 6-24 hours.

ERfik, FrdpVBRisb B A NEENMEHE. [ERERRS. BESMIRZE, kR, XAES

=R ; PRI M IERH REARET37°C, BifE2-T2/EY, LiERY, BiAE6-24/\8Y,

[n0030]

Preferably, the decellularization solution includes one or more of Tritium-X100, sodium
deoxycholate, sodium dodecyl sulfate, sodium dodecylbenzene sulfonate, and sodium fatty
alcohol polyoxyethylene ether sulfate. Preferably, a combination of Tritium-X100 and sodium

dodecyl sulfate is used, and the mass concentration of the decellularization solution is 0.5%
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-2.5%. More preferably, the mass concentration is 1.0%-2.0%. The decellularization treatment
method includes mechanical stirring, constant temperature shaking, and ultrasonic high-

frequency oscillation. Preferably, ultrasonic high-frequency oscillation is used.

fERffiE, FridpIBRdiRE &R E1FETrition-X100. AREABERIN. + IeBEMRERTN. + IiBEIREEERN.
FEREE R A O IGBMAER IV PRI — a2, |, (UERY, KMATrition-X100. +ZhEMERNAS, B
ARRAIEREN0.5%-2.5%, BRERN, RARERENL0%-2.0%; FRRRAARLES

BENWHE. ERERRT. BESMRT, WX, XRABEBIMIRZ.

[n0031]

Preferably, the decellularization treatment conditions are a temperature not exceeding 37°C

and a decellularization time of 2-72 hours, with 24-36 hours being the most preferred.

ERRE, FRBRARRAERE REARSTIT°C, BHAEME2-72/\6, iERY, KA24-36/\87,

[n0032]

Preferably, the specific demineralization treatment uses a decalcification solution, which
includes ethylenediaminetetraacetic acid (EDTA) or similar chelating agents, calcium
chelating agents such as citric acid, succinic acid, and heparin, as well as formic acid, acetic

acid, citric acid, propionic acid, hydrochloric acid, phosphoric acid, nitric acid, and sulfuric
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acid. The decalcification solution can be used alone or in combination. Preferably, EDTA is
used with a mass concentration of 2-20%, more preferably with a mass concentration of 8-
15%. 17. According to claim 9, a method for preparing a natural bone repair material with
specific mineralization that can regulate inflammatory metabolism is characterized in that:
the demineralization treatment includes mechanical stirring, constant temperature shaking,
and ultrasonic high-frequency oscillation, preferably ultrasonic high-frequency oscillation;
the demineralization treatment conditions are a temperature not higher than 37°C and

decalcification for 0.1-24 hours, preferably 10-60 minutes.

ERME, FrRpVsSEmRE QIE, RARGR, RISREREZRNIBRIXMESTIRIEMY. 1T
SER. IRINER. RFIHESHINRR. ZR. fv5ER. REKR. HER. BER. WHER. R, PR
RRE—ERANASER; MEs, RBZZRUZER, REREN2-20%, BMRERN, RARER
FE8-15%17. RIFENFIERIFTARR—FAIEIE R B EN KERATBEMHIRIE S
&, HYIEET: FridpIiR MBS N EENMEH. [EREXRR7. BESMK7, MiEn, XA

BRI, Ry LBFENEEARSTIT°C, BiF50.1-24/h8F, kR, RFA10-6053 %,

[n0033]

Preferably, the cleaning method using the cleaning solution includes immersion cleaning,
agitation cleaning, running water rinsing, spray cleaning, ultrasonic cleaning, or high-pressure

water gun rinsing. Preferably, ultrasonic cleaning is used.
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ERfiE, FRRNABEARBANANEERRER. K75k FkRR. BKEE BEFRNK

BREKEAL, ks, RBBEBEL.

[n0034]

Preferably, the cleaning solution used for cleaning includes purified water, ultrapure water,
water for injection, physiological saline, and phosphate buffer. The cleaning solution can be
used alone or in combination; preferably, purified water is used. The cleaning time before
decalcification is 1-72 hours, preferably 6-12 hours; the cleaning time after decalcification is 6-

72 hours, preferably 24-60 hours.

ERE, FrRBARRRERNERRETRANK, Bk, E5TAK. EEEK. BERRETR,
FRRERRAI S —ERBrIASMEA, ERY, RAANK; RSAEFEREN1-T2),

IRy, KA6-12/\8Y, Aif5aMIBTER/E/EtRTEIN6-T2/N\EY, iERY, KRFA24-60/\8Y, o

[n0035]

Preferably, the process involves freeze-drying, packaging, and sterilization, specifically:

ERfE, #ITATNEER, #1TKE, Bifn:
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[n0036]

After decalcification and cleaning with a cleaning solution, the product is placed in a freeze-

drying mold and freeze-dried. The freeze-dried product is then packaged and sterilized.

ReBR 5B A BB R A AR mBNATIRASR, #1705 TIRIEE, RETEINSmET
BENKE.
[n0037]

Preferably, the material of the freeze-drying mold should be heat-conducting and not affect
the product characteristics, including 316L stainless steel, alloy steel, medical glass, etc., with

316L stainless steel being the preferred material.

ERfiE, EREAFRENMRNSSH. AR~ mfsE, 2E316LAFEN. a2W. ERKE

FMB, KRy, RA316LAHW.

[n0038]

Preferably, the above-mentioned packaging should be non-toxic, not affect product
performance, and meet sterilization requirements, including materials such as paper-plastic

bags, blister packs, Tyvek paper, plastic bags, plastic bottles, and glass bottles. The above
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packaging materials can be used alone or in combination. Preferably, paper-plastic bags and
blister packs/Tyvek paper are used in combination, with the paper-plastic bag as the inner

packaging material and the blister pack/Tyvek as the protective packaging.

ERE, ERBENTEE. AWM~ miteBRERENER, SERER. REZ. I8
4. BRI, R, BIEREME, U LeEMH R RRERSASEER, ik, RARBRN

REBZ/MFRRAASHER, RERFNANEM, REZ/FIRIEARIPEEE.

[n0039]

Preferably, the sterilization method includes moist heat sterilization, ethylene oxide

sterilization, or irradiation sterilization, etc., preferably, ethylene oxide sterilization is used.

ERfiE, FRRNRKEANEEEALAE. FMAEJK(KEHERBAES, ik, XAREIK
KEFo
[n0040]

Application of a natural bone repair material with specific mineralization that can regulate

inflammatory metabolism in mice and human bones
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— M ENEERIERHBSEYN KERATEBEMEETNERAEE LHNA

[n0041]

This product was used to treat bone defects in mice and humans, and its ability to regulate

inflammatory metabolism and promote bone repair was verified.

BarmBT NERAMEF RS, FRIEHREIERHNESEERN

[aYay

73e

[n0042]

The above verification includes material performance characterization, verification of
selective permeation principle, transcriptomics and metabolomics analysis, and verification

of the therapeutic effect of in vivo regulation of inflammatory metabolism.

EREIEABBIEMEHERRRIE. RS BREWIE. BREAEAD . EERBERERRET

RIS,

[n0043]

The beneficial effects of this invention are:
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RPN B R

[n0044]

1) The present invention provides a natural bone repair material with specific mineralization
that can regulate inflammatory metabolism. It has surface charged groups that can achieve

selective penetration of metabolites, thereby regulating inflammation.

1) RN —MEIERE ENRNEET KEXRABEEMK, HEARATHEEHR, AJXRIA

HIRDERIESE, MR A,

[n0045]

2) The present invention provides a natural bone repair material with specific mineralization
that can regulate inflammatory metabolism, which has surface collagen residues that can

promote cell adhesion.

2) R ERR A —F Al EE RIERHBSEN KEXRATEBEME, EAGREREAE, Fl{edH

REAGHT

[n0046]
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3) The present invention provides a natural bone repair material with a specific mineralization
that can regulate inflammatory metabolism, which has a significant bone repair promoting

ability.

3) A KRR MM —F A AE RIER SRS EY KEXASEBEMFH, HAGEENREEE-E.

[0050]

Attached Figure Description

P 1352 B

[n0047]

To make the objectives, technical solutions, and beneficial effects of this invention clearer,

the following figures are provided for illustration:

NTERRANBR. IARGENE@BRENBRE, SABRHLITHEZITIRHEA:

[n0048]
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Figure 1 shows the histological, fluorescence staining, DNA, collagen quantification, electron
microscopy, and CT characterization of the natural bone repair material with specific
mineralization that can regulate inflammatory metabolism in Example 1 before and after
processing. The results show that the DNA content is extremely low after processing, the
collagen content is almost unchanged, and the structure is well preserved, indicating that the
processing process fully removes immunogenic substances and retains the target

components.

El1 ARG RIEE RERSRSEN CEXRABTEBEMRENIAENARF. KIERE.
DNA. RIFREE/REBIR. CTRIE, ETMIEDNAZERK, REEE/LFFE. EREFTH,

RN TR D AFREREMER, HERET BRI,

[n0049]

Figure 2 shows the cytotoxicity test and selective permeability verification of the specific
mineralization natural bone repair material with adjustable inflammatory metabolism in
Example 1. It shows that cell proliferation is almost unaffected, inflammation is suppressed,
and the permeation of substances such as glucose and lactic acid is selectively restricted,
indicating that the product has low cytotoxicity and selective permeability of energy

substances such as glucose and lactic acid as well as anti-inflammatory ability.
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B2 SEhE ) 19 Al EIE RIER SRS EN LERA SR EMENARSE X EFIEETR IR
IE, BTRAERRIBEILFAREM, RESEIG, FNEEE. LRFVRINEIRERERS], B

B mdEStR, FEEEERE. LRIFEEYHRIEEESBEEAMRIENFIE.

[n0050]

Figure 3 shows the metabolomics and infrared analysis of the selective permeation of the
natural bone repair material with specific mineralization that can regulate inflammatory
metabolism in Example 1. It shows that amide-type pro-inflammatory substances are not
easily permeable, while carnitine/glycerophospholipid anti-inflammatory substances are
easily permeable. The selective permeation ability of this material is concentrated on
restricting the passage of positively charged substances. This ability is related to the carboxyl

negatively charged groups exposed after decellularization and demineralization.

B3 SEhE R 19 Al R KIER SRS EN LERA B EMENEREEENNBAD T SLI5 7
i, ERBRESEEAMRAZED, AR/ HRBERNAYMZEY, SMARERESEENETR

FIRHEIFERYET, XTaeH SHAET FRENRENEEREX,

[n0051]

Figure 4 shows the transcriptomic-metabolic analysis of the ability of the natural bone repair

material with specific mineralization that can regulate inflammatory metabolism in Example 1
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to regulate cellular inflammation. It shows that inflammatory cells have metabolic
characteristics of high pentose phosphate pathway, low tricarboxylic acid cycle, and low fatty
acid oxidation. After the inflammatory metabolism regulation of this material based on
selective permeation, the pentose phosphate pathway, tricarboxylic acid cycle, and fatty acid
oxidation metabolism levels of inflammatory cells returned to normal, indicating that this

material has a significant ability to regulate inflammatory metabolism.

B4 SEhEf) 189 Pl RIE RAE RSBV EN WERA B EME N TARKEFITEE R R-RGE
BRE7h, ERXEAREESHERIESRE. R=RREN. RIEHRASMINEIE, madsd
MEETRFESENRENREER, REARBERIERE. ZRREIR. BIERAELREK

FIREIER, WA AR EZMNRIEREIRITEEN.

[n0052]

Figure 5 shows the regulation of the transcriptional levels of inflammation-related proteins in
mouse bone repair by the specific mineralization degree of the natural bone repair material
with adjustable inflammatory metabolism in Example 1. It shows that the expression levels of
II-6, Nos2, Tnfa, Il1b, and Cd86 genes were significantly downregulated compared with the
bone injury control group, indicating that this material has the ability to regulate bone repair

inflammation at the level of animal experiments.
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E5 8355 10 el A R ER SIS EN CEXRABRBREMEITNESBENRERXERERK
FRVAE, ERI6. Nos2. Tnfa. Illb. CAS6EFAEFRAKFHEMNFEIRAXBAHEZTIE, iHEH

AHE BB AT BB E KRR,

[n0053]

Figure 6 shows the regulation of inflammation-related indicators in human bone repair by the
specific mineralization degree natural bone repair material with adjustable inflammatory
metabolism in Example 1. It shows that the levels of white blood cells, neutrophils and C-
reactive protein at 1 week and 12 weeks after surgery were significantly lower than those of
the control group medical device, indicating that the material has the ability to regulate bone

repair inflammation at the human trial level.

El69 LR 1B AT EIE KIER SRS EN LERABEEME X AFEEE R RIERXIEITHIE
2, ERARIE. R2BANBAE. PIEHARMCRNE QKRN T RAETSEMYEET

B, WEAAMEIES AMFIRIKTFREEE RIEREE.

[n0054]

Figure 7 shows the bone repair promoting effect of the natural bone repair material with
specific mineralization that can regulate inflammatory metabolism in Example 1 on human

bone repair. It shows that the bone implant degradation rate and new bone formation rate of
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the control group medical device increased significantly 12 weeks after the operation,

indicating that the material has the bone repair promoting ability at the human trial level.

Bl 7ASEHER 1R A RE RERSIREN CERABEEMHMAFEREN BT RERHBRNS
r, BRARBL2EENTFHBAETRHNESENERBRENRSTAEEE LF, HAXMER

BAFRIK TR BIEEEST.

[0059]

Detailed Implementation

BiAaLERl

[n0055]

The following detailed description, in conjunction with embodiments, illustrates a natural
bone repair material with a specific degree of mineralization that can regulate inflammatory
metabolism, its preparation method, and its application, but these descriptions should not be

construed as limiting the scope of protection of this invention.
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TELE S RGN 4 &R R — e MERNEET CEXRABBEMR REG &5 AN

FEITIFARNER, ERFEIEEIIER NN LBARIPEENRE,

[n0056]

Example 1: Preparation of bone granules with specific mineralization that can regulate

inflammatory metabolism from porcine epiphyseal bone.

SEREfIL. FERRE IR E HI&E AEE IERSRSEN (CE B

[n0057]

Step 1: Take natural bone, cut it into bone pieces of suitable size, and clean it as follows:

TERL. BRABVIRINGEMEIERFHER, BUTAINHT:

[n0058]

Take fresh natural pork bones, remove most of the attached bone and meat, cut the epiphysis
into appropriately sized bone pieces, and clean the bone pieces with a cleaning solution to

remove most of the blood and bone marrow.
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BUEERRAE S, ERELMINARSERN, BEthIBIRESEMBER, YEITRERER
WERER, EEER LEXERS MR &R
The above cutting method uses a bone saw, the cleaning method uses high-pressure rinsing,

and the cleaning solution uses purified water.

ERNBFARBES, BRLARABERRE, FABRRBLAELK.

[n0059]

Step 2: Process the bone fragments into different sizes and clean them, as follows:

TR BERMIKRARERIMEFHER, BLUTAIVHT:

[n0060]

Bone fragments are processed into bone particles of different sizes. After processing, the bone
debris, residual blood, and bone marrow on the surface of the processed product are cleaned

with a solution.

BERMIRARMASER, MITHERRREANIEE~mRANESERZAEFNNR. &

Ao
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The above processing method uses a bone saw, the cleaning method uses high-pressure

rinsing, and the cleaning solution uses purified water.

ERMIHIRABEEN, BRBIKABEAR, FARKBAELK,

[n0061]

Step 3, disinfection, degreasing, decellularization, and specific demineralization, shall be

carried out in the following manner:

T3, HEAE. BEELE. RARLE. FERY LB, BUTHI#HT:

[n0062]

The processed product is disinfected with disinfectant solution. After disinfection, it is washed
with solution. The disinfected product is degreased with degreasing solution. After
degreasing, it is washed with solution. The degreased product is decellularized. After
decellularization, it is washed with cleaning solution. The decellularized product is then
decalcified to reduce the calcium content to the required level. After decalcification, it is

washed with cleaning solution.
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FESREMIAEN~RHITHEHSRIE, ESVIETRERARER, AR ESEN~ M
1TRRRERNIE, RiRERMIBSERERARED, MR~ mETRABIE, RARLIETRERER
BRET, BRARLGERNFmHETRIGAE, FraiESBERR2FERIKT, RISAETN
[ERERARE .

The above disinfectant uses 75% ethanol, and the disinfection method is ultrasonic high-
frequency oscillation. The disinfection conditions are a temperature of 35°C and a disinfection

time of 4 hours.

ERHEFRRABISNZEE, BELEAFAXRAEBEESMIRT, BESLEFRGEEN35C, HEH)
B,

The above degreasing solution uses ethanol, and the degreasing treatment method is
ultrasonic high-frequency oscillation. The degreasing treatment conditions are a temperature

of 32°C and a degreasing time of 5 hours.

ERBRRERRAZEE, BEERELIRABERSIRT, RIELERAHEEN32°C, RS/,
The above decellularization solution uses a combination of Tritium-X100 and sodium dodecyl
sulfate, with a concentration of 1.0%. The decellularization process employs high-frequency
ultrasonic oscillation, and the decellularization conditions are a temperature of 33°Cand a

duration of 24 hours.
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EARBRARRR KA Trition-X100. +Z/REMERINA S, MHAMKIIRENL.0%, RAMLIER
XABEEIMRT, RARLIERSEEN33°C, BRABE24/6,

The above decalcification solution uses ethylenediaminetetraacetic acid (EDTA) at a
concentration of 2%. The decalcification treatment method is ultrasonic high-frequency
oscillation. The decalcification treatment conditions are a temperature of 36°C and a
decalcification time of 10 minutes. The decalcification treatment target is a calcium content of

15%.

FRBAESRRAZ RN ZER(EDTA), REHN2%, , RBLAEAXRABESIRT, HISGER
HRE36°C, Bii5l07%H, RS IEBRARATEEE15%.
The above cleaning method uses ultrasonic cleaning, purified water as the cleaning solution,

and the cleaning time is 6 hours.

EREFRBLIRABERFR, BRRRAANK, FXRIEARA6,

[n0063]

Step 4, final cleaning, is performed as follows:

20-01-2026 - Page 37



TR4. KEgEk, HUTHHT:

[n0064]

The decalcified product is then rinsed with a solution until all reagent residues reach the

specified limits.

RIS B AR mARRHITREE R, EEMERFINEEAEIMENRE,
The above cleaning method uses ultrasonic cleaning, the cleaning solution uses purified

water, and the cleaning time is 24 hours.

EREFRBLIRABEREFR, ERERRFALNK, FRTERA24/N,

[n0065]

Step 5: Perform freeze-drying and packaging, followed by sterilization, using the following

methods:

ZES. #TATHEE, #HITKE, HUTAHT!

[n0066]

20-01-2026 - Page 38



The cleaned product is placed in a freeze-drying mold and freeze-dried. The freeze-dried

product is then packaged and sterilized.

RRARENFmBNATIRAER, HITOFETIREE, FETRIFAHTEENKE.

The freeze-drying molds mentioned above are made of 316L stainless steel.

ERFEFIRERB316LREN.
The above packaging uses a combination of paper-plastic bags and blister packs/Tyvem
paper, with the paper-plastic bags serving as inner packaging and the blister packs/Tyvem as

protective packaging.

ERRERBRESMNMLEZ/FIRRAGHER, RERFARNEM, REZ/AFTRFARPIEER

i

o

The above sterilization methods include sterilization with ethylene oxide.

ERRELNEERBRA IR KE.

[n0067]
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Example 2: Preparation of specific mineralization bone filaments from porcine cortical bone

that can regulate inflammatory metabolism

SERERI2. HERIRE KRB SR RENRNEET KEEL

[n0068]

Step 1: Take natural bone, cut it into bone pieces of suitable size, and clean it as follows:

TEL. BRABYIRIEEMERIE R HE%R, BUTAIVHET:

[n0069]

Take fresh natural pork bones, remove most of the attached bone and meat, cut the skin bone
into bone pieces of appropriate size, and clean the bone pieces with cleaning solution to

remove most of the blood and bone marrow.

BGREERRAE R, REELFIMNASOER, BERSVIEINGSEMRNE R, VEITRERE
wRERER, ERER EXRESHIMLIENEEE.
The above cutting method uses a bone saw, the cleaning method uses high-pressure rinsing,

and the cleaning solution uses purified water.
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ERBGARBEEN, BRDIARABEAR, FARRBELK,

[n0070]

Step 2: Process the bone fragments into different sizes and clean them, as follows:

TR BERMIKRARERIMEFFER, BLUTFAIVHT:

[n0071]

Bone fragments are processed into bone filaments of different specifications, with a length of
about 1 mm to about 100 mm, a width of about 0.1 mm to about 10 mm, and a thickness of
about 0.05 mm to about 1.5 mm. After processing, bone debris and residual blood and bone

marrow are removed from the surface of the processed product by cleaning with a solution.

BEANMIEARMREL, KELYIMMELY100mm. BELH0.ImmEL10mm, EEL0.05mm
FA1.5mm, MIFERERSREAMNIAE™RRANSERZEFNLE. B8k,
The above processing method uses a bone saw, the cleaning method uses high-pressure

rinsing, and the cleaning solution uses purified water.
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ERMTAARBES, FRALARABERGRE, FARRALAELK,

[n0072]

Step 3, disinfection, degreasing, and specific demineralization treatment, shall be carried out

in the following manner:

SR3, HELE, BELE. FERY AE, BUTHEIHET:

[n0073]

The processed product is disinfected with disinfectant solution. After disinfection, it is
cleaned with solution. The disinfected product is then degreased with degreasing solution.
After degreasing, it is cleaned with solution. The degreased product is then decalcified to
reduce the calcium content to the required level. After decalcification, it is cleaned with

cleaning solution.

FRHESRBEMIAEN i TESAIE, S BRMERARER, AREREEERNS mit
1TRRAENIE, MRREEERERARE., MERMNTmHATHGAE, FrmiatERREER

HOKF, BisSAMETeR/ERE A RE .
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The above disinfectant uses 75% ethanol, and the disinfection method is ultrasonic high-
frequency oscillation. The disinfection conditions are a temperature not higher than 37°C and

a disinfection time of 8 hours.

ERHERRATSNZEE, HELBEAAXAEESIK, HELEFHMBEEARSTITC, H
F8/)\EY,

The above degreasing solution uses ethanol and sodium hydroxide, and the degreasing
treatment method is ultrasonic high-frequency oscillation. The degreasing treatment
conditions are a temperature of 30°C and a degreasing time of 24 hours. The above
decalcifying solution uses hydrochloric acid, and the decalcification treatment method is
ultrasonic high-frequency oscillation. The decalcification treatment conditions are a
temperature of 35°C and a decalcification time of 50 minutes. The decalcification treatment

target is a calcium content of 16%.

ERBREERRABZENSSLW, RIELESNRBERSIMIRT, BiELERHSEEN30°C,
AifE24/ 0Bt ERBRESRRAEER, BSHIEAXNRABESMIR7, RISMIEREEEN
35°C, Ri$5500%, RisSRMIERIRATSEE16%,

The above cleaning method uses ultrasonic cleaning, purified water as the cleaning solution,

and the cleaning time is 12 hours.
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EREFXRGRBEREFR, BB, BANEINRA12/,

[n0074]

Step 4, final cleaning, is performed as follows:

TR4A. KEFxk, BUTHIHT:

[n0075]

The decalcified product is then rinsed with a solution until all reagent residues reach the

specified limits.

AR5 B R~ mAAREITRER R, EEFRERFINARREIMENRE,
The above cleaning method uses ultrasonic cleaning, the cleaning solution uses purified

water, and the cleaning time is 60 hours.

EREBEFRGIRAEREFR, ERBERRFALNK, FETERA0/NT,

[n0076]
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Step 5: Perform freeze-drying and packaging, followed by sterilization, using the following

methods:

ZES, #TATHEE, #HITKE, HUTAHHT!

[n0077]

The cleaned product is placed in a freeze-drying mold and freeze-dried. The freeze-dried

product is then packaged and sterilized.

RRARENFmBNATRAR, HITOFETIRRE, FETRIFRHITEENKE.

The freeze-drying molds mentioned above are made of 316L stainless steel.

EREFEARA3LI6LAHEN,

The above packaging uses medical packaging bottles.

EFREEXRAEREREER.

[n0078]
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Example 3: Preparation of bone powder with specific mineralization that can regulate

inflammatory metabolism from human-derived cortical bone.

SEREFI3. AKIRE KRB G EIEEXENRIEET CEEN

[n0079]

Step 1: Take natural bone, cut it into bone pieces of suitable size, and clean it as follows:

TEL. BRABYIRIEEMERIE R HE%R, BUTAIVHET:

[n0080]

Take fresh, natural human bones, remove most of the attached flesh and bone, cut the bone
into appropriately sized pieces, and clean the bone pieces with a cleaning solution to remove

most of the blood and bone marrow.

BGREENRAANE, RERELFAMNASOER, BERESVIEINGSEMRNE R, VEITKERE
wRERER, ERER EXRESHIMLIENEEE.
The above cutting method uses a bone saw, the cleaning method uses high-pressure rinsing,

and the cleaning solution uses purified water.
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ERBGARBEEN, BRDIARABEAR, FARRBELK,

[n0081]

Step 2: Process the bone fragments into different sizes and clean them, as follows:

TR BERMIKRARERIMEFFER, BLUTFAIVHT:

[n0082]

Bone fragments are processed into bone powder of different specifications, with a particle
size of lum-1mm. After processing, the bone debris, residual blood, and bone marrow on the

surface of the processed product are cleaned with a solution.

BERMIEARMMEER, AfElum-1mm, MNIRKERBRERNIHEE=RRENEERTE
EFRmMR. i
The above processing method uses a rotary grinder, the cleaning method uses high-pressure

rinsing, and the cleaning solution uses purified water.

ERMTAIURANEFRAEN, FABNKASERR, BRRKBALK,
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[n0083]

Step 3, disinfection, degreasing, and specific demineralization treatment, shall be carried out

in the following manner:

T3, HEAE, RAERE. FERY BE, BRUTA#HT!

[n0084]

The processed product is disinfected with disinfectant solution. After disinfection, it is
cleaned with solution. The disinfected product is then degreased with degreasing solution.
After degreasing, it is cleaned with solution. The degreased product is then decalcified to
reduce the calcium content to the required level. After decalcification, it is cleaned with

cleaning solution.

FESRRBMIAEN~m#TESAIE, SR ETNERARER, ARERR SRS mit
1TRAAER0IE, BRREMBSTRERARETE, BIEE~mEtTRISAE, FrrmiNSSERREIHR
BT, RS IBTERkfE RIS RIE o

The above disinfectant uses 75% ethanol, and the disinfection method is ultrasonic high-
frequency oscillation. The disinfection conditions are a temperature of 37°C and a disinfection

time of 6 hours.
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EREFSHRRABISNZE, BSMEAFAXRABESIMET, BESLEFGEEN3TC, HE6/)
B,

The above degreasing solution uses ethanol, and the degreasing treatment method is
ultrasonic high-frequency oscillation. The degreasing treatment conditions are a temperature

of 36°C and a degreasing time of 12 hours.

ERBRRERRABZEE, BIELELARBERESIRZ, BRAIELEFHEEN36°C, Aifg12/)
B,

The above decalcification solution uses hydrochloric acid, the decalcification treatment
method uses ultrasonic high-frequency oscillation, the decalcification treatment conditions
are a temperature of 36°C, decalcification time of 60 minutes, and the decalcification

treatment target is a calcium content of 18%.

ERBRES R R ARER, RGBS RABERESIRT, RISAEFRHEEN36°C, Bii56077
T, ARESIERATATEEE18%.
The above cleaning method uses ultrasonic cleaning, purified water as the cleaning solution,

and the cleaning time is 8 hours.
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EREFXRGARBERF, BRRRAANK, FXRiIEARA8N,

[n0085]

Step 4, final cleaning, is performed as follows:

FR4. KgFk, BUTHINHT:

[n0086]

The decalcified product is then rinsed with a solution until all reagent residues reach the

specified limits.

RS IBER mARREITRER R, EEFMERFIINARREIMENIRE,
The above cleaning method uses ultrasonic cleaning, the cleaning solution uses purified

water, and the cleaning timeis 30 hours.

ERBEFXRGARBEREFR, ERBERRFALANK, FrERA30/,

[n0087]
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Step 5: Perform freeze-drying and packaging, followed by sterilization, using the following

methods:

ZES, #TATHEE, #HITKE, HUTAHHT!

[n0088]

The cleaned product is placed in a freeze-drying mold and freeze-dried. The freeze-dried

product is then packaged and sterilized.

RRARENFmBNATRAR, HITOFETIRRE, FETRIFRHITEENKE.

The freeze-drying molds mentioned above are made of 316L stainless steel.

EREFEARA3LI6LAHEN,

The above packaging uses medical packaging bottles.

EFREEXRAEREREER.

[n0089]
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Example 4: Preparation of bone granules with specific mineralization from porcine epiphyseal

bone that can regulate inflammatory metabolism

SchEfl4. BEHRIREIRE I ETIEERERNSBEEY KE S

[n0090]

Step 1: Take natural bone, cut it into bone pieces of suitable size, and clean it as follows:

TEL. BRABYIRIEEMERIE R HE%R, BUTAIVHET:

[n0091]

Take fresh natural pork bones, remove most of the attached bone and meat, cut the epiphysis
into appropriately sized bone pieces, and clean the bone pieces with a cleaning solution to

remove most of the blood and bone marrow.

EGREERRAE R, RERELFIMNASSERA, BEHRVIBINESEMRNE R, YEIERERER
wEEER, &R LRSS MR S8,
The above cutting method uses a bone saw, the cleaning method uses high-pressure rinsing,

and the cleaning solution uses purified water.
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ERBGARBEEN, BRDIARABEAR, FARRBELK,

[n0092]

Step 2: Process the bone fragments into different sizes and clean them, as follows:

TR BERMIKRARERIMEFFER, BLUTFAIVHT:

[n0093]

Bone fragments are processed into bone particles of different sizes. After processing, the bone
debris, residual blood, and bone marrow on the surface of the processed product are cleaned

with a solution.

BERMIKAEMEEH, MITKERAREAMIAESmRENEERZFHNNLR. &
8o
The above processing method uses a bone saw, the cleaning method uses high-pressure

rinsing, and the cleaning solution uses purified water.

ERMIBIRABEEN, BRLIKABEAR, FARKBAENLK,
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[n0094]

Step 3, disinfection, degreasing, decellularization, and specific demineralization, shall be

carried out in the following manner:

T3, HEAE. BAERE. BRARLE. FERY BE, BUTAR#HT:

[n0095]

The processed product is disinfected with disinfectant solution. After disinfection, it is washed
with solution. The disinfected product is degreased with degreasing solution. After
degreasing, it is washed with solution. The degreased product is decellularized. After
decellularization, it is washed with cleaning solution. The decellularized product is then
decalcified to reduce the calcium content to the required level. After decalcification, it is

washed with cleaning solution.

FRESERBMIAEN~ i TESAIE, S ETRERARER, ARERRESENS mit
ThAERN R, BRAs BRI RARE R, BN mETIHARLE, RARLETRERER
ARE, BiRARLIEENSEHTRGAE, FrmiEBERREIFEERNKT, RISLETR

[ERBE AR E
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The above disinfectant uses isopropanol, and the disinfection method is constant
temperature shaking. The disinfection conditions are a temperature of 35°C and a disinfection

time of 24 hours.

ERESRFARRE, HELEAAXRBERERIKRT, HELEFHRENZ5C, HE24/)

The above degreasing solution uses ethanol and sodium hydroxide. The degreasing treatment
method is mechanical stirring. The degreasing treatment conditions are a temperature of

35°C and a degreasing time of 70 hours.

ERBRRE R RAZEME AN, RAERIES U RANME, BRAELERMGIVNEEN35°C, Bifs
70/1\BY,

The decellularization solution used was sodium dodecylbenzenesulfonate with a
concentration of 2.5%. The decellularization process employed high-frequency ultrasonic

oscillation at a temperature of 35°C for 72 hours.

R R A+ e AR TEER TN, BRARRRRATIREN2.5%, B IE S TR AiEE Sk

7, BARRAERMAREN35°C, BT/,
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The above decalcification solution uses ethylenediaminetetraacetic acid (EDTA) at a
concentration of 20%. The decalcification treatment method is ultrasonic high-frequency
oscillation. The decalcification treatment conditions are a temperature of 36°C and a
decalcification time of 20 hours. The decalcification treatment target is a calcium content of

10%.

ERBSSRRAZ _RRIMZER(EDTA), REN20%, , RIBAEANRABESMIRT, AR
FHREN36°C, Bis520/NeY, BifSIEETATEEE10%,
The above cleaning method uses ultrasonic cleaning, purified water as the cleaning solution,

and the cleaning time is 8 hours.

EREFXRGARBERF, BRRRAANK, FkiIEANRA8N,

[n0096]

Step 4, final cleaning, is performed as follows:

TR4A. KEgFk, BUTHIHT:

[n0097]
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The decalcified product is then rinsed with a solution until all reagent residues reach the

specified limits.

RS BER mARREITRER R, EEFMERFINARREMENIRE,
The above cleaning method uses ultrasonic cleaning, the cleaning solution uses purified

water, and the cleaning time is 60 hours.

EREFRGIRABEREFR, ERBERRFALANK, FETERA0/T,

[n0098]

Step 5: Perform freeze-drying and packaging, followed by sterilization, using the following

methods:

SES. #TATHEE, #HITKE, HUTAHT!

[n0099]

The cleaned product is placed in a freeze-drying mold and freeze-dried. The freeze-dried

product is then packaged and sterilized.
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RAAENFmBNATEAER, #HITLORTIRRE, BETRIFRHITEENX

B

o}

The freeze-drying molds mentioned above are made of 316L stainless steel.

FRFEFIRERA3ILIELAREW,
The above packaging uses a combination of paper-plastic bags and blister packs/Tyvem
paper, with the paper-plastic bags serving as inner packaging and the blister packs/Tyvem as

protective packaging.

EFRERRARBRMREZ/FIRRASER, RERFANEM, REZ/AFDEFARPIER
Ax

<o

The above sterilization methods include sterilization with ethylene oxide.

ERTEANEERARAZLRKE.

[n0100]

Histological, fluorescence staining, DNA, collagen quantification, electron microscopy, and CT
characterization of the natural bone repair material with specific mineralization that can

regulate inflammatory metabolism before and after processing in Example 1.
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N~

BLRF. RICHE. DNAL

\

LR 1Ry AT E RIERSRSEN CERAFEEMEHEMN IRIEY

RIFREENMBHR. CTRIE

[n0101]

1. Perform tissue sections on the materials before and after processing, and stain them with

H&E, DAPI, Masson, and collagen | respectively.

1. BIIeiEmME#HITARYE, DA#THAERE. DAPIRE. MassonF . RIRIRE.

[n0102]

2. The DNA content and collagen | content of the materials before and after processing were

measured respectively.

il

2. FINIRENMED5MNEDNASERRIRIE

[n0103]

3. Perform scanning electron microscopy and Micro-CT scans on the materials before and

after processing, respectively.
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3. BIIRIERNMED R EITHEEBRRERMicro-CTHN,

[n0104]

4. The results showed that the DNA content of the material was extremely low after
processing, the collagen content remained almost unchanged, and the structure was well
preserved, indicating that the processing effectively removed immunogenic substances and

retained the target components.

4, ERETHMEINIEONAZERIR, RRSE/LFAE. SRFREFRH, RANIIRERD AR
RRRER, HRETBIRNSD,

As shown in Figure 1.

SNE L,

[n0105]

Cytotoxicity test and selective permeability verification of the natural bone repair material

with specific mineralization that can regulate inflammatory metabolism in Example 1

LR 1R RTEE RIERSRVSEN KERATEBEMHINARS IR Sk EFE 1SS e 5IIE
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[n0106]

1. Add the material extract to the macrophage cell culture medium, measure the cell
proliferation within one week and observe it under a fluorescence microscope, and measure

the glucose and lactic acid content in the supernatant.

1. BmEERRRMAN ERARAREsTE, NE—RANAREERRHHITRICEHIENERE, WE

LEAERNIRSE,

[n0107]

2. Place the materials on the Transwell chamber and measure the upper chamber

concentrations of GSH, Glucose, Spemidine, and Lactate, respectively.

2. BMEE#EIEF TranswelUNE L, S3MEGSH. Glucose. Spemidine. LactateRy EZERE,

[n0108]

3. The results showed that cell proliferation was almost unaffected, inflammation was
suppressed, and the permeation of substances such as glucose and lactic acid was selectively
restricted, indicating that the product has low cytotoxicity and selective permeation ability of

energy substances such as glucose and lactic acid, as well as anti-inflammatory ability.
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3. ERETMBILENLFAREN, REREHG, FNEEME. ALBRFVRANEIHRIEEFER
&, WEAMARSMER, AEERERE. LRFEEVIREFRESEENMRIEDNHEES.

As shown in Figure 2.

SNE2,

[n0109]

Metabolomics and Infrared Analysis of Selective Permeation of Natural Bone Repair Material

with Specific Mineralization that Can Regulate Inflammatory Metabolism in Example 1

SEhEf 1B RIEE R AEUHESEN KERABEEMHINERIESBENNRA DT S a1

[n0110]

1. Metabolite analysis was performed on the supernatant of the material, and metabolites

with different properties were clustered.

1. FEIMER BT, IREERAEIHITRSE,

[n0111]
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2. Analyze the ionization ability, charge properties, molecular weight, and other indicators of

each cluster.

2. PINBETHENEREESN. BEMER. 2FEKR/NFiETR.

[n0112]

3. Perform infrared spectroscopy on the material to analyze the main functional groups.

3. WMEBEITAINGERN, DiFEBREREE.,

[n0113]

4. The results show that amide-based pro-inflammatory substances are not easily permeable,
while carnitine/glycerophospholipid-based anti-inflammatory substances are easily
permeable. The selective permeability of this material is concentrated on restricting the
passage of positively charged substances. This ability is related to the carboxyl negatively

charged groups exposed after decellularization and demineralization.

4. BTREREERRYMRAZEE, WR/HEBmERNAYMZEL, AMHERESEENEFT

[REFIEBYBEY, XMEENSHARAE GRERRENBEREEX,
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As shown in Figure 3.

SNE3,

[n0114]

Transcriptional-metabolic analysis of the ability of the specific mineralization-based natural
bone repair material with modulatory inflammatory metabolism in Example 1 to regulate

cellular inflammation.

SERE 1R BYRHEE RIE RSB EN (CER AT EBEME TARXIERTENIIRR-SHAEKS

vagil

[n0115]

1. RNA was extracted from inflammatory cells exposed to the material, and their

transcriptome changes were analyzed.

1. BMEER TRIREAREEITRNARR, DITHERAT N,

[n0116]
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2. Metabolic mass spectrometry was performed on inflammatory cells under the influence of

the material to analyze their metabolomic changes.

2. FMEHER TRAEARSITRRYBIERT, SHERHEAZK,

[n0117]

3. Combine transcriptomics and metabolomics analysis to describe changes in overall cellular

metabolic pathways.

3. FRRASNHERITIRG O, MAARBAERGERZ L,

[n0118]

4. The study showed that inflammatory cells exhibited metabolic characteristics of high
pentose phosphate pathway, low tricarboxylic acid cycle, and low fatty acid oxidation.
However, after the inflammatory metabolism was regulated by this material based on
selective osmosis, the levels of pentose phosphate pathway, tricarboxylic acid cycle, and fatty
acid oxidation in inflammatory cells returned to normal, indicating that this material has a

significant ability to regulate inflammatory metabolism.

20-01-2026 - Page 65



4. ERKXEARBESHEBIEER. R=RKREF. RIEHRACHASE, MEdtsmEE
TEFEESNRENEREE, KEMARIBRIESRRR. —REREF. BhRSLAEKTRE
IE®, REASME AR BRERNRIEREHEEET .

As shown in Figure 4.

SNEA.

[n0119]

The regulation of the transcriptional level of inflammation-related proteins in mouse bone
repair by a specific mineralization-based natural bone repair material capable of modulating

inflammatory metabolism in Example 1.

LR 1Ry RTEE RIESRVSEN CERATEBEMERTNEBEENRIEEXEARRKTH

b

[n0120]

1. Construct a mouse bone defect model and implant the materials and control instruments

into the mouse bone defects.
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1. WENBRERERE, FiR R REMMEEN R F iR,

[n0121]

2. Cells were extracted from bone defect sites in mice, RNA was extracted, and gPCR detection

of inflammation-related genes was performed.

2. REUVNE BERIRERAIZARE, FREXRNAFH#HITRIEARXERE qPCRIEN,

[n0122]

3. The expression levels of II-6, Nos2, Tnfa, [l1b, and Cd86 genes were significantly
downregulated compared to the bone injury control group, indicating that this material has

the ability to regulate bone repair and inflammation at the level of animal experiments.

3. BRI-6. Nos2. Tnfa. Il1b. CA86EEFREKFHENFEMHBNIRAEE T, HEBARME A
ARk T EEE KRR,

Figure 5.

SNElS.

[n0123]
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The regulation of inflammation-related indicators in human bone repair by a specific
mineralization-based natural bone repair material with modifiable inflammatory metabolism

in Example 1.

SERER LAY RTEE RIEFCSBVEN CERABREMEN AMEBEE RN R ERX ISR

[n0124]

1. Conduct clinical trials, implanting the material and control device material into the bone

defect site of the patient.

1. #HTIEARIRLE, R RS EHEN B8 B iRERMIL

[n0125]

2. Continuously monitor the patient's peripheral blood leukocytes, neutrophils, CRP and other

inflammation-related indicators.

2. FEmNEBEINAMAZE. PERAR. CRPERIEMEXIET.

[n0126]
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3. The results showed that the levels of white blood cells, neutrophils, and C-reactive protein
were significantly lower at 1 week and 12 weeks post-operation compared to the control
group of medical devices, indicating that this material has the ability to regulate bone repair

and inflammation at the level of human trials.

3. B RARFLIA. 12BAMBE4ME. PIEARMCKR NERKFAEN T RAETBMSEE TR,
WEAARMEL RS AMAIRIK TR EEE RIEREES.

Figure 6.

gNEl6.

[n0127]

Analysis of the bone repair promoting effect of the specific mineralization degree natural
bone repair material with modifiable inflammatory metabolism in Example 1 on human bone

repair.

SEhEfI 1R REE R RS EN KEXRABREMHN AEEBENTEERHAMRN I

[n0128]
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1. Conduct clinical trials, implanting the material and control device material into the bone

defect site of the patient.

1. #HTIEARIRLE, R RS RFHEN B8 B iRER L

[n0129]

2. CT data of patients will be analyzed 12 weeks after surgery to detect bone repair.

2. RR12AMNBECTHRIEBHITOM, WNBBER,

[n0130]

3. The results showed that 12 weeks post-operation, the bone implant degradation rate and
new bone formation rate of the medical devices in the control group were significantly higher,

indicating that the material has the bone repair promotion capacity at the human trial level.

3¢ ETRARLREENTFHRAETBMOSENYRRRINNELREREZ LA, HEBASMEAES
ANERZKFREEEERE .

FigureT.
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SNET,

[n0131]

The specific mineralization natural bone repair materials with modifiable inflammatory
metabolism obtained in Examples 2 and 3 were subjected to histological, fluorescence
staining, DNA, collagen quantification and electron microscopy, CT characterization,
cytotoxicity test and selective permeability verification, selective permeation metabolomics
analysis and infrared analysis, transcriptomic-metabolic combined analysis of the ability to
regulate cellular inflammation, and detection of the regulation of the transcriptional level of
inflammation-related proteins in mouse bone repair. They have similar technical and
biological effects to the specific mineralization bone particles with modifiable inflammatory
metabolism prepared from porcine epiphyseal bone in Example 1. This indicates that specific
mineralization natural bone repair materials with modifiable inflammatory metabolism can
be prepared and applied through other bone tissue sources, types, specifications and other

processing methods.

XSEREfI2. 3FRSRY AR R EMNVEEN WEXRABEBEMR D IHITARE. THRE.
DNA. RIFEERHBIR. CTRIE. ARSMEHEIEFEEIRNWIE. EFEESBEHREAD T
545t NTFARRIERERENNER-RSARS SN, WNEEEENKERXELRRK

FRYEERN, S55EHE61PERREfREH & A RECHRSEY KE B AGEMER AR
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RMEVRR, XRATET EREMBARANRR, KB, MRLEMMNTAI, aTEERERRN

FEN CEXRABEEMHNGIENRA,

[n0132]

The above description is only a preferred embodiment of the present invention. It should be
noted that although the present invention has been described in detail through the above
preferred embodiments, those skilled in the art should understand that several improvements
and modifications can be made without departing from the principle of the present invention.
These improvements and modifications should also be considered as the scope of protection
of the present invention and do not depart from the scope defined by the claims of the

present invention.

U EFR X B A& PRRILIESSIES TV, MHiEt, RERIS ERUELHES ELXN A LBEHIT T 154
BUER, (ERRARTIIAIRARAG RN HIERE, EAREARLPRRENRT, KR EFouH

M, XEHARIR B AR LZRIRIFEE, TMREALBRNFERBEARERSEE,
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