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DESCRIPTION CN111481678A

A nanomaterial targeting the acidic blocking region of osteoclasts and its preparation method

— s IR B ARRER T H A X BRI R ERI& 5 A

[0001]

Technical Field

ARG
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[0002]

This invention belongs to the field of bone tissue drug therapy, specifically relating to a

nanomaterial targeting the acidic blocking region of osteoclasts and its preparation method.

KNRPRBRTBRRLYT I, BT R—Mit s MRt AX AR R R E SI&TS

o

[0003]

Background Technology

BEREEA

[0004]

Osteoporosis is a global chronic disease that can lead to severe bone loss and fractures,

causing suffering and a significant decline in quality of life for patients.

BERAMER—TMEIXENBIEERR, AISBTENSRARMEH, NERESHRES, £ERE™

BT
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Abnormal activation of osteoclasts in bone tumors and bone metastases can also lead to

osteoporosis and pathological fractures.

FIERMEESEEPNKREARFE S EANSAKREARREEL, SIERERENR, NMSER
Bt EH.

Currently, the main treatments for abnormal osteoclast activation include bone resorption
inhibitors such as calcium, vitamin D, calcitonin, bisphosphonates, and estrogen, and bone
formation promoters such as fluoride, anabolic steroids, and parathyroid hormone. Although
these treatments can affect osteoclast function or slow the disease progression by promoting
bone formation, they are difficult to completely inhibit bone loss because the acidification

and bone destruction caused by osteoclasts are irreversible.

BRI EAEREENRET EERGN. HERD. BI5ER. ZHERE. WHERFIHIERINE

584y, GREERE. BRSIRARFREBTIRE, XERTT A ARAT UMK EARAIINEE

g
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AT ERIEERRIZ, EXUSTEIRITRRR, EAREAMRSENBRENERRITER

BIERY,
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Acidification of the osteoclast-bone interface is the root cause of bone mineral dissolution
and organic degradation during osteoporosis. Therefore, there is an urgent need to develop
new materials that precisely target the acidic blocking zone of osteoclasts to prevent

abnormal osteoclast activation.

REARS SEMRFENRLE S REERRB ST AR ENERIRR, RItBFERLHIE

S IR EARRER T H A X MM a R & AR = S LRI

[0005]

There is a wealth of nanomaterials available for drug therapy of bone tissue, including
liposomes, polymer nanoparticles, silica particles, and nanocoatings. These nanomaterials

can achieve therapeutic effects through specific targeting and drug release methods.

BFEARTYSTTRRMETDFE, TEEERE. BEWHRKTL. —SMETRIRAKIR
B, XEGuEKMRe] LUEE —E RVEE R A A 2R E TR EIa TR

In the treatment of osteoporosis, these nanomaterials can target bone tissue and affect
osteoclast function in a certain way. However, common materials often have problems such

as inaccurate targeting, insignificant efficacy, and large drug toxicity. Patent application
number 201710283530.5 discloses a method for preparing dual-targeted drug-loaded

nanoparticles with lipid-polymer for osteoporosis, which enhances the targeting effect of the
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drug and reduces its side effects. Patent application number 201710841290.6 discloses the
application of pH-responsive nanomaterials in the preparation of drugs for preventing
osteoporosis and bone resorption, which utilizes pH-responsive graphene oxide, chitosan or
hydrogel to selectively inhibit osteoclasts. These patents optimize the delivery or release

process in certain aspects.

AT BRBMMERE, XERRMEETLUARIERETHR, HU—ER NS ARINsER(E
A, BRELNMHELINERFEH. WBEFEE. AYSEERAFRE. HFIFSH
201710283530.5M9F M A T —MA T BRI RH AR MNAE-BESWHIE77E, MET
ZYRVEE R R LUB D ESYIRVEIER .  BR1ES/9201710841290.6R9Z F AFF T —HpHIBN 44K 44
FHERIE R A BRI RIRAY RN A, FApHINESMARK. TRESRBER

INHIR F AR, XELTFE—ELEE LMK T EXIRBIIE,

[0006]

However, existing materials still cannot solve two problems at the same time: the precision of

osteoclast targeting and the physiological nature of the drug.

{BEEERIMEHNZAYE LR RS R FI Rl BIAR B 4RREEE AR e SRR LR £ IR,
In the progression of osteoporosis, bone destruction caused by bone resorption by mature

osteoclasts is an important aspect, but other cell-mediated bone repair and homeostasis
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maintenance are also very important aspects. Therefore, appropriate osteoporosis treatment
materials should have the ability to target bone tissue, especially acidified osteoclasts, in
circulation. At the same time, materials used for targeting and pH response should be widely
used in clinical practice or be substances commonly found in vivo. Meeting the above two
points can achieve the inhibition of osteoclasts while minimizing the toxic side effects on
other cells, thereby achieving a better effect of resisting bone resorption and promoting bone

formation.

EBRRMERRIEHESR, RAREARERINSENE RN EEEN—HH, BEEMARN

BERENRSHEFBR+IERN—FHE. FHit, SENERELATMAN AR ERIF

40
=

FAHR, THRRUKEAMRER, R, BTEaMpHERBIMRINTEIRR LM ZERS A%
NEIYIER. & LEARR, AKX EARaIIGImE MR~ R AIRRNEEIER, MM

REERBTEREAE BRI R,

[0007]

Summary of the Invention

RARE

[0008]
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This invention addresses the shortcomings of existing technologies by providing a

nanomaterial targeting the acidic blocking region of osteoclasts and its preparation method.

RERBHHMERANRE, RE—IHREARERIEH AKX BRI RERI& G A,
Bone-targeting is achieved through commonly used clinical drugs, and the chemical reaction

simultaneously achieves precise targeting and functional inhibition of osteoclasts.

B IeRERAYEITEER, HiEdWF RN EER RS AREaEELEE S Thae i,

[0009]

To achieve the above objectives, the present invention provides the following technical
solution: a nanomaterial targeting the acidic blocking region of osteoclasts, comprising
nanomaterials, bone-targeting molecules, and compounds that chemically react with the
acidic region of osteoclasts; after modifying the nanomaterials with bone-targeting
molecules, the compounds that chemically react with the acidic region of osteoclasts are
encapsulated; the nanomaterials are encapsulable and modifiable nanomaterials; the bone-
targeting molecules are molecules with a clear affinity for bone tissue; and the compounds
that chemically react with the acidic region of osteoclasts are weakly basic or neutral

bicarbonate salts.
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NEMERER, FEBRHEUTRALGRE: —Mi NSRBI AKX, SRR
B BERD FHNRESARBREKINTENFRNBNLEY);, WPRMERHITEERD FEIE,
BHMREARER XA ENFRNBUEY); FRRBVARMEI A8 R, FAHEIRBIARAEL; Fh
RBERD FANBAREERBFN NS F, RN NREMAMERIEKIESENFE RN

BSR4 RER SRR,

s

[0010]

Preferably, the nanomaterial is a liposome, polymer nanoparticle, or mesoporous silica

particle.

ERMIE, FrRge ikl nBsRiAs. BEYVIZKBRIS T LA AR

[0011]

Preferably, the bone-targeting molecule is a tetracycline, phosphonate, or aspartic acid

polypeptide sequence.

ERE, FMABERD FAMRKFE. BREIREIUERERZIKFS.

[0012]
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Preferably, the compound that can chemically react with the acidic region of osteoclasts is
sodium bicarbonate, potassium bicarbonate, or ammonium bicarbonate, wherein the sodium

bicarbonate is 1 mol/L sodium bicarbonate.

ERE, FRART I ESARERIEKIE~E M F RS NREREM. MRS, Wik

X
Bl
oHY

g
R

ARBIFRER 25979 1mol/LAVERER 2 $H.

h}

[0013]

A method for preparing nanomaterials targeting the acidic blocking region of osteoclasts, the
method specifically comprising: cross-linking a loadable and modifiable nanomaterial with
bone-targeting molecules, dissolving it with lecithin and cholesterol in chloroform,
controlling the pH value to 8.0-8.4, magnetically stirring and cross-linking at room
temperature for 24-72 hours, thinning it in a rotary evaporator, then adding the solution to be
loaded for shaking hydration, ultrasonic emulsification, and dialysis; wherein the molar ratio

of the loadable and modifiable nanomaterials to the bone-targeting moleculesis 1:1 to 1:2.

— M R B AR AXBNRMENGIETSE, &HEREN: BFRAIEH. HEIHRIZRME
5&8ERDFREKG, SOPEEE. BREEATRM, HEHIPHENS.0-8.4, =R FH M 3EL24-
TN, TERRRNEER, ARMANGEIEARIITE KL, HERIEHTENR; HbE

BH. AIRMHNRMASEERD FREREAL: 1EL: 2%
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[0014]

The aforementioned loadable and modifiable nanomaterials are functionalized
phospholipids, which are cross-linked with bone-targeting molecules to obtain bone-

targeting functional phospholipids.

FRARY A B3, PHMEIRBVARM I AThEE (RIS, SBERD FREKEFEITERIIEERE,

[0015]

The ultrasonic emulsification process is as follows: turn on for 1-2 seconds, turn off for 2-3

seconds, power 30-70%, time 5-20 minutes, and the dialysis time is 1-3 days.

PRV A FLIRIZNTFFL-2s, XK2-3s, THFE30-70%, BYjEI5-2053%h, FRARBVEMETEIA1-3K,

[0016]

The functionalized phospholipids used are DSPE-PEG-NHS, and the bone-targeting molecule

is tetracycline, i.e., TC.

FRBYINRELRERE R FADSPE-PEG-NHS, Frid &M FRAMEMFE, BITC,
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[0017]

The beneficial effects of this invention are as follows: This invention provides nanomaterials
targeting the acidic blocking region of osteoclasts and their preparation method. By precisely
targeting mature osteoclasts and regulating the biological cascade reaction of physiological
chemical reactions, it inhibits osteoclasts, providing new ideas and tools for the drug

treatment of abnormal osteoclast activation.

REPENBEmUR: SERBARMET R EMRBREHAXBNARMARERIETE A, @5
AL B AR R IR F R NIFE RV E IR ER R RIS 48R, NIREARS EIERAYE

Frieft TR BRI T .

[0018]

Compared to existing drugs or materials for treating osteoporosis, the significant

advancement of this invention lies in:

BLEEE R BRI AYEME, SRBEENHATET:

[0019]
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1) By employing bone tissue-targeting molecules and pH-responsive targeting of osteoclast-
blocking regions, dual precision targeting is achieved, improving drug utilization and reducing

side effects on other tissues and organs.

1)RABALREMS FSHMREAEI A A pHIMN #1TNEERER, REHFIBR, &

R E 4B R 8RB RIER.

[0020]

2) The drugs used are physiological compounds that are present in the human body, ensuring

low toxicity.

2QFRBAMIANERFENEERESECEY, BERESM.
It can act as both a therapeutic component and a pH-responsive component, thus having a

dual function.

B] BB R AR RN = £ D M pHRERIMAN A 73, BEBENEER.

[0021]
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3) In vitro experiments verified a significant anti-osteoclast bone erosion effect, with a clear
inhibitory effect on the number and size of osteoclasts, as well as the number and area of

bone erosion regions.

3)ASNERINIE BERTUR B AR B RIUER, MESARBERK). BRUMKIEHERERSE

BRSNS (ER

[0022]

4) In vitro experiments verified the significant osteoclast-promoting exosome effect. The
exosome surface RANK achieves ineffective binding with serum RANKL, thereby achieving

long-term osteoclast inhibition.

4)RSNSRIR I B Z RV (IR B BRI (AR, FIAINBARERANKSEIS MEFRANKLEI AL

B, WSS ILTHERR & HEIER.

[0023]

5) In vivo experiments have verified a significant anti-osteoporosis effect, with clear
improvements in bone mass, trabecular bone quantity, and trabecular bone spacingin

osteoporosis patients.
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5 ARRIMEEZRMBREAER, NERMAMNEE. 5/\REE. B/\RERIYERMEAICY

E1ER.

[0024]

6) As a nanomaterial model targeting the acidic blocking region of osteoclasts, each

component is replaceable and has sufficient reference value.

6)EA—ME IR B ARERIEHAX PR MEHRE, HRJADIIRER, BAERENAIEE

o

[0025]

Therefore, nanomaterials targeting the acidic blocking region of osteoclasts can be used to

prevent and treat abnormal osteoclast activation, and have a clear therapeutic effect.

Ft, X EdAREREHHXBARMR BT EaREARREEN, BEREmESTR

FRo

[0026]

Attached Figure Description
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[0027]

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

the following figures are provided for illustration:

NTEELZBANBR. BRALRMNEENRENMBE, SRBBRELTHE#ITIRA:

[0028]

Figure 1 shows the preparation and characterization of nanomaterials targeting the acidic

blocking region of osteoclasts.

E 15+ X005 B 4B AR AR 14 £ 1 X B K A 1LYl 25 A 2R ALEo

a is a schematic diagram of the mechanism of action of nanomaterials targeting the acidic
blocking region of osteoclasts; b and ¢ are schematic diagrams of the preparation process of
nanomaterials targeting the acidic blocking region of osteoclasts; d-f are verifications of the
cross-linking of bone-targeting molecules and functionalized phospholipids by MALDI-TOF,

confocal microscopy, and fluorescence spectrophotometer; g is the characterization of
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nanomaterials targeting the acidic blocking region of osteoclasts under cryo-electron

microscopy.

a oS RIBR BB M A KB MK PR EASIREE; b, CstxiSAmEIEEIAK KM
KIS ISR EE; d-FIMALDI-TOF, HEESMSE. HWEHRIEBRES F5IhE RS

RISREX; g/t X B AR ER 1 £ i X BYAAK A RE 2 TR BB IR FRYRAL,

[0029]

Figure 2 shows the functional verification of nanomaterials targeting the acidic blocking

region of osteoclasts.

B 25t %t i B 4R R AR 14 31 i X B4R AL IO ThRE B IE o

a) Acid titration test to verify the acid resistance of nanomaterials targeting the acidic
blocking region of osteoclasts; b) Measurement of particle size at different pH levels to verify
the pH response of nanomaterials targeting the acidic blocking region of osteoclasts; c, d) In-
situ liquid atomic force microscopy to verify the mechanical changes of nanomaterials
targeting the acidic blocking region of osteoclasts at different pH levels; e) Cryo-electron
microscopy to verify the release of nanomaterials targeting the acidic blocking region of
osteoclasts under acidic conditions (pH=4); f, g) In vitro fluorescence microscopy to verify the

long-term (7-day) stability and rapid pH response of nanomaterials targeting the acidic
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blocking region of osteoclasts; h) In vivo fluorescence to verify the rapid accumulation of
nanomaterials targeting the acidic blocking region of osteoclasts in the target bone of mice; i)
Fluorescence confocal microscopy to verify the inhibitory effect of nanomaterials targeting

the acidic blocking region of osteoclasts on osteoclast bone erosion.

aNERTRE E X IR IO £ X B B ZRRRER M 2 A X VAR MR BUERBE T ; bATE R pH FRI1ZILIES
X B 4B M £ i X BRI pHIMEZ ; ¢, dARMIRERFHEMBEIIEREpH FEH KRS
AR M H X NPRMEBNFELN; e RBIRIIUETT WK & ARER M E i X BIARAMEEER
MR (PH=4) TR f, ghEINEBRHIRIVIEsT XK S AEER M H A X RIMKTEIBVKHA(TX)
REMERIRIEpHIEL ; hTE AR U T XK & AR ER M X YRR DB AR R B A B B IR

HREE; INRICHBRE BRI MRS AMRERIEE H X BIPRAME 1K & AR S 2 TR H

o

Fo

[0030]

Figure 3 shows the inhibitory effect of nanomaterials targeting the acidic blocking region of

osteoclasts on osteoclasts through a bio-cascade effect regulated by chemical reactions.

B3¢t 30 B ARRER M H A X VAR RLET (0F [ R A Y VDR BX R N X 5 B 4R R AN I 1R Ao
a) TRAP staining verifies the inhibitory effect of nanomaterials targeting the acidic blocking

region of osteoclasts on osteoclasts; b) Scanning electron microscopy verifies the significant

20-01-2026 - Page 17



improvement of osteoclast bone erosion by nanomaterials targeting the acidic blocking
region of osteoclasts; c, d) Western blot and gPCR verify that nanomaterials targeting the
acidic blocking region of osteoclasts can inhibit the time-dependent increase in the
expression of NFATc-1, c-Fos, and CTSK in osteoclasts; e) Fluorescence confocal microscopy
verifies that nanomaterials targeting the acidic blocking region of osteoclasts can inhibit the
formation of the blocking region; f, g) Western blot and fluorescence confocal microscopy
verify that nanomaterials targeting the acidic blocking region of osteoclasts can inhibit the
time-dependent increase in RANK expression in osteoclasts; h, i) Western blot and
extracellular vesicle flow cytometry verify that nanomaterials targeting the acidic blocking
region of osteoclasts can promote the production of RANK-containing exosomes by
osteoclasts; j, k) TRAP staining verifies that the extracellular vesicles containing RANK
secreted by osteoclasts promoted by nanomaterials targeting the acidic blocking region of

osteoclasts can further inhibit osteoclast formation.

aATRAPZR B ILIEH 3K B AMRER I H A X BRI B 4HRERvIHIER; bidfEsFEHER
IOIEET X B ARRRER M E A X BUA AR MR IR B AR B RN EZNE; ¢, daWestern-blot.
qPCRILIES XK & AARRER 14 3 A X B AR A K AT IR B 4BRENFATC-1. c-Fos. CTSKZRIARERYIE]
RUBIERINY ; e IRFCHBRE BRI T X R B AAREER 1 2 ] X B R eT IR & AABR E A X
fizk; f, glaWestern-blot. RACHEBE B RMIRIIET A B AMRER T H A X B PRI E T HIH IR &

RRANKRIAFERTEIRVEBIERAL; h, i79Western-blot. HAMEIMNERMTIT SIS 3T 0 B 4HRRER
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MR A X BIGER A R (R B A E 2 RANKBYINRIEK; |, KATRAPREICIEH XK & MARE 14

FHAX YR RME I B4R 52 A Y & RANK I AR S o] i — 5 4IRS B 4B R T2 Al

[0031]

Figure 4 shows the inhibitory effect of nanomaterials targeting the acidic blocking region of

osteoclasts on osteoporosis in OVX mice.

El4st %% & 4R ER 14 1 i X BYG R AR T OVX/ N B RERAA RYHN&IAE A

A represents the construction of animal models and the grouping and evaluation methods; b
and c represent micro-CT verification that nanomaterials targeting the acidic blocking region
of osteoclasts can significantly improve bone mass, trabecular bone number, and trabecular
gaps in the spine, femur, and tibia of OVX mice; d and e represent H&E staining and TRAP
staining verification that nanomaterials targeting the acidic blocking region of osteoclasts can
significantly improve bone mass, osteoclast number, and area in the bone tissue of OVX mice;
f represents serological verification that nanomaterials targeting the acidic blocking region of

osteoclasts can significantly inhibit osteoclast metabolic indicators in OVX mice.

AFMRCHIE R e 348, WA, b, cAmicro-CTIIEFH i B AR M4 A X B KA EL AT
MOV NEEREKEKRE. BENEGE. B/ RHERS/ NRERECEBENEFEM; d, eIHIER

BN TRAPZEINIEF AN B 4AREER (4 H A X AR M E R OV NE BARN BT E. REMARL

il
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NEMCEIREEER; AMEFEIRIIETT X 5 ARRER M £ H X AIAR ML AT OVX/NER BY

B AR EHEATE R 22 MHI(E R,

[0032]

Detailed Implementation

BALiER

[0033]

The following detailed description, in conjunction with embodiments, of a nanomaterial for
targeting the acidic blocking region of osteoclasts and its preparation method provided by the
present invention, should not be construed as limiting the scope of protection of the present

invention.

TELE S RGN 45 & B (R — R A I B ARRER I H A X BIPR MM R LRI & 75 AT

BBRR, BRI CIER AN LBFRIFEENRE.

[0034]

Figure 1(a) shows a schematic diagram of the mechanism of action of nanomaterials in the

acidic blocking region of osteoclasts.
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SNEL(a)Fi, WEAREEREHAXNPRTEHERVGIREE;

[0035]

A preferred example of the nanomaterial for the acidic blocking region of osteoclasts in this
invention is tetracycline-modified nanoliposomes loaded with sodium bicarbonate
(abbreviated as NaHCO<sub>3</sub>-TNLs), which are prepared by the following method,
with the specific steps as follows: 20.00 mg of DSPE-PEG-NHS and 3.05 mg of tetracycline are
dissolved in 10.00 mL of chloroform, triethylamine is added to adjust the pH to 8.2, and after
crosslinking with magnetic stirring at room temperature for 48 hours, DSPE-PEG-TC is
obtained. DSPE-PEG-TC is then dissolved in chloroform with 80.00-120.00 mg of lecithin and
12.00-20.00 mg of cholesterol. The mixture is thinned in a rotary evaporator, and then 10 mL
of 1 mol/L sodium bicarbonate solution is added for shaking hydration. Finally, ultrasonic
emulsification is performed with the following steps: 2 seconds on, 3 seconds off, 40% power,

and 10 minutes.

73 & AR RS SR B AR RS 14 1 X B R A LR ISR 61 0 B 3B ER S SRRV FRIF RIS IR RIAKAB BT
& (E#NaHCO<sub>3</sub>-TNLs), HTAZEHIE, BESEINT: $20.00mghIDSPE-PEG-
NHS53.05mglEF&AT10.00mLE s, MAZZERIATpHES.2, =B THAOMMERE48/NNG

1$%IDSPE-PEG-TC, 580.00-120.00mgBP#AE. 12.00-20.00mghEEIEZ/ A FRIA, TEiRFENPER
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£, ABRIMANIOMLEYImol/LIER S taRHITE AL, AEHITERIK, BEALRENFF

H)l

2s, X(3s, IHZE40%, BIEI1077FH.
Finally, the patient was dialyzed in a dialysis bag for 72 hours, then filtered through a 0.22-

micron filter and stored at 4 degrees Celsius.

RETERNRPBETT2NY, BHGEE0.22HKIETIE, 4ERT-

The materials obtained are shown in Figures b and c in Figure 1.

HRISHIMEINE LD, cFizo

[0036]

The present invention can also use other existing nanomaterials targeting the acidic blocking
region of osteoclasts, such as tetracycline or alendronate-modified nanoliposomes loaded

with ammonium bicarbonate or potassium bicarbonate, to achieve the same technical effect.

AR BAE R] LAE B E LA BT X I B AR ER 1 £ A X BV KA L, SN B EERER IR iRER S sHAY Y

H)l

W R CBERIEIRRIARAE AT A R SRR ARR,

[0037]
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Example 1: Preparation of tetracycline-modified nanoliposomes loaded with sodium

bicarbonate

SEHEGIL. EEERER SIMAYINIR R B IR K AE B ARSI &

[0038]

1. Dissolve 20.00 mg of DSPE-PEG-NHS and 3.05 mg of tetracycline in 10.00 mL of chloroform,
add triethylamine to adjust the pH to 8.2, and crosslink at room temperature with magnetic

stirring for 48 hours.

1. %20.00mgHRIDSPE-PEG-NHS53.05mglif &8 F10.00mLE A, MA=ZRIETpHES.2, E

m NEEF I S ER A8/ BT

[0039]

2. Dissolve the product obtained in step 1 with 100.00 mg of lecithin and 16.00 mg of

cholesterol in chloroform and thin film in a rotary evaporator.

2. BPREIEIN~5100.00mglPEtAs. 16.00mgRBEIEZATRIA, ENRENAPEEK,

[0040]
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3. Add 10 mL of 1 mol/L sodium bicarbonate solution to the flask and shake to hydrate.

3. TEIEHRAIIAN10mLEY Imol/LikBR S SRIARHITE 77K Ko

[0041]

4., Perform ultrasonic emulsification. The ultrasonic emulsification process is as follows: on for

2 seconds, off for 3 seconds, power 40%, time 10 minutes.

4, #ITEBEILK, BEIAMRIEANF2s, XK3s, THEA0%, BFHE]1053%H

[0042]

5. Dialyze in a dialysis bag for 72 hours, then remove and filter through a 0.22-micron filter and

store at 4 degrees Celsius.

5. FEMRPBERTUNE, BUHEER0.22G6KIERTIR, 4ERT-

[0043]

Example 2: Preparation of alendronate-modified nanoliposomes loaded with sodium

bicarbonate
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SEhEf5I2. B EERER SRV CREERIE A KAE B AR &

[0044]

1. Dissolve 20.00 mg of DSPE-PEG-NHS and 2.30 mg of sodium alendronate in 10.00 mL of
chloroform, add triethylamine to adjust the pH to 8.2, and crosslink at room temperature with

magnetic stirring for 48 hours.

1. $20.00mgHIDSPE-PEG-NHS52.30mgfl € BERTWE T 10.00mLR(A, MA=ZRERETpHE

8.2, Eim NI IZER48/\BY,

[0045]

2. Dissolve the product obtained in step 1 with 100.00 mg of lecithin and 16.00 mg of

cholesterol in chloroform and thin film in a rotary evaporator.

2. BHREIGIN~5100.00mglPEAs. 16.00mgRBEIEZATRIA, ERRZENAPEEK,

[0046]

3. Add 10 mL of 1 mol/L sodium bicarbonate solution to the flask and shake to hydrate.
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3. TEIEHRFIIAN10MLEY I mol/LEkBR S SRARIHITE 77K Ko

[0047]

4. Perform ultrasonic emulsification. The ultrasonic emulsification process is as follows: on for

2 seconds, off for 3 seconds, power at 40%, for 20 minutes.

4, #HITEBEIAN, BEILIWRERNF2s, X3s, ThE4L0%, BIE1205

[0048]

5. Dialyze in a dialysis bag for 72 hours, then remove and filter through a 0.22-micron filter and

store at 4 degrees Celsius.

FEMRPERT2NE, BHELZ0. 22K RTIR, 4ERE

[0049]

Example 3: Preparation of tetracycline-modified nanoliposomes loaded with potassium

bicarbonate
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SEhEfI3. B EERER SRRV R EIRPK S B AR B &

[0050]

1. Dissolve 20.00 mg of DSPE-PEG-NHS and 3.05 mg of tetracycline in 10.00 mL of chloroform,
add triethylamine to adjust the pH to 8.2, and crosslink with magnetic stirring at room

temperature for 24 hours.

1. $20.00mgHIDSPE-PEG-NHS53.05mgluiF &5 F10.00mLE S, MASZERIFEFpHES.2, =

m NI IRER 24/NE

[0051]

2. Dissolve the product obtained in step 1 with 80 mg of lecithin and 16.00 mg of cholesterol in

chloroform and thin film in a rotary evaporator.

2. BIRISINY580mgitiiis. 16.00mgREER ST RA, TN R,

[0052]

3. Add 10 mL of 1 mol/L potassium bicarbonate solution to the flask and shake to hydrate.
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3. TEHARFIIA10MLAY Imol/LikER S s 8 RHITE A 7K Ko

H)l

[0053]

4. Perform ultrasonic emulsification. The ultrasonic emulsification process is as follows: on for

2 seconds, off for 3 seconds, power 40%, time 10 minutes.

4, HITHEEINK, BEALRIZENF2s, XK3s, THEA0%, BFE]I1053%F

[0054]

5. Dialyze in a dialysis bag for 72 hours, then remove and filter through a 0.22-micron filter and

store at 4 degrees Celsius.

5. TEMRPBERTUNE, EUHREZ0.22G0KIEXRTIE, 4ERF

[0055]

Example 4: Preparation of alendronic acid-modified nanoliposomes loaded with potassium

bicarbonate

SEhEfI4. BLEERER SUERBIM © BERIE RN RIS B A BV Hl &
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[0056]

1. Dissolve 20.00 mg of DSPE-PEG-NHS and 2.30 mg of sodium alendronate in 10.00 mL of
chloroform, add triethylamine to adjust the pH to 8.2, and crosslink at room temperature with

magnetic stirring for 48 hours.

1. %20.00mgHIDSPE-PEG-NHS52.30mgfl € BiER0AF10.00mLR 5, MA=ZRRIATpHE

8.2, Eim MBI 3ZER48/\BY o

[0057]

2. Dissolve the product obtained in step 1 with 120.00 mg of lecithin and 16.00 mg of

cholesterol in chloroform and thin film in a rotary evaporator.

2. BPREIGIN~5120.00mglPEAE. 16.00mgRBEIEZATRIA, ERRENAEEK,

[0058]

3. Add 10 mL of 1 mol/L potassium bicarbonate solution to the flask and shake to hydrate.

s

3. EREAIAL0MLEY I mol/ LB SR ARIHITE HK K.
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[0059]

4., Perform ultrasonic emulsification. The ultrasonic emulsification process is as follows: on for

2 seconds, off for 3 seconds, power at 40%, time for 5 minutes.

4, HITEEINK, BEILWRENF2s, X3s, THERA0%, BFE55)H

[0060]

5. Dialyze in a dialysis bag for 72 hours, then remove and filter through a 0.22-micron filter and

store at 4 degrees Celsius.

5. FBERPERT2LNGY, BHEE0.226KIENTIE, 4ERE,

[0061]

Example 5: Preparation of tetracycline-modified nanoliposomes loaded with ammonium

bicarbonate

SEREI5. B EERER SIRAVINIF B IRP KA B ARSI &

[0062]
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1. Dissolve 20.00 mg of DSPE-PEG-NHS and 3.05 mg of tetracycline in 10.00 mL of chloroform,
add triethylamine to adjust the pH to 8.2, and crosslink at room temperature with magnetic

stirring for 48 hours.

1. ¥%20.00mgfDSPE-PEG-NHS53.05mglUiF &8 F10.00mLE, MA=ZZEREHpHES2, ¥

m NI SR A8/ BT

[0063]

2. Dissolve the product obtained in step 1 with 100.00 mg of lecithin and 12.00 mg of

cholesterol in chloroform and thin film in a rotary evaporator.

2. B REIFENF~45100.00mgbRRtAE. 12.00mgRBERA T RIA, TEIERINFERK,

[0064]

3. Add 10 mL of 1 mol/L ammonium bicarbonate solution to the flask and shake to hydrate.

3. TEEARAIIAN10MLEYImol/LikBR S sa RHITE 77K Ko

[0065]
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4. Perform ultrasonic emulsification. The ultrasonic emulsification process is as follows: on for

1 second, off for 3 seconds, power at 40%, time for 10 minutes.

4, HITERINK, BEAWRIENFLs, K3s, THFE4A0%, BIE10773

[0066]

5. Dialyze in a dialysis bag for 24 hours, then remove and filter through a 0.22-micron filter.

Store at 4 degrees Celsius.

5. TEMRPBE24ET, BUHERE0.22G0KIEXRTIE, 4ERF

[0067]

Example 6: Preparation of alendronate-modified nanoliposomes loaded with ammonium

bicarbonate

)l

SEhEffl6. B EERER SRRV CREERIE 9K RS B AR &

[0068]
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1. Dissolve 20.00 mg of DSPE-PEG-NHS and 2.30 mg of sodium alendronate in 10.00 mL of
chloroform, add triethylamine to adjust the pH to 8.2, and crosslink at room temperature with

magnetic stirring for 48 hours.

1. $520.00mgHIDSPE-PEG-NHS52.30mghil CREEA SSAF 10.00mLE S, MMAZZERETpHE

8.2, ER N AIHIH3ZHR48/\EY,

[0069]

2. Dissolve the product obtained in step 1 with 100.00 mg of lecithin and 20.00 mg of

cholesterol in chloroform and thin film in a rotary evaporator.

2. B REIFENF~45100.00mgbRRtAE. 20.00mgRBERAFRA, TEIERINFERK,

[0070]

3. Add 10 mL of 1 mol/L ammonium bicarbonate solution to the flask and shake to hydrate.

3. TEEARAIIAN10MLEYImol/LikBR S sa RHITE 77K Ko

[0071]
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4. Perform ultrasonic emulsification. The ultrasonic emulsification process is as follows: on for

2 seconds, off for 2 seconds, power 70%, time 10 minutes.

4, HITERINK, BEAWRIERNF2s, K2s, THET0%, BIE10773

[0072]

5. Dialyze in a dialysis bag for 72 hours, then remove and filter through a 0.22-micron filter and

store at 4 degrees Celsius.

5. TEMRPBERTLNE, BUHEEZ0.22G0KIEXRTIE, 4ERF

[0073]

Example 7: Evaluation of the synthesis of NaHCO<sub>3</sub>-TNLs

SCHERIT. NaHCO<sub>3</sub>-TNLsH & RLiTFE

[0074]
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1. Mass spectrometry analysis of DSPE-PEG-NHS and DSPE-PEG-TC using MALDI-TOF showed
that the molecular weight distribution of DSPE-PEG-NHS was 2900 and that of DSPE-PEG-TC

was 3250, which is consistent with the theoretical molecular weight (d in Figure 1).

1. ¥¥DSPE-PEG-NHS5DSPE-PEG-TCH 5{EFAMALDI-TOF#1TBaiE4M, PI{SDSPE-PEG-NHS%

FE5%HF2900, DSPE-PEG-TCHFENHT3250, 5IFitH FE—H(E1Hd),

[0075]

2. When FITC and sodium bicarbonate solution are co-encapsulated, the tetracycline
fluorescence is observed to be consistent with the liposome membrane localization under

laser confocal microscopy (Figure 1e).

2. BRTCEmBRIWAREREH, BNAHREEHREA NURRA NS RERARE (I —2 (B 1+

e)o

[0076]

3. Fluorescence spectrophotometry showed that the tetracycline-modified material exhibited
significantly enhanced fluorescence at 525 nm compared to the unmodified material (Figure

1f).
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3. RADIEHE T EREIFREMRIMEIES25nm AR EL RAEIHBIAA 4L BA 2 1858 (Bl 17 f).

[0077]

4. Cryo-transmission electron microscopy revealed that the material particles were all at the

nanometer level and had regular shapes (g in Figure 1).

4. RIFBEFEFEMRETMERIZ AR EH BRI (B 15g).

[0078]

Example 8: Characteristic Evaluation of NaHCO<sub>3</sub>-TNLs

SLHEI8. NaHCO<sub>3</sub>-TNLsHI4F 1L

[0079]

1. Tetracycline-modified nanoliposomes loaded with sodium bicarbonate (NaHCO<sub>3<
/sub>-TNLs), tetracycline-modified nanoliposomes loaded with sodium chloride (NaCL-TNLs),

water, 1 mol/L sodium bicarbonate solution, and 0.02 mol/L sodium bicarbonate solution
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were titrated with 1% hydrochloric acid, and the dynamic changes of pH were monitored in
real time. The results showed that NaHCO<sub>3</sub>-TNLs had significant acid resistance

(Figure 2a).

1. Fa @R EWaIImIR R EIFRIARAE A (NaHCO<sub>3</sub>-TNLs). S&HRRBIIHIFE

i

BIMRYKRAE BI{A(NaCL-TNLs). 7K. 1mol/LEREE S 3A&. 0.02mol/LExEE S 308 % A 1% EhES
HITHESRR, HENEMpHMEIEZh, LR ERNaHCO<sub>3</sub>-TNLsE B BEZMMBLEE

71(E25a)s,

[0080]

2. The particle size of NaHCO<sub>3</sub>-TNLs and NaCL-TNLs was measured in
environments with pH values of 7, 6 and 4, respectively. The results showed that the particle
size of NaHCO<sub>3</sub>-TNLs decreased significantly in an acidic environment with pH =

4, indicating that the contents were released in an acidic environment (Figure 2b).

2. FNaHCO<sub>3</sub>-TNLs. NaCL-TNLs#35IFpHAT. 6. 4HIFEFRNEN R, SHRETR
NaHCO<sub>3</sub>-TNLsTEpH=4E4IFIEHRH R EE R/, RTAABYTEERIFEPRER(E2

Bb)o

[0081]
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3. The mechanical properties of NaHCO<sub>3</sub>-TNLs were compared under pH=7 and
pH=4 conditions using in-situ liquid atomic force microscopy. The results showed that the
particle size was significantly smaller under pH=4 conditions, and the liposome membrane

tended to rupture (c and d in Figure 2).

3. ¥NaHCO<sub>3</sub>-TNLsI@E RAIRAEREFH EMFH I TpH=TFpH=4IFIT T HZ4F MR

iR, ERETEPH=4FGTHREEDR/), BRERERMEKER(E2FCc. d).

[0082]

4. The morphology of NaHCO<sub>3</sub>-TNLs was compared under pH=7 and pH=4
conditions by cryo-transmission electron microscopy. The results showed that the liposome

membrane was broken under pH=4 conditions (e in Figure 2).

4. ENaHCO<sub>3</sub>-TNLsi@id )% /FiEH B F EHRiRHITpH=THpH =418 FR.SRILLER,

HRERpH=45% M TRERARR L ILBER (B2Fe)o

[0083]
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5. After loading FITC packages into NaHCO<sub>3</sub>-TNLs, incubate them with bovine
bone slices in 10% serum medium for 1 day, 3 days, and 7 days to observe fluorescence. After
7 days, change the medium environment to pH=4 and observe the liposome fluorescence at 0

minutes, 1 minute, and 3 minutes.

5. BFITCE#H ANaHCO<sub>3</sub>-TNLsE54 &K ZE10%MFEFEFFEFIXR. 3K, 7X
MK, HETREBEFAENRERAApH=4, MRS, 178, 39 FHBIRERIKRTIE,
The results showed that NaHCO<sub>3</sub>-TNLs could be adsorbed onto the bone surface

and remain stable within 7 days, and still had a rapid pH response function after 7 days.

45 R EBRNaHCO<sub>3</sub>-TNLsTET AN A LM FEEmHRFRE, BEETRENHEEXpHHN
R R T EE

(f, g in Figure 2).

(B25hf, g)o

[0084]

20-01-2026 - Page 39



6. Tetracycline-modified nanoliposomes loaded with indocyanine green (ICG-TNLs) and non-
tetracycline-modified nanoliposomes loaded with indocyanine green (ICG-NLs) were

administered via tail vein injection at a dose of 0.025 ml/g.

6. FE M| FERNIAZBIFHIPKAEBA(ICG-TNLs) 5 E1 & 5|k SRR T UIF RIE MBI KAS
FR{&(ICG-NLs)LL0.025ml/g7 £ 1T BR bk E 5T,
The results showed that ICG-TNLs had a significant rapid bone tissue enrichment effect

compared to ICG-NLs (h in Figure 2).

i

R ERICG-TNLsSHEM FICG-NLsEE EZEMREEALREEER (B27h),

[0085]

7. NaHCO<sub>3</sub>-TNLs and NaCL-TNLs were co-incubated with FITC-coated bovine
bone slices, and mature osteoclasts were seeded in each. The results showed that the FITC
fluorescence intensity and area on the bone surface of the NaHCO<sub>3</sub>-TNLs group
were significantly better than those of the NaCL-TNLs group, suggesting that NaHCO<sub>3<

/sub>-TNLs can effectively inhibit the bone erosion of osteoclasts.
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7. ¥NaHCO<sub>3</sub>-TNLs. NaCL-TNLs@3ISFITCEENEBHENE, Ho3IMIERH
WEARE, £RERNaHCO<sub>3</sub>-TNLsAEEFITCRERE MEINEEMLFNaCL-TNLs
¢, #ERNaHCO<sub>3</sub>-TNLsA BN S A2 Ih/ER,

(iin Figure 2).

(E25i)o

[0086]

Example 9: Osteoclast Inhibition Effect of NaHCO<sub>3</sub>-TNLs

2519, NaHCO<sub>3</sub>-TNLsHIRE B4R &I1E R

[0087]

1. When NaHCO<sub>3</sub>-TNLs were added to the osteoclast induction system and
compared with the osteoclast induction system alone, the results showed that the number
and area of TRAP-stained osteoclasts in the NaHCO<sub>3</sub>-TNLs group were
significantly inhibited, suggesting that NaHCO<sub>3</sub>-TNLs have a significant inhibitory

effect on osteoclasts (Figure 3a).
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1. BNaHCO<sub>3</sub>-TNLSIIABAEIESHEAH S RANESAMIESHRANTE, ERE
~NaHCO<sub>3</sub>-TNLs£HTRAPH &R B AN ESEFIIEZNNH], ERNaHCO<sub>3<

/sub>-TNLs¥$t B4R BA B Z8VHNHI1ER (Bl3a).

[0088]

2. When NaHCO<sub>3</sub>-TNLs were added to the osteoclast induction system cultured
from bovine bone slices and compared with the osteoclast induction system cultured solely
from bovine bone slices, the results showed that the number and area of bone resorption
regions were significantly inhibited under scanning electron microscopy in the NaHCO<sub>3<
/sub>-TNLs group, suggesting that NaHCO<sub>3</sub>-TNLs had a significant inhibitory

effect on osteoclasts (Figure 3b).

2. ¥NaHCO<sub>3</sub>-TNLSIINGB& FIEFRIKSARIZEFERHA ST B R IEFTHNRAKE
MRIESAERXER, ERETRNaHCO<sub>3</sub>-TNLsAAIERRERIXIFHNESEIRIEE

1, FERNaHCO<sub>3</sub>-TNLsxiE &4 AR EEZ89NHIER (B35Hb),

[0089]

3. When NaHCO<sub>3</sub>-TNLs were added to the osteoclast induction system and
compared with the osteoclast induction system alone, Western blot and g-PCR results

showed that NaHCO<sub>3</sub>-TNLs could inhibit the time-dependent increase of NFATC-
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1, c-Fos, and CTSK expression in osteoclasts. Laser confocal microscopy results showed that
NaHCO<sub>3</sub>-TNLs could inhibit the formation of actin loops in osteoclasts,
suggesting that NaHCO<sub>3</sub>-TNLs had a significant inhibitory effect on osteoclast

bone resorption function (c-e in Figure 3).

3. ¥NaHCO<sub>3</sub>-TNLsII N BMIESERH S LA SHEFSERITE,
Western-blot&zq-PCRE R E;RNaHCO<sub>3</sub>-TNLsrI NI S 4BMNFATC-1. c-Fos.
CTSKZRIARERTBIREIG RN, BAHRE B MELER ERNaHCO<sub>3</sub>-TNLsAl{NHIf K &
MAEactinifiZR, HERNaHCO<sub>3</sub>-TNLsXH B4 S RIKIIEEE T EE/INGIER (B3

Fic-e),

[0090]

4. Daily RANK expression was assessed in the osteoclast induction system. Western blot and
laser confocal microscopy results showed that osteoclast RNAK expression increased with

osteoclast maturation (f, g in Figure 3).

4, WEBHARIFFAERIETEBBIRANKTEIT L, Western-blot It HEBEE MRS RiemiK

FAMRNAKRA EREIK SRR EE (B3HS, g)o

[0091]
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5. NaHCO<sub>3</sub>-TNLs were added to the osteoclast induction system and compared
with the osteoclast induction system alone. Exosomes were extracted and evaluated. Western
blot and exosome flow cytometry results showed that the RANK content of extracellular
vesicles in the NaHCO<sub>3</sub>-TNLs group was significantly increased. The results were
analyzed with those in steps 1-4, suggesting that NaHCO<sub>3</sub>-TNLs can promote

osteoclast secretion of RANK-rich extracellular vesicles (h, i in Figure 3).

5. ¥NaHCO<sub>3</sub>-TNLsHI A BAMIESAERFS PR SAEIAESERITEE, ZEWY
WBIEFITIE, Western-blotXdMB AR iT#EE R E/RNaHCO<sub>3</sub>-TNLs¢E4AAE5MNEE B

RANKEEEERS, STRI-ALERH#ITHON, $RANaHCO<sub>3</sub>-TNLsA] &t B 4HAED

B

#WE S RANKBYARRRSNEIE (B3R, i)o

[0092]

6. The extracellular vesicles extracted in step 5 were added to the osteoclast induction
system. The results showed that the extracellular vesicles containing NaHCO<sub>3</sub>-
TNLs significantly inhibited TRAP staining of osteoclasts, suggesting that extracellular vesicles

rich in RANK can further inhibit osteoclasts (j, k in Figure 3).
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6. RS BSHIRINARINEEDANMARSARESHER, FERETRITANaHCO<sub>3<

/sub>-TNLsZBRESMNEBATRAPR IR S AR EZHF], 2R E&RANKRARIMNE R #H—INE

i}

& AR (B39, k)o

[0093]

Example 10: The therapeutic effect of NaHCO<sub>3</sub>-TNLs on osteoporosis in OVX mice

SLHEFI10. NaHCO<sub>3</sub>-TNLs¥OVX/\R & RERARYATT (EF

[0094]

1. Animal disease model construction and grouping

1. B¥ERREE N 4AH

[0095]

Grouping method: 11-week-old C57BL/6 female mice were divided into four groups: a) sham
surgery and tail vein injection of saline (Sham); b) ovariectomy and tail vein injection of saline
(OVX); c) ovariectomy and tail vein injection of NaCL-TNLs (OVX+NaCL-TNLs); d) ovariectomy

and tail vein injection of NaHCO<sub>3</sub>-TNLs (OVX+NaHCO<sub>3</sub>-TNLs).
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PAFH: F11FECSTBL/6BR 2 AMNA: )i TRFEAHESCESTEIEELK(Sham); b)iEfTEM
BURRHESCESTEIEEK(OVX); )i TINETIBRHEE#BK ESTNaCL-TNLs(OVX+NaCL-TNLs);

d)FE{TOR E IR H R BT 5TNaHCO<sub>3</sub>-TNLs(OVX+NaHCO<sub>3</sub>-TNLS),

[0096]

Implementation method: Perform the corresponding surgery on each group of animals. One
week later, start the corresponding drug by tail vein injection at a dose of 0.025 ml/g, once

every 2 days for 2 weeks.

THEAT: WRAYIHITHENFAR, 1ABFKEL0.025ml/gRIEH#TREEMCESERZY), §2K
B[H—IR, FE2RE

Four weeks after the end of drug administration, the spine, femur, tibia and blood of mice in
each group were taken for analysis. The analysis methods included: micro-CT, H&E staining,

TRAP staining, and serum bone metabolism index ELISA (Figure 4a).

MALRABERESENEERE. KRE. BEMMKHETOHN, DA NEE: micro-CT. H&ER

. TRAPRE. MEFEHEIRELISA(B4Fa).

[0097]
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2. Comparison of micro-CT scans of the spine, femur, and tibia in each experimental group
showed that the bone mass, number of trabeculae, and trabecular spacing in the
OVX+NaHCO<sub>3</sub>-TNLs group were significantly better than those in the OVX group

(Figure 4b, c).

2. BEXRABE. BE. BEmicro-CT#H1TELER, LR EROVX+NaHCO<sub>3</sub>-TNLstH

=

—_—

\REE. B/ RiEPRISTFHEZE ML TOVXAEAFD, <)

=
=. B/

[0098]

3. H&E staining and TRAP staining of the spine, femur and tibia of each experimental group
were compared. The results showed that the bone mass, osteoclast area and osteoclast
number of the OVX+NaHCO<sub>3</sub>-TNLs group were significantly better than those of

the OVX group (d, e in Figure 4).

3. BEXLWHBH. RE. BEHAERE. TRAPREFHITHHE, ERETROVX+NaHCO<sub>3<

[sub>-TNLsAEHE. WEMEEIR. WEARKERTIEEMTOVXA(ELFR, o).

[0099]
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4. The serum bone metabolism indicators of each experimental group were compared. The
results showed that the osteoclast metabolism indicators of the OVX+NaHCO<sub>3</sub>-

TNLs group were significantly lower than those of the OVX group.

4, BELRAMBEESRHEIEIREITHR, EREROVX+NaHCO<sub>3</sub>-TNLsZB8% & A1
HHEIR EZ R T OVXE,

Based on the experimental results in steps 2 and 3, it is suggested that NaHCO<sub>3</sub>-
TNLs can effectively treat bone loss and osteoclast metabolism in OVX mice, thereby treating

osteoporosis (Figure 4f).

SEPE2, ILKLER, I®TANaHCO<sub>3</sub>-TNLsEI B ATTOVX/NEH B FRk RIS A

RRAE, MIDETT & BEfifa (Bl41).

[0100]

The nanomaterials targeting the acidic blocking region of osteoclasts obtained in Examples 2-
6 were evaluated for synthesis, properties, osteoclast inhibition, and therapeutic effects on
OVX mice with osteoporosis. The results were similar to those of the NaHCO<sub>3</sub>-
TNLs material in Examples 7-10. This indicates that by adjusting the reagent concentration
and treatment time determined after the above optimization, nanomaterials targeting the

acidic blocking region of osteoclasts with similar effects can be prepared.
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X SEREG2-6FR1S B X R B AAREER M H F X BIPRMA 2RI 1T TG, FiEHE. S ZaReiD
HIEAME. HOVNRERFM/NRBVSTERITE, SR5EHEAI7-10ANaHCO<sub>3<
/sub>-TNLs#HHERBIN, XFRPARED DR AUEHERIXTIREMCIEREREZE, SIMR

KRRV 2S5 B AR AR M 2 A X RO KA RV & o

[0101]

As can be seen from the above embodiments, the nanomaterials targeting the acidic blocking
region of osteoclasts provided by the present invention target bone tissue and generate gas in
the acidic blocking region of osteoclasts in a pH response. While neutralizing the acidification,
it destroys the blocking region of osteoclasts, inhibits osteoclast maturation, and promotes
osteoclasts to secrete extracellular vesicles rich in RANK, which form ineffective binding with
serum RANKL, thereby achieving the effect of long-term treatment of abnormal activation of

osteoclasts.

F_EARSEREFIRIAD, 2 &BRIRMAIH AR F MBIt H AXRIAR MBI R AR, WiRE4HE
BRI E A XIS IT SBpHIER, PAERCHIFEIR IR S AR X, MERESHARR, 7
fefER &40 E & RANKRVARRRSMNEE, SIERANKLIERTRE S, MMEARIZa TR E 4

RER = A RIS,
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[0102]

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.

RN B A& PRRIESS e TN, N EiEd, REBI LR ESSHEF EL A &PR#IT 7 134
B, (ERRARTIAIRARAGRNHIERE, EAREARLRRENRT, TS E T

L, XEHANRIR B AR LZRIRIFEE, TMREALBRNFERBEARERSEE,
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