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AT T DT, R DZAA R0t A% 20 M A5 5 30 S TR R A o Ak Py S 36K FH 6-8 JE 1 SD K iR i
S At o)y M IR SR AR AR AL, RN BaTios BEATHE S 51 5 AT, 56 UEZ0HE 75 i )32 B 40 K 4
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Abstract

Objective:

Lower back pain (LBP) requires more recovery treatment options. A major factor associated with
LBP is intervertebral disc degeneration (IVDD). Recent research reports have focused on using electrical
stimulation to treat inflammation caused by IVDD, with the hope of alleviating degenerative symptoms
through this method. Considering that the new ultrasonic responsive piezoelectric material BaTiO; has
simple electromechanical conversion characteristics and can adapt to the unique stress conditions of
intervertebral discs, they demonstrate great potential for IVDD treatment. In the past few decades,
nanotechnology has provided effective solutions for treating different diseases, which can effectively
improve systemic drug delivery and enhance drug bioavailability. Among them, ultrasound responsive
piezoelectric materials represent a promising platform for non-invasive and remote transmission of local
electrical signals to cells and tissues for therapeutic purposes. Among them, the piezoelectric material
BaTiOs is a promising treatment option. This study verified the anti-inflammatory effect of ultrasound
responsive nanomaterial BaTiOs on intervertebral discs in rats through in vitro and in vivo experiments,
laying the foundation for the future multi-purpose application of ultrasound responsive nanomaterials and
the treatment of IVDD.

Method:

The human derived nucleus pulposus (NP) cells used in the in vitro experiment of this study were
collected from patients who met the relevant standards and were treated in the Spinal Surgery
Department of the First Affiliated Hospital of Shihezi University. After extraction, they were immediately
sterile stored, isolated, purified, cultured, and passaged. By consulting literature to find the appropriate
concentration of nanomaterials, an in vitro ultrasound instrument was used to excite the piezoelectric
properties of ultrasound responsive nanomaterials in the experiment, and lipopolysaccharide (LPS) was
used to stimulate healthy cells to undergo oxidative stress in vitro to construct a cellular model of
inflammatory aging. By using the CCK8 experiment, we can evaluate the cell growth and death under
different treatment conditions. The observation of inflammation related protein levels in each
experimental group was achieved through Western blot analysis and immunofluorescence methods.
Meanwhile, quantitative real-time PCR (RT qPCR) technology was used to quantify the activity of
specific inflammatory genes in cells of each experimental group.And transcriptome sequencing was
performed to detect the effect of the material on the signaling pathway of nucleus pulposus cells. In vivo
experiments were conducted using 6-8 week male SD rats to construct a intervertebral disc degeneration

model through acupuncture, and BaTiO; was added and treated under ultrasound guidance. Verified the



anti-inflammatory effect of the ultrasound responsive nanomaterial BaTios on intervertebral disc
degeneration (IVDD) and its ability to delay intervertebral disc degeneration. After 4 weeks of treatment,
samples were taken and validated using MRI and HE staining, safranin green staining, and ELISA.

Result:

The results of in vitro experiments showed that ultrasound-guided BaTiO3 significantly inhibited
the LPS-induced inflammatory response in nucleus pulposus cells, and the expression levels of
inflammation-related proteins and genes were significantly decreased (p < 0.05). In addition, CCK8
experiment showed that BaTiO3 had good biocompatibility at a concentration of 200 u g/mL, and had
no significant effect on proliferation of nucleus pulpocytes. In vivo experiments, MRI and histological
analysis showed that the intervertebral disc structure of rats treated with BaTiO3 was less damaged, and
the integrity of the annulus fibrosus and nucleus pulposus was better maintained. The levels of
inflammatory factors in serum were significantly decreased, while the levels of anti-inflammatory factors
were increased (p < 0.05), which verified the effectiveness of BaTiO3 in ultrasound-guided delay of
intervertebral disc degeneration.

Conclusion:

This study successfully validated the anti-inflammatory effect of the piezoelectric nanomaterial
BaTiO; in NP cells by constructing an in vitro NP cell inflammation model, and constructed a rat IVDD

model through in vivo experiments to verify the protective effect of BaTiO; on intervertebral discs.

Key words: Ultrasound responsive nanomaterials; Intervertebral disc degeneration; Nucleus
pulposus cells; antiinflammatory

Paper type: A (Basic Research)
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IVD Intervertebral disk HME 1] £

IVDD Intervertebral disc degeneration HE R BB AR
LBP Low back pain T

NP Nucleus pulposus BEt%

LPS Lipopolysaccharide IEEZ

gqPCR Real time quantitative PCR SEI 5 B PCR
PBS Phosphate buffered solution T IR 6 22 i
sGAG glycosaminoglycan W i SR

IL-1 Interleukin 1 H4 =1
TNF-a. tumor necrosis factor-o HJRg SR FE A F--a
Us Ultrasound e

TBHP t-Butyl Hydroperoxide AT Hed F AL A
ECM ExtraCellular Matrix i) R4 I
BTE Bone tissue engineering HHLATIE

GFs Growth factors AR T

DDS Drug delivery system PIBIE RS
PNS Peripheral nervous system HMEE RS
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151 8 56 OLYMPUS AR} A 7]
CO, At 35 7246 JEIRPE DO AR R AT
UK (4°C. -20°C) HE GRER)
-80°CUKFH [H (Thermo Fisher Scientific)
KA HE (bR
o i K T HE RSO
F A B U T R A HE RO
PRSI E QLR
WE T2 E ETTEAO
FL A %[E (Bio Rad)
s TR AIRTECH AW)EH A 7

1.3 BEZ AR FNSEIE YR SRIR

BRI SIS B AR NP 4 e AR T 4 A T8 MRl & R D SF R & B+
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2.6 CCKS SEI#&M 5 ERE BaTiO; 127 IR NP ZHAESE 17

FESCIURE T, FRATE I CCKS AT T — RAIARSER, HIE%
SR SEEG FREE 0T NP 41 Bt 5 6 77 52 o X —id 72 B RS0 UF BaTiOs APk
PASCHfE LPS A ROREEVE R . SCERR R4 004G EIBH B, IRk P2 4K NP 4
FAE—N 3 2 JTAMLY 96 FLIGFRIR 3 SI R, JFLE 37.5% ) CO? M85 T i A7 i 1
7R, URITHRIIME. 25, EMAGMORERE TRIRZ G, BRATEARH
FE 1) BaTiOs AU T i 4L A (t-Butyl Hydroperoxide ,TBHP) ¥ HATECHI, FHAE
IR 96 FLR 48 e fLH, WKW L 3 MEE S, LA 200ul BT
DLPRBR SO0 KO R 135 — M S BR T b . B2, HERE IR — MR BN 37°C,
5% CO? Ak 28 T, FEARHE BUE 9L s K AT Ak, WMIPAS AN R S236 5 & R NP
YA KR I X — LI 0 e HEAR I 2 A A e T E S A R TR S 2B 1], 2
N T IRANMELEAE 26AF T NP A B TEE DL . O 1 IRCRIEEAT CCK8 A, FRAIT5E
FEREGSFAE T i & CCKS B 5 o MG R IR 5 4% 1:10 I LLEIR & 285 [ BN 5 FR 11
96 FLARFLH BN 100Ul FIVRA TR, #iR BRI 5180 B CCKS8 k7, LUEIE
—BHATROCEE MK . 7E 37°CHEAL 1 /BT 2 5, FIA VICTOR Nivo® 2 5 XA il 1%



28 XWHE AAFARFMEFMILX

(PerkinElmer, Waltham, Massachusetts, USA) XJHFfL7E 450nm 354 &b 11 W% 6 F gt
ATINE: o I X RO B K 2 M, RATAMN B V8 42 & AP 25 1F T NP 41 i ik 1
FARE TS, IO AT 1K 285 B\ BaTiOs 5 TBHP AV B 224 A Rl
PRI

2.7 BRIZENIESLLG (Western Blot)

BATHKF T Western blot 2 A/ Hr NP 20t A 740 10 2 19 5 IR 100 o 1 525 WA 45 A
AN S T ACHEE ) NP 4R U A . X NIRRT R e 2Ea NP 4
() T25 B4 98 ML 2 N B, FFRCEE A SRR B DLFRIR., B 5 25 3000 B (0 55 2R 90
H PBS ¥RIEAT — BIPKIE V. #E, AT A RIPA &5 PMSF LA 100
E 1 RIELBIR S, XAMESEWRAEN 100ul FINE] T25 Boarh U2 NP 4Hff. 7E
AN SRS, R IR FRE AR AR DA IR Sk #h . SR 514 FH 40 g &1 )
M T25 B FR S S 28 BT IS, IR S 4n Muml 2 Jm It b 2 =, A
W R AT A0 Btk — 20 R DUSE IR R R . 32 ok, S UER BN IBAR TN 4°C
B OHLH,  BL 12000rpm/min (38 5 e 15 0%, BO0850 )5, B BiE (BT
MEATRD - B, AT T4 E BFRE S K BCA &AM &R ELEN
W R EERE . WREMEE, MEBRTINAEER loading buffer 7RG, B
JEAE 95°C #@ AL 10 438 MEE A BUR AR . HRENTAANAREAR, WFEH
HARAFEAE-80°CHI AT o

F 2-1 BRI EE Je 25y B

BRI 2ty B H (KDa)
15% 10-43
12% 12-60
10% 20-80
7.5% 36-94
50 57-212

WAL JG, & 10%0) SDS-PAGE R4 . ek mfc b S AR HE H #5 5 H
JREGR/ANBEAT B . BN HER D RO & 1E RGBT, I RNE R RIS bt
Ja, MEETKMBEIFBRNT . THE, BB RANEHES GEaRn) , JFH%
TREE . HERE B, KA RREE SR BB, £ Tml E05E )5
i 500ul () ZBEIFiF E 30 708 REROIEE, FEECHIRAR, FHRadR A A )
B, RSN T ISRy 30 PRI L . 25, K HER I 10 B BRI E N BEIR
FIFEASL CEBEEN 30 , LG TIMADERIRCESR. H 80 RHIE



28 XWHE AAFARFMEFMILX

SE HLURBEAT LUK ERAT . BARIN TR A% 9 o
® 22 BRI S HNEAD TRRAAR

¥ (KDA) FETEIS TE] (/N
135-190 2.5-3.5
80-135 1.8-2.5
30-80 1.8
15-30 0.8
<15 0.5

FEEE F R B 73 BRI, 2 b K IR AT AR A P IR . D IR S 7R AR
I BARE AR/ ETE A 1) PVDF I8, Wiff et B A E A, FEETFRid.
i B BN GRIE 1 280 |, SRERZ IR 25 I 123 5 43 B
IR E M EAERR T E, UINEA XIS RE AR b, W R L <
78 & PVDF . AL, I E5 NG R R, fEUOKIRS
P AT R I, A 200mA FE BT ERAE . BIBES N, AT E AL —HiA
ThURE A, e, IR S 0.5%M IR AR ST, K PVDF BUR AL, 7
FIR R E M 122 /M. 205, S 0.1% Tween® 20 ) TBST ¥ BUE VLA IUK, K5
¥ PVDF BN —HER P E LR %K, BUHE, H TBST BN G ERA
THURRTIEE 1-2 NN B, WERET RS AL TR, FERE SR T O BRI I
IR R A S oy #1957, FIF ChemiDocTM MP [SAZAGHAT %« I8 FAH
KA AT ALK FE 7347

28 EEXMREMHERN (RT-qPCR)

TERWFH, BATRIH T R E &R AR R NEA, RIPEA R4 H NP
AR R R IE KT SISV B, FRATTHE R 16 75 B3GR, A% Trizol. &7+
SAEE. /KBRS UL & DEPC AbHEE 7K. 27562 RNA ISR, 0 R 2#uTb
R EL: B LR RIS NP 4 T25 RS 8550, EEH PR, JF
DA PBS A H AT e« B, B A AR B 1 PBS, a1 = AR N 1.5ml f# Trizol
WAL, REFRA 30 7080, BAIE T 2 0B DR R & BRE A4 10 0515, %
HEFR 2 EP Bl T —MBUR N . BEB, [\ EP EWINE, HEd iR 5%
HEE . 0% 7L 12000rpm/min 35 5.0 20 708G, SMERIBESE. e, T
FEWAARNBFR) EP E A, IR ARE, FRAHIIEE L, PLUTE RNA. LBk
FERASS, L 75%CEEGEE RNA Ui, HEdA SO RIERERE. &5, 1£ EP
&N\ DEPC /K H & RNA, 54/ NanoDrop2000 il 5 &+ 51 ) RNA WA, Hrh,

10



#2 8 SREE AATFAZMESAIET
7£ 260/280nm K~ , FTA MIAEE S OB E L AT 1.8 2] 2.0 2 18], F2HLSE RNA J&,
2 T RAT R RNA AT 5%, fFHEEUY) RNA @855l cDNA, AR IR SE0 T 3 5%
FITAsE FH AR 2R M S N2k A an R 2-3 ] 3R 2-4 o

%23 N R

%l AR
SRR 20ul
5xHiScriptlll qRT SuperMix 4ul
RNA 1000/%F . RNA ¥ 5
DEPC 7K 20ul-_Fd ] A AR
R 2-4 WS BNSRAT
R I 8]
37.2°C 16 7%
85.2°C 6 Fhef
4°C o
cDNA e G, JHaRiH PCR BN R, R MNAK RN 2-5 PR
% 2-5 PCR LA R
%l AR
SRR 20ul
PCR 51%) (1E[A]) 0.6ul
PCR 5% (i¥ifa)) 0.6ul
DEPC 7k 7.8ul
SYBR Green Supermix 10ul
cDNA lul

B ML E LF I PCR EAUA R AE BB SN 96 FLARH, BT PCR XA Hit1T
o1, FEIRECH 40 MEIR, FAER T, 95°CAEME 5-10 MEME, 0 87-90°C LA
# PCR 7. 95°CAE1E 10s, 60°CiE K 30s, #x)o 70°CIEfE 30s. HdEACFNS, 1 2
-AACE TSR T, RV 587 2H A b 5% 9 i L IR () R B 1 L

2.9 EHEEZIRTRRIRE
ARV 7K SRR A (] AR AR Y . B 6-8 JH ¢ SD KR 30 R, IEEH,

MM, fRHE (350£10) g, HAF T RZERZEBT YL F O3, ISR,
KEFRE, 10%KESEEBEEES (3.5mUke)  SEIIFIERT, Frf KRISZ 10%KE

11



28 XWHE ANFREMEZMILT

AT IR s BRI, FREN 3.5mlkg. A DRFRIFE SR 5 06 KRBT /g v A 3, JF
[ 5 T VAR ) 3em AR b, TR ZERIRAE AR E . BES, KPR E I 20G BR
HIR R R AR, R T Co7/8. Co8/9 FHANMEMIELAL, L Co9/10 HE[a) AL 1E Fy Xt
M. B ke, EERA Smm e 360 B 515 30 Foik . R TR B 1)
TUAR, fEEEMERERY, U —AMHERZE (W1 Co7/8) 1) MRI BT ER,
FE—MERIBE G R T 200 a2/ b7 =IREE, IR IREERE
Al SEE R A

RETEARSG, FAAD KA IR 1S DU R B G L AT A ani 5%, FFIESE 3 R4
T B RN DT B G SER TR AN, R 6 FORR: XTHEZH . il
BaTiOs+£H B4 . 8 A+ 2 DA K A+ BaTiOs 4 24H . N iTAS AL 2 ST AR, 7
55 2 JEFNEE 4 J8 2 e K AT R A B MEROM , 2 J5 KA MRI K H 50 7
RV TVDD HR 2 [P B FR

2.10 HE 3t

WEE B AR 43 BT K BB SR ME (R B SR S5 R e AR, Stof B AS [) i 96 2 e ) 48 7 S
BIMLEE T (15 BEARRAIE 22 57

SRR

FEATRACTE: #4e, FEIRERH])Y 60°C BT HEas it U] B #EAT ik, $esmta)
N—/NEF

B R KAk o P R 2R IEAT PR FC IS A0 B, RREC RPN TR] 15 2. B, @it
100%- 95%-+ 80%LL AL T0% I FE1h FE R AE A AT B KA, RSB IRIFEET ] 5
YRR, FERZEAIETE—IR, RRBES el

Jetaid #2: RSP ARGEAT Qe b3, AR S e . HIRBIKIERR 2 RIS,
P25 F SRR VA WGIAT 30 MR b AL T (B RIRB LV L R ESRAKIRE 15 4
B,

MV R NGRS I3 ARE B A RREAS, R RE AR 4
Je L GLETE, AN A ANE . FF et 1 708, BEJGDLE SRKIEDE 2 2%

WG S G 95% L BEAN 100% L EEHEAT K (BB 1 70 , B
FH W RACARIR (3:1) IBEBCERAIE (14380, S5 Pl B 2 — H 284k
BRI 1 438k, A R A B A R AT T [

PRATEAL . VIR 6 AN, 5652 s T iie 4 it HE R nreA,
TEAHIC SME A B B SRR AIE, 02 A TR 35 5% o B TR 1) 22 5

12



28 XWHE AAFARFMEFMILX

2.11 BOAREZSEE

HJE, BRI EMEFEAIEE IR AT DL 65 CRITEE AT W /N Vb B . B2 R
Ky BAHEE T FIREARMR TN =N F R IR g, BN RIRH 15 080, DL
ETHANKRZE. WME, FHH—RINAFEKRER CEEER (N 100%3E805 2 75%)
AT KA AT, Rk AL T 3 7% . FVRBIIG B R AKIETEFEA 10 4381, LB
B B (P AL ER R

REAKAG, 25 HE N TR AKE AN 0.2% 1) FE 1m0 T, 40 BIALER 1 4380 F0 5 43
B, 2, fH PBS (BEERERZZMPERVETD BEATWIIR 15 B rymhvk, IR ERE R U
BERR A B B, FEASY BIBHRIBAE 1% MUK ZBR AN 0.1%KF 4L O Y4ih, ik
2t 15 1, ZJE AT PBS M.

Jett 5, FEAE I 57K AAH RIIRF 3EAT K AL 3, A 75%3 100%FH) 2.1
BEEE, WPIR 3 b SERUBKIGE, FEARERIR IR ER AW, [IRS 28,
SRJE, PR TR B REA, IR IR B .

2, R Gt RN R 58 SO R RO U) R i B T R N AT SR, BT SiEek
AT, FREAT RS i b .

2.12 ELISA SCIG#&M K BR 0% 7 2 FEEF 1R R

(D) B AL A -

¥ Fr % ELISA W5 R EHR R IR (25°C£3°C) .

@UE VLB BH] & B 1 20 FIERBI 5K, FEEHE DU S IR TR K.

@R s R IS fR¥F 1. 10 IS, BRRIREG .

@OfMPTA R AT AT SRR BRNPiEE0E, 5 DAL 1: 100
LEBIR A

©FEER R ZELL 1: 100 PIECEL, R Do G b b 8 il 4% ARV

(2) MR AEE S TAb 2 .

OB MAFEFF LRI S0 LAy S L3R, BEJE T 2-8°CHEL T HEAT IR0 I 14 5

@ff Fl IN HC1 5 1N NaOH X FEA AT pH (E 15 )5 , 3t — 20 FARS I 22 i i s 1

(3)  briE il L &

—ARE B e T B O, K ER, @R EEHE. BUMBELAER—
RYIBRUEAE i

(4 | FERARIRAE:

OHEg TAE: P R N LAriE. FEd.

13



%2 B SR BT ASME LIS

QBRI I TALE: TS XY — Bl RIERR, 8T
UNIFRAE ity SAEA 7379 45 78 B AR B 1 i T BRI RE AR VA R
@R TR RTIN [ EESFLIEAFRRE G B I A T

R LT BEREEATIEYE, JHAT

O MEEE R ME I E, B )5 AR
@IEYIFIIMA I AT &

@& 1 S 8 IS RIFEAT 6 B £

(5)  HHEfgEbT

— RIS IR A AR AE 2, SEIAE i 1) OD R THRAS 2R IZ .

2.13 MRI &K R AMEE ZIRIEF R

SERIER ), T AHRBE A RHMT K R RAHE A MRT BB BT 04 R THESE: 0.8
K RIUK B R AME 8] 4% ) 4 ] Pefirrmann 79 AR HEXT HEAT 73t , [ 55 2 I 1] 2320ms;
IS TE]: 87ms; WLEFVEEE, 5 K WORIE: INBUREHE, St e £ N o E K
AL, NGRS EE W T BikeR)E ORERED , BARETTE, JFeEf
TR RAHEMEE s SR T2 R, N PET] T 4.7-T BEALIRACE I K SRR AE ] #AT
ARSI o

2.14 FitFSH

AHIFT A 2% T S 56 B s DL 2 /D = Sy S 3 +SD k. ¥ A GraphPad
Prism #4 7.0 F T4 R FE3AT S FER . Student t 46256 FXN [\ 5 22 43 #T #k Ad FH ok
WERMAMEZH A EZEZES . PAEM*E#ER: ns. TR EME, *P<0.05, **P<0.01,
354 P<(),001

2.15 ¥EREMF (RNA-seq) 44T

N T BRI BaTiOs fEE S 51 5 N XA (] BB AR 1 20T, FRATTXS b3 5 i BE A% 20
Ml (NP 40f) 4T T AP (RNA-seq) 7#T. HAMSIEWT:
C(1ORNA #2HL: )\ BaTiOs &b 2 2H At il 25 1) #1220 i 2 LS RNA, 45 F TRIzol
RANEAT R FIAEAL, B LR RNA 52 BRI . RNA i 2181 Nanodrop Al Agilent
2100 Bioanalyzer #4740, ZEESRAE G RNA 588450l (RIN fBD) KT 7.0,

14



28 XWHE AAFARFMEFMILX

(2)cDNA ¢ #4) @ A1 7 4 F§ NEBNext Ultra RNA Library Prep Kit #£47 cDNA
SCRER G . SCEMI R SRS, 7E Tllumina NovaSeq “F & F AT En@ & FE, 4R 150 bp
X S 41

(3) HARA M7 0 FEEd 85 Trimmomatic BAFHEAT i B I At 3, 6 5 48
HISAT2 %t NK 5% B R 3T Lt . @i DESeq2 #ihitkAT 22 R F ik 3K (DEG) %
v, e tHAE AL A AT B 2 TA) .28 RN AR R . 3 — P48 Gene Ontology

(GO) H KEGG @ & &5, Ral5 R5E. 4iisbER (ECMD B8 K IHAhAE
AT R I D B R RS 5 1

(4)5SUEAI D BE 7347 - % RN A-seq 7512 H 1Y S EE 5 (R i ik qRT-PCR A Western Blot

BHATIRAE, 5 Hr HAE BaTios /B T REMEH -

15



%3 B SHER AT AEMLSIET

$ 3 F SSRER

3.1 BaTiO; 5 NP #Hfa B H RIFMEMHEEY

AU I B AEIR FAN R BE ) BaTiOs i A6 NP 20 S iis 14 (1) g o it 9 8 7.4
DAHT S 28 R EaE b, G 7 —E MBI SLISRAR . EYIE IR ¥ BaTiOs ¥y A
F12 #5542 R 2 LR A, B8 T 2 M & A AN AR L BaTiOs (357755, VR4 &
FER] CAE SR sEIR M R SR iR B . 3, KHI & IR A R =35 in N NP 41
M, JFE 48 /NSRS FRIE AR . FERETE 24 /NI IS, SEIG A REACSZ 348 B I K A S
BRI, WoE BaTiOs IR UM,  JFHRpEEILE 9% 24 /NI, BRI CCK8 S5 k1T
fl bR 1) NP A MG FE 100, a0l 3-1 s SELR R I, 7E 200ug/ml [ BaTiOs ¥,
YL IG5 S 71 SANE  F12 859838 % AL A L 3 E 2481k, 1M 7E 10 £ 50ug/ml
(1) BaTiOs ¥ YU Y, NP 20 g 5 vF 77 350500 B4 A B T F%

XSG gk WARE, 7E F12 8573 H N 200ug/ml (1) BaTiOs B, s H R 4511
YA . 1X—45 58 BaTiOs /£ NP A 3% 7= S H A8 4 7 S230 32 Fe . TR
Joi A e AR LR E M, N T 780 FIH BaTios R B, Hrik H & 200ug/ml
BaTiOs 3577 2L 347 i — Dt o, DSR2~ HAE VT NP 48 3% 14 77 10 (0 38 AE AL AL
S FHAME -

150+
mm BaTio3

100+

cell viability (%ofcontrol)
n
]
1

=]
1

0 10 20 30 50 100200
concentration{ug/mil)

3-1 CCKS8 il % BaTiO; ¥ & 2644 NP 4 g B4 %

16



%3

ot

Sih R BAFRFHMEFMIL

3.2 BES|ISTREBME BaTiOs #f] NP AR KEE, TH

A B I Fe B mt, {6 ] 200ug/ml f) BaTiOs %f NP 40 34T 403, S2ibdE
o oNPL AR A B A (X IR 4, Ultrasound+LPS 41, BaTiOs;+LPS 41,
Ultrasound+BaTiOs+LPS 41, BaTiOs+LPS 4) .

2.0 - c
1.5 |

1.0

Bactin | S——— ——

0.54

protein ford change of IL-1

LPS
us

protein ford change of p53

0.0~

> & o el o
> & 2 D © RS S S LS
’ O 5 87 0 ¥ F a5 V&
+ $ & aX VA P o0 Q'
BaTio3 s 6‘\6" o &
&

Gene Expression of IL-1
Gene Expression of P53

protein ford change of p21

Bl 3-2 A IUAS [E] S 4E N NP 41 B A 5% J8RE IRl T~ FRaA 17500 5

YR 0 e AL 3 IS, AT I SR ) Western blot 52536 207 7 NP 4l £E A [A] b F
FAF R IREA SRR AR IETE I . B A-D JEMT IR T 1E LPS ¥R, NP i P 485
WEMKER, W P53, P21 BT NP L2500, 1 IL-1 22 5 HE AR 2 MEAH ¢
wE, M REAYR SRR R IEACWER, ZUFEANRIEKTERET
B3 i, iXEVLPS 51 KT NP I JO0E . IR SR, 14 FH 5 5
S BaTiOs /=4 K RN 7= A HRIEVE F T NP 4B , TLARH AR B2 =t BB S5 BRI
T AR A A FH e 7 5] 3 R 2L 01 5 o S s ) A 008 B S SR X MR AR R AS 1 328
G 31X B A4 P S RO O T NP A PR AR 8 P A R ASOR T HAY
I BaTiOs ANg5 -5 7 fll e i~ AE 5t NP 4B VEH . v T 3 — 25 1%} BaTiOs
FEZE NP 40 IR AR E TR FC, FATRA T RT-PCR HiARFE— 50 T NP 40+ %
FEARSCIE R [ RIEE DL . B E. F JB/R T1E LPS SR AEM AL, JBARAH I K 1
RIEKFEZE B, MBS S BaTiOs ALFRLH H, 1% SR AR AH 5 35 PR (1 302 I B 2
N, Rl P53 AT IL-1 (ERIERRAS, BA Tk m 3, #h—PuEsk 1 % o
FNH] NP AR AR A 2. BLESEIGah IR AR, @it 5] 5 BaTiOs = A
HURIL, T LR35 A8 2% NP 4HM 0 J85E . 8 i . 1X— IR B 1 48 i f e NP

17



%3 B SHER AT AEMLSIET

PR . PUREZTT IR A EEAE, 1 IVDD RS R, REZEEEMK, K
B A BATIGEAE 7 —REAERIIR T TVDD Y 5 .

3.3 {RMAISCLIE MRI 6 50#EE) 2R TS |E)

T I RS AR K ROV ME R BRI AL, 4 RS X R, £FHIZH, BaTiOs+
BFfIZH, Ultrasound+41 il 4H, Ultrasound+BaTiOs+41 HIZH Fi4H . MRI /2 5 2 5215 2
Rl TR, AR AR 2 A B) 253 3R AR 1 0 i) v B s Ay, T IS MRT AR S A () 4

ARG SKESH B2 M0 IVDD 2 Kk fe . Awrsesh, F-A7@id MRI
R, PP SD KA VL IVDD GRS 1 AN H &4 IVD &5 M FIsER-Z H U5 I,
WE 3-3. WE R, FZEA s 4, EliER IVDD QﬁﬁﬁiThﬁE@wE‘Jﬁﬁ
PR, MER B L5/ 28, B NP S/KEFK, A4S B%.
Ultrasound+BaTiOs+EF JIIZHBCRFE FE4ERF T IVD RS M e 8 , REZ AL 5% %
UL B KER R T RORIEREIREE « L B85 R 3R, #E 513 T BaTiOs A1 EEWJ
BT e HER AR ARG IVD B8, iR AR R TEE . 4 HLE
Ry UL S HME TR 5 G40 e B, oA R IR T RCR SOV I 77 .

BaTiO3 — — iy — At

Needle punctrue

Ultrasound — — — —+ +
K 3-3 KR JEHE MRI

34 HE. TELEGLEHN BaTiO; IEEH 8 R T1EH
BE S RATEAT 7 HE Yot R H LSR5 (0, WK 3-4 FioR, ETEE G 4
F G, WERH R S AT L, SER R, (EAMHIZN IVD O Z ML T RN

R RRATPEAR AL . IXMRAT MR EER A Z AN 51, WHE: NP s
A T RERED, ECM 5 ERFK, RN NP LAF4EM RS HIE 2 7 50 A

18



%3 B IRER BAFRFHMEFMIL

A, IXRECAAY IR IVD &7 7 — RYAE AL, R 3] 1 D) RE AR E 1 .

A7, B P4 S BaTiOs AEHfIlX —4H A 771 B 5 1) IVD R
TAFERZER . ZPEREIRIT RIS AR RAESE BIR¥F T IVD IR RS LE 1, JR4ERr
TR REAZ 20 B(NP 20 ) () El DA B AN T I B, FEEIIREfR YT T IVD B S5 58
B, S 7 PLRAT YR A ORI AT . XKW, MR — s L, A
Ultrasound+BaTiOs 45 & 41 Il (7697 -6 AMURE A 20k2z IVD HIRATPE AR, ILReAE
—EREE EWE B ERF RS RS RE, BT HERI AR AR R AL 7 — 0T R Hr
HHE

:: ;} ﬁ{ l; %}

Meedle puncture + + + +
BaTiod _ _ + + _
Ultrasound + o + -

L

=

.
—
N
y T
TN

Needle puncture + + + +
BaTio3 = - + +
Ultrasound I} B} +

] 3-4  BURME NI HE Yot o 7% 21 [ G
3.5 KBR & A 28 RE B F A9 7K 46850

B JE BATEAT T R RRIRBEE ML, 75 [R] A 18] 55 AR SR AR BRI, {4 ELISA it
A&, A IL-64 IL-1B TNF-o55 2R L& IL-10 iR A7 & &, WHE
3-5. HAE3-5A-D M2 KR, B 3-5E-H N4 FRKRIMK. 78 2 F KRR
H S RVEE SRR L, B 51 5 R AR BaTios B H/EA F IL-6.IL-18 TNF-a
SRR TS B R R BT IL-10 (S EWETE, M= Gtk
B, BaTiOs+EHHliEfi, Ultrasound+EF FGERAD 57 B BMAME S 51 % T H
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BAFRFHMEFMIL

H AR} BaTiOs VA T 4IAHEL IL-6. IL-1p. TNF-af )& EHE TS HEA S ER (P
<0.05) . 4 FAKBRIMES, &Hd -6, IL-10. IL-1B. TNF-a% 2 1t K1 1) & i
TP, ARG RS 5 AL, #8875 51 5 T R A kL BaTiOs & HAE A T IL-6.1L-1B.
TNF-a55 28 11 R (1) & B AH b T4 R G B PR AT IL-10 & E 2T E&H B R
Bk %R (P<0.05) o BFUCIRANTEI, HAE TS T K HEME BaTiOs ¥ HUIEE
KEAENRE THREN, SESLERIPIRRIHAHFE PSR, BRIk 17

RHAPTRAE R, TR AR X TR SUME 1B A 85 (0 8 A e L A AR A

(i

J72H CEFl+US+BaTios 24H) ELE:, *P<<0.05, **P<<0.01, ***P<<(0.001, ****P<<(0.0001;
S5 BAE:, #P<0.05, ##P<<0.01, ###P<<0.001, ####P<<0.0001. )

Needle punetrue + + + + -

Us

BaTiod - + -

IL1(Pg/ml)

0=

Needle punctrue + + + = -

Us
BaTiod -

B= #54 4
ue

6=

40

IL&{(Pg/ml)

20

Needle punctrue +  +

Us

BaTio3 - + -

204

-

Meedle punctrue + + +

Us

BaTiod -

[ ]
& = o
= = 3
1 1 1

IL10(Pg/m)

I
=
1

0=
Needle punctrue

Us
BaTio3

ILI0(Pg/ml}

Us

BaTiod -+ -

- Needle punctrue + + +

}

TNFa{Pg/mi
H
1

-
Newdle punctrue = -+ + -

Us S

BaTio3 . - - + -
H
150
= 1004
&
&
£ 50
-
Needle punctrue = + + + -
Us + - = + -
BaTied - + - + -

K 3-5 KB IMBAAER 7420 (A-D 2 JKE, E-F 4 KR
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3.6 R FRENFRARMZ BaTiOs B ZIR TIRIFAIHLEI
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AT NBERZ AN REAT T PI4LALEE, SB—4LRATIIN T TBHP i S 56 4% 4
W IRERAY, 5 T HIATEMA TBHP (2R F NN T & EIRE K BaTios A5 T
PRI B i P 2 A 2 A B PR A A% A B AT i s T (] 3-6) o BATTEAT T
ZRRIBFENELE S (B A, AL 2R B ENEETa (R .
W OCND frid sk, JRant kb ERARE (BB, O JBR T Ak E b = RE
IERGER S, BEERATAT T ZRERRIEN GO EESHT, HH~ 515 T BaTios
MR ARG T IEE IS (B D), BATKIE T BaTios iI7T 40 EE, 5 ECM
FROGIIE B RIL i, 17 ECM B S HE AR AR Pk 2 B B A DG . Bl JE FRAT X AR
KIEEFRIEWZERBT T o8 (K E) , KILIT BaTios 16I7 IR EE, — LLstf#fE ]
FHIBAR B R LR 260k i, 1 SOX9. SOXS 25 %E K. BaTios ¥ 20 ik
B HE R £ IB AR IEAH S FE ] ADAMTS14. ADAMTS2 B R, DAZEZEHEIR] A ECM Y F#
fi, ELTFaE 7 SHER R AR U 5 1) SOX9. SOXS [k . FRATE i 4% S 2 e 0ot
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$F 4 ZF Wi

TR (Low back pain,LBP) J&—ME 4 BRIEH N #5347 118 M2, IVDD
= R R E T AR E RIS A A &k T BRI AT, Suit Sk
BN, HI 80% M B NAEH — AR A AE RN G I R IR B IR . 4T B AT
TR, MEMBLRAR RS R MR R ERE e —, HHEE TR ™ SRR
FEEER . MEM LSS0 E I BEAL RN AF e IR 2 i, b RifA% A SUR A () B P OGR4
5 AR PR S R T T ME [B) BB AR R A B S B ME R US), BRI REE,
BEEME R 4RIR Y, BEAZ AR S Ra e tEA e Bk DA 2R, IF HARRE S
FRERPLIIF=AE, IR PR A R I A ) B8 AR 1) SR 2 — o AR FRIE RN,
HE ) B A% A0 M AR BRI RE ) S o, R R S AR e, BT 51 R ME R SR AR
M E TR Z . (EAE AR AR AR, JORE Rl T I AR 28 GAE A6 20 Hi 98 R AE X A i) AR AR
R FER AR, I H 555 B 7 18R 802 5 S0HE A1 5518 A8 A gk J 1) o 22 )i A
(20211, 33X 46 58 i [ R k> 1 DhREPEAR B B, i ELEROR TR S AR e v, R
BT IRAR R

RORE A — N M BRI R B A B FR, TR 2 A NSRRI R R R IEVER, HE
MELR Sz —. G H, EHEREIRAERES, (%5 T MRt
Fo (TNF-a) « FA4INFR 1 (IL-1) MEREESEEWME24, i, CHIRIER
N, HMEIEEL A A R 22 PR 28 4 i PR -6 ME TR 350 P9 AR A 5 90O IR N 25 DA OR, 3
HIL-1 JORE R TR N BRI 2., T A [A] £ 18 AR Hh 58 i R0 52 22 DR 5 [ ) R 300,
R XT P53 P21 [RAGIN B I RE B, Db = b s o A 1] 438 28 (1) % AN R JE
R FE AR T AR B AR B EH . A FLRIE, 1L-1 AT LU 7 (A 55 9
I3 FR AR AT SE S S, S IR Y M A o ) AR DRI, T A R BT R I 6
RE IR O AR PR YA 97 M R 350 AR ) 3 B8 55 2 — 252600, X — R BN TF R HiiA
7RG T BRI ARG, FEEH T AR IR SR AN T R T R R MR
SONNT, DLk 21 2 S A ) 48 25 f Ao A T RE R Al M 20 2 1 H 1. i SCRTIA,
BaTiOs {F N — M@ R B0E 7= A Bt A I s rBAp ek, SMEMR S W RS2 A5 185
AT KRN A 21 %2, R {#/5 BaTiOs 5 IVDD BB AL N4

BT RIS 45 5, BATR D! BaTiOs 7 NP 41 5 b A 234k, XA 7
FRATEATEE T RABFFT, BEJERAEH LPS X NP 40t 47 S e T &b, I HAf
F WB # qPCR X} NP 40l o 52 2 M SOREAH G B 40 P53 IL-1 JAH R B RIEAT T
W, 255 IR LPS v] LA p NP 40 98 AH OC B AL R 3 =y . 55 LPS SR AL AR EL
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B, FEB 75 51 2 T 1K) BaTiOs AT LA 24 40 ) NP 240 i 1R AR AR O< 8 1 (K460, R B BaTiOs
FEHE A RO NP 40 IR A2 AT VR AR, i AN 75 26 0 OIS A 8L BaTios U
B B AESE NP AHGRAR(E A, H B A R0 NP A0 th i H BLREZE NP 21 iR
AR RORET [ Ja AR A B SRI92 008 O B8 ME AT #E [8] SR AR (12 37, A MRI
RANH L P Qe B Y, I B RN R IVD S8R 8R, BRI 2358
&, AHATHER R ARl o 10 BaTiOs i 75 4 MG Rz A [ A A ABOR, — e R Ak
FF 7 NP XS E A, ECM & foMAE 8] s 5, GRS 41 PR AN BaTios 43y
72 28 S (10 2 A A 1) £ R A PO IR0, o i A TR AT R B IR ME LML, 7255 2 A58 4
JE 53 L, HEAT Elisa SEI A MR IL-6. IL-1B. TNF-af5 4 14 K7 DAL $it 4 ]
T IL-10 M5, FRATTABUET 72K BRME ] 4 B IR AR 4L o B RAE R 7T kv, D
HE R IR AAEAE A RE A JORE A, TS 515 1 ¥ BaTiOs 4 AH L T4 ISR TL-6.
IL-1B, TNF-a55 R YER 7R & EEIABEAC, MmPiR KT IL-10 & ERE T &, X
W 51 5 K BaTiOs i] AAEAR AT R AR FE DU RAE L, I A 1 I SR A [B) IR AR (1A
FHBO, f 5 3RAT 0 NP dfff 7 PAHACRE, — 22 ROAEIBASH) NP 40, 53— 0N
R 515 T BaTiOs 1677, fJa X AT e I e o0 dfr, JAT0 4 1 IR RGE 2=
SRR, JFRE] T BaTiOs # AR A AL A 12k KA #, JFAEI BaTiOs 14T
JERHE ] FLAB AR () PRI 5 ARG o

IAVEA R )JZ 1 Zh)= T DA B 3k PR e s N P % BaTiOs BIAEFIEAT T WH I, 19
1 7 BaTiOs fEH 51 3 N R A TR RS HER BRI . B Wt RATERFIR
ARV BaTiOs V677 HEH] 1R A2 () BAR NI AN 7738 6, RN 1 R AR BE KA R )
BACZERRE, O TR AR NE AR (0 9K SR (AT FE AT Ay AN R 1Y
(31331, BaTiOs /F: g — Mg A4 ik 7 i S 78 I B AR AR, AR A AR A AR G HO N
A, AUREGUH LR T 7 HAE IVDD IX — Uk R, ZBF ER A 5 3 T
BaTiOs 77 A= i T LSRR NP 4 2ORE A3/ E L, RSk W SRAIE 1 Hxt IVDD
IR RCR, XA IVDD RHRZEITRE T — 6 8igte, thoNHimRIG 524t 744
Rl #3431,

BRI IT EEER A BaTiOs MEHER SN o (A IR A D RENE, (2 1@
AT RHE R P AU AR AN B DU HL A 2 52 B rP ) 2 A PR 20 28 R L
ARARMWE T, VOB ARC BaTiOs KRBT CUn At FH BCH P [RI A 3R 8 e 7 1 1#E4T
id) , HEEEEBGHEAR (W/NY) PET-CT BURJERUED , MM EHEAED AN
I A AU BEAT B ERI748) . I 3 B 2 BaTiOs fEIE NN G, JCHORAEMENR AL A
HORER=cli N1 TR SN W& 2R AW i N R | P i U RS A T P DN )
RUE SR EHA P EE, IFPEHARA REY 22 VE®), XL TR BaTiOs
FRL I A L 3 (it B 2 (A2, JF 3 SR RAE R 22 U 2t — DI R AL o
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AW, BaTiOs MBS SRR (10-50 wg/mL) FHERH-—E i
PE, XA[RR S MBI RTPERT . KRR B A OC. 158, BaTiOs QK0 1Y) S [
FARTRRIG N 1 S A A BAR A, NI S BB A EE it e B, ik, Rk
FRPRLAZ 73 A0 ] B85 M 7 240 R 355 1 A 85 o 0 R PR o e, g i sz e L AR AR AR
CETFFLR B, GORM RHRRLAR IR T A R PE FL AR N A B 5 i Bo40), it
Ab, PPRME SRS 773 o 10 23 B0Vt R 8RS M 4 M R O s B, TR L 7 R — D A ek
i) £ AN BOR AR, DA T T B A P 2 12k

EAM T, AL T LPS A/EAE T, FERK 2 LPS ££Seie P 48 E A v
TN, RENS A RO A RIE R N . LPS ARIR T KM E N E R, Wit
BOR AR R ) TLR4 224K, JA 5 NI NF- x B {5 53888, MM 51 & 32 50 R
R, X —HE A4S LPS BOATERSMNR P 50 o F B SORE R 570, JUFOE A T
T ARIEHLFIRNTFIR TR 2590142, R LPS 3B T BB YL bl 6 (1) ORE v, H Lo
KR 28 AE F AR A0 FLE F T RIS SO RE ORI 7T, A [R] BB AR B 3, KSR It 52
A CAHE— PRI TL-1 B B TNF- a 2558 ARE 55 (1 ORE (Rl 7, DA SE R A B SUL ek e
M RIEIRET . ARFFEEH T LPS Al TBHP 1E AN S5, 200 F T A 4EU A [ £t 18
A e ) S E A A SR L. LPS T2 T 2OERE 7, did B TLR4 {5 5@ B A &%
B3R R R N4, SR, MEIR SR AR K RE, IR R AR,
IR ATTEFE TBHP KA X —Jp 3 £ . TBHP J8 i B4 i iy ROS /KF, 31 K& 4k
PR L, FRATTHE AL T R FUME ) 5 20 PR AE SBCIRAS T SR BIHL ) T B 40l 3X
PR (R S5 A T, 3 BRATTRE RS B A T MW AT 7E Mk [R) 2B AR 1) 22 EERALE, FFoNR K
VAT SRS SR AL A o 78 S2I6 R AT 22 3] BaTiOs 5 75 i BE A AL FR A f) PS3 R IAK
i T B BaTiOs Ab384H . PTREM IR R B0 46 : B I 51 R T AR B, AT
WOE T P53 ik SRR RIS AR ZE S, A R o B BN (AR Ak, AT
REFZHR T 45 506381, bk, BaTiOs 5 75 ik (1 W [ I AT BRI T IR L R4 7 70 B
M5 TiEE . N IR RRE, RRIRA VGt — P E SIS, A4 S ae 21,
(7] By B Xk P B P53 ARSI, JEA AL SR B,  DUR AR 1X 28 [K]
FX P53 R BARFE I

ARSI I e e AT HE R T BaTiO3 AT i ik 22 Ah 4l B AL 2 44 L AR 102 3800
e, s EER Y, BaTiO3 AbHLE, 41 P -5 NS N AH S I 25 (R 2 2% i .
XA fE S BaTiO3 M RHEAN LN 51 & 1) ROS P24 Ko AL CAIE WA 7E 22 R g
PEDRAS R R EE/EM, ROS it AR R FEA MR, iE AR ROS ZKF 1
AT A S AL AN BB, Kk, BaTiO3 A Agilid i 40 Ay ROS /KF,
WO 5 A NN B AR SR 5 SR, G0 Nef2/ARE i #, AT IEREG0 i A R P
WU, peAh, A BIEIS RN, BaTiO3 AR F 2R S EA RN ERIE R E T
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W, 35 TNF-a . IL-6 Z564 SOREK T-. BaTiO3 AJ AEiE I #IH4] NF- x B 5 Sl K K&
FEHPIRAIER, BN NF- x B J2 0 [ S %O R 8 7052930, X —LfilHEN 5 & F
SCHRARIE ) BaTiO3 75 HAWBRY s (3T R AR — 8L, 3E— P IRAF T %M BHE 2 FE PR
TS AE N F o S5, BaTiO3 X 4 i SR S IR 5% 1 1] g -5 T 2R A4 T e R 1 75
AR, CHMFEH, BaTiO3 Ref il IS LRik % (mitophagy) J8/b 20 Zek0
PRIGFZ, BRGNS R S P04 3@ ik o =15 b i 1 Wi SR 4 R PRI ML ) A
HEf BaTiO3 7EZHZUE & Hh /R FHERAL T8 1) LK o AR I 7T R4k 4R % BaTiO3 £
TX A5 5 T8 % P ) AR TR S e ik S R o e o 790 S g — 20 B0 I 3K
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£ 5 B %L

ASHEFERIIEAE 1 Hh NP G0 7 E AT AN AR P K BROME I B IR AR, A 2R A A
N0t 7 i 2 RS 0K T FE AT RE BaTiOs Xt NP 41 i JORE AT K SRMENR) i 1R A IR L« IR
B A Fr 54K BaTiOs A% AT F AT REE (015 Sl i . AW 7eas RAR B, i s i v 7
K AT EE BaTiOs B RAFRYEVIAAE, B 913 T9PKIE AR BaTios 77 2E
RETT VR I AT 2200 NP AR 9O6E,  H AT DOEZEHE R IR AR kR, JF H 5 2 2 HEla] 4
B R IE A R
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LRk : ARV REEMEZ SURRINH

S

YRR A IX —Sidek B A 20T AR AZ B 7 FE I  iZ GEF R BT S
, HWHIAURE 2, BAEEIME. BUR TR EEY R, HIERY . AT
JEIRZE 5 RS S 2 H ARSI B S KR . AR Skt , £Rdi)
HEEMIRIT AR ZEH TS A SR R e, TRIER 2R BT Y 3
SRR ATASHEE R o T B AR B B 250 MR BT+ T 20 i) Fe SR AT H bk
SENLAERTE, (E25FI 215 DU s, [FIR FRAR T 29 g e s | e . IAE
TR —ARBUME . PUR BRI GRS RV Z SRS, DAY
ST R, HAT, RUEEEE R R 5 T8 35 G0 2 T IR 7 126 A 24 R TBLH R | B
Ao FIHGURA R A YR = AUREA R R AT St AR X TPKREST
R JEURE 2 B AIGEEAT T 2518, AAK R ST SUS PR R AR (L B T B A AT SR

A GKARL: AEST

7
i

1. R BRI E I

PSRRI, FATTFRR R B LE R % — e BB, A Rr I B AR R 1
RL, IXEERORAE RS B BRSNS WER T IE R IHIIE) #RAL T 9K R
(1nm % 1000nm) 55 ZEKFPEL 2 H BLAUKI RS LR PE R R RIS, /T
BEORETYE . BRAUKE « HEUA MR GWIRR S, FEERTR. 4. AlbkE,
B RUEERO XSGR B LR NI S R AT R = R0s . B2, AR,
REERPRIR B O R AV A S RERTERE, 2 FREEE NAA N EE DR R HEIEH
ANBT AT BAT R, A BT 2 R R AT el e i PR R I A IS8T, B
GG RIS . MELL B EN R I8 99 5, AEANR DRI B2 T 7 S8 55 A
REBAIA L, Rz, 16T R BEMAI A B E M. DR
KRURL 7 TN s AT 2 R IR & B Be B 9K 25 RE ik 2= 254
BE; ORMEIIZ AL, Tz RERAHART YR, AR0EK 7 AYIERA T
Rt a] . BEAE AR ECRIT TGRSR AL, DKM BIAS BRI IR TR s 8k, i
CaB N EEEMENE W2 5 RS R . G0KA R AWt 2D AN gl
B ESGUOR G B A I 5 SRS OB N R R E, I e AT 2 D sedE i
AT LA BHE AW B2y U 7 2 L SE N2
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2R RER AR/ HAYN A

YA BHE AR 2505 77 T 2E R AT N B 2, BB Sk BT B 1) & e 4t
S AR R RN BT R, i@ Beie YT ST ok TR DTk . H AR R T AU
XTI RS, Rl BT M« IR ZH 2R A AN 4 e [R) e TR S 7 i, A7)
MGERZ L. AT N IR LRk, BN G Q2R IR T FE T 20K R
ZRRIT TR . Bl ERBPUEM RS & SRR, o8 T ANE E AR 42
BRRITRE, SR B S TR KA AR B IR ik e, XLyl
KA RHE IS AR B, SCHp I e HE AN M RORS B ANSG SE, W] e 2 A0 Y
FefbBe s, ISRt DIRe Ik E . #hE RS, BE A ToE RN AR O A
BN ES, PATHARRDIRE, [FIITOREE SR S RGAST . TTAIE 2R 40 140 T35 38 36
IAEME TOZ I s b AR Ak, DLROIRA R EIE Y. & NERE 2, +
WA R% (CNS) HHAARZHRBEEWRE)). X —WEIEAMUZR T HE R
(R AL, Ty L 32 380 o ok o B A B A0 55 B4 TS LT CONS 24 5l K A&
TR S 4B M IR e B 38 A, S BUR B0 M IR R, 3k 1T PELAS pif 2 1 BT I (000, o)1
BRI A KA 1 S E A RS B, TLPAR R SN ERIEE R G810 T G LA XS
WL, ATRER TAREHERZRFH, AN EEEME RGN B2 . FiBk) 2,
AN FRZE 248 (Peripheral nervous system,PNS) 7538 5231 5 J5 Be 6 BB K, dad
RAKEAMRRA RO, RE IR B PNS MRS HERREE, (HU R E s aH R TR
FB, BRI T HR A B HF WA A EG . KA BylgrkieEr s
RGGIRIPNGTT P13 7RI W 5T .

FEMEA RGIR R WK B2 2 T T2 00, trd @ R gKhl e Hrp—
, FFEAEVEAMAL THEAEENH. fliisi&EE (Aw) PR S AB Eh
FEEAS G, IFREREAE S MIXLE ST A B IEM LR H BIPU6, X4 R0k [+
FEHIE T B 2R I BRI IO AR S #R U7 T A W ) Park 55 AHRIE 1@ g4
KIRREE R MURL,  FFIGINICEE ) A S SR 7E m R 1) TAE . 4, HAhs)d
SRR A E AR % 2 U N 22, RS TR S5 . Shefi BIBA 73 #T T &
ARG KEL 755 T PC12 Zff R /K- bR I A S AL I o 41X 2Ll K
R 78 76 R T W 2 T PC12 LA J SHSYSY ZUAIY &, FRidid 1 ss i 4 R 1Y
AFHE (BN BRI B A R T B 734003, 3 —J7 T, P BEAH
2 ) AR A K UKL R A R 78 B T A RO, S N il 42 SR R R 5 9K AR R 1
WA ORI, B FTIO M 455 R S AR I PR 5| M R I E M B A, XT3RS
TANMGH R, BIiis S 7 piE R IR SR E K, S90KE50
T LB ARG L%, 7E MIRT AT 78 F0H 43 3K FH « - Racheal [1BA i@ i = 2%
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(1 CT ARTAR, 4 LS T REVEAL I < 8 KRR F 12 Wrash 293 E AT A b2 e
T, XU N & B RRL T RB B R B M e E, JF Hilid CT iR ok it
ITERIRTT, SROE VRTRALE ATk < Jm AR N AR R ILIE RN Tt 5T,
(BN R RIURL AL A1 20 TR UL A RO R 8L FH 7 70 AT S5t

3. B AN N B ANR A R A R AE VS R T PRI A

7 ] 2 2R KA L AR A L R B M A, B TR ORIRAT T2 17 7 5 i v 7R 4
KAPBHE S RE VR TT 77 T BN I 3E R o Ry 7 A5UsO0t AR WD AH A5 1 v R 4R oK 38 T H IR &R
CARZ 2. X —WB R, Q] 7E D0 sRIE T 28R B[R] I i b SR AR
i g £ PN S BRIV BIT 9 00 R o I FT AR R T T RN & SR AL S I BB O U IR g oK
WAIEIE T, HEET S RIEEIR T 7 5. RS PR AR T RS T IR R 12 W,
EAZAEAR IR 0] $45 A R A0 B 75 30 L R AR o 25 dnis SR b B RRIER . 1B
(R BEER 1) Y6 7 25 R O B2 B0 AOWCEE TR, YR PR S S (TUS) R B 1 FL R il vk
TR, RPN A BEhG  ShE O IR S e RTINS . AR ER G G
T BE ZWi8i% R 5t(Drug delivery system, DDS)3R1S T JEALIE T RUR AN 5555 M LS
FEHLARE IR T . 248 DDS ] it A [F) e A0 O A 53 S B« I B 22 21 I T L
i€ AV TG e XA TTIEBESE T 7972, TRBAR 10 e 1 FR 4 M i v A2 52 e o
FE4iE DDS Bl MAMRRI B, S IR Z VBRI . DA S 2 Mgk ik £
A E AR B, RKRIEFHATE Z R SIm PRI AR5 B A i
L5588 7 e S RS i KA B SRE VR T R, GKRIRL (NPs) 58 75 5[] R AH ELAF
., 2500 TEOUL I AR R 75 NPs AR IR 56 . FEUCEEA b, A5 — B4R T
TUS Va7 AEIVE N ISR A m PR Se i T AT, BB AT IEHE R A 2L %
A B HARGE PSRRI AL 0. T IR A AR AN [F] () TUS SEBS, FEI i H R
BRI T 5%

YKAPEHE DDS WA, AT 823 AR A P b LSO YR 97 e hE 5 22 PO hE 1 7 25 B
iU, B TAEF SO TIRAGOKITEERI R EE, JF BAERREDT . B7ik. 329% &G
PROTIHSEIL 1 RA, XAk 1AL I K AL ST RIVE I T . 253858 it
FIFH AR EAR RS0 A F R PUE 2592 008 B, X8I EPR &8 13 5 50T 1)
A0 A AL a3 o BR8], $RTF T 29 m An i Ar B m VR O mT R, BRAIC 10 R
R E L BIER . RERXFE, 9UPKRF (NPs) fESLER % LLAMPIG YT 52580 2 JF
BRI B KT R0 2, HREGURA BRI AR 56 i B RSCR A7, 3L
BRA R, HAE L 0.7%H 99 KK T K] EPR &8 1 e & Bk e 4, xR 7 H
I PRRLRETY, RN IR 4 e PLIA 75 7 B THAS T2, B R R R T B R A =2
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R SEERR] BE R s A AT BT 20, AR LM% S8 DDS, 49K DDS ] 25 FRAREIF
W, BB R Gl R 290 e REEAE AR AN 2 B 49K It hit DDS 94
Wk s, AR, ROT. RERHE. 299, MM 2%, BH
JZERRUST, (B, 2kl A R SR 2 B AE MR BRI IR AR A B8 2454
SR LR IERES R MR SR SOk I R G052 453 T B A 24
YoAE e i A2 Bl BRI TR R I, Ok IS R BBURS R 94K DDS 8 A R i
PRI SRR B AR R R RS 0] . IR LTI 45 245 R G (NGB an K #idAk
S IR B R A SOVR Gl B G 55 ) A E At AE VR B B o 1 N 770 384T, T W0 pHL.
B SR 5L S N A A YERVTSORTR S o HLRE S DG S ARk i I 499 K 2 Gt LR oK
BEATHRERA, B, ERRIRZYEY. £E NPs IANE I YOS T ik, A 24
E 25 5 B A v ) S A TP RS DX AR AT RS MRS, A T RT3 % s PAG 1 e 83T A1
HH 72 BAANMUEZITT I Z N, WAERERT R REZMIER, SR
R (AN Rl BORTARTE R AT (IR TR HT) 85861, LU s 75 ge i a1 56
BRI, TR R, RS AR AU R R BT a6 4 +
FIFAK DDS H 23R, H A, X ARG KRR, 1R ETH T
RIVE YT R ETF R BT I A UK DDS R « S0 AR 2 H MR IR IB R AR, &
L PRI 75 1) 27 3 SR SRR o SR, FRAESUH A RS IR AL, IRIH X TR
I MEB RIS . F3oh,  AEADZ SRR AN — P Ak A5 e Wi v o A PN 7 SR 2%
(381, 30 S PR R I 2Pk R4t (DDS) M R0 S, HMAAETE
HE S 1 9 25 WD AL RS e AL B 0 G, JEH AL T P iR X 3R i 1 BE KR (NPs )
IR SR Ve DL R R PR, BATRT DA ROt S e A N oA . 2EVIsh 715
178 B MNBEREINRE ST, DLRHAEA R B A ACT e L. B S PR 520
K DDS H&5 & 177 %, el 7RG )7 SR AL BRI, 75 U1 NPs £E4H I PY AR SR
SE CAMRST ] R0, - DL e 3232 i R A UM DR FL RS [ R PR DT T AN A2 o R P R P 35 15
SR U AN, AREAE NPs FH K25 REAS BIBONTE 70 MR, B4k
DDS [{RIRIEANF o RN, AR AR i eI 175 254 N NPs 2R TR i3 sl 4 A
SRR LEFR 24 ) NPs KRGS TGP0 8RR o i 75 IR 3k — 2 el i v 2 B Bk 19 328
Ak, SRR R BB IR R RS e, A RO A RSN o XA H FP AR A i
MR B RRAE I, DAL AR IE N B JZON. R N e HZA0298), B B )= . 5
AL AR B N S o JB 5 G 04, e 2545 24 W30 T A Rk N A P A ) . IR
NG ST BT RE T A5 B T AR RE e 5 SR BHVR T AOB B . 3Tl s
P BR R ZTDIR T T A B RHRE 4L 31792 1) — TR EOR - B A i BURK ) DDS e 1
SR MY EA A2 R E . NPs BEARCEL . 25978 122 LR A o Akt . Ak
ZWIILCAUESE, BRI NPs [IEA ST D ER, REmF W amin T RCR . SR,
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XU BAWIRR, BRI, shW st DL AR RS, (HEEARE 1 1EAl
R WLARIE o 7870 ] FH A5 S (192K DDS, 5l AR N B A% fi UL A A1 NPs
HIV) BRI o

4. B R AT TRIENR A REETT 77 R R R 1L

IS IR 2 W AR T IR BT GOR R, A3 B SELIR IR 78 R 1Y) B K B
BORAE H 5 CREAE AR S U A R 8, s AR 1 AT R A iR T
W HEr EAER 2 ARG T 9K 25, eS8 NI IR BB
e S NIk, AR S HEER 29 B S TR RIS S T, DMERSHER
SEMREANML . TRV IR GRS, JFIRTRE S = AT FU R B e A N
PRI FE R il 2 (015 2 Bkdl. A DREVERARAT— R 5 Al Bx 4 1 iR ) 40
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