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Abstract

Objective: To investigate the effect of low intensity pulsed ultrasound on osteoarthritis by studying the effects
of low intensity pulsed ultrasound on the endoplasmic reticulum stress-related Caspase-12 in rat knee osteoarthri-
tis.

Method: Rat knee articular chondrocytes were cultured in vitro, and osteoarthritis was modeled with IL-10.
The chondrocytes within three passages were randomly divided into blank control group (group A), OA model
control group (group B), OA-+LIPUS treatment group (group C), OA+phosphate buffer saline control group
(group D), OA+4-phenylbutyric acid group (group E), OA+4-phenylbutyric acid group+LIPUS treatment group
(Group F). Ultrasound treatment parameters were 3HMZ, 20%, 0.1W/cm’, 20min/d, treatment for 7 days. The
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morphology of the cells was observed by HE staining. The expression of cytoplasmic Col2 was detected by im-
munocytochemistry. The levels of MMP-13, Bax and Caspase-12 were detected by Western-blot.

Result: (DThe results of HE staining showed that compared with group A, the number of cells in group B
and group D was the least and the morphology was the worst. The number and morphology of cells in group
C were significantly improved compared with group B. Compared with group D, the number of cells in
group E and group F increased, and the cell morphology was acceptable. 2)Col2 immunocyte staining, aver-
age optical density value (AOD value) were compared. The AOD value of group B and group A was signifi-
cantly lower than that of group A. The AOD value of group C and group B was significantly higher than that
of group B. There was no statistical difference between group D and group B. The significance of learning;
the AOD value of group E was significantly higher than that of group D; the difference of AOD value be-
tween group F and group E was not statistically significant. (3)The expression levels of MMP-13, Bax and
Caspase-12 protein were detected by Western blotting. The expression of specific protein in group B and group
A was increased (P <0.05). There was no significant difference between group D and group B. The difference
between group E and group D was compared. Protein expression was decreased (P < 0.05); there was no signifi-
cant difference between group F and group E.

Conclusion: Low intensity pulsed ultrasound can reduce the apoptosis of chondrocytes and delay the occur-

rence and development of OA by inhibiting the stress-associated Caspase-12 apoptosis pathway of osteoarthritis

chondrocytes.

Author's address The Second Xiangya Hospital, Central South University, Changsha, Hunan, 410011

Key word low intensity pulsed ultrasound; osteoarthritis; endoplasmic reticulum stress; Caspase-12 pathway

‘B 17 %2 (osteoarthritis, OA ) f&—F i UL 1
Atk GBATHEE T . TR RIR A R H R
SRR, AT O I B A2 R Ak, S A H
HES, it iE B R M 28 05 F R T 4
OA M & ML &2 4% , ELARAE ML H w6 A B
. (HE A WFFE R H P 5 N i (endoplasmic  retic-
ulum stress, ERS)/™SHCE ML I8 T-7E OA 11
RAER BRI T EEEMY, #EikiE , ERS/H 7
(AR A L T B A A 22, T D 2 R 2 1 il 12
i&4% (Caspase-12 #&42) #IA A& ERS A A0 8 T #%
12 R AR M —Fl, B IE P 5T I 10 3 A
O, ERS AT 1 E 40 i R T2 H AT ST
R B O A R A i ERS AH G Cas-
pase-12 BN S MII T-, 7T R85 T RAIRIT
AT S AT 7 1) SR A

IG5 £ Jik #h 48 75 (low intensity pulsed ultra-
sound, LIPUS)E by —F & UL A 9 BLIG J7 J7 %, %
OA YT HAT B A RCR T (0 HARAE L
B ASWIAf . A BF5E R W] LIPUS Rl 5@ o £ 4 11
A H (Type 11 collagen, Col2)& A, Jik /b i
42 )& A G MMP-13 1953006 , % 3908 20 ifd e 3] O 47

AR5 38 AT 36 2o i/ S 240 T 0, ok 4 i
HNIEJT (extracelluar  matrix, ECM) -4 A, 4
2% OA & ™", HHi LIPUS X} ERS /1Y 4 iy
JET S v AR SRR TAH G iRIE o PRl AR S
55 ) FH K BREA TR AP A QR At M 35 5%, 3 3 AR
DL 3R M A T 5L, OF 7 DL LIPUSYRYT , 8
LAl MMP-13 . Bax , Caspase- 12 £5 [ 342 15 1% (0
T LIPUSRY7 X ERS #HOCHY Caspase-12 A T3 4211
SR, BB LIPUS J2& 75 W] 38 2 9875 Caspase-12 8 7-
AR DR B AR T, PR OGO, 1E 52 OA
(4% Ji , AT 8 LIPUS FI T OA 36 ¥ 1 5 42 (4t
() BERHIEDE S 4

1 #e5H%
L1 SEREhY)

A 8 JRIS 1 ek 3 SD R Bl 6 B, ik IR R
(240£1) g, A H 18 R 73 FO 5 20 Wl L 35 0 Al 5 o
S 6 R R R Bl A P A R0 52 0 5 ) A PR 2%
.

1.2 S b G
AE AR B ok ol AR AL CH A A ], B

www.rehabi.com.cn 1173



Chinese Journal of Rehabilitation Medicine, Oct. 2020, Vol. 35, No.10

US-750) , {81 & B i (Jb mt i i A8k, DSZ2000X) ,
H1 UK A% (2 [ Bio-rad, 164-5050) , %¢ J: & f RCP Y
( 2% ¥ Thermo, PIKOREAL96) , i 2F 1M 1% (Gibco 24
Al ), DMEM % 5% % (Hyclone /A 7] ) , il /i (Hyclone
A, EHER (B R), BRI Z ik (PBS)
(7.2—7.6) (Wellbio 2~ w] ) , Il 8 J#% 5t fiff (Sigma 23
A ),IL-1B(abcam /A F] ) ,4- A HE T2 (Sigma 23y ) ) ,
P I (Sigma 28 1), 1T 85 5L (Sigma 23w )
St I B SR BT (Proteintech, 5251 15943-1-
AP) , % ¥t Bl MMP- 13 $i /& (Proteintech, 57 5 :
18165-1-AP) , fa 370 Fil Caspase-12 H /A& (abcam 23 7],
1% 5 . ab62484) , R #i K Bax ¥ {& (Proteintech,
50599-2-Ig) ,HRP goat anti-rabbit IgG(Proteintech,
1745 : SA00001-2) , BCA % [ 2 12t i 77l & (Wellbio
NP
1.3 B A B SRR

8 JEI s iy fi BRE SD AR 6 L, I AR A8 5 FH 75%
TP R A R 8 OB 5 2 W, PP b 7 At
PBS Vi ik (54 %5 25 -PBS: Iml—49ml) i1 3 ¢, R
PR 2 S 5 B G P IR B SR A B G
TR B, BT E PBS W 15 5 L vk I 5
YIR 1.0mm3 W /N6E F, sid 2—3 3 , 5 B =%
0.25% /25 FIBEY 15ml 2.0, JFCE T 37°C1H
TRAF N TH AL 20min; FEIITA 0.02% I 79 5 e TR Ak 7
Ak 24h, 5 2h 5B 1 UG FRid AR R B AL S
(L LURGE 1 100pM 1 200 AL 575 I 1o 30, FH PBS 1576
2 R NMIE I, T Lk 1000r/min B5.0 Smin, WCAE 20 ;
FH 10%FBS-DMEM 5¢ 445 37 ik S LU , F 4
FT39 515 LA 1< 10° 4 /ml 42 80 T 55 3= LA il B AE
37°C, 5%CO. {i F2 56 NG 57, B B I U WL g 4
JHL A R8  TUky BE J e U 8 4 57 35 (£ 48—36h) ,
B Jo A5 R R AR 1 IR o
1.4 BB MR S

B3 AR LA I R AR A T IE B 5 BB — A4S/
ML, /N Hi et —4~ P A v ik A€ 7 FTRAS T Jt
TG N SR 5 LA B R B e
e, AR 3 B A F) 60%—70% , THCE T 37°C, 5%
CO, M3 Fe 46 TP 1E 5% , 24h J5 BUH /NI 5 € F F PBS
Ve 3 W, SRR TE 4% 2 5K W v [ 5 30min J5 , PBS i
Pk Sminx3 ¥ MIA 0.3% Bl $73 , 37°C i 7 30min;

1174  www.rehabi.com.cn

PBS #1% 3minx3 ¥ ; il A 3%H,0,, % il 10min, LLK
W6 PR TER ; PBS #4058 3minx3 ¥ A —3¢ (1T B
JEATLA £ 1:50)40ul, 4°Ci 7% ; PBS #1E Sminx3 ¥K ;
i i HRP A5 10 9T 50pul, % i 37°C , 9% 7 30min,
PBS Mk Sminx3 YK ; % I 6 Bie i 19 DAB 2 8511
50pl, F I E 1—5 min, 45 FWERYL (IR, Yulf
Jei 37 B FHZE IR /K ek , 21k e SO 5 B U1 R A 95
ARZEYAaIZ YL 5—10 min, 25K vk T4+, PBS ik
W5 A3 BHCE T 70% ) L BEH 116 Smin, 85% 1 £,
HI2 3 Smin, 95% 1Y £ P 1R I Smin, JC/K £ EE
12 Smin; BOE V) )5 B F 28 10minx2 1K, B
Tl R B e, s gt . e BT
AT UL A L A e, o T 7 e i e e o
(AP =) .
1.5 IS B ik o 75 1

I US-750 ARG B ik o 75 A (H A, e
ocu]) TETH B ER R A E TR )7, 3R
K5 R IR L Z [ T AR G 500, #8550 8 A IR T
Imm, DAST e Ty X T ), RIUCFREE A,
T 20% , 4% 8 3MHz, 38 5155 52 R 0.1W/em?
YHATIRYT , AR 20min, %427 K.
1.6 SEERreH M ab B

B3 AR LA AR AR, EA T RSN i T R
BEHY I H FCE AR R AL 43 s 6] REZH E T
AU (AL, BT RERIXT AL (B4L) , B K
AR+ R R 2% vpROG R AL (D4, i 61T RAR
R4 RIL TIRA (B4 ) o SEIRAH - 567 RAEHRIHIL
55 P K bR A R IT AL (C A , B 5T RAB R +4- 3L
TRk vh A IR AL (F4L) oS24 T LA
3MHz,20%,0.1W/cm’, 20min/d, 3% 2% 7 K BB HE G
I7 B O R P ST ] [, R 4 A 155 100 o e
BERE TR o X RRZLARAR 50, JolE S K
1.7 HE LB S4B A28k

FERTR T B0 B — RS S 4 % B2 0k A 7
JEF-AbBE AR TSI A5 28 T R R AI4] B .C
D.E.FA M A IL-1p(10ng/ml, 24h) , 55 = F X #5114
20 D 2T LI AR £ 2% v (0.5uM , 24h) , B
HE FAIMA4-RIE TR (0.5uM,24h) , [F] KX C | F
AT PIRYT  I6ITE 7 K45 o5 ST EIRE , U
€ H FH PBS ¥ 18 2—3 Uk, B4 TE R 4% 22 3 F gk [



PHAEACZFE  20204F, 45354, 45 1030)

7 30min; PBS #¥E Sminx3 YK ; A 0.3% [ 47 3 1%
5 ,37°Ci# 3% 30min; PBS 111 3minx3 ¥K ; I AR Z Y
5—10min, Z& 1 /K #h ik , PBS iR ¥ 5 21 Yy (5, 3—
Smin, ZEIRE 7K G 5 B BETE RS (95%—100% ) K,
2% Smin; U 5 B F B K 10minx2 ¥, PR i
BR, BRI
1.8 AN E e A 1T A S e ik

Yo LRI RIVEIC |, A IR T 45 R R BUH e
T, PBS{HE2—3 U € I PBS 18 3 1K, SR JS 7E 4%
2 I I [ 72 30min Ji5 , PBS #9785 minx3 ¥¢; Ml
A 0.3% i 738 , 37°C3H 1% 30min; PBS #%E 3minx3
U A 3%H,0,, 2 i 10min, DL K 3 P J6 1 i
PBS #5t 3minx3 ¥ ; M A—31 ( I BY e S A4 . 1
50)40ul, 4°Ci3 7 ; PBS #h1E Sminx3 ¥ ; {i% /il HRP 45
e P 50pl, =i 37°C, ¥ F 30min, PBS 1% Sminx
3R 5 T 0 S 150 7 Y DAB B €550 S0ul, 2 I E
1—5min, 5 WSS YL O UV, Yt I o B HZE IR K
VeV, Zeab g S0 5 8 U0 R B I AR ZE G 85 Y
5—10 min, ZEIEK T4, PBS iR W ; 20 i & T
70% [ 2, T 350 Smin, 85% 8 £ % FR R I Smin,
95% 1 £ 15 W 32 0 Smin, JG7K £ R 9 Smin; B
B RGBT K 10minx2 ¥, BT 5 A Fn
H PR B, B SR I R TR B R R
JH IPP(Image-Pro Plus6.0) & 4 B 4464 10 #r
I T0 78 e J5 - 35 56 2 (AOD) A
1.9 Western Blot 75 I % & 2 it MMP-13 . Bax .
Caspase-12 ZE [ 191K

] — S S AR B 7 K5, WA I B B4 4H 41
JLELEE 1, 43 ARG 45 AR D B P Rk 22 5. 3¢
FHEFRIE VKT PBS PR — Uk, i A 850l
RIPA Z47 7, FEIAN AL T80T 208, W B, B
W 1.5min; 7K F, Z3f# 10min; 4°C, 12000r/min 55.0>
15 min K520 5 1 FIEE R E] 1.5ml B L&
R 58 25 PR B2 JS A 1/4 IR AL SR i A
W A UKL YR 5 5 B 1 BAE S iE AT SDS-
PAGE Ji5 Hi 5% 22 NC 5 5% B 58 B 5 B R R il A
1xPBST 1 3minx3 U< ; FH TS BT F BE ] 1) 5% A
Wik KBRS SR CE 60min, 4°Cad %, Ik H
ZE PR 30min; Pk 3minx 3 YK, 2 B G B
MMP-13 1A (1:500) , %dit i Caspase-12 Hi 1A (1pg/

ml) , R0 R Bax HLMA(1:2000) , K5 I -5 470 14 2= T 097
T 90min; 1xPBST ¥ 3 ¥k, &YX 15min; il A HRP 5
CH 90, 2 IR 90min; 1 xPBST ¥k 3 Ik, Ik
10min; ECL & {4185, B 5234188 . H quantity one
Fov IR BE AT AR A T AR AR IO EE (AL . LA
HAREE 1 B-actin MO EE(E MY HLAE I8 BAREE 1
FAIAFGT 75 5t
110 SEit#ortr

ARSI v T A SIS e SR H SPSS 25.0 R itk
PFREAT AT, T E i TR AR B AR i 22 R, X 4%
GRS 5 2255 BT FELORE, AR PR HLECR:
FHEAR R Iy 2600, 0 FAF GRS oA B 5 24855
B3R ZERER FH Kruskal-Wallis HE5:, DA P < 0.05
RZESTAA B EEE L

2 #ZR
2.1 SD R RUBH B i T A 2E U

2 USRI D A0 T Ak 1Y) AR L S BB
AT SRR RIA 5341 (BT 1A) o B0 A 24h
JE ARG RE A K 48—T2h R SE 4 RE . IBE S A 4N
M2 MY KA, A% N ] I 2—S A (&
1B)o B AN AR A (i, 7—9 IR AT L2 i £
EEAERK(E1C) . 415—17 Kol KR 310,
FEAR G A A A A R SR, 24 7—10 KT fE .
2.2 SD K FUBHCH 4 i %5

3L R AR TR o, A T AU
UL, B A0 M A% 22 0 e AR Y, ot 2 ]
LR (F2A) o A TR JE AL, i A
W, AN S 0, AR YL (1 2B) . Col2 i
AU B B A B 5% T SD K SRR At
23 HAFCHE Y HE YL g R

HE Y& {6 5845 20 350 AN A 55 B AR T 2504
A5, AL IEECE AR ST R T, At L HES
BT, RS A R RIS ZRINETE |
DI [ E 5 Jf I e (25— SLMY 2T £ s AR 2 T St R e
(EI3A). B HCHE AN SE 36 A Bt , 404 H
WL SEAIRDE B — A T O ; I T (AN IR
o AL 2R e (E3B) . C4L: JEdif
RS T S e B0 H I S 22 A R 2SR EBROE 3
JH T e 0 1 5 S € A% VR R (K1 3C) . D4L:

www.rehabi.com.cn 1175



Chinese Journal of Rehabilitation Medicine, Oct. 2020, Vol. 35, No.10

BB AR H 8 FOEASUCE , IR s OB 6 OB OB S n] AR RO L8 R k)
AR BRI O AR (B13D) . EAL R S IR AT ey S R S A (B 3F) .
ANEA N Z AR S R 2R S A M 2.4 BAACE AL Col2 Sz i e (45 2R

@5 B AT AT, @ (K 3E), F4. OH AR BT Col2 W25 (Il i, FHYE AR
E1 SDARBRKEMBMESENE 1808 A, x100)
Iy AL A g% 3 RAGA 329 Ky
%2 SDARREBHRBMEmEE (x100)

FEFR AN G e FEFRANAEAY Col2 S AN ik e (4
El3 &EHEKBHMHELRE (x400)

A IR B 2 (OA ) BURLAT AL A5 e HIGHRIE YA (LIPUS 770 DK - B e (PBS) AL
B 15+ A TR (4-PBA) AL s P54 +4- 40 TR (4-PBA)HIGSRIE I i 5 (LIPUS )47 21

1176  www.rehabi.com.cn



PHAAESLE 20204 535% 5 10

s, AL ORI B 3 5], RIRAE
(F14A) . B4 OABCE MM R e o AN 5], 5 €8
B, SRR (E4B) . C4: T LLLIPUS (1) OA B8
21 M R I R, F Ay Ay, B A (K
4C). D4 /i A PBS Y OA BB 4 i g 5 A 457,
HEk, BEE A (K 4D) . E41: A 4-PBA ) OA
BE AN B AN S AR TR, B e IR
(K 4E) . F4:%5 4-PBA AL FE(% OA 41T L) LI-
PUS H3% )5 , OA HCH 4 i it it 5 (0 34 57, 5t 0
(4F) . RHIPP EURS BT A FE AT 43 B, 3L
B B (AOD ) o £ 2H K R SC 1Y Col2 1)
AOD fH L #5 , B 4H 5 A 41 % b AOD {f B g F&AIK
(P<0.05);C 45 B4LX} b AOD {4 W& /) F+ i
(P<0.05); D4 BAH LK ZEF LB EEE L EN
B DH AODE B #FTHE (P <0.05);F4H .E4H AOD
it ER TR EEE (R,
2.5 HUHBCH i MMP-13 ,Bax , Caspase-12 1) 8
P ERAGI 25 2R

WS s, 5% AL E , OA BRI 21 25 (1 Bk
K I 52 78 MMP-13 . Bax 25 [ 4% ik /K 2 B 8 3 &
(P <0.05), 7 LA LIPUS $3# 5 MMP-13 .Bax £ [15%
KB B EAC. G 6 iR, S5 B4 H, OA 5
R0 2 (A BN A6 52 28 MMP-13 | Bax , Caspase- 12

E AR B (P<0.05), il 4-PBA J5
MMP- 13, Bax , Caspase- 12 & [ it 2 ik B i [ A%
(P <0.05), 7 LA LIPUS #il{# 5 MMP-13 . Caspase-12
M Bax FEARIKIA TGS HEWE R EME
X

3 itig

R OA 1 R bLI A2 2 LR B , (£ X OA
TBIT I LG ZH, 25 WiayT O ELE AT .
B ETR RGP SRR, IS R, LIPUS
Yk —Fliy WL A 3 B BEYA YT )5 B ml T OA
(3R , R Jo A FLY P 3k i 3 i o B R 7E I
PR b)Y, LIPUS & —FP 4 2 4453 iR 2
AE BB | 38 3 5 A 2ot e AR e o N e A
AR R . LIPUS {97 H e B — A2 HUE 51

F1 ZAERBMEH Co2 FHRBELLE (wis, BF)

215 %k Col [T ¥ E(E
A% 6 0.1067+0.0129
B4 6 0.0167+0.0039"
c4 6 0.0576+0.0099%
D4 6 0.0167+0.0045
E4 6 0.0390+0.0092%
F 6 0.0399-:0.0090

1 (D A4 P<0.001 ; Q% B 4H P<0.001 ; @4 D £H P<0.001

4 FERBERREARLFELRE

(x400)

T A UG EAL B SCTT R (OA) RN HRAL ; C:OAHIGHR B ik v 75 (LIPUS ) YAYT 41 ;s D:OA+BE IR ER 22 W (PBS ) X HH 4L ; E:OA+4- 28 3L T
T2 (4-PBA)ZH ; F:OA+4- L T iR (4-PBA) HIER B2 ik il 5 (LIPUS VA7 21

www.rehabi.com.cn 1177



Chinese Journal of Rehabilitation Medicine, Oct. 2020, Vol. 35, No.10

E5 &KAHRBMEMMP-13.Bax EARIE

a A B C

MVPIS s S

Bax ——
b
I sk
0.57
EBA
0.44 3B
8c
0.34
0.2
0.1
0.0-

MMP13

7 a:Western  blot 265 0 4K & 21 iff MMP- 13, Bax £ [ £ 35 ; b 4KE
4 MMP-13 Bax 2 [1/K V-1 500 AZS FIOW IRAL; Big ¢
TR (OA) BRI ; C:OAHITHR E ik vl 75 (LIPUS )BT 4 .

#P < 0.05;%*P < 0.05,

E6 &AL MMP-13.Bax,Caspase-12 FEHR%

MMP-13

Bax ee— --—_

Caspase-12 - - -_— - -
b
0.57
EFA
0.4+ E= B
ED
0.3 EXE

A F

EAS IO O ESIN

<
o
I

BAX

Caspasel2

1 :a:Western blot 76 5K E 41 i MMP-13 | Bax , Caspase-12 2 14
5 b BCE 41l MMP-13  Bax , Caspase-12 25 [ 7K - {9 2 € 524047 o
Az I TR AL B 27 R (OA) BT 4] ; D:OA -+ 12 £ 22 /i ik
(PBS) X R4 ; E:OA+4-ZRFE T 1R (4-PBA) 41 ; F:OA+4-ZRFE TR (4-
PBA )G B ik it 75 (LIPUS) iR YT 4

1178  www.rehabi.com.cn

J&E, A T A R R R A AR X A s P A
B, A BFFE LB T 2408 0.1W/em’, 3MHz, 20% ,
20min/d, 22 7 RIHFEIGITY . HESET LIPUS
X OATRIT MIBFFE B 2, AE ELAR B/ FHBLI i A B
. A 9 RN, LIPUS S 3040 i 8 T 18 %
IS A o LIPUS Al i i /0 40 M I TR i g ECM
A, AL BT 5T OA MR, T4 M8 T /% Jr
XA ZH, ERSA AL T i A —FioE i B
BT e 2 iy dn g g8 T 7 X", 3 H LIPUS X}
ERS /S (A4 8 4f B R T fr sz el LA R AE R ML B A
WIANTEAE . R LA A AR S0 o AR 5 R
SR O B AR, TR TR M S OA B BB L,
M AL WEFE LIPUS X B &5 98 ERS SN LA K HiAY 5
() K 240 M A G R TR AR s ), iF — 20 835 LI-
PUS Xf OA IR AL o

ERS CHIERI 22 5 T8 G5 B0 A OA Y B
R, HAE OA M AR FE rh R4 T EEAE Y,
Takada 253 2 BH, 76 OA BB 4N Hh , 2 5 ol 45
KR ERS 23 400 20 B A ] T35, DRtk s v [
I, AT OA AR ()RR . Hla kil , ERS /31y
B MM T iR A 4R : CHOP i 42 INK IR AL |
Bel-2 Z 5444  Caspase-12 142, 1fif Caspase-12 & 4%
BN S F HAR R —FPP . Caspase-12 E #IE
B A T N B HLF ERS S0 , S 22 I 20 4 11 g
F I (Caspase 2% ) H—Fh b S sh A Mg 0/ 1= 19 5%
AR, A EUE, 75K B OA 1Y G 17 3k
YL rh, Caspase-12 R34 70, H fifi Caspase-12 3%
IRE BN, A0 T AR 2 Y, B AR Caspase-12
TEH R R ERS HIEH C 245 8] TIESE  (HAE &
i 13 52 M Caspase- 12 415 19 3B 4 07 T2 3k 42 X0
OA R ERAITAE LT 7t /0 Y . AWH5E i K
Il MMP- 13, Bax , Caspase- 12 %5 [1 #Y & I 8 1] LI-
PUS J& 7518 1 521 Caspase-12 26k DA HA S 1Y
YRR T AR, X OA IR TAEH -

APSEESE T LIPUS X OA 3677 1 FH AT RE
IR 5553 PN BT X 7 A S WA DG o S B4 2 f /s 5 %) R
AH L, OA BRI 2H HE Y (541 ffd e 25 el 2%, %5 H b
H&EGZE (K 3AB) . Rz fb 2 g g R
Col2 Bt AR (1 4A . B) . T LA LIPUS #ill#
J5  HE B (575 OA BB A MU 25 % AR U, 20 R



PHAEACZFE  20204F, 45354, 45 1030)

Hit 2, FaAR(K3C) ., RZdiifb#y R
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4-Z8 KL TR (4-Phenlbutyric acid, 4-PBA){EN
— R w25, C AL UER T 2R aTT . TR
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