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[ ZE] HH: Bt AS =R (PTS) X D-2EFH (D-gal) %S/ EUE#ILEZER, 7
] B E AT RE ARG ZF AL o e K5 72 KL CSTBL/ 6T HEYE/NR ML A6 R 4L . D-gal4l, PTSZ A D-gal+
PTS4, W D-LFL MW E TSI EHA, FA T PTS. MES 4/ R — B ol, /N Rk E
WU &I B LA B 550 (S, SR HE e W28 4 41/ BB B LA 20U BB S R B, Western
blotting % & i 2% 41 /N BUE B WU h B BRI  F 2a (elF2a) /BATEFE S F 4 (ATF4) {553 %
PRI (ER) NAHCHE FARIAKFE . &R SXTBALE, D-galdl/MNRIE KT LG . R,
TRSR S 5 D-gal 0 108, D-gal+PTS4/NRE KRS B ok, 47 R, B
o SXFMRA L, D-gal d/NRAETE . EZREIV A BREALSIHBH B (P<<0.01); 5 D-gal4l
Az, D-gal+PTS4L/N R . 22 BB ULATA B B ST & F+ 85 (P<<0.01) . HE Jefn, 58
LI HE, D-gal 21/ BB T WURE T80 m DL A3 AR 0 JULET 4, LA MOAZ P A%, 200 B ) Bt ) 0 98 5, 52 LR Ok
DL FUAE; PTSA/NR ERAZUR MBI 25 5% . 5 D-gal 4l H#, D-gal-+PTS 41/ R ALA0 L
JEASFRN 20 (B BN v, LA N R, WLRIE A B B 803% . Western blotting %, 5 % 4] Lt
&, D-gal 41/ BB 85 WUZH 23 7 i R AL 7R 1 330l RNA AR P9 5T I 34 B (p-PERK) /PERK [f . C/EBP
M E A (CHOP) M ATF4FIBGEH W 75 (ATF5) & A £iKKF BRI elF2a (p-elF2a) /
elF2a LM ¥ I A & (P<<0.01); 5 D-gal b4, PTS 4 Al D-gal+PTS 4/ B 8% L4 21
p-PERK/PERK p-eIF2a/elF 2o oA Al ATF4 K& ATFES 8 1 £ 5K F BB B AL (P<<0.01)., S5xFHE4A
e, D-gal 41/ BB B8 LA S0 BTk ELRE 2 (Bel-2) M2 XEH (Bax) & AR KK FEH 8IS
(P<<0.01), Bel-2EFFBAKFEH B (P<0.01); 5 D-galdl L%, PTS 4 M D-gal+PTS 41/]N
B # WL 2 Bax 3 (1 235K F I BFK (P<<0.01), PTSZMD-gal+PTS /M E B NIZHL F Bel-2
BHRBKCFIRI S (P<0.01). 5#: PTS A3 D-gal i /N B #NLE %, JFFHelF2«/ATF4
55 ME A FE, HAEMYLE AT S eIF 2/ ATF4 45 538 % Al Bax 5 Bel-2 Y 70 T AL A % .
[XBR] BEILEE;, AS=BEET; DLW WM O RNA R T %
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ABSTRACT Objective: To discuss the effect of Panaxatriol saponins (PTS) on D-galactose (D-gal) -
induced skeletal muscle aging of mice, and to clarify its possible molecular mechanism. Methods: Seventy-
two male C57BL/6J mice were randomly divided into control group, D-gal group, PTS group, and D-
gal +=PTS group. A D-gal-induced skeletal muscle aging model was established, and then PTS was
administered ; the general condition of the mice in various groups was observed; the weight of rectus
femoris muscle of mice was measured and the sarcopenia index (ST) was calculated; HE staining was used
to observe the pathomorphology of skeletal muscle tissue of the mice in various groups; Western blotting
method was used to detect the expression levels of endoplasmic reticulum (ER) stress-related proteins in the
eukaryotic translation initiation factor 2a (eIF2a)/activating transcription factor 4 (ATF4) signaling pathway
in skeletal muscle tissue of the mice in various groups. Results: The observation of general condition
showed that compared with control group, the mice in D-gal group had sparse and poor quality hair,
abnormal behavior, and decreased activity; compared with D-gal group, the mice in D-gal+PTS group
showed significantly improved hair condition, improved behavioral state, and were more active. The
measurement results showed that compared with control group, the body mass, left rectus femoris SI, and
right rectus femoris SI of the mice in D-gal group were significantly decreased (P<Z0.01) ; compared with
D-gal group, the body mass, left rectus femoris SI, and right rectus femoris SI of the mice in D-gal+PTS
group were significantly increased (P<C0.01). The HE staining results showed that compared with control
group, the cross-section of rectus femoris muscle of the mice in D-gal group showed broken muscle fibers,
nuclear internalization of myocytes, and significantly widened intercellular space were observed, showing
the morphological changes of sarcopenia; no significant differences were observed in the above tissues of the
mice in PTS group; compared with D-gal group, the myocytes of the mice in D-gal+PTS group had
regular morphology, no widening of intercellular space, no nuclear internalization, and the muscle
morphology was significantly improved. The Western blotting method results showed that compared with
control group, the ratio of phosphorylated PERK (p-PERK) to PERK (p-PERK/PERK ratio) , the
expression levels of C/EBP homologous protein (CHOP) and ATF4 and activating transcription factor 5
(ATF5) proteins, and the ratio of phosphorylated elF2a (p-eIF2a) to elF2a (p-elF2a/elF2a ratio) in
skeletal muscle tissue of the mice in D-gal group were significantly increased (P<C0.01) ; compared with
D-gal group, the p-PERK/PERK ratio, p-elF2a/elF2a ratio, and the expression levels of ATF4 and
ATF5 proteins in PTS group and D-gal+PTS group were significantly decreased (P<C0.01). The
Western blotting method results also showed that compared with control group, the expression level of B-
cell lymphoma 2 (Bcl-2) -associated X protein (Bax) in skeletal muscle tissue of the mice in D-gal group
was significantly increased (P<C0.01), and the expression level of Bcl-2 protein was significantly decreased
(P<<0.01) ; compared with D-gal group, the expression levels of Bax protein in skeletal muscle tissue of

the mice in PTS group and D-gal+PTS group were significantly decreased (P<C0.01), and the expression
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levels of Bcel-2 protein in skeletal muscle tissue of the mice in PTS group and D-gal+pts group were

significantly increased (P<0.01). Conclusion: PTS can ameliorate D-gal-induced skeletal muscle aging of

the mice and down-regulate the expression of proteins in the eIF2a/ATF4 signal pathway; its mechanism

may be related to elF2a/ATF4 signal pathway and molecular mechaism of Bax and Bcl-2.
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Protein kinase RNA-like endoplasic reticulum

BEE I R, AEIZ 2 R e
ESRUN | NS B S EWSIE ¥ Pl e SR NI Iy T
WRI B HNU R | )RS S D RE R SR
B, B2 R WLPA WA E L R A BE UL P 3 g
PR AT SNRE S A2 PR, AR 3% i W0 2 R fIC B 4% b g
Y FE TR T o RN AN 2 7 KE b, LA
DE R ER R Z — & WM (endoplasmic
reticulum, ER) B ™. 2 PO RFE P9 TR
fi} (protein kinase R-like endoplasmic reticulum kinase,
PERK) J&— Bl ER N Jj f& 4% . B3TS J7 PERK
S A S i, R ER B H AR . ER M
Wk T — RIS TR, FEALRIPER LGN T 2«
(eukaryotic translation initiation factor 2 alpha,
elF2a) /¥ 3% # 5% A F 4 (activating transcription
factor 4, ATF4) i ¥ 76 K W 5 B2 s 09 1%
&, AT RS AN NS N I SR, T 1 K R AE
B AR T 0 A5 45 LA eIF 20/ ATF 4 3 %
WOE S WU A A s - L A 4EIR AL KA
1R R YIAROC ™. $27R elF 20/ ATF4 38 7T g
TE B BN L rh RS T, (AR DIHL Y 1 R
e 4 .

o BoR . NS =R (Panaxatriol
Saponins, PTS) FIHE5 ER W A 574 X%, A
AE M o 4E §7 ER (9 1E % DD RE, el 4 i 32 45 60 X
Ko ASBESEART PTS A — b BA $T AL 5t &
i AR 18 A 0 P 0 B X e 2 N B LD eTF 20/
ATFAE BRI, 3BT PTS X AH O 38 #% i 978 5 1
F B B HAE B U e R R T AR I PL . R
O R JR B Xof B g JUL 3 2 1) T TR W i AR 1) LI
SRR, LA 8 AR A L PA R R R AR 3 A
1 #MR57EE
1.1 %4 . HHh ET2XAPNE  SPFH{E
B3 W MEE CS7BL/6T/NEIE 72 L, IRt 12~
15 g, Mg HIb Rt BB M A RAE, shi¥A: "
AHES . SCXK (51) 2014-0004, AHF 538 i b 4
KRG P B & >l (R EFHS .

2024082206) o /MU SR N 22 'C~25°C, K
H40%~55%, HEBERK, SEMRSE. PTS
i MR 2 A2z e it . HE G a0 &0 3w at
AR A TRV, TRIzoli&K K W A 38 F 3L A&
AT R ABR A A, Z ki iR L (bicinchoninic
acid assay, BCA) & FI# W€ 0 & A Bl
HAREVEARGRA A, C/EBPHEEEH (C/
EBP homologous protein, CHOP) . % {t PERK
(phosphorylated-PERK, p-PERK) Hl PERK # A&
¥y [ 9% B SANTA CRUZ A &), 2 1k elF 2«
(phosphorylated-elF2a, p-elF2a) . elF2a #1 ATF4
¥ B 37 Proteintech 2~ &), MG %N T 5
(activating transcription factor 5, ATF5) . B-actin,
B 40 Mk 298 2 (B-cell lymphoma-2, Bcl-2) Al
Bel-2#H 56 X # 1 (Bcl-2 associated X protein, Bax)
Bok ¥ A 2 FE Abcam A A, D-2 FL A (D-
galactose, D-gal) W H & E AW RHLA R TTE
A, AWML (B Acradia H&C) F12E A
i Pl (A4S RM2245) 1 A {8 Leica
A, ARELON (B5 . 5804R) MW A 1 H
Eppendorf 24 @, H HH Ik (B 5 . Powerpac
Basic) W F 2 [ Bio-Rad A F], 4 A 3hEin{ (5
5+ Infinite 200pro) M H %+ TECAN R4 .
1.2 REDABRAHNEG HafPLE SHIKT]
R I 5 2 1k R Y D-gal 15 5 0 & 7k E# S /N R
L A BT 72 K3 Al C57BL/6T MEE
INEBERL S A Xt BR 4 . D-gal 241, PTS 41 D-gal+
PTSH, 18 Ko x4/l % BB EN S
D-gal 20 AH AR R0 A= b 7K, D-gal /N R4 H
JE E 8 150 mg-kg ' D-gal, PTSZ/NR & H#EH
200 mg-kg ' PTS, D-gal+PTS4l/NR A H 418
s 5 150 mg-kg ' D-gal, T H 200 mg-kg !
PTS, #Z 7/,

1.3 AEZADNR—KERL REWE/DR
MR Rk B RGO, s i/ e AT G sh, e
ANERATG BREE . BRZRAT R . #L3cAT A H FRIE i 55
TGO, WA/ BRLHE B RO G Bl o 76 S 0 ) 72
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o, w ORI B AR T R BE T AR KR R R R O R
T 7 b e MR S 6 3 S W A PR AL 4R

14 DRBAMARAGRE TSR R/
B, BRI BURIR B, 4R 2 B LA AL
YBCH A0 B B LU o R BBCHR s AR b, S e D
XF UM LA, A= Sl PO AR o FR A
WUAJG, YR 3 A a8 2k o SRAT 0. 100 B R 46 22 vh i
(phosphate buffered saline, PBS) &I 5, H
WA RIS, W BERE M P E 72 h, HE A
WU AT IR A WS RIR B B ZUE T8
HRAEE T, AR AT, DL I RNA FIE
SPrigs

L5 RMEDAMAMREHFTMARERE
(sarcopenia index, SI) rE/NRKEN, EBE#E
TS, P A= BEER K DR WV . W MRS R e . R
BEURAEEAC b, HIUE AR I 2 4 i A BER /K A 2H
UM o A8 PR i 1) 1 B BB B LAY B o R A /)
R E NS ® (mg) FARTE (g), iHE&H/DNR
SI, SUIHBENFTR (mg) SHBHE (g) MHLHE.
1.6 HEFENELSA A TBILARFEHS
A BN BUCE R UL U8 7E TV T T
72h, ARSI R (JFERS pm) . M4
60 °C, ¥ 2h, WKL, IRARRGEH 3~5 min,
ik, e 15s, B#E 10~15min, P4 30,
ik, K, WARE R, WU WA A 2 /N B
WL ZUm BE S R .

1.7 Western blotting & # 2 &48 /s X B % AL 48
(£ EORAKRF B30 mgH B NAHL A EPE
. FEEP & H i A 200 pL RIPA £H 2 % fif g $12 Bt
SEE . R BCA H Bk B E kol 1226
1149 3R AT A B I B, 30 pg HH RRE AL AT T e 2k
i BR B - 3R N M TE Bz BE BE B Uk (sodium dodecyl
sulfate-polyacrylamide gel electrophoresis, SDS-
PAGE), ¥ # Z PVDF i, #K 1 hjl A 5% Bk
Wy B 1 he ek 20 (9 Tris-28 widh  (Tris-

buffered saline with Tween® 20, TBST) ¥ & kK
3, BR10min, —P 4 CHBF LR . TBSTHERK
YEBE 3, #R 10 min, ¥ HE, FEIiL-HRP
(1:2000) @ FEHi/M-HRP (1:2000) #ike, 2R
PEIRWEE 2he TBST W WK VEMEE 3K, &K 10 min,
ECL &4, RJH Image J 314431 86 11 4571 K EAHL,
PlB-actin N Z, ITHHMWEAREIKE. HEY
EARKKF=HHEART KEE/ NSEAX
iR BEAE

1.8 St FE4# RH SPSS 26. 0 it 41t
T, S AT p-PERK/PERK HAH . p-elF 20/
elF2a L8 Ml ATF4, ATF5. Bax X Bel-2 % 14 3%
WA AEES S AN 255, UatsEmR,
2 Y1 [V FEAS S5 85 LU AR TS R 3R T 2643, 2 IR
A B0 W AR ] LSD- K 3 . LA P<<0.05 M 2%
RAEG R,

2 % R

2.1 Ba)Re—E&ERL SUBALE, D-galdl
INERBE IR B M . TR 25, AT R SR L TR ShiE
s 5 D-gal 4l A, D-gal+PTS /MR E KRS
Wl ks, AT IR RINGE , R IR
FEAE o $E R aE D-gal i S o #5717 /0N BRUE B L
WA,

2.2 BANEERFERST SXFMEALLE, D-gald
AN R B L 2 I B LA AT B L ST 25 B g R AIG
(P<<0.058( P<<0.01); 5 D-gal4l %, D-gal+
PTS 2/ BUAR BT A2 e B WUARTA B 5 L ST R &
FhE (P<<0.01). HpR&HEESH LI
BEY (P>0.05), Wk,

2.3 BANATBNARBEHSEA Sl
Fb#c, D-gal 4170y BB 1 WU A5 1m0 AT O e ) L 2F
e, WUANMIAZ NS, 20 A B B 4 0, S LA D
I S AU ;s PTS 4/ BUE B8 L4 21K B
MBS . 5D-gad b, D-gal+PTSH /N H

#1 HHPREFREEMSI

Tab.1 Body weights and ST of mice in various groups

(n=4, x+s)

Group Body weight (m/g) Left rectus femoris muscle SI Right rectus femoris muscle ST
Control 33.66£2.17 0.004 28+£0.000 40 0.004 0340.000 30
D-gal 28.29+2.79 0.003 64+0.001 10™ 0.003 75+0.000 90™
PTS 33.56£3.13 0.004 03+£0.000 70 0.004 08+0.000 80
D-gal +PTS 32.92+1.92" 0.004 480.000 40" 0.004 24+0.001 10”

"P<<0.05,"P<C0.01 compared with control group; “P<0.01 compared with D-gal group.



734

TMRR A2 (BE2E M)

¥52% %3

2026 4E 5 H

LA LT 2SR, 240 i 1e] BN 6 5, T LA A%
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2.4 B4 RFHBNLRFE PERK/elF2a 45 5
BRABREOREARF HXEALE, D-galf
INEUE B WL 21 R p-PERK/PERK LG fH . p-elF2a/
7K

elF2a [LAE F1 CHOP . ATF4 } ATF5%& %35

EEI R IR (P<<0.01). 5D-galdl b, PTS4
Fl D-gal+PTS 2 /v BB #% L 4 20 vh p-PERK/
PERK [ . p-elF2a/elF2a L AH I CHOP, ATF4
K ATFS 8 1 2 38 KF 5 W] 8 B (P<<0.01).
W 2,

TN
‘ O@,&?‘ ““
v*lv > ,&
RS %3:.' |
@ﬂ’m' 5 "
dAbe. v e %h
C D

A': Control group; B:D-gal group; C:PTS group; D:D-gal+PTS group.
1 AHDRERIHASFEESRIA(HE, X 400)

Fig. 1 Pathomorphology of rectus femoris muscle tissue of mice in various groups (HE, X< 400)

1 2 3 4 M

p-PERK e &l - =< 140000 X

PERK ‘- e e s 110 000 &

p-elF2q ~ = ™% # 38000 5

elF2q [T 33000 o

CHOP — e —— 27000 3

ATF4 [ = % 39000 °

ATF5 | woe W s ®S 31000 5

B-actin s — — - 12 000 Control D-gal
A B

3 4 ¥

[ [

o o

ot TE 3

535 2 52

S& S5 2

g0 g= !

s3] m

0

Control D-gal
D

PTS D-gal+PTS

0
Control D-gal

E

Ratio of p-elF2a/elF2a

PTS D-gal+PTS Control D-gal PTS D-gal+PTS

—A>
Expression level of
ATFS protein

A

PTS D-gal+PTS

Control D-gal
F

PTS D-gal+PTS

Lane 1: Control group; Lane 2: D-gal group; Lane 3: PTS group; Lane 4:D-gal-+PTS group. B:p-PERK/PERK ratio; C: p-elF2a/
eIF 2a ratio; D: CHOP; E: ATF4; F: ATF5. "P<C0.01 compared with control group; “P<C0.01 compared with D-gal group.

B2 Western blotting B A& 4/N BB BAA L b PERK/ elF20 {5 S5B BAEE B RAH K E (A ME KB (B~F)

Fig. 2 Electrophoregram(A) and histograms(B—F) of expressions of PERK/elF2a signal pathway proteins in rectus

femoris muscle tissue of mice in various groups detected by Western blotting method

2.5 HMREFBIMEF Baxfo Bel-2 &G Rk
KE SXREA A, D-gal 2/ R LA 2

Bax f F & kKUl JHE (P<<0.01), Bel-24
MR IR KB R (P<<0.01), 5 D-gal 4 Ik
., PTS 4 M D-gal+PTS 2 /) Bl 8% L4 4L
Bax 1 R IA AU B L (P<<0.01), PTSHHM

D-gal+PTS /)5 A5 # L4 21 rh Bel-2 85 1 £ 3k K
Y- B TFE (P<<0.01). WK 3,

o

AW IRV PTS 18— Fh B b b fdc &
JEREPE M A W TR R, PTS o] ik 3% D-gal i 311
B LD RE , HHLE AT B8 5 4 ER N i eIF 20/

3
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1 2 3 4 M, s
Bax - - ™ 210000 2.8 3
il
22
Bel-2 o T o000 S5
FE]
am 1
P-actin W M- L0 000 S

0

*

Bcl-2 protein

—

>
Expression level of

4 A
T 23
2 A
Z9 T
A *
= =

Control D-gal PTS D-gal+PTS

A

OControl D-gal PTS D-gal+PTS
B C

Lane 1: Control group; Lane 2: D-gal group; Lane 3: PTS group; Lane 4: D-gal+PTS group. B: Bax protein; C: Bcl-2 protein.

'P<C0.01 compared with control group; “P<C0.01 compared with D-gal group.
B3 Western blotting ¥ F-4 /M B B LA R B Bax I Bel-2 B AR A B K E (A X ELKE(B,C)

Fig. 3  FElectrophoregram (A) and histograms (B, C) of expressions of Bax and Bcl-2 proteins in rectus femoris

muscle tissue of mice in various groups detected by Western blotting method

ATF438 B X

ER & 40 M P9 19— A~ S A58, Y 40 T I Ah
WO S AR AR S R, ERSZEME, B
HER MMM R A . B8R AR B R A 82
AR R LA A gk R T R R R S R
TP SRR R LR R BT R N AR A A
G FACE b, LR E BT AE R 2 —J2 ER B
B PTSZEANS il —Fp =2, g
PEfg I AE 5 1Y PTS Al aod vl 2 480 Ak 17 3
R AE RN, 2l 40 A 0 e RS L A5 R
I PTS Z it D-gal 5 E# M g2 IES, FH
D-gal 5 5 % & 7 s S /N Bl B L B R, 45
SR E R L AR AN B B B L) A
BT, AT UL R O LET 4, LA A% R
BEAb RS 2Py, BN IS, 40 i a] bR B Y
Y, LA IE S EUE, XORE UL AR
& B SR AR

ER B # & A, ERE ARSI LTS HE
[ /2 W (unfolded protein response, UPR) 4¢ &,
PR AR A AT &R T, SO TR R A g ML
WA ST 40 PE T . EER AT, BIE
A PERK # #UE IF B R 1L elF 2o, SBUEIKHE A
JoT T2 52 A0 B () B e PRV A BE ATFA R B, A
WFIE 4 R R . D-gal /0N BUE B WL 2L ER 3
PERK/elF 2« i 2 AHCHE I CHOP, ATF4 M ATES
A %3k K F LL M p-elF2a/elF2a Al p-PERK/
PERK ILEHX W BT /s 5 D-gal 41 L&, D-gal+
PTSH/NRBHNAL T ATFAR ATFS 8 H R IA
K- LA B p-PERK/PERK Fil p-elF 2a/elF 2« . {H ¥
W& REAR . PTS fE 2 i D-gal % 5 1 elF2a il
ATF4E HFik, 28 PTS A HAE M 3 W % ER

MR, FERIH elF 2o/ ATFA B 13236 . ATF
SEHE— LB UE T PTS A B % WL 2 i AR )
PTS i ##& & T D-gal if5 3 5 % /N B 1R 57 & A
SI, H ] e oL 87 eIF 2o/ ATFA{S S B, 52
BTG R0 B AR A, DT S BN UL £
PERT, PTS Al gk 3% D-gal i S 0B B E % .

ffgs 7 & B ERIIREERALGIE M ER VM &
b BLRAR, SERRAIRIRE & A k2 . B AL
W HERARA G, KRR e R e T R
HEEAEN, WEPECRITHEMR MR E Y,
FE ER N 80 RIS I B B, PEMEE TR MER n, &
2k kLK = # B2 I 1T (adenosine triphosphate,
ATP) B4 s B I, hi e T ER N 34 X 4
JEL AR 7 A B TR R I, 5 SO R I I ek D N 4
ATP K TF B ™2, D-gal 7] 5 5 48 ki 1A DNA {5t
RABEIN, X T 4R ATP K1 TR,
KBBERARTIREZ B . R WL ER B A
B0 T ML P 5 CHOP ™ BFgE ™ L. B
Z CHOP 1) 4 i fig & 2 vk 20t ER N 38075 = 5750 7 5
A B TS, ATFE4 Rl 5 % 7 2 4 B 4% I 1
CHOP [k, CHOPfE ML EA SN T HiEds &
Bel-2 B KA 3l D0 i % 5, [ AR Oy e i
WO T2 1F Baa JEPR 65K, 35 Bl X 1) 38 45 5 S04
Ji N Bel-2/Bax oA W AR . 76 ER BZ T, Bel-2
fR 5 5% I S BOHAH BLAE T Bel-2 # 7% 2 ER T
7 Caspase-12 7" 0 A fifF 57 45 5 R« D-gal 4 /)N
B B LZH 21 rp Bel-2 85 3R IR 7K W B, Bax
FEEFRRKFEAEFE, PTSABS Bel-2 A £
ik PR Bax 85 H R8T I

gi L Rrik, PTS A3 D-gal if5 3 095 85 L5
%, JE T elF2«/ATF4{F 5 10 I 8 F £ 18K,
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