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H E HE FiT55aR%s &g "*f]\g‘i&étﬂﬂﬁifﬁ%é‘?ffcif-ﬁ)ﬂ&;iﬁ%?ﬂ? B B F 3(SIRTS)-A 3 — g &
ﬂfﬁézgi%(AMPK)&%MMh%W@;ﬁ% fE ARy E E T 1la(PGC-1a)/ P Az AR BE A #4585 IA(CPTIA) 15 5 i@ %49 %
. ik AARE Bk e HK-2 5t %, «l—rit’\ﬁﬂi"‘#ﬁ‘éﬂ(NCéﬂ)\m%ﬁ’éﬂ(HGéﬂ)\m%ﬁ’+m”" 2 I Ak N = 4L [HG+L 48,
0.5 mg/mL( VA8 425 54)] S4+5 Bl % &7 FHU[HGHH A, 1.0 mg/mL(A &A% F3)], MNCAsh, L4 & mminh i
45 (30 mmol/L) £ F 32 75 , HG+L \HG+H 4840 &L ) B 4 % 48 5 B R 265 R T 7 A &-284m 3% 75 0,24 .48 h B 49 2w L%
H, A B IR A8 hJG 49 75 P (ROS) /K F 3 = Bk B2 (ATP) 4% F= SIRT3-AMPK/PGC-1o/CPT1A 1% 5 18 %48 % 5 F 04 £ & tF
Mo R SNCHAE HG A wm & 5 (335 24 .48 h) B ATP 434 2 # %4k, ROS K+ B %7+ & (P<<0.05) ; SIRT3 ,PGC-1a
CPT1A % & & A ,PGC-la .CPT1A mRNA %A , VA B AMPK % & BB AL K 35 B 2 T AR EAL(P<0.05), 5 HGA i , HG+
L HG+H 4o LR #5473 2 ¥ % &, EHGHH A0 R & L AW 2 (P<0.05), %t & K@% F TR ESEFFORNE L
m BARAG , B AE T 4k 45 807E SIRT3-AMPK/PGC-10/CPT1A 12 5 38 %% | 7 & 5 451K 4 B 4Kt R 22 BAL R 3OR %

KR A RA%T B E LR e S sl AR A4 ; SIRT3-AMPK/PGC-1a/CPT1A 42 5 18 7%

Effects of Yishen tongluo formula on high glucose-induced injury in renal tubular epithelial cells and its
impact on the SIRT3-AMPK/PGC-1a/CPT1A pathway

LI Fengyi', ZHONG lJian® (1. Faculty of Chinese Medicine Science, Guangxi University of Chinese Medicine,
Nanning 530222 China; 2. Dept. of Nephrology, The First Affiliated Hospital of Guangxi University of Chinese
Medicine, Nanning 530023, China)

ABSTRACT OBJECTIVE To investigate the protective effect of Yishen tongluo formula on high glucose-induced injury in renal
tubular epithelial cells and its impact on the silence information regulator 3 (SIRT3) -adenosine monophosphate-activated protein
kinase (AMPK )/peroxisome proliferator-activated receptor y coactivator-la (PGC-la)/carnitine palmitoyltransferase 1A (CPT1A)
signaling pathway. METHODS Human renal tubular epithelial cells HK-2 were used as the subject. The cells were divided into a
normal glucose group (NC group), a high glucose group (HG group), a high glucose+low-dose Yishen tongluo formula group
[HG+L group, 0.5 mg/mL (calculated by crude drugs)], and a high glucose+high-dose Yishen tongluo formula group [HG+H
group, 1.0 mg/mL (calculated by crude drugs)]. Except for the NC group, cells in all other groups were cultured under high
glucose conditions (30 mmol/L) , and cells in the HG+L and HG+H groups were simultaneously treated with the corresponding
mass concentrations of medicinal liquid. Cell viability was assessed at 0, 24, and 48 h post-incubation, and reactive oxygen species
(ROS) level, adenosine triphosphate (ATP) content, and the expression of molecules related to the SIRT3-AMPK/PGC-1a/CPT1A
signaling pathway were measured after 48 h of incubation. RESULTS Compared with the NC group, the HG group showed
significantly reduced cell viabilities (at 24 and 48 h) and ATP content, along with significantly elevated ROS levels (P<<0.05).
Additionally, the protein expressions of SIRT3, PGC-la and CPT1A, as well as the mRNA expressions of PGC-1la and CPT1A,

and the phosphorylation level of AMPK protein were all

AESTE H% [ KR4 H (No.82260866) ; /i th £ 24 significantly downregulated or decreased (P<<0.05). Compared
RAFEBE R BT 252 Bt L IRRRERT T H (No.2025ZD001) with the HG group, the aforementioned indicators were
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4 BIEEE FATE M. BFSE 07 : % N R, E-mail: the improvement being more pronounced in the HG+H group

zhongjian@medmail.com (P<<0.05). CONCLUSIONS The Yishen tongluo formula can

significantly improved in both HG+L and HG+H groups, with

- 1710 - China Pharmacy 2026 Vol. 37 No. 13 HHEZ G 2026 455 37T BHS 131



improve high-glucose-induced damage to renal tubular epithelial cells; its action may be related to activating the SIRT3-AMPK/

PGC-1a/CPT1A signaling pathway, improving mitochondrial energy metabolism, and alleviating oxidative stress.

KEYWORDS Yishen tongluo formula; renal tubular epithelial cells; high glucose; energy metabolism; oxidative stress; SIRT3-

AMPK/PGC-1a/CPT1A signaling pathway

W5 R 955 18 M 15 % (diabetic kidney disease, DKD) &
WE PRI 5 U ELEse ™ ) O e 22—, o B R
B Y E SR R AR R B, R Bk 4,
BN b e AR AR 57 DKD % 2E & e v [ RE R 35 5
FEVE R, 2 T BN A2 5 [RTI) B/ INVE b  A
X il A A e S, A A T R A s 14 5 i 4
MUFETE Wi MBS ae ™ Y TEREREE R, /D
B b A SRR D) g Sz 4 SR BN I =R IR
(adenosine triphosphate, ATP) = Al /b J 6144 (reactive
oxygen species, ROS )ik FE 774, JE 1M1 5 | & S8 A0 0 IS vz
AR B AR B 5 RIS, HR2 0 U I JORn 2ok A T B
ZEFALATHE— 25w BN A L5 4, i {2 2F DKD
JEM, R, R kiR RE A LG B NVE L, ©
J§h DKD ML 0 B 7]

DUBRAE B V875 A F 3 (silence information regulator
3, SIRT3) J2 & i TERR N B0 25 L EALRE . D5
F W], SIRT3 W] 3 o 4 425 g 1 — Wl 1R 1% 1k 2 11 i il
(adenosine monophosphate-activated protein kinase, AMPK )
T, 3 — 20 B i S A Tl A S B VT 2 AR y S
i A F la (peroxisome proliferator-activated receptor vy
coactivator-1a, PGC-1a) S A BAZ M I R A2 1l 1A (car-
nitine palmitoyltransferase 1A, CPT1A) %5 JHE K, %%
Y 2 N JC T A B /I SRR A R A R I R B-
S ALY OB BT T, AT DFSEIESE , SIRT3-AMPK/
PGC-1o/CPT1A {5 53t f P RESZ 45 5 DKD B /NVE fig ik
AR AT A DA O™

st P I 25 7 R )G H R 24 R AR — MR R B N
BRI IRZ8 T7 , 8 A L AR R i
WreF P12 CUH N RAT MR AR 120k b 2y
205 MR, B AN £ I INLE 2% 22 4, AT T DKD
HNARYT , RS R M2 B T REHE e 7 Ti HA — €
MG RACE, T - P2 RO 2N, Kb e
TGP 23 T3 A S AMPK {5 53 IR 20 DR /N
B R KA T R, PF2 1 1 1L 53 7T 38 i 4 Lohr A
A e A AR DG T B ok A B DR B MR Y AR, 2T
FIE 7 1] R4 b R A A R AT % v e = W ff
SRR . A ASHESCR RS NS NVE
NI, RS A 4 B I 4% Uy X LT T AL
I3 | RE I8 & SIRT3-AMPK/PGC-1a/CPT1A {5 51
PRI, LB A2 07 R YT DKD $24ih 2 2%

TEZED; 2026 455 37 5 131

1 ##
1.1 FENE

AHIFFE i 32 LSS A0 45 BPN-S8OCH 14 CO.fH iR 1%
FoFE (il —fa R UE A RS F]) , Multiskan FC Uil
FRAY ( 2% [ Thermo Fisher Scientific 23 ) ) , SpectraMax
i3x U &G AR A (35 [ Molecular Devices 2y &) ) , IX73
8] B 9%k W 85 ( H AR Olympus 2 & ) , Mini-
PROTEAN Tetra Cell % 3 F H1 3k . Mini Trans-Blot Cell
R 2 45 . ChemiDoc MP BUEE it i 1% % 45 (3 [# Bio-
Rad /A #]) , QuantStudio 5 IS5 ' R 1 2 A g o
¥ (quantitative real-time PCR, RT-qPCR) 1% ( 3% [# Ap-
plied Biosystems /A F) ) 4 .

12 FEHZSAF

i BB EE T 12 R 7 25k 30 A TP R 2
RAFFERIB B 2524 B P B T s h 2 157, el v
GRS TR S A R L

w2 HE (5355 G8270) W [ 32 [E Sigma-Aldrich 24 Al ;
DMEM/F12 53735 (525 11330032) JIG 4 137 (FBS, 5%
5 10099141C) . R F -HE R 2 WL (575 15140122) 1
I 1 35 8 Gibeo 23 7] s CCK-8 i 7 & (#25- C0038) .2,
7' - PO E T LR (DCFH-DA) %4 6154 ROS K
W ) & (1% 5 S0033S) . ATP & I i 71 & (1% 5
S0026) . RIPA Z4f# i (455 PO013B) \BCA & 11 1k i
IR F & (525 P0012) \ECL k2% & ik & (1R 5
P0018S) ¥ [ b1 58 = RAEYE AR A IR A 5 3R
I — 34 (PVDF) [ (525 IPVH00010) 11 [ 36 [E Mil-
lipore 23 #] ; TRIzol i& 5| (75 15596026 ) W H 3% [ Invi-
trogen 28 F) 3 S SR F) & (575 RR047A) . TB Green”
Premix Ex Taq™ Il 5 & (4247 RR820A) Hjllg § H A&
TaKaRa 2\ 7 ; fitdi SIRT3 . PGC-1a A F1 R $L CPT1A
UK (55573 51 Ky ab246522 .ab54481 .ab128568 ) 1t [
e [# Abcam 2 F ; Ht BT AMPK | % ik /b AMPK (phos-
phorylated AMPK , p-AMPK) i {A ( #2543 5] Jg#5831 . #
2535) ¥4k} B 32 [E Cell Signaling Technology 7 ] ; BL$T
S -3- W 2 I U (GAPDH) 44 (155 60004-1-Ig)
W EI = J8 A AR B ] R E AL R AR L Y
2EH e 2P R ER R 11 G —HL (55240 B
111-035-003,115-035-003) ¥4 F % [E Jackson Immuno-

Research A H] .
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1.3 ZHAE

NB/INE b 4 i HK-2 (525 CL-0109) Ity [ 57X
WP R AT R ]
2 FHik
2.1 HEBEAARNGE

G NI N I R UL R A oR =
MIH JNE AT e RO R BT 1 30: 201 15¢
6:15:15:20:12:10:12:10: 15 {84, JIN 8 f% H: /K 1231 30
min J5 RE 1 h, 1008 ; 257 10 6 fi5 K, B L h, i g
A IF 2 WHEWL, R R 4G A5 T VR O 1 g/mL (F B/
TP KRR, 73425 T 4 °C FRAE 5 o
2.2 YHREIEIFE r4H bR

W HK-2 40 1, 70 T 2 10%FBS . 100 U/mL 7 %
% 100 pg/mL 5575 2 19 DMEM/F12 15554, T 37 °C,
5%CO. 5 T35, F52~3 d EHLBE IR 35 1 U, TR 4 i
AR A R T JR 2525

IR B A K 3 10 HK-2 41 i, B ML 4 1E B 40
(NC41,5.5 mmol/L #i#5#%) . &4l (HG 41, 30 mmol/L
IR =W+ 25 Bl 28 7 IR i 2 [HG+L 4, 25 15 3d
LT RUE K 0.5 mg/mL (LLEA: 23 ) | R+ 25 B
WL A [HGHH 4, 35 Bl 45 7 R 1.0
mg/mL ( LLEAE 25 11)], A 3 L. NC 4140 f
IEH G SR HG H A0 TE Sl 5508 T 15 9% , HG+L . HG+H
2 200 A v B AR AR T R 5 1 [ ) 42 32 A 7 o Ik 3 24
W, SCH T RIS H ™Y, 25 T vk
[ 52 AL ] CCK-8 20 M R3PS 0 4 R
2.3 HRETE QKT

K CCK-8 3G . B %04 1 399 i HK-2 21
DL X 10°A/AFLAZFR T 96 FLAR b, R W BE 5 422 “2.27 T R
T AT A (TR EA G LY AT AR (4 .
AEBE L A3 FE 0,24 .48 hinf, 1) &L i A CCK-8
TAEW 10 pL, T°37 °C N E 2 h )5 , R BFR L T 450
nm KA A £5 L 1 D' % BE (OD) B 4% T =+ 40
M OE 7 M TS 71 = (OD s —OD sy )/(ODnes —
OD 1:) X 100%,
2.4 4RAEA ROS 7K FH

K F DCFH-DA S EHEHER . OB K
HK-2 4, #242.3" W N ikl ()R B A,
[]) AbBE, 555% 48 h( i FRmf [ 2% “2.37 I N 45 %
B NRD G RS 40, in A DCFH-DA T AR (%
e H 10 wmol/L) , F 37 °C N BEEHFF 30 min; F 7 45
W5, SRR 522 il (PBS) W 1k 3 Yk LA 36 20 2= i 5
TREF LA 4, 6- K JE-2- 2R 5L 0| Wk (DAPD) Yo 4%, T il
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NG E 5 ming I PBS PRI 3 W, 1l 2SO i i
WZZ TR 4 R4, SR ] Imagel B4 % 4% 2H 21 il ROS [
PRI X I (B ERADE ) 3898 658 B R A7 /8 )
M, LA 7R ROS 7KF- (45 L LANC 41 0 5 B8 k15 03—
fbAb) .
2.5 AR ATP &=/

KA R SR A RO ERCAE I 1 HK-2 4
i, 452,370 R ikl Ab L, 3557 48 h , edE A4S Al
Y, 25 BRI ARG I3t 590 8 D B 5 ik, in A ATP Azl
SUEIL, T 23 )5 T4 °C R LA 12 000 t/min 25.0> 5 min,
Wk B . BUATP K TR 100 L, i 2 96 FLAk
o, TR T iR 3~5 min LLNFER 5 &6, S A
IR IR 20 L, A RO RSOR b2 RO
FE |, FEAR A A v it 2 A A A ML N ATP 35 £ (45 51
PAINC YL I Z IRk IH— A 3
2.6 #AHE & SIRT3-AMPK/PGC-1a/CPTIA {5 5 i 8§
X EBFRIELN

K FH Western blot 78I o O %3 A: K38 79 HK-2
YA, #2370 F ko dl Kb B, KiFR48 h I
AN, A RIPA 24 W 24 )5, T4 °CF LA 12 000
r/min 5.0 15 min; B FIH , 28 BCA Bl vk B Je 201 7
ARPEAR R, AR PEER S A, & e SRR R AN - RN
s T e Bk Jz L VK 40 B8 I % B8 22 PVIDF I I, LA 5% Ji i
Wk TR T EMA 1 b PR, 4 3 m A SIRT3,
AMPK ,p-AMPK ,PGC-1a,CPT1A . GAPDH — i (#i B¢
FLf 320 1:1 000) , T4 °C FIEE 2102 ; YERE)S L in A
N H (FRBELL I 1:5 000) , T35 TR 1 h; Pei
Ji , PAECL AR A KOk 5 MR, 48 FH Tmaged 3k 1F4)
MEEANEERKEME, UEHRNEASNSEN
(GAPDH) [ JK FE AR HUAH 3R 25 B B8 B R IA7KF
L p-AMPK 5 AMPK 19 K BE{H [ {H 2678 AMPK 25 1119
BEER AL KT (45 ANC 4L 2 B T IH—fb b FE) .
2.7 4B PGC-la.CPT1A mRNA FRi&#i

K H RT-qPCR 7 R I o RO %504 4 11 7Y HK-2 41
JifL, He 2,37 WU R Jrik el b, B5R 48 h A
L, >R FH TRIzol 1 £ B 45 41 2 i 5 RNA, 157 45 i 26
M B s U R 550 ¢cDNA ; A cDNA AR,
FTPCRY 4, [k %420 wL, 4% TB Green” Premix
Ex Taq™ I 10 pL.1E/ [ 519 (5 51 S = B L 3=
1)40.4 pL.cDNA##z 2 pL . J RNase /K 7.2 pLo
252k 95 CCTRZSME 30 5595 °CZBEHE5 5,60 °CIE K /ZEfifi
30 s, 340 MEFR . DL GAPDH KNS, R 2 vkt
AN A5 H Y SE R A SR A
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1 RT-qPCRETHSIYIF I RF=WIKE

Hit A (s -3") K bp

GAPDH I TGCCTGATTGCGAGTTCACGGCATC §7
[z i : CTGCATGGCCATTAGCCTCCACC

PGC-Ia FJi1: AATGTAGAAACAGGGACACGG 156
FUI1: AGGTTGGGATGCTTGAGTTG

CPTI4 1EI:GGATTCTCTGCTCTCCTC 141

[ CTTGTTCCTCCTCAGAGTC

2.8 HFItFFIE

K HI SPSS 26.0 A X B AT et 43 b . THIEE Y
B X 5 o , 241 R] HOECR WU 205 2850 (W5 I
ZH SHVRIRE SR ) 9 R 28 A A ARG 7 ) R R 2R 25 4)
Br AR R) , iHE— 25 W FL R LSD- K 56 (T 22 5%
f ) 8% Dunnett’ s 73 K 56 ( 77 22 A S5 EF) o K 56 /K
a=0.05,
3 #£R
3.1 TmBBLEAXSHEESHK-24iE N0

95 0 hIE, 25 4L AN TG ) be A, 2 R 0GR L
(P>0.05), 55524 .48 h)5, SRIMANC 41 Heds , HG 41
41 B 3% 3 1 B E AR (P<<0.05) 5 5 [R) 3 HG 20 4%,
HG+L HG+H 41435 135 W & I+, H HGHH 4 & T
HG+L#1(P<<0.05), Z5RILE 1. B T2 T 48 hi1y
A I, R SR AR R I I AERE 3R 48 h )R
17
32 MBBELKFXSHERESHK-2HMEA ROS KT
=AU

NC ZH 21 Jift 11 2 €5, 6 4 55 (ROS 7K F- 1.00 +
0.09) ; 5 NC 20 He 45 , HG £ 41 Jifd (14 4 (257 5'e B S8 448 3
ROS 7KF-(2.02 +0.12) & 2 15 (P<0.05) ; 5 HG 41 Lt

<
o)
=
=
@)
A

B.HG#4{

130 [CINc4
I HG4l
I HG+L 41
I HG+H4l

65

ML 1/%

0 24 48
5 1R]/h

a: 5EINCA i, P<0.05;b: SRIHGHL L, P<<0.05;¢c: 5

FIHHGHLA L4, P<<0.05,

Bl AEIEFERETEAMAREN R (x+s,n=3)
A, HG+L HG+H 41 20 i 1) & (0 5 G Y i i 55 , ROS
JKF-(1.60 £0.10,1.20 £ 0.10) ¥ 1 2 1A%, H HG+H 41
BT HG+LZH(P<<0.05), 45% LK 2,

33 HEBKZAWNSHEESHK24MAATP EER
=AU

5 NC 4[5 2X10° 4~ 4f i1 & (1.00 £ 0.02) pmol] Lt
B, HG 4L 40 e N ATP & 2[4 2 X 107/ 4 fifd 5 (0.55 +

0.06) wmol] i Z F#{% (P<<0.05) ; 5 HG 4H L , HG+L .
HG+H 41 41 ffl N ATP 5 & [ 45 2X10° 4> 40 Jd 43 51 &
(0.72+0.07) . (0.90 + 0.07) wmol] ¥ & 2% Ft 5 , H HG+H
21 B 3 E T HGHL 4(P<<0.05)

34 HHEBEZAWNSHESFSHK2HAMEBIESERKE

XEAFIZEHZME

5 NC 41 4, HG 4 40 ff2  SIRT3. PGC-1a,

CPT1A %K 19355 S AMPK 2K [ OB R 1L /K -1 i 3%
TR B AL (P<<0.05) ; 5 HG 4 b # , HG+L . HG+H 41
i g 71 SIRT3 . PGC-1a ,CPT1A % [ i 7% 1k &2 AMPK %

C. HG+L #4 D. HG+H4

B2 HHAMAR ROSKTLEMBHE(FRR:100 pm)
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MBI LK -2 3 B s TS, H HG+H 41 Fik4g
b K - ¥ % B T HGHL 41 (P<<0.05) . 45 R WA
3.2,

SIRTS | g — - )
p-AMPK - - 64 kDa
‘ ——

PGC-la - — — ~ 91 kDa

o () we——
| Il i} v

1 .NC4L; [ -HGHH ; I : HG+L4H; IV . HG+H4 .
B3 &AMpPESEREXERRABELNEKE
2 BAMEPESEREXEAREBELLE G+

s,n=3)
T SIRTSGAPDH  p-AMPKAMPK  PGC-I/GAPDH  CPTIA/GAPDH
NC4 1.000.08 1.00+0.09 1.00+0.07 1.00£0.08
HG4 0.24£0.03 0341004 0361004 0.35£0.04¢
HG+L 4 0.58£0.06" 0.62£0.06° 0.63 0,050 0.62£0.06°
HG+HAL 0.86+0.07 0.88£0.08 0.84£0.07 0831007

a: SNCH L #, P<0.05;b: SHGH H 4, P<<0.05;¢c: SHG+LAH
H#, P<<0.05,

35 HMEBELZAXNBHEFS HK-2 M F PGC-1la.
CPT1A mRNA RiZgI S0

5 NC 4 %, HG 41 40 i ' PGC-1la, CPT1A
mRNA ) 325 ¥ . & T 7 (P<0.05) ; 5 HG 41 He %%,
HG+L . HG+H 41 411 Jifi H PGC-1ae . CPT1A mRNA 1) £ ik
P2 1, H HGHH A iR $8nK- P 25 5 T HG+
LA (P<<0.05), Z5HR W3,
£3 KAMBIH PGC-la . CPTIA mRNA RKixEREL

B (x+s,n=3)
413 PGC-la mRNA CPTIAmRNA
NC4 0.0178+0.0007 0.00205%0.000 16
HG4 0.0088:+0.000 5 0.001 08£0.000 18
HG+L4 0.0122£0.0008 0.00145£0.000 141
HG+HA 001670001 1% 000225 £0.000 20%

a: SNCH b5, P<0.05;b: SHGH 4, P<<0.05;¢: SHG+LZH
His, P<<0.05,

4 it

ARG R, B /INVE I H2 20 Hfd /2 DKD i Jig rh
IHAE®E B2 B M 32 5PN & A I H 2R,
B /INE b B 0 v AR B D 2 B - ARk ik e L
ATP EZORIE FLOb R A LB IR L I FE o Y ey Ml FF
AEAERT BRI L T & b s DI REAZ 401, HLF-F it i, 2
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fi ROS Kt 2B 1l ; 1 ROS AL 245 14 2 kA4 DNA Fil
FES B 11, T L R 35 S e A 38 3 P A AR L, i — 2P
FRAI ATP A 0305, JE I S8k N B — b AR i 4 — B
R BRI AR AR BN, 5 NC AL A,
HG 2H HK-2 4l i1 3% 73 (FEJH 24,48 h) & B, - REA
ROS 7K 5 & T  ATP & i B T R X5 AR P
IR FEAABLT s S 5 0 o 4 B 2% 7 T HUS |, 40 AES
J1(fEHT 24 .48 h) ¥ 3 T 5, ROS 7K P34 1 25 FAIK, HL
ATP & B R K, 312 v] gl i el SR AR 254
FTIRE , FTHE S 5 00 S A DL OB PEDE 38, AT &2
A RE RS

SIRT3 s AL T LR AR 0 O HE 25 L I AL, o2
AEFFLARAR D BT M AL R 5, ATE A 2 Sk
A SRR T Z AN LR R (025 = RRIE A I
I F3 T S A ) DG RIS ) A 3 2 5 (D, JHCA Y i 4
TR AL 2 25 BT A LB TE 4 , A8 /0 ROS A Al™,
WF5E R, 78 DKD sh P ARl v | SIRT3 25 [ 1 2234 3%
T 5 SR AT i R AR B SR SO B 2 DDA OC,
AHIFFE L5 S W, e AT 3 P ) HK-2 40 i b SIRT3
BTN MK 5 70 2 0 25 B A 45y W) R ek 4 il v
SIRT3 & [ A9 F ik 8 3 L H, $#2789% 07 vl figal 2 1
SIRT3 25 1 Ay 23K , 7 L IR 15 2 7 e st 2R AR ik
SHIVEHYS

AMPK 2 20 i N 32 1) R SRz 2, X A BT
— 2 (adenosine monophosphate, AMP) 5 ATP (1) L {H.
T i, AMPK W] & AR AR R UG , L2 8 1) Thrl 72 f7
ST b O T B (liver kinase B1, LKB1) B2
b5 B IS 1) AMPK ] (g 2 i 7 TR e Ak R bR A ) &
Az TRl A AR T A5 i i RE A AR, DA 4 5 41
AEREAT" 7, SIRT3 5 AMPK Z [ fF7ESIREAC R F
SIRT3 AJ 38 i} 25 2, WAL 30 LKB1, #F i it i AMPK #%
R4 ; 117 AMPK JR 0] 145 PGC-Low St 35 DR f 766 s i v
SRR L AR RE Y AR AR B, mbE ]
B PR HK -2 20 s th AMPK & 1 B 1L /K F- , T
o 7 ) 25 3 4% D AT B 2 T v AMPK B RO B IR
AT 7R %07 0] BEaE A 985 SIRT3-AMPK A5 5
5 R GE R A R ACEPIR A

PGC- Lo S PR SRR A W) e A A% 0 s SR Mg T
SR S S N R A S TR LN A G S
CPTI1A Wy B-SA AL A BB il , 2 I R i A\ b A e A 41
TR Y 25 BFFEdE 1, PGC-1a (CPTIA Kk F
PH R A SR A A W & A 08 g D R AR AL T s
M E AR LR AN R, AP SR R  HG 4140
i PGC-1a . CPT1A £ 1} mRNA [ R NC 4

thEZG 2026 4E55 37 4245 134



T T2 s e 0 2 2% T TR L A

AR A K& mRNA I EHG 41 8% Bl fdrni%

7 W e B 7 5 R O AT B 4 T AT RE S AR

PGC-1a . CPTIA K35 B . WA, ARWF5EH, Bk

1 S mRNA 35 17281k 3 (RT-gPCR 5 Western blot

SR AE A ) — B, AR 2 B 4 7 R IR A T AT [

A L DR e SN AR LRI 2 T, Al BEELAT 2 J2 YO 1%

Firis

FPEEEE I, DKD V) T W18 K 577 45

W, Hom L2 5 8 e A SO i B 2% AT . 47

V325 5 LUKM B 46 R DI 2% O 2R, 5 kR

PLR o AT AR RE A QO A 88 1 ke, R0 AR S T

25X R T HK-2 A0 B9 P40 4, S A 2y 3

VERTF RS AL TR0 20 A Se Bk . SR, AT 1E

—E W R : (1) R E 5 H R RS IR, 1 TCIE 58

A EER S R R SR A5 R AR 5 (2) AWESE T2
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