<144 - LA9EE1H 202651 A %¥38ak %, Drug Evaluation Research  Vol. 499 No.1 January 2026

ET PBK/Akt ESBERAERENENVENRERIABERES
LRI Th BERERS B AL

E'J?FEII, ? %5}2’3’4, 1’FI}3EI£ 1,4’ /6 7}&1’ g’; Zl§2,3,4’ 5.; &1,2,3,4*
I Wb EZGREE  frREliZEbk, Wb i 430061

2. Wb TR ER A EE 2 R R e, WA B 430061

3. HERT B b S b A B A st Gldb P ERD, Wik R 430061

4. Wb EszIG s, Wb B 430061

 E: B WITERKES BRI 3- (PIBKD /& LI B (AkD {5518, SeENMED RE g 2
R RIAR D) BERE IE FARLE . B3k 40 X CSTBL/GT HEVE/NREANL - T IR, FEAIZH KRR . ®7AIE (50, 100,
200mgkg™) Ho UL D-PAREHEFEBIIEL, @ /MRIVERL, e/ NRAERE. 8 BEHAR-HO (HE) B
8 R KRR G RS BE VU B AL S AT AR s G858t (IF) ARl (THC) HEAK: I & B AL (A AR i 1 I
B 1 (p21)y AL ER A IE TR 24K v LR F-1a (PGC-1a) B 15 7E4H I B 23 P (1) 58 AL AN I 7KF

K EE A G ENEYEL (Western blotting)  J SERT 986 58 B R A BFE :UR B (QTR-PCR) &l PI3K. Akt. PGC-la. 31715 H
MHXREH (DRP) 1. p21. p53 EHEE mRNA RIAKF. &R XA, BEEHADNRARREREIRK (P<0.05. 0.01); ##
TR TR (P<0.01); LW ELE. BRI 2, REAHESENE ., F4U0REETE; PIBK. Akt. PGC-la E [
T mRNA FRIEKFEZ L (P<0.01), p2l. p53. DRPI IR K mRNA Rix/KFEETE (P<0.01). SHEMALLE,
BEREENELDREREAREFA, B SHEHE D EERS (P<0.05. 0.01); DAF4EHFEHEST. HALGMET
SEHE, IRIRLAT eI A ], 4R RK; PGC-1a. PI3K. Akt 25 M mRNA Rik/KFEETHE (P<0.01), p2l.
p53. DRP1 fIEE A M mRNA FRik /KB ERKML (P<0.01), H ERMM EHIEM M. 518 HW R vl fEilid i PI3K/Akt

SRR BRE, WU BEISELUEE 39%EE (PBK) /& A B (Ak @IS EREE; SRkl
hESHES: R285; R592 XHEAFRERS: A MEHRS: 1674 - 6376(2026)01 - 0144 - 12
DOI:10.7501/j.issn.1674-6376.2026.01.013

Mechanism of puerarin in improving skeletal muscle cell senescence and
mitochondrial dysfunction in mice with sarcopenia based on PI3K/Akt signaling
pathway

XIA Yuyang!, LI Yang> >4, HE Qiwang" 4, SHI Long!, LEI Jie* >4 WEN Feng!- %34

1. School of Acupuncture and Orthopedics, Hubei University of Traditional Chinese Medicine, Wuhan 430061, China

2. Hubei Provincial Hospital of Traditional Chinese Medicine /Affiliated Hospital of Hubei University of Chinese Medicine, Wuhan
430061, China

3. Hubei Key Laboratory of Theory and Application Research of Liver and Kidney in Traditional Chinese Medicine (Hubei Province
Hospital of Traditional Chinese Medicine), Wuhan 430061, China

4. Hubei Shizhen Laboratory, Wuhan 430061, China

Abstract: Objective To explore the mechanism by which puerarin improves sarcopenia in mice through the phosphatidylinositol 3-
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mitochondrial dysfunction. Methods Forty male C57BL/6J mice were randomly divided into a control group, a model group, and
puerarin low-, medium-, high dose (50, 100, and 200 mg-kg™") groups. Sarcopenia was induced in mice by D-galactose. Body weight
and grip strength were measured. Skeletal muscle pathological changes and fibrosis were observed by hematoxylin-eosin (HE) staining
and sirius red staining. The localization and expression levels of cyclin-dependent kinase inhibitor 1 (p21) and peroxisome proliferator-
activated receptor y coactivator-la (PGC-lo) proteins in cells or tissues were detected by immunofluorescence (IF) and
immunohistochemistry (IHC) techniques. The expression levels of PI3K, Akt, PGC-1a, dynamin-related protein (DRP) 1, p21, and
p53 proteins and mRNAs were detected by Western blotting and real-time fluorescence quantitative polymerase chain reaction (QTR-
PCR). Results Compared with the control group, the model group showed decreased body weight (P < 0.05, 0.01), significantly
reduced grip strength (P < 0.01), muscle fiber fragmentation and atrophy, damaged tissue structure, increased collagen fiber
proliferation, and elevated fibrosis degree. The expression levels of PI3K, Akt, and PGC-1a proteins and mRNAs were significantly
decreased (P < 0.01), while the expression levels of p21, p53, and DRP1 proteins and mRNAs were significantly increased (P < 0.01).
Compared with the model group, the body weight of mice in high dose puerarin groups increased, and the grip strength of the medium
and high-dose groups significantly improved (P < 0.05, 0.01). The arrangement of muscle fibers gradually became orderly, the tissue
structure tended to be complete, collagen fiber proliferation was inhibited, and the degree of fibrosis decreased. The expression levels
of PGC-1a, PI3K, and Akt proteins and mRNAs were significantly increased (P < 0.01), while the expression levels of p21, p53, and
DRP1 proteins and mRNAs were significantly decreased (P < 0.01), and these effects were dose-dependent. Conclusion Puerarin
may protect skeletal muscle by up-regulating the PI3K/Akt signaling pathway, inhibiting the activation of the DRP1 and p53/p21
pathways, improving mitochondrial homeostasis, and reversing skeletal muscle cell senescence.
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Table 1 Primer sequence
GlkY| ¥ (53"
p21 % GGTGGAGACCTGATGATACCC Nif TCTGCTGGCAAAGTGGGAC
p53 7 TGGAAGACTCCAGTGGGAAC T TCTTCTGTACGGCGGTCTCT
DRP1 ¥ AGCAAGAGAGCTGCCTTCAG T GTTGCCTGTTGTTGGTTCCT
PI3K % TTAAATGGTGAGCACGGAGATG T AAATGTCACCAGACCACTCCT
Akt 37 TCCTCAAGAAGGAGGTCATCGT T CATACTCCATGACAAAGCAGAG
PGC-1a 3% CTCTCAGTAAGGGGCTGGTT T GACGCCAGTCAAGCTTTTTCA
p-actin ¥#f GGCTGTATTCCCCTCCATCG T if CCAGTTGGTAACAATGCCATGT

2.8 GitFEHEE

18 Fl GraphPad Prism 9.0 % {t:33E47 45 -2 #r A
Kb BRsE B0l X £5 £on, SZIG Z /by
#HH 3 K. H5LA Shapiro-Wilk F1 Brown-Forsythe
203 PR IG B (0 IE RS M 5 7 2257 . SR BE ST
AR B2 7 2551, RS ER T Z 0t
(ANOVA), FA#i[H] Tukey HSD #:iH4T H 5 K656 ;
WERHARE AT & IR 50 41, IR A Kruskal-Wallis 3F
SHHGK, - Steel-Dwass {3 T3 55
3 #R
3.1 FBENRERENE

ZERNE 2, MBA/NRAREEREEKE

P EXPHRAAHEL, SRS 3 A, BN K
R KO R B FH A (P<<0.05. 0.01), #IK D-
e FLHE S 5 1 5 2 AR AT IR 3 s e /N ROE AR K
RE BARHDIRE . B AR T TR D-2FZL 0% Fr 80 74
JoR B YA A — 8 G RS, s R R A AL
REONRE, HIEREE 3 FR, HPS0m e
AL, 3R B EE T 5 22 A QA4 K
S BB IR EAE R .
32 JBENREHTK

GERNF 3, SAHEA LR, 3 AR/ R
1) KR AR T B PRI (P<<0.01). WHRZE Tl
3 JHNEIR RS HIEREARE, 5 HAE+T. mhE

*x2 BREMNVENRERENFME (X X5, n=8)
Table 2 Effect of puerarin on body mass in sarcopenic mice ( X *s, n=8)
21 5 i &/(mg-kg™) - - it - -
% 1A F3MA H5 M4 FTH

Xof HEt — 25.51+1.60 27.46+1.33 28.88+1.20 30.18+1.10
Fi A — 24.12+1.75 25.04+1.04% 26.97+1.26" 27.20+1.25"
BiRE 50 23.82+1.45 24.90+1.40 26.20+1.57 26.90+1.30

100 24.75+1.19 24.60+0.81 25.84+0.98 27.56+0.95

200 24.02+1.62 26.07+1.17 27.83+1.19 28.70+2.18

Hu it #P<0.05 #P<<0.01.
#P<0.05 *#P<0.01 vs control group.
x3 BREMNSENREABFNE (X Es,n=8)
Table 3 Effect of puerarin on grip strength in sarcopenic mice ( X *s, n=8)
25 FE/(mg-kg ™) — BN — —
ERNL! % 3 )4 %54 FTH

pagicy — 2.37+0.29 2.60+0.12 2.80+0.24 2.94+0.28
S — 2.15+0.28 2.1340.13* 2.13+0.21% 2.19+0.26"
BRER 50 2.31£0.26 2214031 2.41+0.33 2414031

100 2.31+0.24 2.27+0.34 2.56+0.14" 2.5940.38"

200 2.14+0.19 2.40+0.34 2.85+0.45™ 2.78+0.27"

HXTHEA L #P<0.01; SEMALLE: "P<0.05 "“P<0.01.
#P <0.01 vs control group; "P<0.05 **P<0.01 vs model group.
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Fig. 1 Effect of puerarin on histopathology of skeletal muscle cells in sarcopenia model mice (x400)
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Fig.2 Impact of puerarin on collagen deposition in skeletal muscle cell tissues of sarcopenia model mice (x400)
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Fig.3 Immunofluorescence detection of PGC-1a, p21 expression (x200)

F4 TIRABE (X +5,n=3)

Table 4 Average fluorescence intensity ( X *s, n=3)

AH ARk RECP Sl
PGC-1a p21
i — 1.224027  0.09+0.02
FETY — 0.06+0.01*  0.4940.09%
SIS 50 0.13+0.03 0.33+0.08
100 0.63+£0.11"  0.2240.07"
200 0.77+£0.13"  0.1940.03"

x4 #P<0.01; SHERAE: *P<0.01.

#P <0.01 vs control group; “*P < 0.01 vs model group.

BE T (P<0.01); 1 DRPI VLS 203 AH 5%
R p21 5 p53 ) mRNA RisHEFE B (P<
0.01). SHAAMLL, HRRSHEHIEINHR
UF TR AR, PISK. Akt }2 PGC-1a ] mRNA
FiLRZE ETH(P<0.05.0.01), i p21.p53 N2 DRPI

(R E KB B R B (P<<0.05. 0.01),
4 Tig

WL RE & — P A 8 AH DG B A LR AT MR
CLE BB AT b . LT B R AR B T RE K
BN FZIMRFERT . HRH R SHMpEE . 4
KA D e FEfs 25 UIAH R0, 32 2 e 52l 155 5 L4
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R 5 R SRR R EL, I E AL
Z 4 KRB,

AP EERET N ENINZESE . ST B
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o W) B “BESZUA, B, WE R
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Fig. 4 Immunohistochemical detection of puerarin on expression of PGC-1a and p21 in skeletal muscle tissue of mice (x400)

#z5 BREMNDEERNERS PGC-10. p21 EAKIX 001 1108
KEREM (X 5, n=3) - e o -
. ps3 [ e e 5310
Table 5 Effect of puerarin on expression levels of PGC-1a, bRPL | 75 101
p21 proteins in sk_eletal muscle tissue of mice PI3K [ - . d 85X 10°
(X *s,n=3) A [ —— s 0 10°
, N A PeC-lo. [T S e 10 10°
R 1E/(ma-ka ] :
ZH5 FE/(mgkg ™) PGC-1a 021 B-actin |[cEEED> <> | 0 10
Xof iR R 50 100 200
i — 0.78+0.17 0871004 B & (mg kg )
ot — 033+003*  1.73+011% )
e 50 0394011 1614013 5 Western blotting %28 /\5% & BR AL 4BRE+ p21.
100 0474009" 1324017 p53. DRP1, PI3K. Akt. PGC-la Fi&
200 0.69+0.19™ 104+0.15™ Fig.5 Western blotting detect expression of p21, p53,
LRI L #P<0.01; SHERAE: “P<001. DRP1, PI3K, Akt and PGC-1a in skeletal muscle cells of
#P <0.01 vs control group; P < 0.01 vs model group. mice in each group

%6 BREMINLENRRESEEALAEF p21. ps3. DRP1. PI3K. Akt. PGC-la EEMEMFRIAKFAIFNM (X L5, n=3)
Table 6 Effects of puerarin on expression levels of p21, p53, DRP1, PI3K, Akt and PGC-1a proteins in skeletal muscle cells

of sarcopenia model mice ( X *s, n=3)

2H 5 FilE/(mg-kg™) p21/p-actin p53/pB-actin DRP1/B-actin  PI3K/p-actin Akt/p-actin PGC-1a/p-actin

PO — 0.29+0.13 0.16+0.08 0.31+0.10 0.32+0.13 0.16+0.13 0.38+0.05

HRY — 0.68+0.12%  0.38+0.03% 0.72+0.16%  015+0.03*% 008+0.05%  0.08+0.07*

BiRE 50 0.5540.02 0.324+0.11 0.5940.10 0.2440.17 0.09+0.05 0.1340.06
100 0.374£0.02"  020+0.06™  046+009"  026%0.16" 0.10%£0.06™  0.19+0.04"
200 0324019  019+0.12"  038+017"  030%0.09" 0122008  0.29+0.14"

Sx R4 #P<0.01; SHERALE: *P<0.01.

#P <0.01 vs control group; “"P < 0.01 vs model group.

JroT. EARBLAM B, SJONHEs| 2y, T JUBEK.

SIZEIERPT, AR EE . THRRE RS, T BRI R B B AR R R R T
REEZH IR ZEERY . HIME IR, #ElR  RAWEY, CESMUIAZFERPES:, 7Tl
A FIAKRIRITE R EIE P R 203, Oy PR BT RARHHE SRR A LA DR AR
DA 258G B VI, IRABTTEEMRIGI T R, KBRS AR R AN E B IR T
AERIE RIS, 3R 6t 12t R ENE 3P S I R @ﬁ,MﬁE%M%%m\W%%wﬁﬁéﬁE$
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xR7 BIREGIENRAER SRS p21. p53. DRPI. PI3K. Akt. PGC-1o mRNA FRiX/KFHIEN (X %5, n=3)
Table 7 Effects of puerarin on expression levels of p21, p53, DRP1, PI3K, Akt and PGC-10 mRNA in skeletal muscle cells of

sarcopenia model mice ( X *s, n=3)

2H3 FIE/(mg-kg?)  p2l/p-actin pS3/g-actin DRP1/g-actin  PI3K/p-actin  Akt/g-actin  PGC-lalf-actin
pai — 1.00+0.15 1.0040.09 1.00+0.15 1.00+0.03 1.00£0.03 1.00+0.04
et — 446+0.13% 5264003 529+0.10%  017+0.10% 0.02+0.08*  0.21+0.03*
HE 50 3.16+0.06"  457+0.14"  5.21+0.07 0.35+0.03"  021+014"  033+0.14"
100 2.2940.10™  25840.05" 220+£0.07"  050+0.06"  0.34+0.02" 050%0.10™
200 15240.09"  1.97+£0.15" 165+0.03™  0.75+0.13" 0.74+009™  0.8140.14"

XML #P<0.01; SHAMALLE: "P<0.05 "P<0.01,
#P <0.01 vs control group; "P<0.05 **P<0.01 vs model group.
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