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Improvement effect of Chrysanthemum morifolium extract on muscle atrophy
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Abstract: Objective To investigate the improvement effect of Chrysanthemum morifolium extract on muscle atrophy after ischemic
stroke using a rat model of middle cerebral artery occlusion (MCAO). Methods Male SD rats were randomly divided into sham
group, model group, metformin (0.2 g/kg) group, C. morifolium extract high- and low-dose (1.08, 0.54 g/kg) groups, with seven rats
in each group. MCAO rat model was established and drugs were administered continuously for 7 d. The stability of MCAO model was
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evaluated through laser speckle system; The Zea-Longa score was used to evaluate the neurological damage in rats; A small animal
treadmill was used to evaluate exercise ability; A small animal ultrasound system was used to detect muscle thickness. After the last
behavioral test, the soleus muscle was taken and its length and weight were measured. Hematoxylin-eosin (HE) staining was used to
detect the cross-sectional area of muscle cells; ELISA was used to detect the levels of tumor necrosis factor-a (TNF-a), interleukin-1
(IL-1B), and IL-6 in serum and soleus muscle; Immunohistochemistry was used to detect the expressions of muscle ring-finger protein-
1 (MuRF1) and muscle atrophy F box protein (MAFbx) in soleus muscle; Western blotting was used to detect the protein expressions
of MuRF1, MAFbx, TNF-0, and IL-6 in soleus muscle. Results Compared with model group, C. morifolium extract could improve
the neurological damage and motor ability of MCAO model rats (P < 0.01, 0.001), increase muscle thickness, soleus muscle length
and weight (P < 0.05, 0.01, 0.001), improve the reduction of muscle cell cross-section after surgery (P < 0.05), reduce the levels of
TNF-a, IL-1p and IL-6 in serum and soleus muscle (P < 0.05, 0.01, 0.001), and down-regulate the expressions of MuRF1, MAFbx,
TNF-a and IL-6 in soleus muscle (P <0.05, 0.01, 0.001). Conclusion C. morifolium extract can improve the motor ability and muscle
atrophy of post-stroke rats by inhibiting the levels of inflammatory factors in serum and muscle, down-regulating the expressions of
muscle atrophy factors MuRF1 and MAFbx to reduce muscle protein breakdown.

Key words: Chrysanthemum morifolium Ramat.; ischemic stroke; muscle atrophy; motor ability; inflammation; breakdown of proteins;

chlorogenic acid; cynaroside; 3,5-O-dicaffeoylquinic acid; luteolin; apigenin
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AR 0.5 mL/min; AR 27 C; #FEE S L.
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F2.5~4.0cm IV H o MK F 55 72 3UR Bk (left
common carotid artery, CCA). 75k (external
carotid artery, ECA). A3k (internal carotid,
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> 15 min, YEEIIE . BOKELELH UL 50 mg, AR
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Fig.1 Component analysis of C. morifolium extract
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N T ARAIE MCAO ARG FEE — B0 Wb NN
RZE, XA R E A T O B R A .

K2 fik 1 R, BRIRTFARAS, HaKRA N
RILHSRIMAEIR BRI TC 82 2252, YRR
I H MCAO #AR R R AR L — 2

sy

BEA K — AT STEARER 108 gk HTEARIU 0.54 g-kg
2 EEEARBSCEDTREEE

Fig. 2 Laser speckle blood perfusion map of rats after modeling

x1 EREAREAREIE (Xts,n=5)
Table 1 Left and right brain perfusion of rats after

modeling (X £ s, n=15)

) 2/ s s
285 (Si') FEREVER/PU A7 BN e /PU
BRFER — 1204.5+76.9 1122.9+63.3
it — 1144.5+76.3 730.2 £23.6###
TSR 0.20 1184.74+82.3 735.8 £ 54 1###
TR 1.08 1155.9+53.6 697.3+68.7##

0.54 1175.84+54.4

698.9421.1%%

SEFARALE: #P<0.001.
##P < 0,001 vs sham group.
3.3 FILIREUIN MCAO &8 K R IR 5
oAl
W 2 iR, SEFRALE, BRI KR
LIEe I TE B R E i (P<0.001); 5HAI4H

FLAs, 28 5. 7 RSB ZHRBANE D RER 1T 735
BFEFL (P<0.01. 0.001). FHRIEIRBESH
i MCAO AR R Dh et r/E R .
3.4 FEREWIXT MCAO =8 K RIEENIhRERISN
Wk 3 Fion, SHEFRALE, BEAH KR
5 min PN LD BE B B2 (P<0.001), Jii
WH B ERN (P<0.001); SHERIHLE, 4 5.
7 R = H UM A0 2 1642 B = ) s 40 KB 5
min W [} HP IR S BN (P<0.01. 0.001),
F1EIRE T E WS (P<0.05. 0.01); % 7 K%
e 4L K R 5 min 4 A0 D R 5 6 2%
Bhn (P<0.05),
3.5 FIEREWIF MCAO =8V KR AR E HI20T
WK 3 ME 4 s, SEFEARHALE, 7R

xR 2 LRI MCAO EE KRMEINEERGRIFNE (X£s,n=5)
Table 2 Effect of C. morifolium extract on neurological dysfunction of MCAO model rats (X s, n=>5)

415 EAgkg™)

M2 RESIPF 53

1R FIKR F5K FTR
BRFER — 0.00£0.00 0.00£0.00 0.00£0.00 0.00£0.00
R — 3.66+0.52%# 3.67+£0.52%# 3.83+0.41%# 4.00 £ 0.00%##
ZHEUAR 0.20 3.5040.55 3.504+0.55 2.8340.75" 2.0040.89"**
LS 1.08 3.17£0.75 3.50+0.55 2.33+£0.52"* 1.50+£0.55"*
0.54 3.3340.52 3.3340.82 2.661+0.82"* 2.8340.75"

S5RFAR4E: *P<0.05 #P<0.01 *#P<0.001; SEEIALE: *P<0.05
P<0.05 *P<0.01 **P<0.001vssham group; "P<0.05

“P<0.01

*P<0.01 ***P<0.001; FEFE.

P <0.001 vs model group; same as below tables.

R 3 HFIEREUIR MCAO REKRIZHINEERISIMN (X+5,n=5)
Table 3 Effect of C. morifolium extract on motor function of MCAO model rats (X s, n=15)

3 ikl 5 min P [0 B B/m 5 min 4735 5L

- (gkgh) HF1XK #3IR SR #TR F1R FIK HSK FITR

BFEA  — 49302000 4930+0.00 49.30+0.00 49.50+0.00 4.80+3.11  5.40%3.36 0.00%0.00 0.00%0.00

ait] —  21.48+8.51%#14.8017.94" 870575 §.10+2.87%96.00%6.28"100.00£0.00%* 100.00=0.00%* 100.0040.00*#
THXAT 020 21.84+622 13.10+7.79 19.96+4.38" 26.38+9.55"496.40+5.13 88211620 65.61£30.62° 51.00+15.03"
FAEE 108 20.00£6.06 15.10£3.87 19.60+7.53" 22.60+£5.64" 98.40+2.61  91.60+14.29  66.00134.69" 62.00£29.76"
W 054 18261875 1238+535 1438+421 16.66+627° 96.41+513 100.00+0.00  85.60+16.77 76.80+26.58
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B3 BEAXRAPEEE

Fig. 3 Ultrasound images of muscles in each group of rats

4 FLRII MCAO #RE KR AR EE R
(X+ts,n=4)
Table 4 Effect of C. morifolium extract on muscle
thickness of MCAO model rats (X £ s,n=4)

F*5 FWERIWIX MCAO RBEXRELLEANRESKE
BN (X+s,n=5)
Table 5 Effect of C. morifolium extract on weight and
length of soleus muscle in MCAQO model rats (X £ s,n=5)

5 7/ AL S FE /mm
(gkg™ EBPS ENEDR
RFAR — 11.32+1.02 11.7941.09
it — 11.67+1.14 6.88 +1.20%#
ZHSUIT 0.20 11.56+1.38 10.32+1.68*
Eapixraity 1.08 11.90+1.02 10.12+1.46™
0.54 11.474+1.25 9.114+1.08"

B 2 K BRVL IR JEL B 5 3 AR (P<<0.001); S5
LA, B AR RN R B 2238 (P<<0.05.
0.01).
3.6 FILIREVINT MCAO B KR BRI RE
5KENFI

mE 5 i, SEFERERE, BAHKR
e H U & B BRI (P<<0.001), KEEE%
B (P<0.001); SHEAIATIEREE, — FOXUITEL AN 24
R EmREALE A REEE, S (P<
0.01), —HXUITAHFSGAEFR B &R 22 B H
LK B B2 3n (P<<0.05. 0.001), SHLA# S
g —3L

2H 5] FlEAgke) WKWFRE/e WRKE/mm
BRFER — 0.134+0.01 19.9142.31
A — 0.08£0.01%#  12.66+2.79%#
IR 0.20 0.13£0.01"  18.03+£2.39™**
FAESE A 1.08 0.13£0.01™  17.81£2.23"
0.54 0.1040.03 14.6541.53"
3.7 FEREWIX MCAO 8K EE B & AL iRIE

TRIF M

Wk 4 K 6 i, SEFARALE, A
K R L PR 4t R R A T AR f 35 PG (P<<0.001), JULIA
ARl IR, AR A T IR OF LA RE R R4

MR SRR LR, S AE PRI R 2K R
LA 40 f ke A T AR B 8 hn (P<<0.05), [RIRSEA

2 YR AH M () B R A E T . SR B AR SR ) T

DL I 3 0 LA 20 B R AR T AR SR T MCAO S5 AL

PRI 45 (1 A

3.8 FIEREMWIN MCAO #AE AR IIMFEMEL B &

RIL AR SEE B 7K S RO £ 0
mﬁ7sﬁv,%@$K@w&,ﬁi@km

RIS

e

 AHHESRE 0.54 gkg !

[FEE Ho ECToTT SESI 108 ke !
SRR SR, £ (3 Sk o S A ) B
Red arrows represent typical cells and green arrows represent typical intercellular spaces.
B4 HEARHLERA HERE (X40)

Fig. 4 HE staining of soleus muscle of rats in each group (x 40)
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6 FHEKXBRAPMAESEIN (Xts,n=4)
Table 6 Cross sectional area of muscle cells of rats in each
group (X+ts,n=4)

215 MEAgke)  NIAHHREE A um?
(EEEN — 2785.66+86.18
it — 1 560.93 +36.30%#
ZHBUIR 0.20 2524.314+82.99*
ERpiaiily) 1.08 2317.094+130.29°

0.54 1919.42+372.93

MiEA L B AL TNF-a. IL-1p F IL-6 7KF-3 3%
T (P<0.001), F2rZ52H KRG H it
TNF-a. IL-1B Al IL-6 /K~F35 2 2 B#{% (P<<0.05.
0.01. 0.001), KB ALSEEY) B A #HI LA o 4 5E
EH o
3.9 FILIREWIN MCAO HRAEARELB &AL+
MuRF1 1 MAFbx FRiXHIE0m

W s MK 9 R, SHEFARMNE, BAIZHK

F7 FEEEWIR MCAO 8K R M55 TNF-a. IL-1p 1 IL-6 7K EHISN (X5, n=5)
Table 7 Effect of C. morifolium extract on levels of TNF-g, IL-1p and IL-6 in serum of MCAO model rats (X £ s, n=5)

51 F &/ (gkg™) TNF-o/(ng-L™") IL-1B/(ng-mL™") IL-6/(pg-mL ")
[EEN — 73.76+22.12 33.40+10.00 52.15+11.25
Y — 360.15 £39.32## 170.34 £ 15.53## 271.20445.53##
T SUIR 0.20 230.04+35.11** 73.82412.24** 125.43420.95"*
Eapixraity 1.08 175.87 +64.59*** 44.134+9.17 96.16+25.33**

0.54 225.11452.34™ 69.801+27.06™ 109.81433.58"

*8 FLREYIX MCAO AR KRB &AL+

TNF-0. IL-1p 1 IL-6 /KEHIBM (X+s,n=>5)

Table 8 Effect of C. morifolium extract on levels of TNF-a, IL-1p and IL-6 in soleus muscle of MCAO model rats

(Xts,n=5)

L5 FE/(gkg™) TNF-o/(ng-L™" IL-1B/(ng-mL™") IL-6/(pg-mL ")
RFAR — 95.79+27.24 27.87+8.35 4720+13.76
T — 291.52 +85.20% 141.25+40.3 1% 219.88 4+43.05%#
ZHSUIR 0.20 143.774+53.12"** 51.014+13.54" 98.61+30.62"**
Eapixraity 1.08 138.72 +28.50*** 472742070 68.48+23.18"**

0.54 179.434+38.11* 56.671+19.32" 86.52429.09"

MAFbx

ZHUNR

HAEHEI 1.08 kg™ HTESRIU 0.54 g-kg™!

E5 FEEERIX MCAO EE AR L B &AL 4 MuRF1 1 MAFbx FiABIFNE (X 40)
Fig. 5 Effect of C. morifolium extract on expressions of MuRF1 and MAFbx in soleus muscle of MCAO model rats (x 40)

B PG B A UL LA ZE 4 K7 MuRF1 F1 MAFbx PH
FIEBERIN (P<0.001), #7285 ULAIZESE )
KA SERIAIE, %4 2541 MuRF1 1 MAFbx
BRIk B b (P<<0.01. 0.001), FIHZLE
S H A e a0 ) AL PR) 228 4 R -k o5 AR AR S LA

#HYi .

3.10 ZHIEIREVIXT MCAO ##E KRB &AL+

TNF-o. IL-6. MuRF1 1 MAFbx & H &AM
Wi 6 A 10 fizn, SEFARALLE, BAH

KA H LA 98 5E KT TNF-o #1 IL-6 £ R iA
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KPEZET R (P<0.01), R EllAHLT
TERFIRAS, 5 ELISA 455 —8 [FIR LA 46K
#*9 FLREYIX MCAO R KR LB &AL+ MuRF1
1 MAFbx FERIFM (X+s,n=4)
Table 9 Effect of C. morifolium extract on expressions of
MuRF1 and MAFDbx in soleus muscle of MCAO model rats
(Xts,n=4)

7/

285 (ke ) MuRF1 FH{%%/% MAFbx B2 /%
RFER — 6.28+2.05 6.071+1.02
TR — 24.86+3.38%  26.08+1.69%#

10.38+1.77"
11.58+1.73*"
13.82+2.82"

IR 0.20 9.81+2.82""
BRI 1.08 10.97+2.44™
0.54  12.584+2.04

MAFbx S 4.2X10°

—— 4.0X10*

MuRF1 ' P =
TNF-a 2.6X10%
[Lof  — — - - 2.0X10*
Vinculin L1X10°

BFEA A ZHIUIK 108  0.54

B PER (g kg™
6 FHEARLLESAF TNF-a. IL-6. MuRF1 F1
MAFbx EHRIA
Fig. 6 Expressions of TNF-0, IL-6, MuRF1 and MAFbx

protein in soleus muscle of rats in each group

£ 10 FHIEEREWIX MCAO =B AR LB &ALS TNF-a. IL-6. MuRF1 1 MAFbx EHRIAMEN (X£s,n=4)
Table 10 Effect of C. morifolium extract on expressions of TNF-o, IL-6, MuRF1 and MAFbx protein in soleus muscle of
MCAO model rats (X s, n=4)

15 A ekg ) EASb WSS
TNF-a/Vinculin IL-6/Vinculin MuRF1/Vinculin MAFbx/Vinculin
(EER%N — 1.00£0.00 1.00+0.00 1.00%0.00 1.00£0.00
it — 1.454+0.11% 1.6940.13% 1.570.08%# 1.55+0.02%
- F XU 0.20 1.1240.17 1.1940.08" 1.16£0.05"* 1.01£0.15"
LS 1.08 1.08+£0.07* 1.0240.13"* 1.04+0.11" 1.0140.11*
0.54 1.0740.14" 1.08+0.22* 0.99+0.10"* 0.99+0.32"*

¥ MuRF1 fil MAFbx & HRIAKFRBEH S (P<
0.01. 0.001), $E/RNLAIZEAR N KA . SR LLEL,
A ACHE U 25 71 B 4H R 0 98 5 K F- TNF-a0 A
IL-6 {221k (P<<0.05. 0.01), 3 HABCRML T —H XL
I [) B 25 16 472 B AP 4% 771 1 2 08 I 25 410 ) MuRF
Al MAFbx L (P<<0.01. 0.001), Myt
REASiioky
4 g

K Eh kO iE 2 R X, B AMEAZE R,
e U RA 23 BT Fii 2 Hh s B 2B B i RN 259097 3. —
FH XU 40 11 SI2 e 3 3 5615 B U Loty 70 A i) 58
S /MAS O SR G B B L 1220, R, AL
FCEE S A 2 e R R P AT B, R, A4t
W2 2 A A IR TT A T L

R B LA 0 2 IR SR I, K R
TS X Y. IAREEFTIN A, SR i
R Z RO, SRIAcYs, Wi Ta%, ik
EAF], BARHAE, SmigEl, FRFm, &R+
Mo (EBEEEms) Bmiesl. “RRNZ AW, 4rH
N, SHEAZRE, WO, BKEomE, JxE
R AR RGN R 2 & YRR Z5), 6 IR

FERATIZMNA . (BN ) Frak e IR A
B AR, DUREE” ThEL, FAERTH B
40%, X—FHZHRHEE CRIREE) HAR2H—D
fife ke o (o IRERIEY Frdk: “ o7 Hgg4eld -+ N E,
DU Oy N 2 27 Gl IR 24 2 B 250 4 e S
A RURS SR TR « AR B EH | 3,5-0- ZWnmHE A2
TRAERIE, AR BENTREN, HH
REfg IR/ D A T AR TS0, e HARHL R AT e SR
/DY TNF-0. NO. ROS %5 %8 it [K 7 FIE Ak N i
A oelel, B Ty A i N A IR 25 BE A ST A, (e
RAEFLZ) FRTHILEA “ RN I
JJLeeeee- B2 BT 2 2E4E 7 T, RN R A RIS
B RGHLPMNEGHNER . SR, X EETh R = A B
PISEIGHT 7. Rk, AR T L0 8 A 4k T
BB TE, FISe AL« B BB 12 B i 22 A 47
XL DY IR IE AR S I AL, I IR B B S e
RNEZIWHZFR R, DA oot Shof 24 i
R LR 2R 4 1) 24 38 FH BT AE ML

L HESGUIICRT DA 3 48 i 2 A A 0 e A A AR A
AU 5 B LA AR s 0, RN A AR
FN 2ERER224, AR AL R BIR, £ MCAO HEALER
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& HAR 0 W35 22 AT IR N, SEB0sE 7 Rk
MAELESNFC TG DL, NIRRT REA R — 3,
B S A FEAEERITE S R e B6ess 2
HWE MCAO KEMMATRetif, Xnlfe5%
TEFEHLE PR FRAE I BE N B A k), R
KERIZBhRE W TR, SCER5E 5. 7 RATEHRINY
FFIEAN MCAO KEIZZNREIHINGEIER LR
Rite 2R E KRV R B FAG,  EE H f YL R 4e
B, EEHmUTERD; SRR R, Sg1eii
Vi Kk RULAE . e H A AL H #
WU B RE I, XRS5 et E &
BE, ReSfEE A, MBIV JORE . b 240
FHIRPS),

HE et 45 R BoR, SHFARAELE, HAHKR
B JUL P 4 A B T AR S 3 PRI, A PRI S AN FN,
M ) BRI OK s SRRV LRI, SRR E) B
5 UL PA) &1 488 T ik /N R 4 e 00 i ) i R 25 O 2R
Ho ELISA fuillgs R IR, SEAYAH LR, eI
WA K BUMIE A LG B UL TNF-a IL-1B F1 IL-6 7K
SR BRAIS,  R I AESR B B H L
KEMVER « 2 R - E R R0 T MuRF1 Al
MAFbx [MRIATEAR G BE B, fEnZ 5 LA
ZEH S RIEH R E ARG 2G5 AR
VI RENS 18 H LA 2ERE BB -1 7K R T e S a2 L
POER BT fidE, AT/ JUL IR Z2 40 1 R AR 26

25 b, ZARTR I R gl I H ] MCAO 75 51
KBRAAH TNF-a. IL-6 Al IL-1p (& &, W4
ZLRNE, JRE R R-E AR R R T
MuRF1 Hl MAFbx FZik, AT LA 2 4 1 &
Ao AWFRFER T ARSI G LA ZE 46
YERIBLHI T ETIARR,  FF AT R LA ZE 48 KRR
BITIRAE T2 ES: . (B2, AR RIIES
5 % im PR F B S AR R B EARFE T R ARz R
R ¥ FRIE EAR, AHACR S T3 AL 52 e )
M, KRR SIETERS T & 8 A K AR PR —
WETF IR LC-MS 25 R IR iy Z 57 .

FBAR ALY FRAREAEF B R

SE 3K

[1] E RN, A2, (AfEHE, % shitEmat 5 nE s
AR S 0 ] R E AR TR, 2024,
28(23): 3692-3698.

[2] Saver J L, Levine S R. Alteplase for ischaemic stroke:
Much sooner is much better [J]. Lancet, 2010, 375(9727):

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]
[14]

[15]

1667-1668.

Lees K R, Bluhmki E, von Kummer R, et al. Time to
treatment with intravenous alteplase and outcome in
stroke: An updated pooled analysis of ECASS, ATLANTIS,
NINDS, and EPITHET trials [J]. Lancet, 2010, 375(9727):
1695-1703.

Cruz-Jentoft A J, Bahat G, Bauer J, et al. Sarcopenia:
Revised European consensus on definition and diagnosis
[J]. Age Ageing, 2019, 48(4): 601.

Qi H, Tian D, Luan F, et al. Pathophysiological changes of
muscle after ischemic stroke: A secondary consequence of
stroke injury [J]. Neural Regen Res, 2024, 19(4): 737-746.
Park E, Choi H, Truong C S, et al. The inhibition of
autophagy and pyroptosis by an ethanol extract of Nelumbo
nucifera leaf contributes to the amelioration of
dexamethasone-induced muscle atrophy [J]. Nutrients,
2023, 15(4): 804.

Seo E, Truong C S, Jun H S. Psoralea corylifolia L. seed
extract attenuates dexamethasone-induced muscle atrophy
in mice by inhibition of oxidative stress and inflammation
[J]. J Ethnopharmacol, 2022, 296: 115490.

Hah Y S, Lee W K, Lee S, et al. B-Sitosterol attenuates
dexamethasone-induced muscle atrophy via regulating
FoxO1-dependent signaling in C2C12 cell and mice model
[J]. Nutrients, 2022, 14(14): 2894.

Fang WY, Tseng Y T, Lee T Y, et al. Triptolide prevents
LPS-induced skeletal muscle atrophy via inhibiting NF-
kB/TNF-a and regulating protein synthesis/degradation
pathway [J]. Br J Pharmacol, 2021, 178(15): 2998-3016.
Lee S J, Im M, Park S K, ef al. BST204, a Rgs and Rhz
enriched ginseng extract, upregulates myotube formation
and mitochondrial function in TNF-a-induced atrophic
myotubes [J]. Am J Chin Med, 2020, 48(3): 631-650.
NS, 3y, Bl 2RI GC-MS 73t
], L THELARFER, 2014, 16(12): 42-44.

Wi, RORME, FRES. 2L 2t fot g 7], %
Bl B, 2011, 39(23): 14031-14033.

HE 254 [S]. —i. 2020: 323.

Lee H, Kim Y I, Nirmala F S, et al. Chrysanthemum
zawadskil Herbich attenuates dexamethasone-induced
muscle atrophy through the regulation of proteostasis and
mitochondrial function [J]. Biomed Pharmacother, 2021,
136: 111226.

Changizi Z, Moslehi A, Rohani A H, et al. Chlorogenic
acid induces 4T1 breast cancer tumor’s apoptosis via
pS3, Bax, Bcl-2, and caspase-3 signaling pathways in
BALB/c mice [J]. J Biochem Mol Toxicol, 2021, 35(2):
€22642.



* 6982 «

FEH 202410 7 $55% B 20 Chinese Traditional and Herbal Drugs 2024 October Vol. 55 No. 20

[16]

[17]

(18]

(19]

[20]

[21]

Chen D C, Shen F Y, Liu J H, et al. Luteolin enhanced
antioxidant capability and induced pyroptosis through NF-
kB/NLRP3/Caspase-1 in splenic lymphocytes exposure to
ammonia [J]. Sci Total Environ, 2024, 919: 170699.

Chen T J, Li B, Xu Y, et al. Luteolin reduces cancer-
induced skeletal and cardiac muscle atrophy in a Lewis
lung cancer mouse model [J]. Oncol Rep, 2018, 40(2):
1129-1137.

Bai S S, Lu X, Pan Q, et al. Cranial bone transport
promotes angiogenesis, neurogenesis, and modulates
meningeal lymphatic function in middle cerebral artery
occlusion rats [J]. Stroke, 2022, 53(4): 1373-1385.

Maco S, Huang M, Wu Y H, et al. Greater hamstrings
muscle hypertrophy but similar damage protection after
training at long versus short muscle lengths [J]. Med Sci
Sports Exerc, 2021, 53(4): 825-837.

Isanejad A, Saraf Z H, Mahdavi M, et al. The effect of
endurance training and downhill running on the expression
of IL-1B, IL-6, and TNF-a and HSP72 in rat skeletal
muscle [J]. Cytokine, 2015, 73(2): 302-308.

Zhang J, Huang L L, Shi X, et al. Metformin protects
against myocardial ischemia-reperfusion injury and cell

pyroptosis via AMPK/NLRP3 inflammasome pathway [J].

[22]

[23]

[24]

[25]

[26]

Aging, 2020, 12(23): 24270-24287.

Shang R, Miao J. Mechanisms and effects of metformin on
skeletal muscle disorders [J]. Front Neurol, 2023, 14: 1275266.
Tezze C, Amendolagine F I, Nogara L, ef al. A combination
of metformin and galantamine exhibits synergistic benefits
in the treatment of sarcopenia [J]. JCI Insight, 2023, 8(15):
¢168787.

Hafner P, Bonati U, Eme B, ef al. Improved muscle
function in Duchenne muscular dystrophy through L-
arginine and metformin: An investigator-initiated, open-
label, single-center, proof-of-concept-study [J]. PLoS One,
2016, 11(1): e0147634.

Zhang H J, Wang B H, Wang X, ef al. Handelin alleviates
cachexia- and aging-induced skeletal muscle atrophy by
improving  protein  homeostasis and  inhibiting
inflammation [J]. J Cachexia Sarcopenia Muscle, 2024,
15(1): 173-188.

Zhang X, Wu J Z, Lin Z X, et al. Ameliorative effect of
supercritical fluid extract of Chrysanthemum indicum
Linnén against D-galactose induced brain and liver injury
in senescent mice via suppression of oxidative stress,
inflammation and apoptosis [J]. J Ethnopharmacol, 2019,
234: 44-56.

[t FT4]



