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BT FHIGAE R RORAR €3 Chigh performance liquid chromatography, HPLC) 4341 5 iEG, X476 RGHH AL Fb 3= B Bt 2 43
AT ERNE, FBMAAEA N TIES48 . FIM C2C12 40l iR & D-K3L 8¢ (D-galactose, D-gal) 551
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S EE C2C12 AIARNVE EA4EA . R D-gal T 00/NRILER ZHA, WE/NRE )G RIARE, HARR-H#
2 (hematoxylin-eosin, HE) Hett SN2 # NI REM IUR AR 4L, B 50 P10 ks DS 3L Y7 380 o R FH R S 2B e 3 2%
H/NRHEAUEEAT 22 R EER 8T, FELE A WAL iR, HE—Pi8id Western blotting /2 qRT-PCR JiE 55 e 40 I 25
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HET S B AU DER DY . PRI TR, PRIk 2850 0 vl B AR LEE 3-30% (phosphatidylinositol 3-
kinase, PI3K) /&I B (proteinkinase B, Akt) /MHFLAIHEH MHE XA (mammalian target of rapamycin, mTOR) {3
SR R O R (1 MR 1A K (P<<0.05.0.01.0.001), I 2 3% _E R BE MR BENLEE-4,5- W5 R 3 WEEM L% o phosphatidylinositol-
4,5-bisphosphate 3-kinase catalytic subunit alpha, PIK3CA). 225 R/F AP | (serine/threonine kinase 1, AKT1). mTOR %
RIFEIEKF (P<0.05. 0.01. 0.001), H. PI3K #MHI7 LY294002 2 2 ) 34 Bkl FEH0 A1 X PISK/Akt/mTOR {5 5 3@ B AH ¢
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Abstract: Objective To investigate the therapeutic effect and mechanism of iridoid fraction from Morinda officinalis on aging-related
sarcopenia. Methods Using monotropein and deacetylasperulosidic acid as analytical markers, effects of different ethanol
concentrations on extraction efficiency of active iridoids fraction from M. officinalis via heated reflux extraction was investigated. The
extract was concentrated under reduced pressure and subsequently enriched and purified using macroporous adsorption resin to obtain
the total active iridoid fraction. By comparing the elution efficiencies of solvents with varying polarities, purification parameters were
optimized. Following the establishment and validation of a high performance liquid chromatography (HPLC) analytical method, the
content of major iridoid components in active fraction was quantified. The purified fraction was then used for subsequent
pharmacodynamic evaluations. The C2C12 cell differentiation model and a D-galactose (D-gal)-induced C2C12 myotube atrophy
model were employed to assess the effects of iridoid fraction on promoting myotube differentiation and ameliorating myotube atrophy,
with MYHC protein expression serving as the indicator. A D-gal-induced accelerated aging mouse model was utilized to evaluate the
therapeutic effects of iridoid fraction through grip strength tests, hindlimb muscle mass measurements, and hematoxylin-eosin (HE)
staining of tibialis anterior and gastrocnemius muscles. Differentially expressed genes in gastrocnemius muscle of mice in each group
was analyzed by transcriptome sequencing, and the results were further verified by Western blotting and qRT-PCR for the expression
changes of related differentially expressed genes indicated by transcriptome sequencing, in combination with network pharmacology
analysis. Results The extraction of iridoid components from M. officinalis was optimized using a 60% ethanol solution under heated
reflux conditions, resulting in the highest iridoid content. In the purification process, H103 macroporous adsorption resin demonstrated
superior adsorption performance, with water as the eluent resulting in the highest elution rate of target constituents. The iridoid fraction
from M. officinalis significantly ameliorated D-gal-induced atrophy in C2C12 myotubes (P < 0.001), and promoted myotube
differentiation (P < 0.05, 0.01, 0.001). The iridoid fraction could significantly enhance the limb pulling force and ratio of hind limb
muscle mass to body mass of accelerated aging mice (P <0.05, 0.01, 0.001), significantly increase the cross-sectional area of the tibialis
anterior muscle and gastrocnemius muscle in aging mice (P <0.01, 0.001), thereby improving the phenotype of age-related sarcopenia.
Further mechanism studies revealed that iridoid fraction could up-regulate the expression levels of key proteins in phosphatidylinositol
3-kinase (PI3K)/protein kinase B (Akt)/mammalian target of rapamycin (mTOR) signaling pathway (P < 0.05, 0.01, 0.001), and
significantly up-regulate the expression levels of phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA),
serine/threonine kinase 1 (AK77) and mTOR genes (P < 0.05, 0.01, 0.001). And PI3K inhibitor LY294002 significantly inhibited the
upregulation of PI3K/Akt/mTOR signaling pathway related protein expressions by iridoid fraction (P < 0.05). Conclusion The iridoid
fraction of M. officinalis can significantly improve sarcopenia caused by aging, and its mechanism is related to the regulation of
PI3K/Akt/mTOR signaling pathway.

Key words: sarcopenia; Morinda officinalis How; iridoids; aging; PI3K/Akt/mTOR signaling pathway, monotropein;
deacetylasperulosidic acid
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Z. PUEAL. AT R R B 2 TS R 030,
H A7 9% T E R A FE 450 3 25 R AR 22 1
ZIERAE P AR A3 B A T T, T Bl DR A S ik s =A%
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1.1 ZAim

NS EE C2C12 (385 SCSP-505) 1
H R B SR B R AR S 01 2 2 B
1.2 )

SPF Zfett: CS7BL/6T /N, 8 F#% 10 K, 12
JE 40 R, 1 BVLIMEREZ ARSI A IR
ANaE], HEPAYERTHIES SCXK (F7) 2023-0009. Fh4)
FFETER 20~25 C. ENEHELLERE IS NE
EAES R, B R, HERLE. iy
I8 P R 2T TR S B2 T kit (A BEALME
5 AEWC-20250219-488)

1.3 Z#

B RAK A T BV R A R 2R R A A
ZVL I8 I 25 9T e 2R AR I R 0t 7 01 4 e R
ERMEYI R K Morinda officinalis How [TJ#AR .
1.4 @5

CCK-8 R 7l& (5 20241028) W [ 75 )M 387 %%
ELEMBEARAR; FHAKEAL (hematoxylin-
eosin, HE) YL il7 & (k5 Z2885241022). DEPC
K (H5 031124240527) W H _LifgE = KAEDA R
oAl s D-¥F B ( D-galactose , D-gal, #t 5
D161S235152). AB-8 RALMNE (Hlt'5 1S237793).
D101 KFLMAE (b5 1S239566). H103 AFLH g
(#'5 KS356115)04 F _FiEEM AV RHE A TR A F]
PI3K Il 7] LY294002 (k5 258335). PI3K #i&
71 740Y-P (35 229608 14 H B A A= PR
17 H R A ®); HiScript III RT SuperMix for gPCR
(+gDNA wiper) (fit*5 7E760L3). ChamQ Universal
SYBR qPCR Master Mix (#{t*5 7E1290H4) 4 H 7
HIEMER AR R AR AR s DIk E 0 EEE
(myosin heavy chain, MYHC) $ii& (35 9/26/24)
) 5 3% E DSHB A #]; B-tubulin FTik (L5
AAO0119J1909N0064) T4 H 7 1% LS AL RHS A
FRAT]: HRP FRic il =Edi e 1gG —ht (5 29).

HRP Fric (I ILESTNR 1gG 81 (b5 360 Hil
M -3- i FR i & B ( glyceraldehyde-3-phosphate
dehydrogenase, GAPDH) #ifk (L5 16). Akt it
& (k5 28). p-Akt Hifk (dit'5 25). PI3K p85 #ii
& (5 7. p-PBK Fitdk (5 7). mTOR Fifk
(#t5 21D p-mTOR Hifk (fL5 12) MHERE CST
AHE]; FITC bRl EHih R 1gG fifk (it
WF9404030). hiH7iE X-100 (fit5 C16220419) I
H S XA RA R WS KEZH (iE
H=98%, LS WP25051909). % LMk HE i
TR (R H=98%, #t'5 WP24072610) 4 H Y
I Y Z E B A IR A .
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Varioskan flash ZE§FR{Y . QuantStudio™ 5 HY
qRT-PCR 1% (3£ [ Thermo A #]); 5417R B =
HE LML (fE[E Eppendorf A F]); JIMBioFIL Y4
H 340 M T E IR s AR A R A 7D
Nikon AX/AX R with NSPARC B30 H SR A8 4 9F
KRB (HA Nikon A#]); Waters XBridge®
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um). Waters Alliance® 2695 A =y G AH it (3
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T RS REA AR R AFD.,
2 Ik
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liquid chromatography, HPLC ) % A~ R4 AR 7 H ) B2
B R BB PRI Tl 2 1 o 1) 5 AT I
2.1.2  KALW G & S IEEas 286 IR &A%
AETAREE 5, HETIRIEREHE . ¥ ORI B
(R TRIERE 2 cm), BB 2 he KR
3 fE1ERFR (bed volume, BV) HIZEIK K 10%-
30%-~ 50%-~ 70% CEEHEAT IR FE LML, S8 S Be i i,
IR IR ZE B LARFIN 1 BV J5, KH HPLC XHANH
B RS Tk S o ) S AT, R
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T 5 7K T H S A S T 2 o T
2.1.3 A[FEKFLMAE (AB-8. DI101. H103 KFL#
JED W RR R I M A S S R 2 B e T I LR
BT RALR AR, TN 95% 5 /K A BRI 24 h,
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221 REX SIS H S RS ARIUK A S
HAI 2 LRI R B R G R 13,50 189 mg, B
T 10 mL &=, el B ISR e B 24
B, RRAT, HIRUK S 2L TR 2 LI 25 H SR T
BIRE 9 1.35. 1.89 mg/mL FRR& X I8 S fif 4%
o BRI i AW 0.22 pm B FL I S it
FEEVIVER, BELIEMRAE AT -
222 (a5 fF Waters XBridge® Peptidle BEH #!
Cig (03K (250 mm X 4.6 mm, 10 pm), FEIAHN
0.05% I IR/KIEI (A -FHEE (B), BREEYE: 0~
15min, 97%~80%A; 15~45min, 80%A; 45~50
min, 80%~60%A; 50~55min, 60%~20%A; 55~
60 min, 20%~10%A; 60~61min, 10%A; 61 min,
10%~97% A. AR E | mL/min; #EREE 2 uL.
223 LIEMEEE SR ER AR (N
KO TRA N R S IR S KB, 1% “2.2.27 TR
BRI e, il iR, w1 B, BT

N\
B J ,\\-/?\\ \__ AR g
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I 413

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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1 RAXRMA. KithiR&AMRIA RN HPLC &
EE
Fig.1 HPLC chromatograms of mixed reference

"]

standard, water elution solution and negative control
solution
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W5, CAETRCAMAARR (), TRENEEAR (o, H
BN IEIATERIERA, BREPKEEEF RIS ER
y=1681684.957 1 x—806 111.866 7, r=0.9998; 2
P 2R B PR [ T RE 9 y=3 207 295.300 0 x—
647034.6000, r=0.9995. FIFIZITIEAELLHETEH
2 AR T

225 FEEERLK  HEER 60% ORI, 1%
“2.2.27 WU RS A SEHERE 6 IR, 0 RIE AR

THEUETH A RSD H. 535N, EiK 60%2
P S U PR KR 22 AN 2 20T 2k 2 - B IR U T
TR RSD 235108 1.11%. 1.38%, R AHKE 3 FE
R4f.

2.2.6 FetEilE IEERK 60% S,

2 “2.227 UM GG KA 0 1. 24 44 6.
8 hitif, IdsRIEMAIETHH RSD . 4R B,
LR 60% CBEFE I oK df 22 H 2 OB R 4
2 E RV AR 1) RSD 73514 3.2%. 3.3%. R
LR 60% L FEIRIUITE 8 h MR e M RIT, B
T R A o3 BTl R I 75

227 EEMWRE IEERK 60%LFERIY 6
By, ¥% “2.227 TN AR, Il

THE RSD fH. SiRE/R, EEK 60%EEHEI)
HHK AR 22 AL 2 AL ZE I BT R I THI AR ) RSD
573N 3.02% 3.08%. FKIHIZTIEEE MR,
S HTEE RATEE

2.2.8  IFEEISCRIREE ICAIEE OKSZEHR
BIREAN 477 mg/mL. £ LI 4 SR R ik
fE29 1.80 mg/mL) HIELELK 60% L EEHEHY) 6 47
FikE 4 %, SEMRER 1 mL, 6 4iEm 25
A 2.14 mg/mL 7K & = 5 R 0.5 mL. 0.675
mg/mL 2% Z 3 25 I F A R 6 R VTR 0.5 mL, il
BB A . BRI AW 2 ul, %
“22.27 BUR GG AFERE, S5 REIR, Kb 2 EH T
TOEERICR A 95%~98%, FLIEHAIH RSD {EHA
2.3%; % LR R R R IAE IR 96% ~
101%, HUEFARK RSD 1H N 1.8%, KXk
TR R AFo



PED 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16

* 6389 »

2.3 UV ENEBE R &P BRI GETESE K
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F % EAOE & B ROK TR, B KL,
T 100 CKIBZET, FFEA 105 CHFEH T 3 h,
HAERBFKEREE R E. DU EE T HEsET
AHRER, WEERDRE. KH UV IE DX
TSR R F ORISR O o B Ak R 04, DK 22
HAXTHR S, 7E 620 nm AAMEWRIERE (4D H, it
SRR R K e R S PRI T 2 o
24 RINELG
2.4.1  EECRIE BB AL D-gal X C2C12 48
My 15 C2C12 4iffabh 1 X 103 AN/FLER T
96 FLER, 43 AMIMAAIR BT EAEE (0.5. 16.0+ 32.0.
64.0. 128.0. 256.0. 512.0. 1024.0. 2048.0 pg/mL)
(VA I B s 50 A7 BAN R s 2R B2 (104 204 30,
40. 50. 60. 70. 80. 90 mg/mL) [ D-gal, XJME4
ARG YT, WE 24 h J5, BOLIMA
CCK-8 iR, 7£ 37 ‘C+5% CO, %4+ N H 30 min,
K FHBEFRAGI E 450 nm AL 4 18 .
2.4.2 C2CI240fEsrk  C2C12 4HALL 1 X 10*4~/4L
FERT 24 LA, AHAETE )Y 80%~90%HT, 72 F
G2 M7 (fetal bovine serum, FBS) M58 35 5L,
HHONE 2% M7 (horse serum, HS) [ DMEM
SEAREIRAE. B 24 PIHRE 1 IR, HR 8 d.
SRRV AR, A0 RA% N 2 A% 5 5 BRI
TE S AR R I\ 20 mg/mL /) D-gal 3%
7t 48h, LUMRIENVE 240
2.4.3 HE Q00152 C2C12 4N W & Xt
MR AKVEREZH . 10% LEEDEBELH AN 30% L BEDE
A, TR G BE MR 7R, KB
10% L BEBEMLZHAT 30% LEEHEMZH 73 I 10 puL
VML, FELLALEE 8 do 15 BN R ZH RO A M Tkl 5 5
R, WIS B 23338, PR MRk i 2130
REAINAASE] R E (0.012 5. 0.0250. 0.050 0+
0.100 0~ 0.200 0 pg/mL) FIIRIEREDE ISR, ESE
AEE 8 d. VR EXTHRA . AL R IA G Bk i AL
W, SERAMANE AR TR, B FIFR )
Tk it KA 4% “2.4.27 TR 77 AR 4 44k,
IR I Bk s 250 7 2 N A TR iR S (0.012 5,
0.025 0. 0.050 0. 0.100 0. 0.200 0 pg/mL) K34
fik il AL SR AN HE 8 do 4 4% 2 R E, W
ZKIBUEAINL, 0.1% I H7iE-100 B, BEGINATR
REROIERA, RITBEEZRIM, LA

s Gt R . ARG AR B 1 min, 70% 2T
Ve 2 WK, BUEPRAEEXGEKT, T RS gt
M, SKH Image J S 240 EZ

2.4.4 RETOCHEARI MYHC Rik  C2C12 41
Jo L 1X 104 AN/FLEERR T 24 FLBRFAIARIE S, W HE
XTREZH | AR R Tk s SR A, TR
NG IRGFRIE, AT L IR I Tk s 215350 o7 28 4%
“2.4.27 TR 7 iEAR I H M o3 AL, PN T i 2R A7 20
IOANASE R =R (0.025. 0.050. 0.100. 0.200
ng/mL) IR EE TG ASMALE LA 8d. FF LR
e, NN PBS JEVEANM, 248 4%% 5 B A VA I8 5
0.1% i F3H-100 B 5% 13 A A& EE 5, I
A MYHC $ifk, 4 CHEEA; TN FITC AxicH)
RN Pl, FiRPEK EEOGIEE 2h, I DAPI T
FIRECIFE, FEEEs, =iRELT, HHT
REIOL BB W

2.4.5 Western blotting & #ll MYHC #& [ & 1&
C2C12 40 LA 8 X 10* AN/AFLEFI T 6 LAk, WHE
XTREZH AL RPN Tk i A 4H, XTI ZE A
ANELWINREFEIE, B AR BRI b s 23 o7 21 4%
“2.4.27 BURNJEAR AL 34k, PRI TR S 5B A7 20
IOAAFE R EKE (0.05. 0.10. 0.20 pg/mL) 3R
JEIERESERAIIE F 24 ho FEBEIRIE, WEEYIN,

IO IEH, R BCA ENIE & HWKE .
R AT o B R AN - SR TN A IO B A FELUK
%% PVDF I, £ M5, I MYHC $ifk, 4 CH
i TBSTIEYE 3 K, X 10 min, MAZHL,
FEIRWFE 1.5h; TBSTIHWE 3 X, MARFMR, ff
R % e B AGHEATERG, A A, H
Image J F A5 # 2%y K FEAA -

2.5 AR

251 FMHEERSSZG B8 B CSTBL/6)
ANER 10 HAE AR IEAE, 12 JE# C57BL/6T /N R BEL
PaL R EE B ZN G T (DAL SN (55711 s QIR
60. 40 mg/kg) S, #2410 R D-gal HAE#E
JKECHI A 20 mg/mL [, *FHEZ ip 0.1 mL AE 3
K, HA/NR ip 0.1 mL D-gal Y8 (200 mg/kg),
1 k/d, IESERE 70 do JEREIRT, Beh254H ig R
B H8 10.0. 7.5. 5.0 mg/mL [ BkiGE S
BRIV, 1 IR/d, S5 70 d.

252 NRVUBR JE SR AIE RIS 2 )G
7 RAE AN BRB G E 1 kNP 77, i
SEMUIA E B R e KB B . B RN E S
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& 3R, BRRIEAIRS 3 min. i3k 3 R4S
HHE AP EAE N Z N & B i U

253 HEWAR BRIV HE Jets BA% R,
SYUAE I F V2 A B /N B, 4 8 LA R R LA S i
WL, FREBESE, T 4%% R BEER D EE 72h,
K e AR A, DI 5 um # A, Bl T
HE 4eth. 25, T RS T g,

254 RN BOMIRAL . BB AR Tk
KA FEL DN BRI, ok B Tl E %
R, BET-80 CIRfF. #EHUE RNA, ZBfEHEEK
Rk HERE LT I Agilent 2100 B4 7
MrACKEI o 48 A Tllumina NEBNext® Ultra™ X7 &
RS PE - SCPEZE Qubit™ %1t E &Y . Agilent 2100
R BT AR IR BOR /NI gRT-PCR . 1HERf
EE CHRKE>2nmol/L) &% )5, FIH Illumina
e BN, RAEGEBGAMNFEAR, A 150
bp Bl 7 EH -

2.6 MLEAHIBZFEM TN

2.6.1 EECOIETER T HITRE R TCMSP #dfE
J& Chttps://tcmspw.com) i A\ JCH# 1A “ ELERR 7, i
IRz, WEPREDFIHEE (oral bioavailability,
OB) =30%H.24241% (drug-likeness, DL) =0.18 i
TR, I8 SCHRAS R R TR ORI M (S
B BEEEE, MIBRE S M HAHPIR Y. R
Uniprot #(#i % Chttps://www.uniprot.org/) #4175 H
JRYJREAT ), B AVRRLSY, RS VR A R
1T s 4G PR, X G B 5] A A A TR R T 1
Iy AEAE R A

2.6.2 WI/DAERERAE I RJUREE AR DisGeNET %
P& (http://www.disgenet.org). GeneCards H{4fi &
(https://www.genecards.org)« OMIM % ¥ & Chttps:/
www.omim.org/) TTD ##i& & (https://db.idrblab.net/
ttd/), LA “sarcopenia” I BE IR B S AH T A
EFHEE

2.6.3  CRR R T 8 73 - L2 ik 8 7 e R B8 ) 4%
Mg R 25T AEAE P R AL D i 2 0
AN 5 BB M 5k Chttps://bioinfogp.cnb.csic.es/tools/
venny/index.html) FR1S 254 5 5 L LA A, 2
A Cytoscape 3.10.1 FR A4 3 245403 VR B 23 -5 1 B
MO RERL, B AEH  3 String (4R FE
Chttps://www.string-db.org/), W EYIF AN, Tk H
5V =07 MR, B H N Cytoscape
3 2 8 H -8 B A B AE B (protein-protein

interaction, PPI) W AALINEE: B E{EHEA AT 10 )
B IR R, i SRR AU AT RRAL R 25 ]
2.6.4 SLIRIGE

(1) Western blotting & il] PI3K/Akt/mTOR 8 #%
FHREERIA: C2C12 4HALL 8 X 10* AN/FLIEFI T
6 FLARH, VB XTHEAL . B ZH RN BRI Bk 2 Aor
W, STHRAIMAN T AR FREE, ARG
Tk i BB I% “2.4.27 TR ik dkgnp o1k,
PRI ks 5B A R 2R (0.05. 0.104
0.20 pg/mL) [RGBk A IELL A0 HE 8 do Fr e
Bror ik, WCAEYNML, % “2.4.57 WF AR
PI3K/Akt/ mTOR i B AH B (3K IA

Tyt — IR FE I M Bk A0, PISK/Akt 18
HI I, BB IR . BALA . PI3K 07
LY294002 (20 pmol/L) 41 PI3K &3 740Y-P (10
umol/L) 4. HJ@mknsZEHAr (0.2 pg/mL) ZHAN
LY294002 (20 umol/L) -+ ¥ I Bk s 25 5647 (0.2
ug/mL) A, XTHRAMARN G YRR, Hag
WA “2.4.27 TR JTiRAEse4u M o34k, PRI kG 25
AL ISR 2R3 8 s M IR 4T
% 8 RN 2P 24 ho 57 L BE 774,
VAR, $42.4.57 100 77 15K PI3K/Akt/mTOR
AR FERIA .

(2) gRT-PCR #&:lll PI3K/Akt/mTOR i8I AH
Rl ik: C2C12 20 LL 8 X 104 AN/FLEEFI T 6 FLIR 1,
Ve EXTIEA | A2 ARG il A 2H, 6 HE A
NG LR A, I A RS Bk s S0 7 4 4%
“2.427 TUF AR anM o1k, HRIdmE G S0 21
IIAARF R EWSE (0.05. 0.10. 0.20 pg/mL) FIFRHE
TkRER RS 8 do FEEIFTRIE, UEEL,
KH Trizol IFHEELE RNA, L5544 cDNA.
DL cDNA AR, i AT ik R B LR -4,5- —BERR 3
AL IE L o (phosphatidylinositol-4,5-bisphosphate
3-kinase catalytic subunitalpha, PIK3CA). 22ZJR/7
R RIE 1 (serine/threonine kinase 1, AKTI). mTOR
M HNZERH B-actin Fi 1 519)5 SYBR Green TR
i, TE qQRT-PCR M HrX 4743, G450 58
A I P R M o SR 270 RS H
PREER A RIE R 5IFH LK 1.
2.7 FEFEST

18 Fi GraphPad Prism 10.5.0 %t $icd #E4T ¢
oatr, RABREET Z5H (One-way ANOVA)
BT LA
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x=1 51455

Table 1 Primer sequences

H

1T (5°-3)

PIK3CA
AKTI
mTOR

P-actin

F: CACCTGAACAGACAAGTAGAGGC
R: GCAAAGCATCCATGAAGTCTGGC
F: GGACTACTTGCACTCCGAGAAG
R: CATAGTGGCACCGTCCTTGATC
F: AGAAGGGTCTCCAAGGACGACT
R: GCAGGACACAAAGGCAGCATTG
F: CACCATTGGCAATGAGCGGTTC
R: AGGTCTTTGCGGATGTCCACGT

e 60%Z. 1
— 0%
— 80%Z. M
1\
“\
) & —— ————
0 2 6 § 10 12 14 16

3 #R
3.1 AR S BB REER P IR HEETE A
RaRE =R
WIEE 2 AR, P 60% LB TR R IR
K s 22 25 OB R IR S B S T 70%-
80% L FEHEE, FW 60% LN Lk K A ik
i S 0 IR B RE 70 Bt
3.2 FREIEREPIFGETEL KBS S LR
W 3-A iR, KB K d 22 R 2 2Tk

KA EF 5 OB EE I R
87 49
£ 6 £ 3
X X
= 47 ® 27
= =
g ,] |
0- 0—
60% 70% 80% 60% 70% 80%
Ll Ll L Ll Ll L

B2 TR HE B RE R DI GRTEL R 2 B & B

Fig.2 Comparison of iridoids content in ethanolic extracts of M. officinalis with different volume fractions

IR i
— 10%Z BV
— 30%ZBEVE B
— 50%ZBEVE i
70% 2 BEGE R

(=]
o
- -
(=)}
oo

XA "P<0.05
*P<0.05 “P<0.01

'10'7712"'14"'16'r‘18

60— Hokok

KHE K 10%Z8E 30%28E

*P<0.01 *P<0.001.
P <0.001 vs control group.

B3 A RBEREPREHIEERTHSELE (A) &3 C2C12 AAEAERRAIFI (B, X100) (X+s,n=3)
Fig. 3 Comparison of content of iridoid compounds in different eluents (A) and their effects on myotube formation in
C2C12 cells (B, X 100) (X £ s, n=3)
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R EH RIS EmST 10%45E 30% L8 50%
CEE, 70% eI R . HPLC I Bk R /K e i
WK SRR 2 ORI 4 R R R R P ) )
N 3.03. 1.42 mg/mL, UV 52 Bk K /K0 i i
rh U A TR S R PR BN 78.5%. & 3-B
Jiiw, SXTRR LR, KM 10% L EEHe i
A 30% SRS W3 (e C2C12 4BV TE
B (P<<0.05.0.01.0.001), HHK el fedt c2C12
4 M VE T A S
3.3 NEIKFLHIBE XS B8 R IR G ERDE 24 5 53 IR B
BE JTHIEEER

AN TR DR AL i xof T2 B8 R AN I Pk v 24 e 70 MR o
Re L 2. ZEREIR, H103 KFLB ST K i 24
% O FL R B R B A R I B e 77, LR
BBE IR 3 P g AR, WK B AR 25 Sk
ZE I B R I T RIR B B 2 0 0 29.7 13.4 mg/g,
FH H103 AL I Xof 24475 Bk s 288 1 o EL AT s R0
BESEAES, EHT N ERR SRR AR

XHE 0.5 16.0 32.0 64.0 128.0256.0 512.0 1024.02048.0

F2 NEXRFLIR AR XS B8R IR ERHE S A 53 IR BE 189
EEE (X ts,n=3)
Table 2 Comparison of adsorption capacities of different
macroporous resins for iridoid components in M. officinalis
(Xts,n=3)

YRR FfY &2 /(mg-g™")

PRI TR S S/ (ug-mL ")

Hx R4t *P<<0.05

L - _

HRALH R T % 2 W G R
AB-8 13.3+0.3 5.4+0.2
D101 17.21+0.3 6.1+0.2
H103 29.7+0.9 13.41+0.5

Pk i 2 47

34 INEBETER IR D-gal X C2C12 HRSE S
B2

WK 4 iR, 64.0~2 048.0 pg/mL 475 kil 2
AR EPIH] C2C12 AMAEdEsE (P<<0.05. 0.01.
0.001), 0.5~~32.0 pg/mL FFJflkinG 25 5B A7 % C2C12
YIS S W A . 30~90 mg/mL D-gal {241
#l C2C12 4HMu A (P<<0.001), 10~20 mg/mL D-
gal X C2C12 4HffiE 77 6 B w520

XHE 10 20 30 40 50 60 70 80 90

D-gal/(mg-mL™")

“P<0.01 ""P<<0.001.

*P<0.05 TP<0.01 ""P<0.001 vs control group.

4 IFGEATERIBAIR D-gal Xt C2C12 HHAESENIMIENG (X £s,n=3)
Fig. 4 Effect of iridoid fraction and D-gal on viability of C2C12 cells (X £ s, n =3)

3.5 INEBEREREMLIREH C2C12 LA 1K

WKl 5-A\ B, D+ E fi7R, 0.05~0.20 pg/mL ¥
JE TR A 2 R C2C 12 4l 4k (P<<0.05.
0.01. 0.001), FHu] LA 4 3E D-gal 5 HIILE
45 (P<0.001), BRI RS A A (2 idk
C2C12 MVt 7t A NVE AR Re 71, H 2 55=
M. I 5-C F iR, 0.05~0.20 pg/mL ¥/
Tk i 235 67 35 3 FH i MYHC 56 68 (P<<0.05.
0.001), H.4HA HHEEAZ A0 1R 2 - UL 41,
R IRIAEEGE AL AR E C2C12 4l stk AL
B, W 5-G. H Fw, 5EAAE, 0.05~
0.20 pg/mL PJ@EEHE A 23 Fi MYHC &H

Fik (P<0.05. 0.01. 0.001), ZBIIIEEmER:SHE
frr] B2 et C2C12 41k .
3.6 INGBATE I T E /NR IR AL
ERALEEEERNZMN

W 6-A iz, SXTRRZL LS, IR /INER DU
1R ERIG (P<0.001); SHAH LA, #enid
ANER DUz 35 B (P<<0.05. 0.001), FHIFL
ST AT AT NS D-gal 51N B S
TR, WK 6-B i, SxtHRLE:, BRA/NR S
Jile UL PR 5 A B R PR AL B B PRI (P<<0.05); S5
RIZALRE:, IR A RE L
WP S A EU M R s (P<<0.01. 0.001). HE



PED 202688 B57% B168  Chinese Traditional and Herbal Drugs 2026 August Vol. 57 No. 16 « 6393 «

pugis 0.012 5 0.0250 0.050 0 0.1000 0.200 0

0.0250 0.0500
IR A Bokits 25007 /(ug-mL™")

C
100 pm

paicy R 0.025 0.050 0.100 0.200
PRI AL/ (ug-mL ™)
D E F
25+ 2.07
sk
sk HAk M
20 T B 15
£ 159 ) ®
& # 2 1.0
m 10 z
) < 0
5 50T
=
. 0 0 -
X 00125 00250 00500 01000 02000 SR B 00125 00250 00500 0.1000 02000 B 0005 0050_0100_0200
HRARISH (g mL ) SRS (ug L) MR g L)
e
G H
i}
)
®
R
&
g
B-actin| — S S s | 5 50X 10 z
= W =
XPHE B 005 0.0 020
PRI E 250/(ng- mL ™) S AR 0.05 0.10 0.20

IR 2550/ (ng mL ™)

A. D-HE Jeta 582 INIRBRRE ZEMALXT C2C12 UMb IR (X200); By E-HE Jta % SR IRMENS A7 % D-gal 7551 C2C12 401k
FIM (X200); C. F-GE POt o SR IR BEnE AL D-gal 5531 C2C12 408 MYHC FIAMIFM (X100); G H-Western blotting #
SN BERE R ALX D-gal T H C2C12 4l MYHC EEARIEHIFEM; SXALLE: *P<0.05 #P<0.01; SHMMALE: "P<0.05
“P<0.01 **P<0.001, FEIH,

A, D-effect of iridoid fraction on C2C12 cell differentiation observed by HE staining (x 200); B, E-effect of iridoid fraction on D-gal induced C2C12 cell
differentiation observed by HE staining (x 200); C, F-effect of iridoid fraction on expression of MYHC in C2C12 cells induced by D-gal observed by
immunofluorescence staining (x 100); G, H-effect of iridoid fraction on expression of MYHC protein in C2C12 cells induced by D-gal observed by Western
blotting; ¥P < 0.05 P <0.01 vs control group; P <0.05 P <0.01 P <0.001 vs model group, same as below figures.

5 IFGEATERERALRE C2C12 MBS (X ts,n=3)
Fig.5 Iridoid fraction promotes C2C12 cell differentiation (X £ s, n=3)

Pefa st (] 6-C~F) fon, SEEBIANE, HEEE  BRa st VST 4EREm A B2 n (P<<0.001). PLL
T A S B AN AU 4R I AR 2 S50, FRSEEmE 2SR AT LIS LT ks ki AR
Whn (P<<0.01), HEEkESSE A . ERE4/N I HAE R D B R B k.
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3 000
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L

TR REAL 40 60 80
IR Bt 5007/ (mg kg ™)

A-FHPNRIER ST (n=10); B-F41/NRJEHILAR &SRR EIE (n=10); C. D-S41/NREERIRIRE §IUL HE 4t (X200); E. F-

AN B HER WU B BT UL BN (n=6).

A-limb tension of mice in each group (n = 10); B-ratio of hind limb muscle mass to body mass of mice in each group (n = 10); C, D-HE staining of

gastrocnemius and tibialis anterior muscles of mice in each group (x 200); E, F-cross sectional area of gastrocnemius and tibialis anterior muscles of mice

in each group (n = 6).

6 IFBBETESSEAI RE DREURAI S ARERAALEESERNTIE (X£5)

Fig. 6 Effect of iridoid fraction on limb tension, muscle mass and muscle fiber cross-sectional area in aging mice (X = )

3.7 BENRHEFINERRIEEE S

WK 7-A fioR, MEBTXTRA, BIAA e
338 MEFREER, Hh RS TR 5
109 F1229 4>, Wil 7-B AR, SR,
T INEEEE AL T RS, LM 452 M ER
FakFEK, Hep L 284 4, N 168 . FHAXT

HRA SR 2 TR] . R AH SR 2520 2 (R3S fF1E B
FRRRILZER, HAAABMRERAKT LR
W RAIX 2. W 7-C. D s, BEAYAH xR
Y (1) 22 RO FE TR 32 B R R A B R Ak S5 A O
SiE, HAHSAAHANERKREIERNTES
PI3K/Akt {55l %A K.
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HrECIRIE ;. D-% A vs BIHASR LI KEGG & G2 MR E-BIMA vs IRIGMERS S B0 msf) S A SRR IE H GO W AR kIR IEL; F-
BT, vs FRARTE G S B0 f A SRR R KEGG W S Hr B .

A-differentially expressed genes analysis between control group and model group; B-differentially expressed genes analysis between model group and
iridoid fraction high-dose group; C-bar chart for GO enrichment analysis of intersecting target genes between control group and model group; D-bubble
plot for KEGG enrichment analysis of intersecting target genes between control group and model group; E-bar chart for GO enrichment analysis of
intersecting target genes between model group and iridoid fraction high-dose group; F-bubble plot for KEGG enrichment analysis of intersecting target
genes between model group and iridoid fraction high-dose group.

E7 SENMBRHBIERREEESTRERTEIERANEESN =4
Fig. 7 Analysis of differentially expressed genes in gastrocnemius muscles of mice in each group and enrichment analysis of

differentially expressed genes (n = 4)
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3.8 MEHEBFES TS LINIIE

3.8.1 EECRIEMER AT IRILE  #Eid TCMSP F13C
BRE 2R R ORIEYE G, iR OB=30%. DL=0.18
152 20 N EERIEMER S (GR 3D,

*®3 BEEXEMHS
Table 3 Active ingredients of M. officinalis

MOLID L% OB% DL
MOL002883 JHifiR 2.1 32.400.19
MOL009503 1-#83%-3-H & 3 B R 104.33 0.21
MOLO006147 2-F & F: 96 %% 32.810.21
MOL009504 1-#3%-6-5% F L B R 81.770.21

MOLO009558 5-F24E-2-2-F s R H 4 )-4-(FF  62.320.26
FF 3K H R -2-% 4T

MOL009519 (2R,3S)-(+)-3,5- —#:3E-4,7- —H
e e ]

MOL009500 1,6-—F2JE-5-F A FL-2-(FHEEH 104.54 0.34
3£)-9,10- 12 R

MOL009537 =M kEZR A 46.71 0.35

MOL009513 2-F33-1,8- — H A L-7-H A AL H 112.30 0.37
it IR

MOL009495 2-¥23%E-1,5- — 48 3 -6-(H 4 3
3£)-9,10- 12 R

MOL009496 1,5,7- =% 4 -6- 1 48 3 -2-(FF 4 3
FA£)-9,10- 15

MOLO002879 1,5,7-=§523L-6-F & I -2-FHE I  43.590.39
L R

77.240.33

95.850.37

80.420.38

MOLO001506 £ % /i 33.550.42
MOL009524 3p-$25-5-5 i/fi-20(R)-Ez 36.910.75
MOLO000359 % {§ iz 36.910.75
MOL000358 B-73 {5 iz 36.910.75
MOL009562 iz & A 38.13 0.76
MOLO009551 5 25 H S S 4 e i 49.120.77
MOL009541 PU 2,k J 2 i 45.470.82
MOL009525 24-T %&-5-JiH £ J#5-3p- 35.350.82
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RS STRING #idfi 2, K H Cytoscape A4 4d
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TNER A2 (A () R ) o 3t — 25 A R 3, PPT W
ZEHAEAE 3 ML R, 38 AKTL. 28R
#-6 (interleukin-6, IL-6) FIMEZ 24K 1 (estrogen
receptor 1, ESRD), EN15¥HxHELE S EE
BN PIBK/Akt @B E VIAH G, HILIE 4 m) LA
AKT1 N sENLE . AKT1 /EN PI3K 15 5 id
HIOCHNX AL, 76 PPI %% BL B I iEBe g, %
SERBEIATE T AKTL 2 2 H EJiEE SRS
R 2% TR 1 e s LA Hh i R 2
EEMER. g5k, W2 AR A H
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6 T A2 BV R VA T WL HAZ O B AR OB (S
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PI3K/Akt/mTOR i@ ¥ AHOCHE FIFRIA 2 Wikl 9
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mTOR 5 [ R IE K& FH KL (P<0.05), p-
Akt/Akt. p-PI3K/PI3K 2 (R IAKF 2 FECE T

8 PPI WZEE
Fig. 8 PPI network
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Fig. 9 Effect of iridoid fraction on expressions of PI3K/Akt/mTOR pathway related proteins in D-gal induced C2C12 cells
(Xxs,n=3)
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Fig. 10 Effect of iridoid fraction on expressions of PI3K/Akt/mTOR pathway related genes in D-gal induced C2C12 cells
(Xts,n=3)
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