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Application of Natural Products and Nutritional Supplements in
Diabetic Muscular Atrophy
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Abstract Skeletal muscle as an important part of the body, most of the glucose metabolism in carbohy-
drate metabolism are induced by insulin through skeletal muscle. Skeletal muscle metabolic disorders affect the glu-
cose metabolic homeostasis of the body and the sensitivity of insulin, while diabetic muscular atrophy is a second-
ary disorder of muscle tissue caused by diabetes. At present, besides routine treatments of diabetic muscular atrophy
with the combination of Western medicine and traditional Chinese medicine, some non-drug (such as natural prod-
ucts) and nutritional supplements also play an important role in the prevention and treatment of diabetic muscular
dystrophy. This article will discuss the definition, pathogenesis and signaling pathway of diabetic muscular atrophy,
as well as some natural products and nutritional supplements for the prevention and treatment of it. This article is
expected to provide more theoretical references for the non-drug targeted therapy of diabetic muscular atrophy.
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W%, S HUVLP 4 140 4 SR S AME P & P S
BCAS 2, BE— D1 RIAF4E 240, B 208 e B LR
A= VA AL RS SN

1B B AR 9 N A B S AR 2, B gL 2E
20F 2 5 Ve 1 250 A PR A T o R R A R R, X
— BRI T R, BT BRI, K28
B PR S8 (R AR g P AR T AR . R, BB R
L0 BRASBIAATE L . IR 0 K I, B
T ERMPEA SRR A RIT T RSN, RETT
VAT BT AR F T H B0m AL 1) S 30 22 i A0 B17 16 B8 PRI
WMZE4a AER . Hordr, RIR =4 /N BE T (berberine,
BBR). 7% % #fi(tea polysaccharides, TPS). 4L 5t K+
(salidroside, Sal)&5 A] 1l 4« FRAK4E H 3 (reac-
tive oxygen species, ROS)VfPE. ek i BBl # 22 41 115
FERE; M55 (leucine, Leu)< HILEZ (creatine, Cr). -3
Hig 7 R (omega-3 fatty acids, omega-3 FAs)%% & 7% #b
TRV AT AR 3 B JUL PN R DT B, AR DS R R
BB EAER . i, A SCFE AR
PR BRI T TS B AU T A S A K ) I % A
SCPRRTT N R G| RS L4, R 708 7% T AR IR
I WL 4 o )R FH 5 8 m) 21 ML), AT SR L TR
BT USRS (1) 2 A PR e B L B 2 kR .

1 BERmALESESE R RE

W PR L 4 A o — Fh 2 DR R 1 v,
RAF B 3 2L i g UL AR 5T R AR PR 45 508
PRS2, JE RS AR, R T RE
PEf . 2 AN A R T D RE SR TR A, TN
EEPACRZEEL. SRS il A S 28
B LA A7 1, 3 BB B IVLZR 4 A BT B 5 R0,
b, R 523 A 52 3 A % 4% (ubiquitin
protein system, UPS)F 1 W 75 B K R 48 A 5. [FIR,
UPSH # H1iz F G LIBEL. 2 R 45 & HE2. FliZ
R FEERIEES M Y, —J7 1, E3Th & LA
45 £ F& [ (muscle atrophy F-box, MAFbx/atrogin-1)
FNEE A LA AR $i 25 1 1(muscle ring finger protein 1,
MuRF 1) P 1L PR 25 4 5k ] e (R DB i 428 [R5 o —
J7 T, 8 5 A R B2 A 1 L 338 (phospha-
tidyl inositol 3 kinase, PI3K)/& [ ¥ B(protein ki-
nase B, AKT)/4EFRIHFL 304 B A2 25 48 2 1 sy
2 44K 1(mammalian target of rapamycin complex 1,

mTORC1)E T JRT, [ by RAGUIRE M 2247

A by S et/ o MRS & = il ) 1) BN

MR IE R AFRES T, B REREB R X
A &5 6 AT O TR B 2R 32 4 IS #1/2(insulin receptor
substrate 1/2, IRS1/2), #E1fi¥#E R PI3K. 3-THR
JULTE AR 6 4 25 11 335 1(phosphoinositide dependent
kinase 1, PDK1)FIAKT, i ft (UAKTHE — 25 #0d T
JiFmTORC14E, 21 ¥ L& 8 B B & . Horh,
mTORCI A Y 8 & ik, £ 3 R 9y 55
A0 1) R 42 R 1) A R, S R R LN SRR RS
Ko e P 5k R, 3E A B AKT R A2 12 4 %
W #6312 8 [ 4(glucose transporter 4, GLUT4)ZK 1A, il
IV PR R ) BRI, AT AR AT IR AR 2 o

JoR B ZARPU S H8 & P TR DRI S i 5 3% {1k )
R 50 ERURH R FH B 38036 1 1%, WUARARR 1 1 o b ot 22
Jo B 2R 7 A v R B IMLRE, DA R IR AR UL
Horb IRSIFE R 9248 . GLUT4ZR iE Wk /b #2551
S 2550 6 260 BB SR R R, DT o JR B 2 AN Y
KA M, PR AL TR YL, (2148
AMP/ATPAHE b Tt 800 i IR 6 AL 2R B U (AMP-
activated protein kinase, AMPK){i£ #Beclinl1 1%, 7]
53 E W R AR R 5T B TR, AT IO T T ) 2
B 2% LA B (sirtuin, SIRT1)/idt 48 4440 1 A 18
FE VD0 52 Py i B0 K1 1o peroxisome prolifera-
tor-activated receptor-y coactlvator-1a, PGC-10)if i,
SRR M AR SRR T e A A AL e U

JE JBE A D B FR A o — Fof i D AR R
iE, R S e A6 B PR UL 22 48 1 & A Herb, IkBIK
liB(inhibitor kappa B kinase B, IKK1p)/#% #% 5% [K 1
kB(nuclear factor kappa-B, NF-kB){E 4 fii & 25 H# Pt
IR B L [ 3, T e B PR UL 25 i () dE AR
JiE % # (lipopolysaccharide, LPS) ] #iHIKK 1B+ c-Jun
S HE R Uiy B (c-Jun N-terminal kinase, JINK) %
I8, WOENF-xB A& T i G 5 -1 (activator protein-1,
AP-1), B 3 0 98 i B5] 5 1 Jif 988 44 E ] F--a(tumor
necrosis factor-a, TNF-a). [/ % -6(interleukin-6, IL-
6)-IL-1B I KF, et 4L fE 5 73T SOC-351IRS
g5G, I AKTRIEOE, MmN s =y, 5
I AT, R gt — Fh S SRk R, R AR
2 FEUMRIREE, & i VAR, XnE 1 & 8l
()R BT S i B 197 B (lipase) W) AT 3 BRI &
His 53 W N B2 -1(endothelin-1, END1) & — 48 6%
(7K 38 0 5 R L WS e &7 sk D Re &R ELUS. b,
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W PRI R PR J B R 25 A%, ] L e 0 i AR A
Pt BB A5 4403, T SR e R A D RE AN S5 4, FRAIR
LG A3 R0 Bl e A RE 0, AT 2 i
0 IN CIE N

gi BRIk, T WE R T IRS T e 2 P, 5 B
By FRABURAE B A, 4k 51 S R AR BRE K
WEDHRE R PATRIA ST, M8 A B D e AN A FEl
LA, BE— DN R, S B0 R LA

2 RAAF=IXTHE R RAVZESE R 1EAHLE
2.1 /NVEEEE

ANBER AR TE . /DBEIR. NBERS, fH A
JNC,OH,sNO,H 4% H(S)-5,8,13,13A-PU & -6H- 2
A G, HJE T R AR W, 2 5%
=R AL G 2 25 0 Y G H
oy EEMNNEERE I R AR 2RI, B
ROAE 70 R B, BBRIEFL . Pria b BRIMpE. o
Jik & R AR PO R 5T AU 2 AL S5 TT A — € 9T 2K
PE R R 5 W40 9% 24, BBR AT I 4] 28 i, A2 2
U AE Y. A5 B 7038 kX 182450 W PR 8 3 AT
BE BT HE 258, S 20 il 5207 B00% 3R i AL/ BE A
Ja, KIMAEITI-LURHT A TNF-a. IL-6. C-JJ
5 1 (C-reactive protein, CRP). IL-1B%5 %8 4iF K 1~
R, 2 B IR SORE R w4 S, o] FEERNE-
KB+ AP- 13 P 1 e S IR S 46, 12 3FPI3K/AKT
T B O SR N GLUTARR % A7, 384 i L4 o 45 50
) B, AT PR AT B 2R IR, kD 2 B IR 1 Th 2%
4k, BBRA] LR I AMP/ATPH, #47% AMPK/PGC-
1ot 4% >k 1 58 B L2 b A 1R Dy e, 3 BTG I
1EH; T AMPK F180E X ] fe 38 In GLUT41 % 5 Ak
B RE R B R AP 5 G R, /NBE & (Berberis)
(1) SR S A AR B DAL, G073 A 75 £7 B ML IX (42 2%
ANBE, BAPUHR . BRI Dh R T P B AR N EE
S R/NBE, Ry /NBESE IR SRR, A I
JE R EEAE Y. 25 B n] %0, BBRU] HH] 58 A
DRl -7~ 202k, ek 55 XF IR SRl 4 FH, 386 o fisk 5 2= 1 A
TR, R R R e L2 4 1 B A (BT 1)
22 B

FRPEEGNYS, KPP ESRZH. k2
M 4%, TPSRE—MEE ARG IR ZHE, EPiR.
P, BulE . B IRSETT I AEE) 2 A

MR ZHEZ A T, 2 R 104
FARE R R = o TR R A, TPSEZE A
. fe. W R, OF NRIHAAEDUE L
AR (insulin resistance) /7 I — & f A5 1P, 5k
Srmt 7C R, TPS AIE I Bl PIBK/AK T/GLUTAIH i,
RASEHE PRI /) BRI FEAIS, SR . kA, 5T
RIS B TR TPS v 3 558 68 45010 0 B AL ¥ (superoxide
dismutase, SOD). A Z Ml (catalase, CAT). %
I H IR i 4 AL B (glutathione peroxidase, GSH-Px)i&
BR1,1-— 2R F-2-= i 5 2K Jii(1,1-diphenyl-2-picrylhy-
drazyl, DPPH). OH F1O* 4% H H1 22 71, MM &
M R P aERR. BT AR E R TPSHL
AARCRAN R, 7EHK-2 2 Mo AR A0, 145477 41 A sz 56 H
RIS oy 5 I TPSHU A IS M o, Ho 2ok
1. WEEEA. 41 W DNAYYAE Bt i RS B AE
FHBY, XFROS G I L8 N B 40 105 AT V6 7 /E I,
TPSH] &k 2 (£ IR TNF-a55 40 M 12 4 K 1 1 3R 1, ik
AE 2 = 1L %0 % 2K 85 1 A(immunoglobulin A, IgA).
IL-4. IL-2. IgG. IgM. IL-10P7447 48 K1 H 7K
5 b[FIE, TPST 2 A0 T4k 4 LSRR B G,
TR R, U R 2ok, AT INTPS
N, MIMTEBRHLAE N FIROS, b4 i 20 23 1)
4% -
23 AF/KE

LR R N ALAFRE; 5K, & —MAE
Vi SR IR R B . 2R DAL ORI 2
B 44 0, A5t R EARAE T Lol SRS JE. A
By, BAMEBEMEL fiEk. Sl
FAREDIRC . T HE RSG5 R 2 — &
Ji BB 0 20 22 S B A R Bk A E TR RN
ROSHA 55 5| k2 A Bl w2 B4 51 &, AT DN =8 %
AL 4ECY, SalfE 4 HTROSHI B IR 45 ) 4 22 it
FI B ORGP B, ARSI AL H, Salv]
P SIRT1/FoxO3 ot % M T 25 3 whk 420175 5 (14 1L 7
P LA 3 Ak 22 2 5 9/ A R 12, T HLAFSIRT L
HH A B F) - F0URT A RS 2 BB PR Y . fERR
&5 J5 T, SalfEARAMTRSCO6ZE HE 4H Jfd 1 384 4 A1 A=
KEATAER, X b 28 75 3 Wi g 1t v 227
7% [X ¥ (brain-derived neurotropic factor, BDNF). fi¥
J A BRI A 457 F: 1K T (glial cell line-derived neu-
rotropic factor, GDNF). KK 2 [ Jji i £ 5 1) K]
(cerebral dopamine neurotropic factor, CDNF)% & ik
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BBR: berberine; TBS: tea polysaccharides; Sal: salidroside; Leu: leucine; Cr: creatine; omega-3 FAs: omega-3 fatty acids.
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Fig.1 Diabetic muscular atrophy and underlying mechanisms upon interventions with

natural products and nutritional supplements

WA T R, @ e HACFTHE Y (R I, -
[) 76 5 -4 B 45 Sal Tl Ab B J5 7ELPS 15 5 A 48 48 iE
LA B S RO, 3R B Sal iT A 2% 48 iE 5] RS
PGS AP 2B AT HE PR, [, 7ESalXt#f e
VEF MIAH R ZRR R I FE X ph 2 AR s RO A2 . PR R
i, PLETI. PrEALRIEL. DL EAD. PDAIE
Tor &5 7 THI A AU AE FHET. TR, Sal ] DA EL 422 A )
P J A 22 45005, B iU s R, 1A 3
WG E AN ZEe KA H 1 (E 1),

3 BHRAEREABEXEFRAT
3.1 REE

Lews& N AR it SCHE 20 5L TR 1K — i, D BE A
fib B TR R SRS ABA AT 7 A2 ATP, Leun] i 7% 7> 48
MO RE, WnZH AR AR BB AR AN B 1 o Y
FEFITA SCRER B IR h fle it B (st & B AR oy
W E P AT I LS 1 S A 1 E R
TmTORSS 5 i ¥, thHE ik /> AMPK [ 5 R 16 )
/D XF o TOR FRA, 33E 0 480 8 1 5 0 15 e 2R A,
FESR I 3 T R RE S5 A g A o0t e it 8 o
WRBCRBA B 2R SRR, 72K RAK A Leu
B F0.14 g/kg (71 AL 8 5T A E R R
KAE™. FEFERAZEN T O F Leutkh 7 2 0

i E R 15~20 gA e 7| AR LI B BT & 3 e,
Leufsb A LU 3G I m] k52 AL LR B 6 R, 3800
JiR & 2 B A AR . AT TR I, AR 2 1)
Leufh7a SEEG v, AR B/ AR A R AE AR A IR 1 DL
T, 0 KR L A A A B A Leu /5 LA £
& BN e BE 20 4% Ak, fEigsh i — K
BV 5T G 5 PR v WA S b 7 B R B 0 LA i 1 i
£ A, FAL ) AT RE A2 Leulil AMPK/mTORC 1l
e, AT 515 T iEp704% B K & 1 S6 BB (p70 ribo-
somal protein S6 kinase, p70S6K) & &= &, KL,
TEWE PRI WL 45 1) ¥6 7 AR B 3& B #h 7 Leun]
R e LA R E BRLR -
3.2 AER

Crot — P H 2R MR, W2 R 4H R
— P& B AR, et & elEamA k.
LA, Crad e — M RAR I AR A= BRI &
Y, FELL PR i b B B ™. Crif b s BB iz
itn. EstiashE W TR S146, BT
PR IBAT PRI BB PRI « T 4ENURE « 22557 T,
FER3 gl h 78 HAd By >k i AL 2500 T A A
R Cr— 24 2l i B SRS, T B DU P A
B IS BB AT FER W, Crokb 78 T 3G L A B R
WLEZ Rt A7, (R3EI2 30 5 ATP/K P BE PR IK &, i)
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PABEARAR 48 DR -1 I 0 7K T, 348 i T2 4 B 38 B 1)
I, DA R AR i3k B A RO A 4S5 R R R A
AR, T HR s Sl e A B, L] —
THI 1T 82 0H AMPK, S50 86 2 i R 44k, J8b L
Fig A2 = R MR ROS A B2 55— 5 THI AT GBS Crff)
AN 78 0] 0 W AMPK/IGF-1/mTOR & i A it 38 2%,
VA GLUTARE 1M 34 I AILAF 4 10 B8 (1 & B k4b,
1ERA6 A I CTBE A PRIz sh e i, RISk 5%
ST R AUAZ B m 3G n, H e aR ik ILER4ExT 7)
BYIZRIB, B s IR K ) & D REAT 55 AT RE
73, T B2 KL, Sk, Crd 438 3l 25
AT SN B IR, A R I AN G R LT = s
B EE .
3.3 o-30EE

o-3JT5 Wi B X Frn-3 G 7 IR, A& —Ff A Ak 24 75 Mg
R I 2 A AR TR, = ik IO B A —+
W NI . . FR AR i e HL T R
TR, AE P T IS R B A {43 v A R Bk = 11
i, Bz 00 T RE TR RN 1] 53— R B anhE JR
Wi mILE. BILEE . EIESERRNAES, 5
Ab, o-306 Wi R IE TR BB 0. PLk. 8
MAEEEET . KT = R 75 3 AR /N BRI 5T
ST, 208 (1L B0 T R/ 0-3 45 4 12 3 - Fi S T
i) £ 1 P A T A e LA ) A &, SR R A
B RGE P, AT HE T L1644 ZAE NS N ALY Bl
F -3 13 7 1% B K K T8 J& SR W 4% B (1 A AR T i
6 OB 0 R B RR AR B, K Ilo-3 18 1 IR RT i i
mTOR/p70S6K A5 il B M AL 2 1 () Rk &, i
WL TR A A, $emE m R A A ST R,
TE AR R B £ 28 ) BN B A IE S T LS I S
mTORC1/p70S6KAH 18 i kA 3 £ 1 5T 16 i
[E) B, 7E T 2 5 38 oo-3 110 5% B 2 o 3t HL 7 745 i
TR B2 At 5 2 U, Ak, 7E 90K ki L AZ Bl
i, B AN RER2 gffo-3ARIHIR, FLALIA & AN
Z LAY ReI 1 2 22 UG, iz s 4 G e-3
JIE F 6T AL PR PO 388 I 1 22 I 280 SR oy i e 5 k]
B, SCHRIE R I, -3 18 17 R AN BE 3 UL 4 45
B R, 3T LAY I A T AR o 80 267 B B U, Dk
b REJE (R T 6

4 HRSRE
It A N F) SR 22, i PR L2 4 R

BT R RS VR R PR (R RN AR T T = — N A
2, Pt CUE £ 008 R s RE A5 SR 3 g AR5l
NERE. N, ZCATRZHE TR, o-3R IR
RARF=WFE FRANE I £ FE 25 R AR R AL . 3
W, RAR P PIBBRIE X 28 E K7 4. B &R
S5 WA NS AMPKOR %/ B 141 57 1) B4 A A28 o
HA R, TPSH I 3 58 b A B s> T ROS, Sal
T 3 3t i 3 5 B 40 R ) A2 52 ke vk 2 JE R e 44 TR 45
155, B FEANF I Leus CrMlo-3 15 5 Bl i/ T
mTOR/p70S6K I i K 3G IIHLAR 85 1ot & A, ]
I S AMPK/GLUTA #1328 31 25 4 1 3, M
[[iprll R S e

KR F= PRI E F2 40 R AE BT B PR L2 4
FHLH B LR YT E, R EYE
FRI AT A H B HE RS A ORI E R m )
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BEHk (References)

[1]  ARTASENSI A, PEDRETTI A, VISTOLI G, et al. Type 2 diabe-
tes mellitus: a review of multi-target drugs [J]. Molecules, 2020,
25(8): 1987-2007.

[2] O’HARE J A, ABUAISHA F, GEOGHEGAN M. Prevalence and
forms of neuropathic morbidity in 800 diabetics [J]. Ir J Med Sci,
1994, 163(3): 132-5.

31 TRIRAK, FLAKSR, ERUEE, 5. 2840 R G & 1 o 0 BRI £
AR 2P AT 5 LA B R 1 58 R [T]. b R DR 2k B
(KONG X X, KONG Y R, WANG X F, et al. The relationship be-
tween distal symmetric polyneuropathy and muscle mass loss in
type 2 diabetes mellitus [J]. Chinese Journal of Diabetes), 2020,
12(9): 716-20.

[4] O’NEILL B T, BHARDWAIJ G, PENNIMAN C M, et al. Foxo
transcription factors are critical regulators of diabetes-related
muscle atrophy [J]. Diabetes, 2019, 68(3): 556-70.

[5] MEEX R C R, BLAAK E E, VAN LOON L J C. Lipotoxicity
plays a key role in the development of both insulin resistance and
muscle atrophy in patients with type 2 diabetes [J]. Obes Rev,
2019, 20(9): 1205-17.

[6] 3%, Ok, #HRE. Ups-e3i2 &% B fifFitch 5 B & K IR
K AN, A E P A B 2% B (GUO H, MA'Y, CHANG X T.
Relationship between UPS-E3 ubiquitin ligase ITCH and insulin
resistance [J]. Chinese Journal of Pathophysiology), 2020, 36(5):
930-5.

(71 JEGKER, BRORA, FBHITT, 45, % H PELZE S i R AR L) SR T
SME[)]. B R PR %24 % (ZHOU Y Z, CHEN P J, ZHENG L
F, et al. Mechanism and treatment of disuse muscular atrophy[J].
Chinese Journal of Rehabilitation Medicine), 2017, 32(11): 1307-



SEANFESE: RIRTWIANE FRANRICERE RO L 4 (¥ S A

1923

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

13.

YOON M S. The role of mammalian target of rapamycin (mtor)
in insulin signaling [J]. Nutrients, 2017, 9(11): 1176-93.

S5, BIA, REREE, 55, BMORIRE R SRR 5 S # L
24 P U S 1E R LAY o Al A A 2 R(FU Y P
JIA J, ZHU R X, et al. The regulatory mechanism of autophagy
pathway in hypoxia exposurelnduced skeletal muscle atrophy [J].
Chinese Journal of Cell Biology), 2021, 43(6): 1221-30.

oy, MRS, 1 A Lncrnastf JHFME I & 2 HE B0 0 45 A L
HLHILT. v 48 Mo 4 )% 4R (DONG G, CHEN P J, XIAO W
H. Roles of long non-Coding RNAs on hepatic insulin resistance
[J]. Chinese Journal of Cell Biology), 2020, 42(4): 698-704.
FRFTTT, BRAS, B AR, MicroRNAsX # #& LK & KT 1
W 3% J LML), 4 2 2% 4R (ZHENG L F, CHEN P J, XIAO
W H. Roles and mechanism of micrornas in the regulation of
skeletal muscle insulin resistance [J]. Acta Physiologica Sinica),
2019, 71(3): 497-504.

Wz, MINER, SRRl NEEYE 72890 FRvT 1 LRI 7850t
JE[J]. FEMFU(HE Y, YANG L X, GUO X Y. Research progress
on mechanism of berberine in treating type 2 diabetes mellitus[J].
Traditional Chinese Research Medcine), 2020, 33(12): 69-73.
MIAO H, OU J, ZHANG X, et al. Macrophage cgi-58 deficiency
promotes il-1P transcription by activating the socs3-foxol
pathway [J]. Clin Sci, 2015, 128(8): 493-506.

S, eSS, R R T RS T 52 -
| AR RGN A HAERD. R EEM S S TR
# (WU Y L, CHANG X T. Cross-talk among insulin signals,
inflammatory signals and ubiquitin-proteasome system[J].
Chinese Journal of Biochemistry and Molecular Biology), 2016,
32(11): 1177-84.

ABDULLA H, SMITH K, ATHERTON P J, et al. Role of insulin
in the regulation of human skeletal muscle protein synthesis and
breakdown: a systematic review and meta-analysis [J]. Diabeto-
logia, 2016, 59(1): 44-55.

WANG Y, ZHANG J, WIER W G, et al. No-induced vasodilation
correlates directly with bp in smooth muscle-na/ca exchanger-
1-engineered mice: elevated bp does not attenuate endothelial
function [J]. Am J Physiol Heart Circ Physiol, 2021, 320(1):
H221-37.

ZOU D W, GAO Y B, ZHU Z Y, et al. Traditional Chinese
medicine tang-luo-ning ameliorates sciatic nerve injuries in
streptozotocin-induced diabetic rats [J]. Evid Based Complement
Alternat Med, 2013, 2013(2): 989670-82.

RESE, /NS /N BEBRIC R A AL B Fe e (D). b r 2
%% (CHENG J, ZHOU X J. Research progress in the antitumor
mechanism of berberine [J]. Central South Pharmacy), 2021,
19(5): 921-5.

WhER, 1, d U, A /N SR R R S B R I R ).
T E IS Z5(YAO X, XIAO W, MENG Y F, et al. Perspective
on resource utilizaton of the berberis fruits [J]. Modern Chinese
Medicine), 2016, 18(11): 1506-12.

TR /N BB 125 9 BB Tk FELT]. PE SR S (HE X Y.
Research progress of berberine in the regulation of inflammation
[J]. Medical Journal of West China), 2018, 30(11): 1714-6.
VKT, BT 2R 2 B B R B 35110 i1-6 Mz erp7K T (1)
SEMA[T]. AR PR 25 K% 4R (SUN S P. Effect of Berberine on
the serum levels of IL-10, IL-6 and CRP in patients with type 2

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

diabetes mellitus [J]. Journal of Changchun University of Chi-
nese Medicine), 2017, 33(3): 431-3.

XIAOY, XU M, ALIMUJIANG M, et al. Bidirectional regulation
of adenosine 5’-monophosphate-activated protein kinase activity
by berberine and metformin in response to changes in ambient
glucose concentration [J]. J Cell Biochem, 2018, 119(12): 9910-
20.

DULL, FUQY, XIANG L P, et al. Tea polysaccharides and
their bioactivities [J]. Molecules, 2016, 21(11): 1449-67.

WANG J, HU S, NIE S, et al. Reviews on mechanisms of in vitro
antioxidant activity of polysaccharides [J]. Oxid Med Cell Lon-
gev, 2015, 2016(64): 5692852-65.

LE B, ANH P T, YANG S H. Polysaccharide derived from
nelumbo nucifera lotus plumule shows potential prebiotic activity
and ameliorates insulin resistance in hepg2 cells [J]. Polymers,
2021, 13(11): 1780-92.

REN D, HU Y, LUOY, et al. Selenium-containing polysaccha-
rides from ziyang green tea ameliorate high-fructose diet induced
insulin resistance and hepatic oxidative stress in mice [J]. Food
Funct, 2015, 6(10): 3342-50.

LI S, CHEN H, WANG J, et al. Involvement of the pi3k/akt
signal pathway in the hypoglycemic effects of tea polysaccharides
on diabetic mice [J]. Int J Biol Macromol, 2015, 81: 967-74.
SUN X Y, WANG J M, OUYANG J M, et al. Antioxidant
activities and repair effects on oxidatively damaged hk-2 cells of
tea polysaccharides with different molecular weights [J]. Oxid
Med Cell Longev, 2018, 2018: 5297539-56.

LI X, CHEN S, LI J E, et al. Chemical composition and
antioxidant activities of polysaccharides from yingshan cloud
mist tea [J]. Oxid Med Cell Longev, 2019, 2019: 1915967-78.
SRR, VEAESE. 205 R A2 CRar A AR AL BT e a2t
JE[I]. Z90iF i 78(SUN M F, SHEN Y Q. Research progress
on neuroprotective effect and mechanism of salidroside [J]. Drug
Evaluation Research), 2017, 40(7): 1019-28.

LANG F, ARAVAMUDHAN S, NOLTE H, et al. Dynamic
changes in the mouse skeletal muscle proteome during denerva-
tion-induced atrophy [J]. Dis Model Mech, 2017, 10(7): 881-96.
GU C, LI L, HUANGYY, et al. Salidroside ameliorates mitochon-
dria-dependent neuronal apoptosis after spinal cord ischemia-
reperfusion injury partially through inhibiting oxidative stress
and promoting mitophagy [J]. Oxid Med Cell Longev, 2020,
2020: 3549704-39.

XU L, JIA L, WANG Q, et al. Salidroside attenuates hypoxia/
reoxygenation-induced human brain vascular smooth muscle cell
injury by activating the sirtl/foxo3o pathway [J]. Exp Ther Med,
2018, 15(1): 822-30.

LIU H, LU P, WU H, et al. The proliferation enhancing effects
of salidroside on schwann cells in vitro [J]. Evid Based Comple-
ment Alternat Med, 2017, 2017(15): 1-10.

ZME M. Conditioned medium derived from salidroside-pretreat-
ed mesenchymal stem cell culture ameliorates mouse lipopoly-
saccharide-induced cerebral neuroinflammation- histological and
immunohistochemical study [J]. Int J Stem Cells, 2017, 10(1):
60-8.

PUW L, ZHANG M Y, BAI RYY, et al. Anti-inflammatory effects
of Rhodiola rosea L.: a review [J]. Biomed Pharmacother, 2020,
121: 109552-62.



1924

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

ZHONG Z, HAN J, ZHANG J, et al. Pharmacological activities,
mechanisms of action, and safety of salidroside in the central
nervous system [J]. Drug Des Devel Ther, 2018, 12: 1479-89.
PEDROSO J O A B, ZAMPIERI T T, JOSE D. Reviewing the
effects of l-leucine supplementation in the regulation of food
intake, energy balance, and glucose homeostasis [J]. Nutrients,
2015, 7(5): 3914-37.

XU D, SHIMKUS K L, LACKO H A, et al. Evidence for a role
for sestrinl in mediating leucine-induced activation of mtorcl
in skeletal muscle [J]. Am J Physiol Endocrinol Metab, 2019,
316(5): E817-28.

WANG X J, YANG X, WANG R X, et al. Leucine alleviates
dexamethasone-induced suppression of muscle protein synthesis
via synergy involvement of mtor and ampk pathways [J]. Biosci
Rep, 2016, 36(3) : €00346-57.

KOBAYASHI H. Amino acid nutrition in the prevention and
treatment of sarcopenia [J]. Yakugaku Zasshi, 2018, 138(10):
1277-83.

CROZIER S J, KIMBALL S R, EMMERT S W, et al. Oral
leucine administration stimulates protein synthesis in rat skeletal
muscle [J]. J Nutr, 2005, 135(3): 376-82.

KOOPMAN R, VERDIJK L, MANDERS R J, et al. Co-ingestion
of protein and leucine stimulates muscle protein synthesis rates
to the same extent in young and elderly lean men [J]. Am J Clin
Nutr, 2006, 84(3): 623-32.

LIM C H, GIL J H, QUAN H, et al. Effect of 8-week leucine
supplementation and resistance exercise training on muscle
hypertrophy and satellite cell activation in rats [J]. Physiol Rep,
2018, 6(12): 13725-37.

CASPERSON S L, SHEFFIELDMOORE M, HEWLINGS S
J, et al. Leucine supplementation chronically improves muscle
protein synthesis in older adults consuming the rda for protein [J].
Clin Nutr, 2012, 31(4): 512-9.

WASKIW-FORD M, HANNAIAN S, DUNCAN J, et al.
Leucine-enriched essential amino acids improve recovery
from post-exercise muscle damage independent of increases
in integrated myofibrillar protein synthesis in young men [J].
Nutrients, 2020, 12(4): 1061-80.

PERRY R A, Jr, BROWN L A, LEE D E, et al. Differential ef-
fects of leucine supplementation in young and aged mice at the
onset of skeletal muscle regeneration [J]. Mech Ageing Dev,
2016, 157: 7-16.

trdE, B, T, & ZEANUDPEILRERIBLS] 5123 E 77
W R[], & AFAXU L, LICY, CHEN N, et al. Exer-
cise and nutrition interventions of sarcopenic obesity and underly-
ing mechanisms [J]. Food Science), 2017, 38(21): 279-86.
KAVIANI M, SHAW K, CHILIBECK P D. Benefits of creatine
supplementation for vegetarians compared to omnivorous ath-
letes: a systematic review [J]. Int J Environ Res Public Health,

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

2020, 17(9): 3041-55.

KREIDER R B, KALMAN D S, ANTONIO J, et al. International
society of sports nutrition position stand: safety and efficacy of
creatine supplementation in exercise, sport, and medicine [J]. J
Int Soc Sports Nutr, 2017, 14(1): 18-36.

BROSNAN M E, BROSNAN J T. The role of dietary creatine [J].
Amino Acids, 2016, 48(8): 1785-91.

CELLA P S, MARINELLO P C, BORGES F H, et al. Creatine
supplementation in walker-256 tumor-bearing rats prevents
skeletal muscle atrophy by attenuating systemic inflammation
and protein degradation signaling [J]. Eur J Nutr, 2020, 59(2):
661-9.

CEDDIA R B, SWEENEY G. Creatine supplementation increases
glucose oxidation and ampk phosphorylation and reduces lactate
production in 16 rat skeletal muscle cells [J]. J Physiol, 2004,
555(2): 409-21.

GUALANO B, RAWSON E S, CANDOW D G, et al. Creatine
supplementation in the aging population: effects on skeletal
muscle, bone and brain [J]. Amino Acids, 2016, 48(8): 1793-805.
AGUIAR A F, JANUARIO R S, JUNIOR R P, et al. Long-term
creatine supplementation improves muscular performance during
resistance training in older women[J]. Eur J Appl Physiol, 2013,
113(4): 987-96.

KAUR N, CHUGH V, GUPTA A K. Essential fatty acids as func-
tional components of foods: a review [J]. J Food Sci Technol,
2014, 51(10): 2289-303.

BUOITE STELLA A, GORTAN CAPPELLARI G, BARAZ-
ZONI R, et al. Update on the impact of omega 3 fatty acids on
inflammation, insulin resistance and sarcopenia: a review [J]. Int
J Mol Sci, 2018, 19(1): 218-35.

OH S L, LEE S R, KIM J S. Effects of conjugated linoleic acid/
n-3 and resistance training on muscle quality and expression of
atrophy-related ubiquitin ligases in middle-aged mice with high-
fat diet-induced obesity [J]. J Exerc Nutrition Biochem, 2017,
21(3): 11-8.

BERRE, EAMK, BRT, S SR TSGR 10 IR £ E TR
FEREFE[T]. & & AF2E(LIANG T L, WANG C Y, CHEN N, et al.
Recent progress in regulation of dietary nutrition for sarcopenia
[J]. Food Science), 2019, 40(1): 303-12.

BHULLAR A S, PUTMAN C T, MAZURAK V C. Potential role
of omega-3 fatty acids on the myogenic program of satellite cells
[J]. Nutr Metab Insights, 2016, 9(9): 1-10.

RODACKI C L, RODACKI A L, PEREIRA G, et al. Fish-oil
supplementation enhances the effects of strength training in
elderly women [J]. Am J Clin Nutr, 2012, 95(2): 428-36.
SIMOPOULOS A P. An increase in the omega-6/omega-3 fatty
acid ratio increases the risk for obesity [J]. Nutrients, 2016, 8(3):
128-45.



