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Abstract

BACKGROUND: Studies have shown that short-chain fatty acids (SCFAs) are a potential regulator of skeletal muscle energy metabolism, but the exact
mechanism is unclear.

OBJECTIVE: To observe the effect of SCFAs on aged rats with sarcopenia and to explore the underlying mechanism.
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METHODS: Sprague-Dawley rats were randomly divided into control group, sarcopenia group, and sarcopenia+SCFAs group (SCFAs group). In the latter two
groups, rat models of sarcopenia were established using ovariectomized rats injected with 5 mg/kg dexamethasone for 7 days. In the control group, the
abdominal cavity was only exposed but not removed, and then sutured. Rats in the SCFAs group were administered drinking water containing 150 mmol/L
short-chain fatty acids, 600 mg/kg sodium acetate, 200 mg/kg sodium propionate, and 200 mg/kg sodium butyrate for 4 weeks. Rats in the control and
sarcopenia groups were given the same volume of normal saline. Successful modeling was assessed by measuring the bilateral gastrocnemius muscle mass and
body mass to calculate the gastrocnemius index after modeling. Food intake, body mass and grip strength of rats were measured at 0, 1, 2 and 4 weeks after
successful modeling; morphological changes of gastrocnemius muscle were observed by hematoxylin-eosin staining; and the expression of p-AMPK and p-ULK1

proteins in gastrocnemius muscle was detected by western blot.

RESULTS AND CONCLUSION: Compared with the control group, the sarcopenia group showed significantly decreased body mass, food intake, forelimb grip

strength (P < 0.05), wet mass of gastrocnemius muscle (P < 0.05), and protein levels of p-AMPK and p-ULK1 (P < 0.05). Compared with the sarcopenia group,
the SCFAs group showed a significant increase in food intake, body mass, grip strength, wet mass of gastrocnemius muscle, and protein levels of p-AMPK and
p-ULK1 in gastrocnemius muscle (P < 0.05). All these findings indicate that SCFAs improve symptoms of sarcopenia in the elderly and may be associated with

the upregulation of AMPK and ULK1 proteins in skeletal muscle.
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0 5|= Introduction

NKBEAE SR Z M R BE s 2. E. ThRe TR,
IXPRALE A N Hh i 47 78 177 AR 2 1 AR R I R TIE B R A
LA E IR E, FRRUNE . ZENDRE B E N
IR, CPHTRED RRE, S HIUEEIE ST, M E R
ENAETERE Y, ENEERE R, AR
#i% (short chain fatty acids, SCFAs) # iIF S 78 B 78 L Fa 24 1~ i
(A o A L S T R R N TR
ZIRAARR, 2115 90% LLE P, TRREE B gk se AT
PR FEVE, BFERTT R I A . e S A R
AL RN NF-kB B EEYE ©7 Z AR HEE B URE B K
TR, IR AT RER A R, FRRHERD 8, SGE
BRALAE B AR B0 SR T R i 0 R B 75 3 S AR LD
G AREAR,  H AR TR D

I TR 7 38 I 7K SR VLD SE AR Y, 25 AR
JEWTBR T, HEAT N 4 IR SEss, WS KR aEE. 41
J1~ RGN, RO R AU e LR &, &
i LA 2 b i 17 2 75 40 22 1 WBE (adenosine monophosphate
activated protein kinase, AMPK) / 2% 1 51 £ & & 1(uncoordinated
51 like kinase-1, ULK1) & FHIKIZKF-, 73 B RLBE G 107 R S 2 4F
UL (RS20, I A AMPK/ ULKL 8 % 1 A B PR ) 9 ZE AL
il o

1 #ARIFn753E Materials and methods

1.1 3%t BEYLXEREh s . 20 ) Sk bR R &
T ZEHT, PP ELEGEAT t K

1.2 mflE Ak b SEEG T 2022 4 5-10 H AR sREE R 3
S5 O SE R

1.3 At

131 SEEENY 6 H b gt SD KR 20 X, A&
(285.5%35.2) g, Hi# 8 & B K5 P2 ie o g t, 2
SEISVERIAFE 5. SYXK( #7 )2018-0001. K A FEFF . VB
50%-60%, ifif¥ 20-25 C, B % 12 h, WK 7 d J5 UG SE5 .
HIF 5T O a3 gl 4 /R H IR XN [RERBE AR #E 2 2w 4t (it
5 4 KY20220722231),

1.3.2 FBAEE. WA K I (B4 5: 47200, FK
FlUGO); FgArAX (LIl BB R RARA A ) HEE
KA BN (5[ Bio-Rad A+ ); A2 ERARAK (b5
ANTEYBEARAT ) XA X B 286 521X (Hologic
Inc); p-AMPK Il p-ULKL —#¢ ( S BL &, Bioss A&, 4%
bs-5575R, bs-3464R), BAREEFRIC IR 18G( HHAZ & HFr,
%5 : ZB-2301); BCA & K Bl % 1277 & (Solarbio 24 ],
% '5: PC0020). 2% ¥ [ EEZ AN (AL SRR R e o,
P11011); &% ( RIEF A, HLHECS A1070); RN (IR
wAEY A, HEHESCS C1434005); TEREN ( F AR A ],
LS5 C14314005); 3L R CIRIAWR ( L ekl
BB A AR A, iS5 C13058926).

1.4 FEI7ik

1.4.1 WURERBROEAE SRR RN SRR + HiZEKMA 45 2415
) 6 UL/ RE AR TR O R R R I S 2% 1R ER EE 24 2 miL/kg
JRIE K R B 15 HURRI J5 K BNV [ e, BLER Y 5 IR S
WA A s, W k7 8 =X Ak w5 1 cm
FIFERG R, OPEMuGsEIL, BIRRXUMGNE, ZFERME, KR
EARTAEE G E Bt & oK. KR OVERRR 7 d J5 IR T
ST HLFERNS 5 mg/kg, ELEEZ5 7 d. FlR 5 HOKRAE N
HRAH, STIFIR AR 200 AR R, R 5aE 5 IEE.

WL/ A ALY S Pl Th RO AR s PP L 50 (000 e
WLBG B / AR5 & ) AR T-%F R4 2 f% SD W5 R i s ik
Jo L5 B2 FH SRS XS 2 M e ) o A3 ) - B2,

142 SEIGreH RS REPORRIET: 5 K, mAK KR
RXFIEL 5 K. WIZMEA 5 W WIZDIE + S8 A R4l 5 1
WL/ RE + J2 8% 1 1D R 41K B 45 T & 6 150 mmol/L & 85 Jig i
BRI K ( ZBR%H 600 mg/kg. AERHN 200 mg/kg. T BRAN
200 mg/kg)™, it HAZH K WL/ E 20 K SR 28 T S5 B A B 2R K
1R /d, SREGHE RN 4 ] .

143 KRN EAEFENE EHE&EIE0, 1, 2, 4 H,
B 928 SR B it B, AR IR Sk, B
R R, A IRk S RN K 1 2R,
OIS B2 34T 3 WKl &, DURTS BN e 45 R
FH HL PRI A =
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AR TR SR RIS A2 P AU HE K E) R

REVGFRAFRERR KR0S + 2R 25 LB, 7T BUEL

HIXR NHERER AT T B 5 51 K7 B AA e, S BCF B UL A
AP B R AR, B TR R I RE R, 5 LR
FRRFAE =1 AT U

EUEREES Wl SD K B E B SE R AL A 3 P S L AR 41

ERRARHA KRR S AR [T 5, o2 8 10 Sk 5 1) 585 =0 5L S i 15 )

Lem FTFINE, S53LOP M, BIRROUMIGN 8L, B2 K0
7d Ja K RRIETE R N H 2K AL 5 me/kg, IELELRZ 7 d

B ERDETS K 15 ARR A s HL UREA S Ky UBGE +
& FHENRIIRRAL 5 R

ERERENEE ORNRBEERE. U1, @R OmIURE: OFIE
R SEEL; @R p-AMPK A1 p-ULKL 2 AR IE

T 70 B B 4 T 2K IR XN RS B G B 25 03 2 i it ( ik
WES S KY20220722231)

1.4.4 JHEGWUR R RAGUEAWE LIERUE, F 20% &
LR 4N 50 mL/kg JIE Js v SRR R B, O I LI S
PR ERARSE, B 56 8 0 R BRUHERZ L, D002 O BROSUAJHE i L
. BB UIAHL, PBS EET G, MEE 4%
10% Hh i STV R [ 58 24 he BLHRZHZUbRAS . ) IFakAT
TIARKE — L Geth,

1.4.5 Western blot yEFCMIHERZILAHZN p-AMPK, p-ULKL &
AR IR R HUE B K R NLZH 2 PBS i5 3 3 ik, H
B ILETRE . B ULPIH S 200 plL B AR F, UK
LR 2R 20 min, FREVAZINEE . BVA E s
R ML, B 10 pL & AR, TN E 2x SN ERZ (SDS)
BERMAEZ T, B AR RS, W RIKES B E
T, P iR AR A B A T R £ ) (PVDF) fis
o ¥4 PVDF IR T 5% i lg -9, iR T E 2h,
SE A P ARRE S PR o N —HT TAEVR (TBST FfE—4iL,
FPUAYIR 1 0 10000 WREHRE ), 4 CTHELIR. Pk
JE I BRAR B AR 1C 0 5 TAFW, 4 CHFE 4 ho ECLIRFIRE
B, ®EE, BREERE L, BREG S R0 Rt
1T, WSIEON B-actin, Xt H 1 A IIRIE AT 44T
1.5 EZWRAAE OKREERE. ). BiE: O
W& @FMIEESEREL; @F 8L+ p-AMPK
p-ULK1 T H KA.

1.6 it F o4 R H SPSS 26 4 i Bk AF ik 47 Hi 4 Ak B,
GraphPadPrism 7 {E&], &5 AR K xts Row, G A A I
(] R () 25 FE AR I B A L R B R 25 M, 2RI B A
(] F 1 5579 9 B3R FH ¢ R, P < 0.05 22 e A7 B 1 i X
ERGR IS 5L O BERRF R F 2T,

2 458 Results
2.1 EshipEorr LI 20 KR, s R fE
PETo5 H, P4 15 RKR N34, HALL5 REsss
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NEERIHT o

22 LR R E ARER, SXIRAA L, DIREL
JILARE + 6 i 0 PR 2K SR A L . 2 B (P < 0.05),
LA -5 JUL/RE + 6 B I 7 R 4 2 1) 22 5 T o B P R 3L
HFR 1o Z5RAIE SR FLE R Y R R ) o

F1 | SERFEHEARE. HEAEHX (xts, n=5)

Table 1 | Comparison of gastrocnemius muscle mass and gastrocnemius
index of rats among groups

fabr paie:| WL JULASE + et i i s i 4
JEMHER LS 5 (g) 1.784+0.042 1.528+0.027° 1.522+0.032°

A HERZ UL 5 () 1.790+0.034 1.370+0.015% 1.356+0.017°
JHERA L 5 & (2) 3.574:0.064  2.898:0.028°  2.878+0.045°

PR (g) 283.40+17.79  283.80+11.91  289.20+20.09
HERILER 5L (%) 1.284+0.092 1.029+0.044" 1.011+0.061°

Tk HXMALLE, °P<0.05.

2.3 EEMRBBRASZFIYEXSERE. WD KREN
Bh RO ERTARYE (P> 0.05), FRHE I A PSRRI,
B[] 25 (P < 0.05), 2R I ERLRL L 2% (P < 0.05), K]
HHMMZ O R (P<0.05), WK 2.

F2 | IR EENOEARBRRE . FREMIMAHZN

(xts, n=5)
Table 2 | Effects of short-chain fatty acids on food intake, body mass and
grip strength in aged rats with sarcopenia

451 TR EE g/ R)

0 1/ 2 4
o HEZH 22.60£0.81 25.00+#1.05°  27.20£0.97°  28.80+0.74°
b2 21.80£1.16 20.80+1.02°  24.20£0.74™ 22.80+1.24*
HVE + S0 FENS TR 2 21.60£1.25 24.40+1.08°  26.40£0.51°°  27.20+1.32°™°
2H 51 A & (g)

0 18 2 4
poitee: 283.4+17.8 306.4£13.1°  340.0+13.7° 357.8+10.1""
HEA 283.8+11.9 258.4+15.4™  278.0+16.5 300.4+13.2"
WUAE + 455506 W7lR 4] 289.2420.1 307.8+13.3°  330.4+15.5°  352.4+17.6°
51 7 (8)

0 A 1 )& 2 43
pogitee:| 307.8422.4 327.6+14.6°  336.0+12.0°  349.0+12.7"
HEZ 298.0£13.2 271.£17.2°  284.0+14.2°"" 296.0+18.9"™

WIRE + S REAS IR ZH 297.4424.2 324.4+413.1°  337.0£15.6™° 358.2+10.8"¢

FiE: 45 0 LR, P<0.05; A5 1 AHE, °P<0.05; 4115 2 e,
P <0.05; [A— ] A5 HRALEL#, °P < 0.05; Fl— Il S S UURELLELES, °P < 0.05.,

231 Atk AL, 2, 4 EIRAL. WUDAE + FBENR IR
HRRIEEE. AR5 TUDEEA (P<0.05), 1
X R SHE + SEBENRITERZAAR L 22 7 B 1 X (P> 0.05),
232 AANLREE KR, WLDE + JEE R 7 R 2 KRR 1 4%
. R LI &I E SRS (P < 0.05). HILZAEL
TR 2 s T HARET R A (P < 0.05), & [R] A5 5 2 il
AR : 4 J8 >0 8 >2 i >1 8 (P<0.05), #J)0
A, 4 >2 ) >1)8 (P<0.05).

2.4 434N BART 2 LY JE K SMEM LR 269 %50h XTI
L WUDIE R E + 50 5 Mg 1 e 4K BRUHE I L 22 43931
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4 (3.902+0.205) g. (3.108+0.237) g #1 (3.8800.197) g. 5%}
MRZHLLER, WIREZE R BRMERZ LI 7 & 35 BEAIC (P < 0.05),
WD REAL LA, WIAE + 5555 g 107 IR 2H K BRUHE Az LI o
WS (P <0.05), SXFHAZALLEL, WIAGE + K8 R R
A K BRUE o JUL IR Joft TG P Y 22 (P> 0.05), DL 1.

5
b
i : Bl HxiR4tiis, P<0.05; 5
=3 WUSFEALELE:, P <0.05.
52 B1 | FAXRHBARER
= Figure 1 | Gastrocnemius muscle
0 mass of rats in each group

XA LA WD + %6
AR BERRNTRRAL

2.5 FREERE BT E ALY IR K R BV S 4 6 R
Xk HE LA B PO P AL B D B 5, e WA 2 4 ) UL 4
i, AR ILALAE ML K LT ZE R W AR SE; WLAMEZ K
o P HE P LR L HE 2 25080, TR I SR 2 A RO LA i, 4 i
AKBHERE, AT LK Y AR PE AR, >R LA B VA A
IR WUDAE + F0 5 g 07 2H K B0 JHE P L4 5L i
HEPVECRE ST, LA B )22 2 AR o S e, R PR
RN >, WL 2.

JILBAEAL L3 + S BRI AL

-~ ~ s : e
Bl WU AELH Ay W LA B HE 50 250, LA W) S 28 408 L K )
RMEMEIE . JUUDAE + FTHE AR T ER 40 T DL HEIA LA i HE 20 e 5%, L
BN E b N TR R i R L T
B2 | HEXREBIESEE (A - FLRE, x0)
Figure 2 | Pathological changes of rat skeletal muscle tissue in each group
(hematoxylin-eosin staining, x20)

2.6 42 4ERE Iy BT & LY R KSR B8 AL p-AMPK Fo
p-ULKL & & X #rm  STHRAL, WIAEA . W/DE + fE 5
JIE TR . p-AMPK FRIFFNS K FEAE 4373 4 0.72£0.13, 0.4940.13,
0.68+0.15; p-ULK1 7F 3 41 B & FE {H 4 % 24 0.45£0.13,
0.37+0.12, 0.43+0.11. SXFHRAILLEL, WIAEL KB p-AMPK
AT p-ULKL 25 [ AH % 04 & ] 55 PRI (P < 0.05); S E 4
Pedge, WUAE + J6 8 AR i R 4K SRBEA L AH 2k p-AMPK F1
p-ULK1 R I AHX R IA B3 5 (P < 0.05); xR, Al
S + F5 5 MR 107 R 2H K BRUHE I L) p-AMPK 1 p-ULKL 28 AR S
FILE LW S (P>0.05), JLE 3.

10 08
P-AMPK s = s 161 kD (0.8 b Sios . b

) Xo6 Xoa

P-ULKL s == 5% 52D x4 -

S02

a

) 202
B-actin - —a— 4 D o
XHHEZL WL IBE + XHBAL WL ILDIE +
REAL JHEAS SEAL FHEAR
JUi R 4L
ByE: SR, °P<0.05; SHLEM AL, °P<0.05,
& 3 | HAKXREAA p-AMPK, p-ULK1 BB RIX
Figure 3 | The expression of p-AMPK and p-ULK1 proteins in rat
gastrocnemius muscle tissue in each group

xR L

3 11 Discussion

JiTE TR A S HARE 2 5 U 17 2 A SR BT AR,
FEZAENE I R AEAN R e R A R 45 55 BB A P,
FEHENR R AE v — M E W W R &, B
SRR AR IS YR . A A T s R BE IR T R R 58 4 B ) B0
C578BI/6 MEPE/NERALAIM 245, B nVLLT e AR m A, Bk
WL RE I HERR O S R 90 B e B g T R AE 1 T B B LB
ORI A T B SRR A P L (S AR D R
SR E 58 25 B L2 e B T A X 3/, ke It 5 A L
AR R BRABE AR, W5 i T 7 TR T 2 A LA E KRR s
Ntk — R AT A 2 N RE A — i B JE A

R RN, SRR, W REZ R R &
R AU IR AR, O R VL5 R PR
SRR AR, WLE + 5045 6 107 8 2H K SR B i &
Ao B WA B, KRR HER LS A B S, 4
P ECELAE + J2 5% T D TR 4L Bt 5 1 TR) R A, R BRI i
B ORTE RIS, UL 22 N OR BRI
R PRDIREE I AR TG B0, R RIS,
Z &) fe 5D RE K RBE AU AL, SRR . TS 3hEe
RO WUDRE AR T HAD 2 41, SR IUNLA4EHES 2=
Bil, WedeirEEgn. LR AW, FHERBERENRE, YL
Y1) /D Bk EL AR BRI o GO S B s NI I R Ak B B
WM T ZENME KRB ER. 0. MRS RE &,
TR T LA M ) 22 4 R K i DL K% 98 PR M il . BH B o5
TIMAM TS 58, 1X e gk SR B A1 14 50 5% 8 17 B2t 0t
AN RE B A IIHIAE

AMPK 2 —/N KB R Re B K24, S5 AW, FTME
F & B 2 Bl BEAE BEALAI, A\ o TS B B UL
K . AMPK J8 i % B2 1k ULKL ¥] Ser317 Fil Ser777 Af
M, WS ULKL, BRI E W Y. ULKTL 2 B RE [ I DG
Rl ATGL [ [EIJEY . iE A AMPK 38 B DL ) Wl 2L 3 90 25 A
3 M 1 DA FE I ULKDL Ser757 7 £ IR B R AL, AMPK 33 17
R 1L Ser317 L) ULKL, 25 S HME *. AMPK/ULKL {5
O B OCEE I H @ B . TR BoR B W S ULARE R
Ty RJEEA S B2, [ A S R DU B IR DT R v e it
oE AMPK 3 iR 430 &1 Kl 1(Axisinhibitor, Axin1) £ T it
TR 2 2841415 S A T 1(T lymphoma invasion and metastasis
inducing factorl, Tiam1) [ [ 221 (2 i B B UL 40 B 15 3
(7] s P ) B S UL A 7 IR0, AR TR B B R I B0
Mk JORE P, sk T AR PO o T A e D R T BOE G R
FIB L SZ & 43(GPR43) -1 AMPK 3d % 5k /b /) BRUBR IR B 41 il
AT, oG 1 BN PR IR 5 R AW IE BRI B AT
A LM BELDE R A, H RTAFE AL B ULARE - 4 PR L UL
RE R ph o A W IR DT R T A B B2 GPRA3 1A
AMPK J i 2435 i 5 = AU — P BB N . 5 — T 9T
S A g O R A AR AMIPK G i B AR L S AL Y g 1k 1
FEPE0E 52 A4 (PPARy) 5035 /)N BRI o A1 A 17 20 JEL JRE )
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HAEZE

Az B0 BRI D R T R I AMPK 3 % S B BR LA i
AR o AFH BTG T A0 BE G 107 R 1 1 2 AR UL E AMPK/ULKL
5T T TR R WS . BRI R R, S R L,
UL/ 24K B, p-AMPK AT p-ULKL 25 1 B SR, T L/ +
KBNS TR AL p-AMPK Fl p-ULK1 2 [ 7K PR L/ 20 4 B
Fr BoREENS AR T AMPK/ULKL (Tl 1 40 7K ST B k)
BN R T DL F i AMPK/ULKL (BB A6 K F, 82 Lz
iR AE

Zx BRI, R R R 22 AR U RE B R A,
BLE AT RE 5 b B 8% L AMPK/ULKL [ B8 B2 A 7K S 8L
i AMPK/ULKL {5 5 I8 6 A OC . H0 85 i 1D B2 4 17) 1 9 AMPK/
ULKL 38 % 7] e 4 LD RE (R 177 6 SFER& 52 658 1) 77 In) o {H I X
WHRAAEE— 2 R OLRaEER D, JEIRR
W 2, #— PR E; QAREVARIMI I —F
SUEZE it OFUK I AMPK/ULKL B4 15y,  H BBAS H R0 B IR D7
% 7] fe 55 AMPK/ULKL @ BR A 00, H TG LR € /2 75 PR Oh K i
U 17 TR A 1 48 P 508 B KT S, RISt LR G &R A
Wro oK K 7E 4K A Zh X AMPK/ULKYL 3 B 34T T, it —2
5 UIF 55 I 07 IR A2 75 R DGR A m] 1 4% AMPK/ULKY 3 % %f
BN AAER

EBTEE: AR ORI, XFES. M ES T LR
VB, RBERGATF NN, FRERTHWER. A8 F RO RE, &
413t BAK IR R L F IR B HAT I,

FIFMIR: LFGLHNLFH, ERAFAFALEFRFIRT R
B A F) R,

FFGRERAERR: X R — B FHORIRLF, RIE (Frindt 5T 0
“E - WAL - AR T XEF 407 £, ESEIIAGHELT,
AAAAVLIE T LM B R F RN k. AT &, R AT
TR P . TR N, 4E, 3T, k. BAREEIZHK, HH
25 R, BB ASIE RS AT AR R R,

MRAREE L X B AT AR 5 R EE T LA sE ik i,

HRASE: XAFREETT (FAMRERLSIREE F L F H5H
5 R RGRFALY . LF BT L2 H LR D)5 AT A S d AT
3AhEE., XFLPFATINFE RGN, BATIFIAA XFH 4D
FIZAEZEE.
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