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BATEhRE 1 R RS, BB Re SRS I (A IR R T 2R SIS, 2 XCRIESEAIMER
mEAMEFEG IR ERERRI, FHREHTVMER DN 528, &7 ARFREERE, EEIETH
REE., HTESEE —MARFRBERIGT 24, FREDFESV R EIRARER RN B 86
ST RERIAZ O SRR . AR AL R 2 AR W AT DO B E W8, A 340 P RIEE s A W & %
EEAE R INELRORY, EMRAMAREBLERAHGEEAFEMINESRZ M. WA
BFFCSEFI R /D R A4 40 (C2C12) B 22K #A (dexamethasone) BF R LN ES L 4IMF &, Kl
A B Lactobacillus plantarum GKM3 EF W NN 482 1 71, #55 , AR L, # HEE4E (Cast
immobilization)t A 7 XK % /D RULRIZESE, EEHERE— R GKM3ETH (500 mg/kg) RE /)
RIFEEREWAE, FRURIEREFEN/DNRIG L EREHENBAMHEEEEEZNER(P <
0.05), WEHFRE R IENGKM3E B FULRAZESRER TH /R EEIWN HS5IAE.
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Abstract

Sarcopenia is a potential healthcare crisis in elderly population. It is a skeletal muscle disorder
that involved in age-progressive muscle reduction which causes an accelerated decline in strength,
mobility, athletic performance, and basal metabolism. Study has found that sarcopenia also has
adverse effects in clinical outcome because they are more likely to fall and become hospitalized.
Therefore, early prevention and diagnosis of sarcopenia can reduce the incidence of disability,
hospitalization and death. Sarcopenia has become an intense topic to focus on because decreasing
muscle degeneration is the most effective strategy to improve the lifestyle at old age. Recent stu-
dies have shown that probiotics can help to regulate the intestinal microbiome by effectively in-
crease the absorption of ingested protein. However, few researches have proposed which probio-
tics can help reduce muscle atrophy while sustaining its quality. In this study, we first established
cellular platform mouse fibroblasts (C2C12) with dexamethasone treatment to induce myotube
atrophy. We found that the probiotic Lactobacillus plantarum GKM3 has the potential to prevent
myotube atrophy from dexamethasone damage. Next, we performed seven days cast immobiliza-
tion (IM) on C57BL/6] mice as our in vivo muscle atrophy animal model. The IM mice were fed at
beginning of the trial with GKM3 lyophilized powder (500 mg/kg) for two consecutive weeks.
Muscle endurance and grip strength showed significantly improvement when compared with the
control after two weeks (p < 0.05). The result showed that supplementation of GKM3 has amelio-
rative effect on IM induced muscle atrophy.
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1. 5|8

(RN s AL 2 e 34, WLZME (Sarcopenia) & — i e WL E B AH K B 2 —, XARKRE T
FR “sarx” HEZ “penia” BT, WL/ IE M B SR ER I E R A, SR MR
MIRTRE[1]. MRIESTE, WIRERSAT SR AETE 60 % UL FIRBEZI~13%, 80 % LA b BSAT 2 ] GE3E N E 30~50%
[2], FEEEBEI b () 0 2 ik 35% [3]e V2 SCRRIE SEL/DSE S22 MATE IR R - & 5 R, JESTELL
J B AR FRORHEE e = ARV 2 ST (4], BRI AT I RE R TR 512, 2 T DARRARREE, R LA
FACT R A%

HRTUUDE OB (0 3 AR . B R B0, W S5MERMAS B igm T~ B AR 2
P AER .. BT SRR S EE ARG, W3 TR, HE A IR PR TR =T FE,
X8 3 BRUFHS S B LB B AS 1 oG R ([5]. W FT i 48 H e AR R TR IR 1.0~1.2 g/kg SR E
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2o A
Rl AF

FHL I TR AN 78 A4 R 4E e LA B B A A K [6]. 28T, BHAEELMARLL, MATURZFE WA K EER .
SEE A R A2 T R ECEACAR, A R I W WS B FRAE AF I RIS R A 2 PR AIG [ 7] Bl 2 i A4t
ZPkImIELT, P g > UL 1R A S VLA & 258 B RTVE T UL E A% O R .

ISR FeAE 2 AR B ] LA S R E B RE, I AR A fiz B 20 B 40 1A Bt B A0 o sl DR B R I B, A
A SCHRIE SE i A2 B e A R M I 2 5T BR8], whORh T A AR BN T LA RE A DR TT i B — AP AT RE
AL, wAE R O AT BRI IE R A, T RIE R G R TT, IXXHILRE H 2 W AR B R A R
W FR-6(IL-6) A B Bh[9]. SCrTi 748 HAEYIFLAT E GKM3 (Lactobacillus plantarum GKM3)7EZ4)
SRS At AR Wistar K ERIAIE BERF[10],  BeA RUFRARAE MR D Ak & PG i) K 28 OBE. BT ok
AW AR GKM3 2R EA B NUDAEZ TR #AR R /S R AR 4 BEA MO (C2C12) 2 3 b ZE KA
(dexamethasone) % S LA Z S 2 A F &, WA GKM3 fE W26 A T NIAZES 2 %11, #5%5,
TAES YA L, 5 454 Cast immobilization (IM)-& H J7 R T/ MALAIZ=41, 7R E #95E —Rat
¥ GKM3 HIR TR E/NRIFELR WA, PPl GKM3 FEZZ L E Frid s LRI 22 46 2 Th Ak .

2. MRIE 5%
2.1. KW EK

K BRI T A TG R R S BR300 16SIRNA %78 W HMITLAT i , 182 AR FLFT I GKMS3.
2.2. EYFAFE GKM3 A BEFTHREE

FEYFUT B GKM3 B39 F 1 L MRS Ki7adt i, BEEHITE 37 CHedr 16 /M, #2345 DL 5000 RPM &
O 10 2r%h. = 25°C BUS YR, BUERTIERERFE, AEEECN 5 x 10° cfw/g A7 T-20C & H 63T
S

2.3. REFIS5RFHF

AVCRIG I FAYMEIRZE 7142 3R FIYE, LA C5TBL/6T /N 12 REEATREE, EENT 24~26g 2
Mo SMWEREEHIZE 22°C £2°C, BEEHIIE 55%~65%, RS BEE &+ /N (07:00~19:00 AR
#; 19:00~07:00 4B HE ).

2.4. fARAIEFREL YL

INREAFYERFIA(C2C12; I H ATCC). 1575 T DMEM -HG(Sigma)$; £ # 10% fetal bovine serum
(GIBCO); 100 U/ml Penicillin; 100 pug/ml Streptomycin; 0.25 ug/ml Amphotericin B (Biological Industries), %
F#F 37°C, 5% CO, MI4IMIRTF24 . MANPRAEKE 8 it 8l in A4k AR, 4RfQHT Jemihd 5 40 i ks
R, TR LA 37°C I ) 1X PBS Z20P e 2 k)5, IINE R Trypsin-EDTA solution, JA 37°C
FRFRAE 3 v b, BRI R R I R4 e 2 hivk, FEUL 3:1 i & DMEM-HG B 72 H A trypsin JF
FAIML S, L1200 rpm B0 L7805 28R BIEW,  FRES IR B IR IB0U5 WO AR MRS 2 T 1 85
FRILA; S AKIS U4  DMEM-HG(2% horse serum) i &F i R4 — IR 5 7758, RRgk—, oI RIEIF
UHIEAT GKM3 ARHE(~5 x 10° cfu) 24 /NS I 46 T 824 i ¥ (Dexamethasone 10 pM), 4% [A1ER £ FH LA 37°C
TRk (1) 1X PBS Zeiivedss 2 Ik, MGIEAT AR K- LL(H&E) YL 00 W 52 701k J5 IR L o

2.5. AL ERER

BHIFYI R 2R EQ2CE 2°C) K (55%~65%), WiaFEREYI RN Z M imFR% 58 . C57BL/6
DU JE 8 /I8 BROE A — S P ah S5 at, ARIG AL E 3 RIS, 45108 Sham 4. XFHEZH (Vehicle)
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4. GKM3(TEHPIFLFTBE): 3 4, FHZH% 4 R XA SRS 2 — k4K (ddH20), R
JRF R B RN 500 mg/kg, WRIEPTCRH B E SIS, Ha AR 10 mL/kg bw/ik, R0 T
ZyRTIAC, B HRE SRS, R E, RESYUKER. S CHR[11], DAL cast immo-
bilization (IM)J77 AT FIL 7 K, WeFh 7522 Al A B 07 ABR BN BRUIRIAT 30, IR/ B s E K &
TR AT DL E SR, DABLBEE K AAS G NN E G 2 5. #55, EIFR IM 5 F b/ RT3k 7
RAKMERMEZIA IR0 BT ek S EAT /N RSB /B TR AERE R 2 K. fF IM B3IA 7 RIPEIER
IM &, Seille s 200k, FRlsE UL 77903 PLE 18 18 m/min B % 30 min. 5045 R FIIE 14 RilGiE
AT, BOLE A SR IERRE 1L 5% . WU /758 & 225 S0k, 4/ BUBCE Rodent Treadmill, with
Mouse Lane Assembly (#47300, UgoBasile), Ji%%e i BNV 38 E, /N BRVLET J5 A 2 J0) 2 il i Jie 50 K% F
i 2k, EFER RN BRIVLET 77

2.6. GitorHh

L 45 KL Mean + SD &7, J{# 4 GraphPad Prism (version 8.0)i#H /7 SE50EHE ge it o0 #r . Geit o7
1 CARIAER ¢ 5 78 (student’s t-test) FE AR ZE 5 . B GTHE R p [H/NT 0.05 (p < 0.05)BF, U] 5 i 4H.1R) A
HEEER.

3. 458
3.1. EAME GKM3 5 C2C12 /NR A% M S 1Lz 8

1 AARAEFATE GKM3 T C2C12 /MR A YRR i 2 25 R . A IR 5 - FHAL(H&E) St
JG HEAR LA IR T S B/ B 2T 4 BRI I 2E 4010 = R A 2 LA (myotube) o A2 57T 9% W45 p 4h 22
K 2y 35 VS 2 A B AR (A L) AR, B GKM3 [RAREE, kb FE KA 259 i 13 0 2= ek (1
HT)e FRWIEHIIE (n = 60) EAHE T B 4iss T2 A 50, PR E sk NS 248 5 5 (p < 0.05).
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Figure 1. GKM3 has protective effect for C2C12 myotube against dexamethasone damage. Values with * symbol mean
there is significantly difference (p < 0.05)

1. GKM3 5t C2C12 AL E T F i AR IBE S RIMEA. *REBEZER( <0.05)
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S
Ex
4H§

3.2. EYANE GKM3 BARMEEFSNDENBRBERSHFEETLZE R

T NNRZARER L. HERAA, SRR/ R AT GRS ARG 25, &4
2GR E S 14 RIGERIFTLEEZR(p > 0.05). EEYERIEWE 2, GEEHESUE/ R
7l GKM3 H 5 ol e A nlkHEe, BEaRn#Esy, Haiih g5 R BRI e BT GKM3 JEA g Eik
H(p > 0.05),

Table 1. Effect of Lactobacillus plantarum GKM3 powder on body weights and weight change in IM mouse
= 1. EYFLATE GKM3 #3133 IM IESAE N R A EMEET L ZF0D

Groups Sham Vehicle GKM3

Day 0 24.09 +0.72 25.65+1.30 24.50 +0.93
Day 2 24.18+0.89 2533+ 1.40 24.66 +1.12
Day 5 24344127 24.96 +1.52 24.56 +1.52
Day 7 24.65+1.33 24.90 £ 1.70 2438 +1.25
Day 9 24.83 +0.98 25.05+1.70 2430+ 1.25
Day 12 24.63 +1.02 2528 +1.44 24.69 +1.38
Day 14 2489+ 1.17 25.80+1.67 2475+ 1.24

All values presented here are the mean + SD (n = 4). No significant difference was found between each group.

3.4m . ns ,
v L]
3.2
> %
©
T 3.0- -
)
7]
3
§ 2.8—
[} I
2.6
Sham Vehicle GKM3

Figure 2. The effect of Lactobacillus plantarum GKM3 powder on IM mouse food uptake. No significant difference was
found between each group

2. EWFLATE GKM3 3 IMIFFANCIENRRYBAEZEMN. ERALEEER

3.3. HEPFANE GKM3 HRMALDEMRALIEN ZF M

] 3 W e SRR S5 /N B B VLR 7 2 52 ma, 76 [ 58 (IM) 7 K 5 0T %2 /)N BRUVLEE 0 KM 0 B,
R RIS GKM3 BRI FANN B gL E %A & Z R WE 3(A) (p > 0.05). HE SRR
RIUNERIE S ZE R 2 a0 3(B), X WARKFREFL B GKM3 fENLAZ G0, A 53 H =55
INEILEE 71(p < 0.05).
3.4. EHYANE GKM3 $RFALEEN R AL 71 Z 0

4 ik T S LR 5 /N SR B AR ILIE 2 520, SO /N B e S D A B B R RegERy— €
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I a], o 0 A B T e B, — B — ol sk — ORI 7R E (M) 7 K [FIFER]
MEZ /N BRI 77 K IE BRI, i R BUE A GKM3 IR SN B4 OF & Z 7 (8 4A). K
(AL 22 1D K 5 A UL RE 75 5 2E /N BRAE s IR B 3B 3G, AR5 AL R UV ) 52 Ak . MHECRE
ZrfrH GKM3 41, A BEEE/NEIURN 1(E 4(B)).

A Grip strength 7 days B Grip strength 14 days
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Figure 3. Effect of Lactobacillus plantarum GKM3 powder on mouse (n = 4) grip strength at (A) 7 days (B) 14 days. Values
with * symbolmean there is significantly difference (p < 0.05)
E 3. EYFATE GKM3 MRIRE(A) 7 R(B) 14 KBS NR(n = HENHFE. *KRBEEEFER(P <0.05)

A Stamina test 7 Days B Stamina test 14 Days
Kk
400 - * 1000 - —
()
@ : ! £ 800;
S 300 g |
S =
2 % 600
[T
S 200 °
é é 4001
100 3 .
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Figure 4. Effect of Lactobacillus plantarum GKM3 powder on mouse (n = 4) staminaat (A) 7 days (B) 14 days. Values with
* symbolmean there is significantly difference (p < 0.05), **symbolmeanp value is < 0.01

El 4. EYFATE GKM3 MRIRR(A) 7 R(B) 14 BN (n = HET DB, *KRBEEER(P <0.05), **K
REEZEEFHp<0.01

3.5. {EPFAANE GKM3 BRI AL GE/ B HERALA L B 2 Al Z %M

5 ONFEYIFLAT IR GKM3 By A ILSEE /N BRHER LA b B L 5mi o 2 P9 R Sh kg m, seie /)
P28 1 N TE R B 5 R A BRI 0 D R L L S L) BEAT RS HERT 5, 45 ROR DUARAL T 35 S L AE
55), "REr GKM3 Z VL S A B2 IN(p < 0.05), 1 EE H AN TG &2 5% (p > 0.05).
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A Gastrocnemius muscle B Soleus muscle
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Figure 5. Effect of Lactobacillus plantarum GKM3 powder after 14 days on mouse (n = 4) (A) Gastrocnemius and (B) So-
leus muscle mass. Values with * symbolmean there is significantly difference (p < 0.05)

5. EYIFLATE GKM3 MARIRE 14 REXT IR =4) (A) HRFALMB) tLE&ARENSM. *KREEZEZR(Q
<0.05)

4. g

I SCERGE B A E D RE 4 SR, B B IUUR 2 (L) Z (3 T — DN EE A fA12]. 5
/N BRI 3 TR AR TE 225 B AR R IR 223 LA B3R 2R [ 13 ], R IAENR 77 b, TR KR TC i i ) 4 /s
VLR 772 LU il B 16— MR AR K RO R AF 22 14] 0 MRIEIX MRS, 3 YONTIAE YR T I8 1815 i ok
ST ZE K, t B SR RIS, BB D) MBRAA D RESE 1510 PRIAR 78 i A2 B0 T RE S L/ GE
— BT B Rl R TR M o BRATIAE SRR FE R B GKM3 B R AT A i W B 5 96% LA ) S R AIE & it
M, AT RHEIE K BRI B w3 M A & (R R A Tk S A i AR B [ 10], Se B RE PR B e T iR &
BB s R RIS . RITEAR RIS GKM3 2 Bt B AN & 55 2 thak, dhimikFIEg5EE
BT AR L E

Hb ZEK KA (dexamethasone) & — AN & B0 i iz, WELR T H T A SEEILNES, &4
EH 0] Akt/mTOR & i i 442 SENLUE 2 AR[16]. AR FIF /N R 4E R0 iR(C2C12) 8 v h 8K
Fi(dexamethasone) i F LA 245 2 ik T &, KILZH GKM3 AbEEE 5 H950 PLILE A 0061 1 ZE KA F 455
F, B AR E R A, WU T IEAR 71.7%K 2 £ 90.8% 2 IEH . 1EshFE S RERE P A
DO A AR /N AT B 0 AE L 2840, IR B AR f U 24595 5 B3 R B50E R AN 23 R 31 5
BHAEREA, UM =M D8ORS B SE e, BT AR IOk e = p B
Wit TESPRES e 1 AT LUR BN AR E L B 25, AR/ R AT i —
MFESRN. WK 2 R BN NRANITE B, Bgih FIRRA B BN ER, K
Kerl e BTN RBE A BRI A X AT H .

TERESR L RE IR 57 A2 A R RESE VLN 5 i 2 Thak, IS SE 0 I AR R 1 3R -E R DA A -+ 7Y
Koy e/ N IR S 51 1. sh szt )y s T 7 Sk LR 2/ N R E04T3h, DU TR 76 PR
TEFTIE VR 46 2 A58 . 5, HIBR IM e FE/NRIRE AT B E R M H SNV B S LA
IS RGL . NI 3 AT R IAE B BRI ) KIE I 3 1R £9~26.8%, REFZ A RERE), HE K0 a0
RKE TR RINFFEE H GKM3 (/)0 B4R 7 HER AR B ), A 2 E R T~30.5% R J1(p <
0.05)o ANt B GORTEvk B B IE F AR KAE, ATREER IR TA — &, MR 4R E, (HfR%
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TERE AN FES B GKM3 & 1T DL I IELZ IR J1ii ok o B2 72/ RVL 756 b, g/ B2 75 RETE
RHABEP A E FA SRR DI, & 24N VU 77 A 2 0] 22 380 i o B 2 2% ) i 6 B Hoid s —
W X, TR LR ARE GKM3 H AR I 2354 166 IR, ARF NI /1# 2 LA RE GKM3
FINLIN 1R 22 (1 22 K), HAEEHPUREEEEE GKM3 Mif A SR A S e, Bdixss
615 W, XWHARR—BNIAZESEFERAFATIRT PN, FFEERARR A B RE g2
LA .

e, SR /N BRAE T 5 B 28 B N TE A 5 B IS TR 1 B L3 A AR LR b B # VL) AT R
FEE, 25041 5 RIAMETHSUELS], A GKM3 Z MmN EREG ZEHINp < 0.05), Mt H
f LR T B (p > 0.05). MEERBFFEERZAUE S EUR ER, b1 HAaUFEe 2
EWR, BN T E H LR B T DU A ] ok Bl R TR AR 7)o ol 25 S0k BR i )
A SERINA 48 T2 WA 17], L5025 R ML 132+ mT aesk B T HER UL ZL WL ALK 5, AR T
GKM3 SEBRE FMLHIIE 7 5 82 53T M BE SRR o il DA A2 2 25 T BB 4R 4R R B 1 TAE N 1) — S8 8 97
VIR A BCRAR R RE AR IR AR, TN 2 B IEA A NAMIE S, X AT AEth & GKM3 EM &
T o

5. &t

ASEERUESE, FFEE 14 R 500 mg/ke B4 KIHIRSE 7 B AEM UM B Lactobacillus plantarum
GKM3 AI 45 B ARAE NS B i i LTS 738 4k VA LR 2% o I BT 78 O F HAE A FLAF B GKM3 78
KBRS 56 HH AT 22 E R i T A T PR E R P D AR BT R R R OB o TEAR ISR SS GKM3 ] BEZE H 53
CS7BL/6J /IN BRI J e i AT J A 28 2 A R i 7 2R 4 S LRI 2 52

SE K
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