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Effect of electroacupuncture combined with aerobic exercise on IGF-1/Akt pathway in skeletal muscle of aging rats
WEN Pei-tong,XU Ping™ ,HU Li,ZHANG Wei-bo ,and GAO Yuan. School of Acupuncture and Massage ,Shanghai University
of Traditional Chinese Medicine ,Shanghat ,201203 , China

ABSTRCTS Objective: To explore the effects of low-frequency electroacupuncture combined with aerobic exercise on saro-
copenia, and the effects of IGF-1/Akt and its downstream signaling pathway-related protein. Methods : Naturally aging SD rats
were used as research objects. Thirty-two 6-month-old male SD rats weighing 400 to 450 g were bred to 12-month-old and ran-
domly divided into 4 groups according to body weight: Control group (YC,only grasp, fix, put back , without other intervention) ,
electroacupuncture group (YA, electroacupuncture intervention),exercise group (YE,exercise intervention) and elec-
troacupuncture+exercise group (YEA ,electroacupuncture combined with exercise intervention ). SD rats were continuously in-
tervened from 12 months to 18 months of age. At the end of the experiment,the conditions of naturally aging rats in each group
were observed :skeletal muscle wet weight/weight ratio; HE staining morphology of soleus muscle under light microscope;
qPCR was used to detect the expression level of IGF—I mRNA in skeletal muscle;the expression of AKT,mTOR,p70S6K and
p—p70S6K proteins in rat gastrocnemius was determined by Western blot. Results : In 18-month-old rats, the intervention period
was 6 months. (1) Compared with YC group, YA group and YEA group significantly increased the wet weight/body weight ra-
tio of gastrocnemius muscle in 18 months old rats. YEA group could significantly increase the wet weight/body weight ratio of
soleus muscle compared with YC group YC group and YA group (P<0.05). (2) Compared with YC group, the increase of the
expression of IGF-I mRNA in YEA group was more obvious(P=0.051). (3)The expression of p—Akt and p—-mTOR in YA group
was significantly higher than that in YC group (P<0.05),and the expression of p—-mTOR ,p—p70S6K also showed an increasing
trend in YEA group (P>0.05). Conclusion: Electroacupuncture combined with aerobic exercise can attenuate sarocopenia in

18-month-old naturally aging rats. The molecular mechanism may be related to the promotion of protein synthesis by activating
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the IGF-I / Akt pathway.
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% 1 Realtime-PCR 3| ¥7%1%
Tab.1 List of realtime PCR primers

IR 51981 (51037) BREEHC b B E

GAPDH  F:TGCTGAGTATGTCGTGGAG 19 288 bp
R:GTCTTCTGAGTGGCAGTGAT 20
IGF-I F:TGGTGGACGCTCTTCAGTTC 20 123 bp

R:TCCGGAAGCAACACTCATCC 20

e U I R R R . A3 OB EE TN E AR
MRS, A 6 A% 85 2 F vk B AESR ol 60 pl, ¥ 25
HAEWE K H 2 5 min J5 , 8 20 pl _F#&E & SDS-PAGE
JEnAEFL . F PVDF 55, B s 100V, B K i v Ji
2he 5 g WAEWIR i A %] 100 ml TBS 2% i g i il
5%3F AW, B M5 T AT P £ 42 30 min Ji5, 3
VATV P N7 RIS AR B 1) AKT .mTOR  p70S6K il
p—p70S6K —¥1, IHE TR LIS EE 4 CiHi,
FH TBS-T ¥ 3 ¥k, B 5 ming 3 PHCRE ST BV
AT B 1 BT (1:1 500 o)) i E AR R IR 1%
AN 5T HEAE 2 h ) TBS-T ¥ 3 I, B:IK 5 min, #%
B T LLAMSOE T SR R G 4 . GAPDH i 4
%, LA Tmage J A3 B 2545 K BEAEL, AH XS 328 1 8
%3t % GAPDH K 1E
1.5 Hijheeibsg

A FEfd B SPSS19.0 Ge i A Ab Bl . 5 R
BEF B B bR M 25 (xs ) AT A, RN E AT IEZS
PERLY, J7 22 S5 MR 00, 2 0y 25 5P I, A 4 (el R A L
BRI 3R 05 22 3 #1 (One Way Anova) , 24 J7 22 5
B LSDs i ATt A dl ) 22 57, 7 ZAN 550
F Dunnett’s T3 k47 HL#R . 2 B ERHEEIES 07
s, AR S 806 % Mann—Whitney , 20 [8] 9 95 HL A2, 462
IS «=0.05, i GraphPad Prism 5.0 fEE . 1A
[0 T 7, 32 s A HL P AN PR 22 18] 1) 28 B AE
FAE I 2x2 #1 K 43 87 (Two—by—Two factorial Anova) .,
2 #R
2.1 HENRE/MELL
2.1.1 &4 SD KEATE M ALF L B L
V2Ll A A S i RS B IR P N R RS TR (ORE XS
W& SD KRR, 525 Aot B4l (YO M B, 25 T #i 4L
HER UL & b B LS /R S A B TF, Hop
JHE H L 9 /AR S LU (B, 5 28 D IR (YOO A EE
B4 +i2 3 4l (YEA) B & FF & (P<0.01), L & 41
(YA) W B & Jh 5 (P<0.05), 2R A5t E 5
iz 8 (YE) M I, B4t +32 8 41 (YEA) 3 & (P=
0.001<0.01), 2= 5 A Ge 24 2 o X F L H fa L
/R WAL, A +2 314 (YEA) & a5 (A X IR 4l
(YC) (P<0.01), 3 Tiz 8 41 (YE) (P<0.01) J HL 4t

x2 HHI8 AR SD XREE AL B&AH
ME/REL (xxs)
Tab.2 Body weight, wet weight/body weight ratio of
gastrocnemius and soleus muscles of 18-month-old SD rats in

each group (x+s)

. 5/ T (x10000)
215 U HHE (g)
ez L He H AL
AL YC S, 6T 38.78+ 313+
e 84.98 3.98 0.29
L vE o 707 4342+ 3.6+
& 5] 2
el 101.70 421% 0.42
718.13+ 45.07+ 3.4+
M A4 YA 4
90.22 0.10* 0.15
YR 6 699.5+ 50.33+ 408+
I Il
= 68.69 0.66*** 0.44%%*
Fif 0.669 8231 11.493
P 0582 0.001 0.000

T 528 xR (YC) Hed, *P<0.05, " *P<0.05; iz sh 41 (YE) lb 2,
*P<0.05

Note : compared with blank control group (YC), *P<0.05, **P<0.05 ; com-
pared with exercise group, (YE )*P<0.05

(YA)(P<0.05), =R B5iT5%E L, k2,
2.1.2  KEUHER LIS /R = e r i DR 5 1] R
JHE B LV /AR = b, B B 43 B SO < F=0.025, P=
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/IR FUAF eSS HAE T . % e 45 TR R 800
iz 2y A 2 Be 5 i Bk 7 DL B /1R EE e, F=6.446, P=
0.021<0.05 . HL B [F 2 RE 52 e JHE B LA 38 = /AR o 1L
F=11.452,P=0.003<0.01, .3 3.,

*3 EF BE 18 AR KRMEBIEE/ MFELLHRE
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Tab.3 Factorial design results of exercise and
electroacupuncture on wet weight/body weight ratio of
gastrocnemius muscle in 18-month-old rats

A K IR Ss df MS Ffi P
B ER 1.29E-06 1 129E-06 6.446 0.021
CRANEE S 229E-06 1 229E-06 11.452 0.003
BEIEZE X R ZE 495E-09 1 495E-09 0.025 0.877
R 3.60E-06 18 2.00E-07

2.1.3  KEUH H A UE E AR E B R 4G R

b H AR E /AR e, BT 8w  F=3.868 , P=
0.065>0.05, ¥ ANREIA iz 3l (HLEF PR R X 18 H iy
KEEE H LR /AR AT A S AR . M 4% TR
REN, B HREE T L A AR E /R E
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e, F=12.627,P=0.002<0.01, H4t K £ Thi e H
WLEY S E /K, F=11.564, P=0.003<0.01, L34,

F4 ZF B IS ARKRIEEENES/KEELH
WEEITER
Tab.4 Factorial design results of wet weight / body weight
ratio of soleus muscle in 18-month-old rats by exercise and

electroacupuncture
A5 5 S Y SS df MS F§i Py
EHEE 1.56E-08 1 1.56E-08 12.627 0.002
RN 1.43E-08 1 1.43E-08 11.564 0.003
EBHEEXRERE 477E-09 1 477E-09 3.868 0.065
W% 222E-08 18 1.23E-09
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[F) L B E] BE L o BN T, WL LT A 1, LET 4 AR
R/NZEFBOR, WUETHEIE 2530 SR B R A 27
4 AL 4E A b0 Al . AN E R 2
18 AW KRB YA 21 BRVD I, - s LET 4 LET ZEHE51)
AL WUBE A7, 20 B RV A0 R R0, LT 4 22 1]
[ BRAC A . YE 20 B #% LA MO HE 91 808 55, LET 4k B

RN 5] A0 B T AT , LT 2 HE 51 4 5%, & T
T, WLEF 4EHES B o0 B 5%, T8 TR A WLET 4 K 40 M A%
LR BLSR> . 18 Al YEA 41 . &5V i, B 8% L
YN HE B 55 LER 2 B AR KN AE 3450, WLET 4 HE
ST, WL 1,
2.3 Witas A EE N 18 i KB IGF-1 mR-
NA 235 1Y 52 i

5 18 H b as Foxd BALA E , 25 4~ S 4L HE i WL
IGF-ImRNA Fik & A7 A K 18 J] iz g+
B4 (YEA)IGF-ImRNA 23K 34 i 55 5 W i (U=—
1.939,P=0.051 #.fm)) ., WLIE 2,55 5,
2.4 WEHZEAHFBIHN 18 T KR8 ILE
1A BUAE S A5 5 B T I 52 )

XF 18 A AR =R SD KR, 5 18 i
25 (AT R4 (YC) AH Eb , HE 4 +i8 ) 40 (YEA ) Akt .p—
mTOR .p-p70S6K Fh & iy a#h . dESHAL BoR, B
BHA (YA) B HE M WL p—Ake 1) 235 3825 10 B
(YC) B B T} &5 (Z=-2.239,P<0.05) , {1 £ 41 (YA) 7E
JHE 3 WL P9 9 p-mTOR 3£ 3k 7K °F & F 25 1 X R 41
(YC)(Z=-0.021,P<0.05), =R A G5it %8 L, WE

3 2 %% 60
3 tie
B P S A UL A L PR SR BRAT A T R R0

4 HE51 # 57

1 FAKREIH AR UL 4B 1a. YC 41 (HE 32 (5x100) : ILET 4 45 44 3K L
W 228 R, JULET Ak 8] £ BUET B 23 AN, DL ILET 4k 1, JULET 4k BLAR R/ 22 S R, JULET 4k
B DL , I IR (LT 2t | f AL LA 2 bl . ISP SE R 2 1b. YA 41
(HE B ax100) : 5 #5% WLEF 4k WLET 2k k510 O LR, JULASE il 4 , 2 5k 2 1k 200 M 32 0, JULT 44k =2 fil
IBREK Te. YE 41 (HE B2 (ax100) - & ¢ LA A0 HE 91 2088 55, WLET 2k B AR /N 5, 4 M it
T JDLET AEHE S B 55 51T UG  WLET e HES BN 58 181 AL LET 2k 1 40 A% oo A 8
%> 1d. YEA 41 (HE B @ 100) - 15 5 L0 A #5188 55, WLEF 4 BAR /MR #3920, JLET

Fig.1 Morphology of muscle fibers in the transverse section of soleus muscle of rats in each group

1a. YC group(HEX100) : the structure of muscle fiber was disordered , broken and loose , the gap and

boundary between muscle fibers were not clear,muscle fiber fragments were seen, the diameter of muscle fiber was quite different, the shape boundary of
muscle fiber was round , round fiber, keratinized fiber appeared ,and nucleus was centralized. Extracellular matrix increased 1b. YA group (HEx100):
the arrangement of skeletal muscle fibers was irregular,the muscular membrane was tortuous,a small amount of inflammatory cells infiltrated ,and the
space between muscle fibers was large 1c. YE group (HEx100) :the arrangement of skeletal muscle cells was orderly, the diameter and size of muscle
fibers were uniform,the cell membrane was clear,the arrangement of muscle fibers was orderly , after acupuncture ,the arrangement of muscle fibers was
relatively close, and the phenomenon of round muscle fibers and nucleus centralization was reduced 1d. YEA group (HEx100) :in the transverse section,

the skeletal muscle cells were arranged in order , the diameter and size of muscle fibers were very uniform , and the muscle fibers were arranged in order
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49 P=0.051
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Flas FIX IR (YC) (18 H B sh 41 (YE) (18 H i s g4 (YA) .18 A
W4 HL A +32 B2 (YEA) 9 IGF—T mRNA (92235 7K -, o vf bl % 22 5% i
Fi GAPDH mRNA 1£ 25 ] 2 47K GE 5 2508 Bl bar 7R ££ 2°-AACt i
AAXEE R, LL 18 H s [ X BRAL (YC) i) mRNA HAE NS HH , &
HRIESE, HAREH mRNA A5 X0 B2 A (B AR 40 A5 B AT LU 3L
(2) %3 L M(Qi=Qu) FR

Fig.2 Effect of different intervention methods on the expression of IGF-

imRNA in skeletal muscle of 18 month old naturally aging SD rats (1 )re-
al time quantitative PCR (qPCR) was used to detect the expression of
IGF-I mRNA in the blank control group (YC), 18 month exercise group
(YA),18 month elec-
troacupuncture + exercise group (YEA). Among them, GAPDH mRNA

(YE),18 month electroacupuncture group

was used as internal reference to correct the relative expression ;bar graph
showed that when the 2°~AACt method was used for relative quantifica-
tion, the mRNA value of the blank control group (YC) in 18 months was
used as internal reference gene. After correction,the mRNA value of other
groups was compared with that of the control group according to multiple ;

(2)the data were all expressed in M (Q;-Qy)

HE , BB A kst 22, s e g, B H AR DR
LA ZEAR 0 — I o 51 I k1 s UL 22 4 Dt IR B
T BERLAR AR 3 2 2% 2 4F , HATIA Y 518 3 T 4
MU T S LAORAR T RE SR AL . R KF T R
(IGF=1) , L& 722 , B 1k SR AT S L PR B8 77 AN R
G R A FIAA L B THFE 2B A (R -l
P I AE S8R Mz g B T AH ) M R IR RO SR

£S5 AEFWMAEX 18 B BEAZE SD KRB
IGF-ImRNA 3% 3% 2 M (x5 )
Tab.5 Effects of different intervention methods on the
expression of IGF-ImRNA in skeletal muscle of 18-month-
old naturally aging SD rats(x+s)

4151 B IGF-ImRNA (fold)
2 N IR 4 YC 7 1.01+0.35
B4 YE 6 1.46+0.02
HUEF4L YA 4 1.88+0.31

ML +IZ B4 YEA 6 1.30+0.78
UfH -1.931

Pt 0.051

O B A BE ST, LA L X S R R AR T B A
B, HLAE S R B A LT A SRR T R, (1S
HUE IR 45 7 DO RE T B T A 57 404, 2 kANl , HLAN
NEIBFTR, BRI, HuR Az
AE 730 5 B DR T K

JI LA P 8 DR 25 BE 0L T 52 P 19 2 il AR 4 B
HEMEO AN 2% B T R s 572
o TiZESE R AR LSRR B LA S RE e
HRILAY ZE 40 1 i R R AR I 2R 2 B . B
(14 P8 F2 2 R, S RN R, A RO R
WK ARG o 2 = B AR BT 215K,
[A] ISt 2 15 R 5 0 1 2 22 1L Y BH I 28K 3, I
e =L R e P 17 00 () Pt 3 5 R M Sl g L
By AR A o IO I RIR T HE 95 T RO A
7RI R R = HOCRE R EH BB LT, iz 3l
P IF S, R LU, SR A R R A AN AN AE
JRyEB TR A FR B A B B Ao, R U E R
T RER AN, S B TE AL [ X AT T
s ol AOR PR AN S o R = B AT IR A ST AT
BB IR RZA WG 25 BB, T
% HAE G Bk L2 40

p-AKT
2.0
mTOR
T
p-mTOR — — E 1.5
pT0s6K g
€ 10
p-p70s6K — — — ,5
o o
18A 88 188 18H .
FH & E3h Bz 0.0

YC YA YE YEA

mTOR p-mTOR p70S6K pP-p70SEK

B3 @ BRI B0 18 ik B AATE SD K RUNEMA LA 5T £ MR SC3E B 1 5 1, *P<0.05

Fig.3 Effects of long-term exercise and electroacupuncture on protein synthesis related pathways in gastrocnemius muscle of 18 month old naturally aging

SD rats, *P<0.05
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TEFTHMAE 18 AR BARE SD XRHFALE B & BUiE X8 B

IR (x5 )

Tab.6 Effects of different intervention methods on protein synthesis related pathways of gastrocnemius muscle in 18-month-

old naturally aging SD rats(x+s)

151 LA AKT p-AKT mTOR p-mTOR p70S6K p-70S6K
A IR YL YC 7 0.74x0.15 0.54+0.10 0.780.27 0.47+0.14 0.68+0.26 0.550.38
EE4l YE 6 0.61£0.11 0.75+0.33 0.730.07 0.45+0.13 0.62+0.11 0.56+0.10
HAH 4L YA 4 0.98+0.63 0.85£0.46 0.84+0.18 0.590.26 0.640.22 0.76:0.27
WE S 4 YEA 6 0.78+0.53 0.92+0.20 1.00£0.24 0.70+0.13 0.71£0.20 0.64+0.18
71l -1.155 -2.309 -1.443 -2.021 -0.289 ~0.866

PH 0.248 0.021 0.149 0.043 0.773 0.386

3.1 WSS G IE S B R L E R Y5 R

AWFFEE R WX T FH T 6 AR 18 7k
FAR T R B, HLET (32 Sl AR T LB I 484 o ik UL
o H AR E /RS, BARG T A0 Hr, A
RENHLER 38 WA B R LA E E £ L
HARF AL EAEM . R R T 200 iR,
HL B +iz S 4 (YEA) L B afiiz gl 4 (YE) 19 K B B
2 T R L B A LA, RIS G e T R 1Y
BRI ZES . SRAYAME, Bit+zshd
(YEA) Lt H L% 8/ 5 L0 (W] 7 =i (P<0.05)
X BN, HLEE OB 3l T TR AR % 1 g R
BEWUA TR, 3 i X 496 0% 1 1 DL 25 4 e 3] — 72 1Y
TERAER, ABRAN[A) 1 T B85 368 A8 [) 1 JUL A B
WU AT REAN ]
3.2 WA BB E L IGE- T £k
Al

B % 2 4 K F-1 ( insulin-like growth factor I,
IGF— 1) 2 & #% WL 32 2 p 9 55 I 7, Bl 48 i 1 4%
K, i DR A Y IGF-T 3Kk 7KF- 02 T F
R LE R B L PR TGF—T ok 2 7 4 35 {6l 15 i JULIE
DRI ELAS Bl % WUA A AR A= T 38 A 45345 AL AR
W, TR R 240 B 0 WA B 55 03 M A5 1 i UL
W IGE-1 K- (8 T 1 AR S2 g 45 2R R, X
18 Al AMREZERK, 52 AXH A (YC) ML, i
iz sh 4 (YEA) A T m i3 (P=0.051) . iz 34l
(YE) U g 4L (YA) B # LA IGF-1mRNA %3k
KA T, = BB RIK, B3k
Z HE+iEEiE . R 6 A A A IS S kA T
Pt 18 J i B 48 w2 K B IGF-1 16 Jay &8 - s LA
A= i, I AT REAE 2E A A A
3.3 WiErEi Gz sk &L p-Akt, p-mTOR £
KK 5 R

HE LA 2 W B 55 o WA i TGF T 7K - 4 15
J&i AT LA AR TR T 15 JUL-3— 3 (phosphatidylinosi-
tol-3—kinase, PI3K) ,PI3K it — i Akt, #EEg1b

Y Akt (Serd73 F1 Thr308 v 5 ), o] DL # 1% mTOR,
AN S HME A ST RE G e, mE
WA AR B &A™, mTORCT fY 38 i 2 b F5 A s
RS A A A A R, EORLR AR
B, R A A, A2 BSOS S RE S R T iR AR

1, B R Ak 8% A% W A 2 1 S6KL, 411 il A% 40 it

PR 8 (4E-Binding Protein 1,4E-BP1) 115Gk, &

P al 4 a sh 8 A B BE S 4R mTORC2, o] DL

TG Akt, 7] LU & 3% mTORCT AWFFR 45 3 8w o

ML SL R RN Akt FRR0E B, T DUGE R

BENLER (A 505 B, 1 AR 7 s 1

AW I L R B B2 (YA) RE 2 B I 7 & HE A L

N p-Akt,p—-mTOR AJ XK, BHE+Z34 p-

Akt,p-mTOR , p—p70S6K it 22 1kt 5 I T ka3, H.

B FiEshdl (YE),p-p70S6K 1) 3 ik 8 H 5 F

B (YA), R C &, et +iz s dlmete 7t =

18 7 # FK BUHER L IGF-1 mRNA ik 7K F, 47

N6 A HI A, BERSS Ais sl T RE Rl A

IGF-T ik, #E 18 i K Bl Akt/mTOR i # , i5

FERAE .
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