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Effect of vitamin D on overload-induced hypertrophy of skeletal muscle and expression of vitamin D receptor in

aged rats
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[Abstract] Objective To establish an overload-induced hypertrophy model in aged rats by severing the distal tendon of
gastrocnemius muscle, and to investigate the effect of vitamin D on overload-induced hypertrophy and the related mechanism.
Methods A total of 20 male rats (24 months old) underwent tenotomy of the achilles tendon of the gastrocnemius muscle in the
left hind limb; and a control sham operation was performed on the right hind limb. The rats were randomly divided into control
group and experimental group. Experimental group received 1 000 TU/kg of vitamin D by intragastric administration, and the
control group was given soybean oil. The animals were sacrificed one week later, the blood samples were collected, and the left,
right hind musculus plantaris tissues were weighed and kept in liquid nitrogen. ELISA assay was used to examine serum
25(OH)D level and vitamin D receptor (VDR) in the skeletal muscle. Western blotting analysis was used to examine mTOR,

rpS6 protein and their phosphorylation. Results The food intake and body mass were not significantly different between the two
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groups. Compared with the control side, vitamin D supplement significantly increased the muscle mass of the overload side in
both groups (P<C0. 05); and the mass of the overload side in the vitamin D supplement group was significantly higher than that
in the control group (P<C0. 05), while the mases were not significantly different for the sham sides in the two groups. The
results of ELISA assay showed that vitamin D supplement significantly increased serum 25(OH)D levels in rats compared with
the control group (P<C 0. 05), and significantly promoted the expression of VDR in the overload side compared with the Sham
side (P<C0. 05) , while there was no significant difference between the two sides in the control group. Western blotting analysis
showed that p-rpS6/rpS6 and p-mTOR/mTOR ratios in the overload sides were higher than those in the Sham sides, but
significant difference was only found for the vitamin D supplement group (P<C0. 05). Conclusion Tenotomy of the achilles
tendon of the gastrocnemius muscle can effectively promote the skeletal muscle hypertrophy in aging rats, and vitamin D
supplement can further enhance overload-induced skeletal muscle hypertrophy, which might be related to VDR expression in

skeletal muscle and protein synthesis protein mTOR and rpS6.
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HerE R D 0y F ST RE S GE RS W 0 P T
HACH AR i Z Fh 40 M A oAk, HOE I
MRAEARAEER DR T2 555025, 85
a5 B s U U C R L= 4D A
F21 0 Gonzdlez-Reimers 252 BF 57 & 3, 4k A= 2=
D /K-S A ZE 48 BA — & B A DG, 3 4 4 R
DA%, LA 2248 ) FE B ] . 44 R D KP7E
EEARPET RS K Gilsanz %38 HTT
FHLUZ A POR LB 4R 3R D B = 20k
ZEARWLET HE 2 8] 7 A 19 25 B2 b IR I b D kL
BBk, I &k A LA 4848 P 5 1 Moreira-Pirimer
SR RIL AN RAEAE R DA TR E LA i
FPA I AT B TR ACE AR R A XURS: L B2 75 4
R DAB TG NA TR, T8I A 4E 2k
2 D 52K ( vitamin D receptor, VDR ) FEik57
4 % D DI R 1.25-(OHD,-D3 454 VDR
RARNE ] 28 ph JE DR AIL ) R0 A 5 PR AL 1 9 55 4 A= R
D 83 R e SRR AR LA B Y LA Y
s S50 . R EF A R R iR E D KR
X LSRRG 08 1 VR BAE AR
KAV EOCTYELE R D Xt B i WLZH U0 T LS % iF
FEIRAR D

Bischoff-Ferrari 2% #f 5% 35 W 76 %5 % 1 5 %
WA VDR A HA UL ZE4i 5 VDR 1%
FIRA K, BUBHIZ Bl AT Lo A U L (H AR
ARG X R RIS Bl - i LT & AL 2
Bz A R D KPR A . Blough
SEL B 2R BB B AT TR AT LS A UIE R X
5¥ibHiz g HE A s U KA R 5RO %
TR BRI i 5 ZEME LA ] AR B 52 R R

[ Acad J Sec Mil Med Univ, 2016, 37(8): 1023-1027 ]

AREEAERE R AR R AR Ry AL T 58, Rt B
NZRah a4 % D b sext K RCE LR & & VDR
FIR IR » st A A AL AR LSRR AR

1 #Rm7E

L1 s kA FmE AR 2 A A SD
KE 20 HIHHE R W T8 R RELwm syt
O LB A A : SCXK (1) 2012-0003 ], [ 44
WFRE 24 AR TER. 4ERK DIBNTEREE
o] (535 V8070-1) , i 2 4k £E R D A il i 751 65 1
B Elabscience 2 @ (58 5 E-EL-0015¢), & £ L
VDR ELASA 5] & W T Uscn Life Science 2\ 7]
1245 1130411445) , K454 35 E BIOTEK [
PR, LA I HRE BCA 5 A8 i S 2R 11 5 Sl
A0 & She ikl B 55 [E Cell Signaling 24 7],
1.2 B REFTHREE KBRS R EFE
(22 +2)C, MR BE 10% ~ 60% , ¢ BRI [a] A
12 h/d, B B FEAROK bR W 145 25 3P i R R
S N MR 3R 1 e R T R (A 206 ~
300 S RE) » ARV U R R EA 0 JHE i JUL 3z ot JUL i i
R B B A LIS KA AL (Overload, Ovld fil]) , 7;
— AT AR (Sham ) . FARJFH 20 LK FBEHL
ok 2 AR gEE R DA, 4E4ER DA
KRB 7,1 000 TU/ kg, AR 1 U X BEZH R B
B FEERENKEMGERD . T 1 E.
1.3 BAFALR AR DT EEHRR. R
3. 6 20 /KA SR I s R B I 8 B Bk BB . TE T
SRR A A B L CER LD A LG H AL Crg LD .
4 CTRVE B A= FER K TR B AR T JILAH 2R 3 T 1y 7K
Gy IERRE AR G % 2 — 80 CLRAER-I



5 8 1. HAE AF. HEA R DX I RUB URHF S I B BRI R B A= 3 D 2R RIA 2 m

« 1025 -

1.4 ELISA #al K & 6% 25(OHDD #E KR
I RAE SRS 30 min P 1 000 X g B0 15 min, B
FiE. 7R ELISA Bl 2 FL oI ABRUE S B0RE 2%
50 pL FHJE S BIFEA AL I 50 pl A R ALk
TAEW 37 CHFF 45 min: I H 5 PRIRIRYE 3 ¥ A
100 pL WES G TAEWR . 37 CH# 5 30 min; % 5 /5
PRIRIVE 5 U N 90 L IRV 37 CIFA 15 min
FEATBRIG T 50 L 2 1B, 37 RITE 450 nm A4k
D5E 6% B (DYE 1A 25(OFDD R EE .,

1.5 ELISA #al Xk g4 VDR 4%  BU&E &
WL L, FH TS PBS(0. 01 mol/L,pH 7. 0~7. 2)
THUE AR SRR S Y B T R
SIEE R VK EAITHG T 1 500 X g B0 5 min B
i, 7E ELISA g FRAR A FL I AR I b 5UFE 5
£ 100 pL, BgbRtioin EARES 37 CHFE 2 h, 725
AT IS, AL A TAER 100 L Jin i
37TCWEE 1 h, FERALMMM, AL 350 pl PEEHK
i 2 min J55¢2 . BALIN B TAER 100 pL, g
B 37 CEE 30 min, FF 350 pl PEAR KR
2 min, EEPEM 5 K. BALIKPIEK 90 pL, g
i 37 Cale i 4 20 min, AEFLANZ IR 50 pl &
1B R . FHEEARAXAE 450 nm K& & L D
{H. 115 VDR &4,

1.6 ZGRgTEen KRAIELF prpS6 F=
pmTORKZX  H(#y 100 mg JLLHL, & T8 4.
A1 mlL N BEEW B 1 ol &0 5 W 1R BT )
F EFBEM I F)A PMSF 4% 5 pl, BIREL4141,4 C
#FE 30 min )5 BB IS S0 AL 858 70 519K R
EHE LS mL BOEH.4CLL12 000X g B L
10 min, BV, R BCA @ JLAR S E AT
H MO EEMEA. L 4 WERBEENA
5X protein loading buffer, i 7K & 10 min, . KA
Bio-Rad Precast Gel #F17HLJK, LA A 15 pl, &
JEHZE130 V.BFE]Z9 1~2 h, L4 100 V H R4, 5%
JUEHE @5 8y B P L he i A 1% BSA i B Y rpS6
(1:1000), prpS6(1:1000), mTOR(CI : 1000),
p-mTOR(L : 1 000) HTiA, $EIK 4 CHEHE 145 i A BR
A 48 Ak 0 B A 32 1 3P B e TeG (12 7 5000, E &
1 h, K00, B3 s, A% B4 H Image ] 53
B 2B R | H B S s B

1.7 %itsam BRI SPSS 13. 0 Giit it
ACFR, SEEGEE R s Fos, AL HO R FH T 254y
BT 2N Sham M5 Ovld 22 8] ) b AR A b 57 4
At KB, KK HE (o) R 0. 05,

2 & R

2.1 AAAYAEFDRZEBARALFLAZD A
%  ELISA Z5 R /R A4 R Dl #& K R
5 25C(OH) D K[ 4EE & D 4 (589. 86 £ 97. 64)
ng/L, X}HE2ZH (345. 35486. 34) ng/L,P<C0. 05 ],
2.2 APRHEAZ DALSE K RA G475 500 B RALIE
K PIAUR R E S 00 s B i FiA i 22 3 o i
2R . L AT, B R R Ovid i B LS e 4
Sham R L5 34 i (P<<0. 05), Jo i BE 2 8 T
18. 4% 4E2E R DA T 23. 7%, SXFHRZH L, 4k
AR DAL Ovld fBRIUST RSN T 29. 296 (P<<0. 05),
{APIAL Sham MIAILIA T 22 5 0G0 243

350
[ Sham #A\
e 3007 movld

E 2501
S

32 200
= 50t

= 100}
s0t

i #=DAL

1 WMAXBHRIRENELER
Ovld: MM EHIAE KB s Sham: BFAR. * P<<0. 05 FFE—4H
P Sham fil] tb#5; ~ P<<0. 05 5§84 Ovld il tb#R. n=10, %5

2.3 AMRHEAEZ D Ao G A7 R BT AL B B LA LR
VDR £&ix3§3&  HE 2 0] WL, 4E4: 3 D 41 Ovld il
ZHZH VDR & T Sham fil] (P<<0. 05) , Jii %} BB 40
Ovld {71 Sham MIALLHZH ) VDR #2274 it
S URNREEAE R DA T Ovid fUILZHZE
VDR [k,

~7r
T 1 Sham *
267 mowd
« S5}t
on
S4r
£31
Z':)(
g2
&1}
=)
=0
X AL 4t DA

B2 WAKXKBERIALS VDR SERNER

VDR: 4i4: % D &Z{k; Ovld. #6578 8 WU KPR ;. Sham: {5 F
A, * P<0. 05 5[a—41 N Sham ] b4, n=10, 7%
2.4 AMF YA E DR rpS6 A# mTOR 125 & &
gk ik WA 3 AL, Ovlid BRI 3 T prpS6/
rpS6 HAE AT p-mTOR/mTOR FCAE A9 38 il (HALAE
H#AER DAY Sham il bk EZ R A SR I FE XL
(P<C0.05),



+ 1026 -

BRI 2016 4R 8 ST L5 3T

R AL 4i/1: % DA

Sham  Ovld

Sham  Ovld

[ Sham
© W Ovld
v
£03
2 0.2
g_ i
0.1
0.0 - -
XL Yi/1: ZDAL

RIS & I

ARWFFEL R Bon AhFE4EA R D n] £ 5 oK B
WHEAER D AKF, X5 DA B g 1 — 3L
AT 75 (OvId) BERS L - LAE RAEA 52 56 v
PR B, M H4E 4 R D 405 %4 B4l Ovld il B
JULAH P AR 2 B 0 g, Sk iR B 4 AR 2% D H A7 1G5
B AR UIE I BOR 0 7 T 5 (H W 28 K B Sham ] 4 1L
Jite 25 RGeS HE AT RE R 28 4F R R
FR PR PR 1 4EA R D YA ER5CR o n)
REE4EE R D T W) S B3O AW i, —
LR kB YEA Z D 4] VDR /K T X% B 41, 1fij
H. Ovld i35 Sham ], W44 2R D #bsEn] 42
A4S0 VDR KL i H. Ovld 232 T VDR
ik, PR R D AGE 7RIS S IUIE R
A REA AT REAH BRI . EAEBFS T KB, VDR W]
5 caveolin-1 BS54 2 D 475 MAPKs #E1
PR ER T B o 33— AL A 0 5 2 5
THRIRZARE ARG A O, 4L R D iK1
5 VDR /K- 6 AHSC AN A Qe B Y 58 2

B R LA S5 52 JUL P £ 3 5P A4 8 3 A 4 )
M BTA OR T B s L 2 B R, Sz it
SRAENNZED . TEARRBEFE R 2 4K BTE
SHG I B FR B 22 R Y RS L
Ovld B A i UIE KRR B2 22 S B e it 24 2 3L
WVFR T A KM 5 &AWL ZE 47 I F A 2 8 1
BRI Z T 2 2 (AR D AR AR 410
il 7 E S R A OGS T . AR R

XAl YDA
Sham Ovld Sham Ovld

P-MTOR | w— v — —

MTOR | s s s —

*/\

)
T 1

p-mTOR/mTOR
S~ N W kA U

AL
B3 FWAXRFHIAR rpS6 1 mTOR FSEAMKRIE
Ovld: HHAF UL AR ; Sham: BFA. * P<<0.05 5[Fl—Z1P Sham fil L4 & P<<0. 05 54 HEEL Ovld il b n=10, x5

4L DAL

R FARERBER A fEi# p-mTOR/mTOR, p-rpS6/
rpS6 UGN (HALTELE A R D AR 2= R A 5
TR o XU T ARBL 0 0 A B 0 1 4
JL mTOR 3 # . i 25 19 52 & i s i HL4E 2B % D
REHE— L WOE A GG S A T LM S 4E 4R R
D7t VDR i 5L T 52456 REGY . 83
THEAFE A mTOR 5@ %, i — B e ik 7%
HRA R R — R AT S E 2. 7E Sham
M ESRAEE R D #b TR 4 & 1 VDR KPR
H B AR OGS 5 28 TS AL AN B T LB i UL
JERBREWMA R, XEREANGEAEFR D X F 8%
JULIE RS2 A FEAR O 114 5 {H AN BE 42 S A 1
BWER B SR B .

AW RIR R 7R T 428 R D 765 i UL
Kad R o ke 2] B 7R T AH 52 56 B iR A R — 2 1Y
ANGEREZ AL INAE R BT AT 5 A 6 A BB -4 7
AR S A B RE 10 I A 3 P R 28 5 38wl % L A
BESEARCEHEA TR, i — B i AR R D AR R
BB RE . eAh AT O PR A 1 4E R R
D e B2 B2 B 5T AT 52 36 H 43 17 #b5E 800
TU #1000 TU PR, M HLAE 800 TU s & T 4
IR 22 R Tge i 8 S0 I e Zeffge e R AT T
1000 TU fy5 & 5 BAR H AH 9 R BT B4R Lot
KANFE 1000 TU 42 D AT i 2 46 i 2o vy 11 5
JULEF 2 CORILER 2D g g s (EAT R Ak 24 5 o
MR D T E L, REAR R M A 0t
25t S U 7 T 5 {HL S 5 BIF 5 i IS 1 4 SR A —
ERE FIEWI4EA R D g s UL R #h BA



5 8 1. HAE AF. HEA R DX I RUB URHF S I B BRI R B A= 3 D 2R RIA 2 m .

1027 -

PedE AR F L AL A] B8 15 4E 42 & D #i% VDR Al
mTOR fF5HA JedE AL KA S, Xidnm
HEHE R D KA T EARD B LR - [ I i
YRS B A B LT R A 6 1

[& % 3T W]

[1]

[2]

(3]

[4]

[6]

[7]

BUITRAGO C G, ARANGO N S, BOLAND R L.
la, 25 (OH),;D3-dependent modulation of Akt in
proliferating and differentiating C2C12 skeletal muscle
cells[J]. J Cell Biochem, 2012, 113; 1170-1181.
GONZALEZ-REIMERS E, DURAN-CASTELLON M
C. LOPEZ LIROLA A, SANTOLARIA-
FERNANDEZ F, ABREU-GONZALEZ P, ALVISA-
NEGRIN J, et al. Alcoholic myopathy: vitamin D
deficiency is related to muscle fibre atrophy in a murine
model[ J]. Alcohol Alcohol, 2010, 45, 223-230.
TUOHIMAA P. Vitamin D and aging[]J]. J Steroid
Biochem Mol Biol, 2009, 114(1/2). 78-84.

GILSANZ V., KREMER A, MO A O, WREN T A,
KREMER R. Vitamin D status and its relation to
muscle mass and muscle fat in young women[ ] ]. ] Clin
Endocrinol Metab, 2010, 95; 1595-1601.
MOREIRA-PFRIMER L D, PEDROSA M A,
TEIXEIRA L, LAZARETTI-CASTRO M. Treatment
of vitamin D deficiency increases lower limb muscle
strength in institutionalized older people independently
of regular physical activity: a randomized double-blind
controlled trial[ J]. Ann Nutr Metab, 2009, 54. 291-
300.

SRIKUEA R. ZHANG X, PARK-SARGE O K,
ESSER K A. VDR and CYP27Bl1 are expressed in
C2C12 cells and regenerating skeletal muscle: potential
role in suppression of myoblast proliferation[ J]. Am J
Physiol Cell Physiol, 2012, 303 C396-C405.
BUITRAGO C, BOLAND R. Caveolae and caveolin-1
are implicated in lalpha, 25 ( OH ),-vitamin D3-
dependent modulation of Src, MAPK cascades and
VDR localization in skeletal muscle cells[ J]. J Steroid
Biochem Mol Biol, 2010, 121(1/2): 169-175.

(8]

[9]

[10]

[11]

[12]

[13]

[14]

HAUSSLER M R, JURUTKA P W, MIZWICKI M,
NORMAN A W. Vitamin D receptor (VDR)-mediated
actions of la, 25 (OH),vitamin D3: genomic and non-
genomic mechanisms [ J ]. Best Pract Res Clin
Endocrinol Metab, 2011, 25: 543-559.

GARCIA L A, KING K K, FERRINI M G, NORRIS
K C, ARTAZA J N. 1, 25 (OH); vitamin D3
stimulates myogenic differentiation by inhibiting cell
proliferation and modulating the expression of
promyogenic growth factors and myostatin in C2C12
skeletal muscle cells[ J]. Endocrinology, 2011, 152;
2976-2986.

BISCHOFF-FERRARI H A, BORCHERS M,
GUDAT F, DURMULLER U, STAHELIN H B,
DICK W. Vitamin D receptor expression in human
muscle tissue decreases with age[ ] ]. ] Bone Miner
Res, 2004, 19. 265-269.

BLOUGH E R, LINDERMAN ] K. Lack of skeletal
muscle hypertrophy in very aged male Fischer 344 X
Brown Norway rats[J]. J Appl Physiol (1985), 2000,
88. 1265-1270.
MUIR S W, MONTERO-ODASSO M. Effect of
vitamin D supplementation on muscle strength, gait
and balance in older adults: a systematic review and
meta-analysis[ J]. ] Am Geriatr Soc, 2011, 59. 2291-
2300.

KHAN Q J, REDDY P S, KIMLER B F, SHARMA
P, BAXA SE, ODEA A P, et al. Effect of vitamin D
supplementation on serum 25-hydroxy vitamin D
levels, joint pain, and fatigue in women starting
adjuvant letrozole treatment for breast cancer [ ] ].
Breast Cancer Res Treat, 2010, 119, 111-118.

SATO Y, IWAMOTO J, KANOKO T, SATOH K.
Low-dose vitamin D prevents muscular atrophy and
reduces falls and hip fractures in women after stroke: a
randomized controlled trial[ J]. Cerebrovasc Dis, 2005,
20, 187-192.

(FxHmig] 7 A



