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Effects of 25-hydroxyvitamin D; on growth performance and expression of genes

related to protein synthesis in muscle of dairy bulls
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GUO Gang, LIU Qiang , WANG Cong
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Abstract: We evaluated the effects of 25-hydroxyvitamin D3 (CAL) and coated CAL (CCAL) on the average daily
weight gain, nutrient digestibility, rumen fermentation, blood metabolites, and transcript profiles of genes related to
protein synthesis in muscle of dairy bulls. Fifty Holstein bulls with (175.6 =& 16.81) kg body weight and (6.0 =4

0. 2) months of age were assigned in a randomized block design to five groups with 10 bulls per group. Bulls in the
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control group received no supplementation, and those in the low CAL (LCAL), high CAL (HCAL), low CCAL
(LLCCAL), and high CCAL (HCCAL) groups received supplementation of 0.5 or 1.0 mg-d " in the form of CAL
or CCAL, respectively. The experimental period was 70 days, with 10 days for adaptation. During the data and
sample collection period, the body weights of bulls were measured, and samples of feed, feces, ruminal fluid,
blood, and muscle were collected. 1) It was found that with increasing CAL or CCAL supplementation, the average
daily gain (ADG) increased linearly (P<C0.05) , and the feed-to-gain ratio decreased linearly (P<Z0.05). The
apparent digestibility of dry matter, organic matter, and neutral detergent fiber increased linearly (P<C0.05) with
increasing CAL or CCAL supplementation. Ruminal total volatile fatty acid (TVFA) content and molar proportions
of isobutyrate and isovalerate increased linearly (P<C0.05) , but the acetate-to-propionate ratio decreased linearly
(P<C0.05) with increasing CAL or CCAL supplementation. Blood total protein, albumin, insulin-like growth
factor-1 (IGF-1) , total antioxidant capacity (T-AOC) , glutathione peroxidase (GSH-Px) , CAL, and 1, 25-
dihydroxyvitamin D increased linearly (P<C0.05), but the malondialdehyde content decreased linearly (P<C0. 05)
with increasing CAL or CCAL supplementation. The transcript levels of IGF-1, IGF-IR, PI3K, mTOR, and
P70S6K (encoding insulin-like growth factor-1, insulin-like growth factor-1 receptor, phosphatidylinositol 3-kinase,
mechanistic target of rapamycin, and ribosomal protein S6 kinase, respectively) in muscle increased linearly (P<<
0.05) with increasing CAL or CCAL supplementation. 2) Compared with bulls in the CAL groups, those in the
CCAL groups had higher ADG, blood T-AOC, GSH-Px, CAL, and 1, 25-dihydroxyvitamin D3 levels and higher
transcript levels of IGF-1, IGF-IR, PI3K, mTOR and P70S6K in muscle, similar nutrient digestibility and ruminal
TVFA contents, but lower feed-to-gain ratio. These results indicate that CCAL is more effective than CAL for
increasing the growth performance of bulls and decreasing the feed-to-gain ratio.

Key words: 25-hydroxyvitamin Ds; nutrient digestibility; rumen fermentation; antioxidant status; muscle protein

synthesis; Holstein bull

25-F2 34 K Dy (calcidiol, CAL) 8 i35 sh 4 2E 7= M RE AN 75 40 R, 1 FLUR AR F A5 @R . CAL 541
JifE P9 4k 74 3 D 3Z A& (vitamin D receptor, VDR) &5 &, #0648 4: R D A5 55 B, P85 S s IR 1 & 0 Bt S A0 il 36 2 LA
KMEATSREAR " W5 K E, Wi 4 #h 58 CAL B3 2 & T °F 3 H # 5 (average daily gain, ADG) .
T#1 % (dry matter, DM ) Fl /1 1% % £F 4 (neutral detergent fiber, NDF ) 4= 1 4k 18 3 WL 16 3 DL e 2% v A3 25 1 B
A E Y A KR A AN CAL B4R T ADGY . BEA LA CAL B F R & TEER KL
WL P 4 S AR 2R K T 1 (insulin-like growth factor 1, IGF-1) Fi 5 3h 4 5 1A %5 % % 11 (mammalian
target of rapamycin protein, mTOR)mRNA A XF ik i o X5 E sh P I FoT & 30, #h 7o 4t 24 2 D, 48 & T 4%
[l TR & it SR B-2 Re M LR R R ZE AT R E S, B R S T A AT T SRR T e A
HMRIG K B, AN FEGE R R D, R T AR W48 h i BB S A LY (organic matter, OM ) B fif 5 1 57
PR EE IR L o JE T I WESE W] LAHEWT , CAL R IR FE A 2F 8 B R B . A4 CAL 19 R ZEF LA/ . R
W 9E % B, 98 B b 4 R D R B AR 5 DM, AR A0 85 5% 24 h, 49 80 % Wy 4 A= R D 9 B ik W 1R o 8 T
PEP 4 SR AU DI T2 A4 7 1942 8 CAL (coated CAL, CCAL) YA, AE W CAL 7698 H v i B i , e
G AR W I aeh B i B IR 5 CAL A HG , BB BE A 848 i A 2R 2B =R RE o AT, CAL X2 49 1 2 T 1 8 4%
SR HAE R A s A b A 7 s (CAL 8 CCAL) 75 MR . 81, A BIF 58 2 F CAL fl CCAL % m ),
PTG faf W3 28 A A KR RE IR 40T AL R R B LA AIRES AN 2L IGF-1/mTOR 3 4 5 3 [ 3235 1
SR WA AR T CAL P A 28 AR K Pk BE AN 3% 43 R A0 mT RE L Ml B 38 B s i =X
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1 MBERE ®1 EMHERABRRERKE(FYRER)

Table 1 Composition and nutrient levels of basal diet (dry

1.1 XBHH 5%t

matter basis)

T 2025 4F 4—6 7 78 17 40l K2 s Wy Rl Bk it BRAT? G
s B S IG Fh F R RIS 4 1 5 A B 1L Ingredient Content Nutrient level Content
ARLKRFZEANDRBERERE(RS - K I Corn silage ;5/.05)0 AHHL OM (%) 91.92
SXAU-EAW-2024CO. LLN. 011030224) , i & H 75 85 Alfalfa hay 7.00 | BEHECP (%) 1341
CAL W T YL YR AR AR L 268 0.05% . % HE Wheat straw 8.00 | BT EE (%) 1 42
CCAL W 117G = R4 A B2 w) L B 356 CAL #l 5K Com 3100 | EEEGRLAENDE (%) 42,41
65 %6 0 BE A ( S AL RE KR AR R D L & A0 B8 v AN % K2 Wheat bran 4.70 | BRHEVEMRZF4EADF (%) 26.31
i 5 R 55 ) 20 1%, b CAL 76983 5 RN iz 38 1) B il %6 5241 Soybean meal 5.00 | #5Ca (%) 0.81
Ay R 28, 1% F67.4% 3 KA Rapeseed meal 2.50 | BP (%) 0.42

¥ PE 50 3 4K T [ (175. 6416 81) kg 1 4F # KA1 Cottonseed meal 5.00 | WESEENE,(MIkg D) 6.18
[(6.040.2) J1 TG MO 020 20 ficmpapLIc 41 0 0
BE 4 54 R AL 105k . A AR H b

R &5 CaHPO, 0.30
K, I CAL (low CAL, LCAL) . & CAL (high B Premmic o
CAL, HCAL) . fit CCAL (low coated CAL, At Totl 10000

LCCAL) filif CCAL (hlgh coated CAL, HCCAL) OM: Organic matter; CP: Crude protein; EE: Ether extract; NDF:

éﬂﬁi}'%u I CAL Ei CCAL E@ﬁﬁiﬁ%l‘?ﬁ 0.5 Ei 1.0 mg- Neutral detergent fiber; ADF: Acid detergent fiber; NE,: Net energy for
- ~ NI N . 5 H : ; 0= ﬁqg M ﬁ\ . . . .

d ', CALE CCAL 1 78 1 7K -4 4 Martins ZE5 1 weight gain; "% kg WR BHI & One kg premix contained the following: Fe

20000 mg, Cu 1600 mg, Mn 8000 mg, Zn 7500 mg, I 120 mg, Se 60 mg,
b A L P JAS N=PAN p : ,
e g R e . A4 2R A H R (total mixed Co 20 mg, VA 820000 IU, VD 300000 IU #I VE 10000 IU; % 37k -y

ration, TMR) MK HE A 2R #5 e 5 J Wk i il il (58 S, 1 T 04 B S 1 5 Nutrient levels were measured values, and net
D)o B4 ARR 35,600 F1 17 10 f M, A R & enerey forwelght gain was a calculated value.

FARK o B H R, Jok 5k 4 4 F i CAL B

CCAL 5%y 1 kg TMRIRA 5 WM, 8 (R R 58 B0 5, PRI A HOM o A 4R 3R 01 o 70 d, b B 10 d .
1.2 HRAELIEFNT

1.2.1 REEMEEMME  ERXEE W 058 53k 4 B R ORI RDEHE , B3B8 10 d R 42 TMR FE Al
B AR RUREE 1Yk, 52 DM & &= 38 T 9 R & & (dry matter intake, DMI) . 1E 2388 148 1.30 F1 60 K,
0 SR Bk AR SRR Y 25 IR IR HI ADG.

1.2.2 FEEMRESME  ERXRGW 57 58 M 59 K, il id PR 4 RSk 4 Y ZE AL, B R 4K, IR
BEARDF 150 g, —20 CHRAF . IR ESHG 85 5 3k 4 19 28 BRI 18 5 L 1) 1 B0 TR A B L A 10 %6 5 A R I Ak
65 CHAMTFHTEMEE., H TMRAEFMZEREK#E (1 mm), I DM ,OM ML 11 5 (crude protein, CP) KL [l
(ether extract, EE) \NDF |2 4 4t %% £ 4 (acid detergent fiber, ADF ) FIER A K43 & &1 A& 35 50 19 2 Wl
[

1.2.3 BHWEMRESNE  EXEE I 58 59 160 K, R 5 3 h, AT B & 2R &4 R &Sk 408 B M
i 29 200 mL, 37 B pH 4 #1 AL (TP310, i E 46 50) W 2 pH, 2R J5 43 8 343, 0 BIARAE T — 20 “Co A AR 54X
(6890N, H [ b 50 ) 1 PN A ik T 2 45 4 %2 7 % 15 B2 (volatile fatty acids, VEA) &1, F XU 240 AT 0L 43 56 %
JEIF(TU-1901, 8 8 ) R 7500 5 20 S A & &, B AR AL (DR200-Bn, [ 1L 7R ) 1% 2 32 3 72 0 5 £
A9 % 11 (microbial protein, MCP) & &,

1.2.4 @eRESNE ERGLE I 60 X, R 3~4 h, il i B # KR 4 Sk 4= 19 1L RE i 29 10 mL,
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3800 remin '#.0> 15 min J5 § & ML , —20 CORAF o M L Vi M1 U 50) & 6T 5, 1 Bl A (DR200-Bn, [ 1l
AR L A AR B EE A RR A A R 4 Ak ) T (glutathion peroxidase, GSH-Px) (N %
(malonaldehyde, MDA) \CAL .1, 25- 54t 4= & D, 85 o6l 1 %5 12 i (alkaline phosphatase, ALP) 1 IGF-1, H]
X ARS8 A AT UL 43 560t B 3 (TU-1901, b B 5 &) U0 2 1 3 w8 A S 4 %06 fig J) (total antioxidant capacity, T-
AOC),
1.2.5  LPARE AL AR 45 5 00 2 ERGR I 5 60 K, B A BEMLIE B 5 3 2 4, F R B BRURE 2% (15110-10, 1 [
) SR AR S L3 W B B D7 WL AR @ 0. 5~1. 0 g, JH G T U 4 W% ¥4 3 1T B9 /K 23 09, BV SR BR AT . LA B- AL
B M (B-actin) N ZFE I 2R F 520 58 06 i PCRE AR & WL A 8L IGF-1 R 8 Z A A K -1 32 4K
(insulin-like growth factor 1 receptor, IGF-1R) W i Mk LB 3-% [ (phosphatidylinositol 3-kinase, PI3K) .mTOR
FIAZ R 25 71 S6 18t (ribosomal protein S6 kinase, P70S6K)mRNA A1 %f Fik 81,
1.3 AR5

FH SAS 9. 0 B A IR AR CAL B IN/KF(0,0. 581 1. 0 mg+d™") M CCAL # A /KF(0.0. 581 1.0 mg*
d- D) FEATEAMER U 2R S VRS BT L TR B X CAL R CCAL Z [ 1 & 35 M R4 T 404, P<<0. 05 R /R 26 7 W 3% .

2 HBREHSH

2.1 CAL A= CCAL 324 & K M4k 49 % v

Bl CAL 5 CCAL B MK 0938, 28 4305 1~30 d.30~60 d #1 1~60 d DMI, 5055 1 KR B & 2 1k
(P>0.05, % 2) ;iR K45 30 F1 60 KAKH , 1~30 d.30~60 d l 1~60 d ADG P42 7 (P<<0.05),1~30 d . 30~60
d A 1~60 d B H L 2R B AR (P<<0. 05) . CCAL 1A 4056 55 30 Al 60 KK ,1~30d ADG B E b5 CAL 41
To B # 25% (P>0.05) ;i 56 30~60 d il 1~60 d ADG & 3 & T CAL 4 (P<<0.05) , ® & [k i & ik T CAL 41
(P<<0.05).

F2 25BRBEELEZDMEW2S-BREEEZD N AFERKMEENE N
Table 2 Effects of calcidiol (CAL) and coated calcidiol (CCAL) on growth performance in bulls

TH PN 21 51 Group FrifE R P{H P-value
Item  Days  CK  LCAL HCAL LCCAL HCCAL SEM = CALvs CAL CCAL
(d) CCAL 2Pk Linear 1K Quadratic #¥k Linear K Quadratic

THEE  1~30 560 564 569 578 5.86  0.113  0.277 0.246 0.253 0. 286 0.716
BEDMI 35 60 6.3 643  6.52  6.59 6.34  0.098  0.334 0.297 0.278 0. 636 0. 587
(kgd D 1~60 598 6.04 6.10  6.18 6.10 0.104  0.261 0.237 0.217 0. 305 0.223
(Ui 1 189.42 190.63 191.64 194.54 188.83  3.374  0.862 0.764 0.637 0. 268 0.312
BW 30 225.67 227.24 230.01 233.45 228.13  4.016  0.542 0.033 0.231 0. 027 0.108
(ke) 60  263.78 265.92 271.43 274.15 268.21  3.148  0.267 0.023 0.199 0.018 0. 301
ERHH 1~30  1.21 122 1.28  1.30 1.31  0.021  0.105 0.011 0.238 0.013 0.221
BADG 3060 127 120 1.38  1.40 1.36  0.023  0.039 0.033 0. 207 0.015 0.216
(kgd D 1~60 1.24 1.26 1.33  1.35 134 0.017  0.044 0.020 0. 249 0.017 0.194
R L 1~30  4.63  4.62  4.45  4.44 4.47  0.108  0.107 0.034 0.122 0.011 0.217
DM/ 30~60  5.01  4.97  4.72  4.71 4.66  0.106  0.046 0.023 0.371 0. 009 0.222
ADG 1~60  4.83  4.80  4.59  4.58 4.57  0.087  0.038 0.021 0.175 0.014 0.261

DMI: Dry matter intake; BW: Body weight; ADG: Average daily gain; CK: X} i 41 Control group; LCAL: ¥ CAL 0.5 mg-d~' Addition with
CAL 0.5mg+d '; HCAL: ¥ CAL 1.0 mg-d ' Addition with CAL 1.0 mg-d '; LCCAL: %/l CCAL 0.5 mg-d ' Addition with CCAL 0.5 mg-
d's HCCAL: #1 CCAL 1.0 mg-d ' Addition with CCAL 1.0 mg-d '; CAL vs CCAL: CAL 45 CCAL 414 It Contrast between the addition of
CAL and CCAL; SEM: Standard error of the mean; F [ii] The same below.
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2.2 CAL A CCAL 3 2F r 5 R VL H 1 69 3 vy
i CAL 5% CCAL B /K S 34, 25 245 DM .OM F1 NDF 28 W3 £k 2 28 P 32 &5 (P<<0. 05, % 3),CP .EE fil
ADF £ iE R T 8 E 2 (P>0.05), CCALAANFKFAENHLES CALHLE H 25 (P>0.05),

xR3 25BREHLEZDMEE - BEELEZDMNRNFFELSRUBLENZMN
Table 3 Effects of calcidiol (CAL) and coated calcidiol (CCAL) on nutrient apparent digestibility in bulls

T H Feor BRI AL R b i P P-value
[tem Nutrient apparent digestibility ( %) SEM  CALvs CAL CCAL
CK LCAL HCAL LCCAL HCCAL CCAL  Ztk —% i —%
Linear Quadratic Linear Quadratic
TF#) i Dry matter 71.32 72.45 74.13  73.67 74.56 1.065  0.217  0.027 0.871 0.016 0.538
A HLY Organic matter 73.01 74.78 75.89  75.21 76. 04 0.912  0.116  0.020 0.834 0.023  0.488
HLZE (15t Crude protein 77.78 78.22 77.20  77.89 78.56 1113 0.215  0.239 0.795 0. 554 0.672
HLIE W5 Ether extract 86.67 85.94 87.13 88.44 86. 50 1.574  0.108  0.586 0.558 0.408  0.513
FPEYE I 2F 4E Neutral detergent fiber 54,42 57.31  57.45  56.82 58. 14 1.339  0.372  0.035 0.673 0.037  0.814
MR VEVERZF 4k Acid detergent fiber  41.43 41.56  40.13  40.94 42.32 1.408  0.346  0.174 0.782 0.632  0.493

2.3 CAL A CCAL A7 § KB 69 % vh

B CAL Bk CCAL IR /K- 3G 0, 23 498 8 W pH SR R R T R AR B8 IR b 308 /R MCP 5 1 G ik
FAAE(P>>0. 05,3 4) , B4% % IS B2 (total volatile fatty acids, TVFA) 7 & 5 T B2 F1 5 IR EE R Fb 28 ME 42 v
(P<<0.05), LR/ NIREERFAR(P<<0.05) . CCALAAFH B KA S5 CALA TR 25 (P>0.05),
2.4 CALF= CCAL 3¢ 24 oo ik 45 4% 49 % va1

B CAL = CCAL B A/K ¥ A 34 I, 23 24 i 4 2 4 PR R &L 85 B 2 1 A0 ALP 36 11 JC W 2 78 4k (P=>0. 05,
#5), BEH  HEN IGF-1.T-AOC .GSH-Px ,CAL 1 1,25- "} 54k R D, & & M4 % (P<<0.05) , MDA

Fa 2B5-BREHEERDMEH2S-REELEEZD,WNAFEELENZ N
Table 4 Effects of calcidiol (CAL) and coated calcidiol (CCAL) on rumen fermentation in bulls

S| 2151 Group b1 P P-value
[tem CK LCAL HCAL LCCAL HCCAL B CAL CAL CCAL
SEM . \
S 2Pt TR Qua- Mt TR Qua-
CCAL [ inear dratic Linear dratic
pH 6.39 6.32 6.35 6.38 6.37 0.026 0.305 0.366 0. 205 0.217 0.432

SR EIENIR TVFA (mmol-L™")  98.32 101.30 108.21 110.14  107.32 3.561 0.103 0.026 0.267 0.014 0. 305

TR Acetate (%) 65.56  64.21  64.44  64.62 65.53 0.818 0.167 0.491  0.687  0.396  0.318
P2 Propionate (%) 20.72  21.54 2111  22.20  21.42 0.561 0.222 0.192  0.269  0.157  0.126
T Butyrate (%) 10.13  10.21  10.78  10.24 9.98  0.062 0.304 0.267  0.226  0.454  0.329
%2 Valerate (%) .14 1.12  1.08 1.04 1.03  0.048 0.268 0.495  0.610  0.461  0.497
5T W2 Isobutyrate (%) 1,06 1.21 1.15 1.16 1.20  0.053 0.527 0.024  0.626  0.029  0.166
IR Tsovalerate (%) 1.49  1.88  1.81 1.77 1.84  0.046 0.108 0.042  0.283  0.037  0.493
TR /TR Acetate/Propionate 3.16  2.98  3.05 2.91 3.06  0.055 0.332 0.028  0.561  0.022  0.398
HAAENH,AN (mg-dL ") 12.93  11.78 11.32  11.90 12.31  1.022 0.234 0.272  0.347  0.206  0.108
A4 ¥ 4K 11 5t MCP (mg-mL™") 0.87 0.83 0.86 0.84 0.81 0.031 0.372 0.124  0.257  0.365  0.201

TVFA: Total volatile fatty acids; MCP: Microbial protein.
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HAMEREAIL(P<<0.05) . CCALAA4 MW EHEH HEH IGF-1 1 MDA & &5 CAL 4 W% 2 7 (P>
O.05),T-AOC\GSH-PX\CALﬂ]1,25-:%&%?&%%Dgﬁii%%?CALéﬂ(P<O.05)0

x5 2B5-BREHLEZDMEW2S-BELEZD, XN AF MBEIBRNF G
Table 5 Effects of calcidiol (CAL) and coated calcidiol (CCAL) on blood indicators in bulls

i H 21 51 Group PR iR P{H P-value
Ttem CK LCAL HCAL LCCAL HCCAL SEM  cap CAL CCAL
VS g TR &M 7
CCAL Linear Quadratic Linear Quadratic
i 4B Glucose (mmol-1L~ ") 4.97 490  4.90 4.89 5.01  0.198 0.254 0.452  0.296  0.430  0.479
M Total protein (g- L") 68.67 70.00 72.62 73.54 7231 1.382 0.096 0.037 0.482 0.022  0.376
17 11 Albumin (g+L 1) 34.73 35.11 37.03 36.62  37.52 1.057 0.237 0.036 0.639 0.024 0.241
R % % Urea nitrogen (mmol-L 1) 4.54 4.25  4.50  4.39 4.28 0.281 0.316 0.364 0.291 0.378  0.462
JBe 1 A A KN F 1IGF-1 (ng-mL™") 85.42 93.44 114.53 122.01  99.03  6.791 0.205 0.036 0.280 0.037  0.098
MPUEALRE S T-AOC (U-mL ™) 12.31 15.20 18.10 20.32  18.89 1.059 0.026 0.012 0.394 0.007 0.235

A B H Ko A Ak B GSH-Px (U-mL ") 73.43 91.64 97.42 114.33 110.74 3.250 0.013 0.036 0.268 0.016  0.319

ZE MDA (nmol-L™") 4.09 3.22 3.17 2.94 3.13  0.113 0.401 0.045 0.591 0.039  0.243
CAL (ng-mL™") 45.82  55.91 105.31 185.45 194.72 15.217 0.002 0.013  0.490  0.008  0.346
CCAL (pg-mL ") 94.32 104.78 103.91 136.74 141.67 14.092 0.003 0.012 0.300 0.006  0.278
5 Ca (mmol-1.7") 2.55 2.58 2.54 2.54 2.52 0.049 0.407 0.232 0.396 0.645 0.358
P (mmol-L°") 1.17 1.16 1.35 1.36 1.25 0.119 0.325 0.237 0.424 0.308 0.586
T W R i ALP (UL 111.63 113.12 107.24 109.21 108.34 12.463 0.216 0.184 0.311 0.271  0.174

IGF-1: Insulin-like growth factor 1; T-AOC: Total antioxidant capacity; GSH-Px: Glutathion peroxidase; MDA : Malonaldehyde; ALP: Alkaline
phosphatase; T [i] The same below.

2.5 CALACCAL A ILA % & R4 R A B &k e Hn

B CAL 2 CCAL ¥ IKF 8938 hn, 284 LA IGF-1 IGF-1R \PI3K .m TOR 1 P70S6K mRNA A X} 3 ik 5 2%
PERE N (P<C0.05, £6). CCALAN NN IGF-1.IGF-1R .PI3K .mTOR # P70S6K mRNA %t & ik & 8 %5
F CAL A (P<<0.05).

F6 25-RELLEREDMERK2-RELUEZDINAFNAEAREREERRENZMN
Table 6 Effects of calcidiol (CAL) and coated calcidiol (CCAL) on expression of genes related to protein synthesis in bulls

gl 21 5] Group bRk PAl P-value
Ttemn CK LCAL HCAL LCCAL HCCAL % CALvs CAL CCAL
SEM ceal M W Qua- &M R Qua-
Linear dratic Linear dratic
JB 5 R REE KN F 1 IGF-1 1.04  1.13 1.38 1.60 1.49  0.083 0.019 0.043 0.441 0.005  0.312
o & AR KA T 124K IGF-1R 1.04 1.1 1.70 1.86 1.78 0.062 0.011 0.027 0.362 0.013 0.370
W NG WEALEE 3-8 PISK 1.04 1.23 1.28 1.44 1.36 0.042 0.025 0.015  0.257  0.013  0.254
I FL S N R E I mTOR .01 1.14 1.39 1.55 1.47 0.074 0.016 0.018 0.112 0. 006 0.388
KB PR I 11 S6 U P70S6K 1,03 1.12 1.63 1.84 1.73  0.081 0.032 0.021 0.386 0.011 0.346

IGF-1R: Insulin-like growth factor 1 receptor; PI3K: Phosphatidylinositol 3-kinase; mTOR: Mammalian target of rapamycin protein; P70S6K:

Ribosomal protein S6 kinase.
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3 itit
3.1 CALA CCAL 324 & K M4k 49 % vh

A #h 78 CAL 5 CCAL X284 DMIJE & 2 52 0 , 5 Martins % /() H AL 450 25 R — 2. CAL X 4R
RIS PN A R DSBS giA R DS Z AT, A h CAL & &K F 30 ng-mL
BB & LT 0. 65 mmol- L', #MFE CAL BB W 35 2 e PO AR R it 0o AT oh , X R 20 2R if v v CAL R &
AT 45. 82 ng - mL A1 1. 17 mmol- L', FRAAFEA H M P 4 A E D ABE R & mie Wi 2 AR i 2.

A g b7 CAL 8L CCAL W F e m 1T A 4 ADGIFFEAR 7R E L, 5 DM R WIH AL 2 i Bt A AL g I
LA IGF-1/PI3K/mTOR 38 [ 5 5 3 AR G 3235 i 8 5 48w i 45 SR — 3. WFgR R B, AR ADG i A sk
R IR AL AN A (PR ACR S BB A OGS $ A RL R 43 0 AL R EGE R I RIS BRI TE 2 1B R Y
JEH BRI R A b Tk K IGF-1/PISK/mTOR 38 B3 K 3k 18, 26 W1 LA 41 208 54 ik
PEHE . BRI HF St R B, AN FE CAL 0. 1585 0. 30 mg-d '@ F e T W aTEEE ADGY . %3 CAL 1.0 mg-
d W ERS TARKMAS ADGY . SR, Martins 257 (38 5 & B, #h 72 CAL 183 mg-d "X & LA 2F ADG 1
TR T R . AT UL, CAL S 4= A K Pk RE A 8 1 5 LR K7 A= 2B K B BEA 6
3.2 CAL# CCAL #F 22 Jf 5 R WL K A & 09 % v

A 47 CAL 8 CCAL B EF# /T A 2 HLiE DM ,OM FI NDF R IH L5, 10 T B filfiz 8 5%
SHHALI B s CAL 8L CCAL HA 0 H TVFA & &t i F 18 &, R R 7E08 B h iy RE A 35 m . Hoh  NDF &
WAL RS SR MR e B B RS AR 8, 5 RV LY A B RS N T o A b, X
M 21 \LCAL.HCAL.LCCAL 1 HCCAL 419 H & & % & 4 i 2} 65.56% . 64.21% . 64.44% . 64.62% H
65.53% . PEHRIE , CAL 54 AbiE [ 52 40 v i) VDR &5 45 J5 BE TG 2 248 R D A5 53 % (2 UE s AL 3E 1 R 4 i Ak
Ko, st T Ak B e 2 B s AP R AR S 4 T AR TR M 4R D Sl A R e R Ak Y
SRR A T AL (25 H S T RE L B IR A T AR s i s Y A 5 IR RE K B AR A AR
B R R TR I R D, RS T OM By R R T TR A 4 FE CAL i % 2 = 7 DM I NDF 423 1k iE
T AL
3.3 CAL# CCAL A8 B A B 64 % vh

ARG, 45 A A8 W pH ¥ KT 6. 30,38 FUUAE W A KRR IR A i R fg . SR R B L9 pH 5 VEA
RO IE . R AR T, A FE CAL 8 CCAL XA 498 B pH L B 5, 5 TVEA H ¥ B F 5
GERAN—F, BRRAME B R B R & B, I 4k AR 2 DX E W pH G B

A P AN FE CAL B CCAL B F - T A4 E TVFA i = TR M REREE /R, W R T LR/
IR . HART S, 5 T WA 5 SRR B /R L4 v, R WA A58 CAL 3 CCAL M 1 S 4 S0 3 W2 A9 1 R i e 1k T
Yo AR K R R M NDF BT L3R 48 5 . 5 T IR M5 00 R e 20 2 e 1 e MR e 1 o
F14 [ A 72 0, R g 2 K TR 7402 1 7 46 40 A 81 20 K U 27 4 I R 2 . TR /TR TR S 3 R IR I 45 SR R L Rh AR
CAL 8 CCAL A H R BB m T oA H 2N R. JiliE ,CAL S VDRE &5 GBS g% AR DI
53 [ A T Ak A0 G AP R RE 0 D R A R S A 43 D B 2 N AR DR O R R 4
R BT B, A5, CAL XF 2 298 8 & e 1) 9 s 5 1L e e 00 A 3 S i R e a0 Ak bR 25 10 38 3R 2 B )
REA CT, B G A R 4R 2R 2 DL T A R VROR 2 PR AR R R v T RSN R 48 hi BEUE R
SRS SR R JR B BN T N T R R B T UE R 2 R A O (LR TR 1)) S A S R A T R RE T T I L
B, AhFE CAL 3548 @ T B4 26 v A 2 v A (B IR AR A 75 IR TQ T R AR X SE Y, BT, CAL X 498 8
o T ROV T AR 1) 9 s R o B ML T 75 R — 2B T
3.4 CAL A CCAL 324 fo iz 35 47 49 % v

AKX, #hIE CAL 3 CCAL X232 1 Vi A 4 0% & 5 JC 0 5 5, 55988 1 PO R B /R HL JC B 35 AR Ak i 45 SR —

T
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o O A I T B R AR R R R T R AR N R R AR Y R AR AR SR R R R B, 4 5E CAL
X DT 475 T A A 1L R AR T S I YRR R L R DRI IGE -1 R AR I A, W E S B2y
= H KRR B A 256 R AL ZUER T A TR B B 8 A T LT IE B 2 R T AR AR S T B i Y E AR P KO 4
e AR L, A FE CAL 8 CCAL X8 B & A8 ZUM MCP % 2 . CP R W A R MR F A & ¥ e &%
M. P, CAL 8 CCAL 4078 4 ML A 1 L 8 RN TGF-1 3% o 35 45 i A 245 SR R T, A 4 F J0E 40 4028 11 &
M AR 0k 3%, 5 CAL 8 CCAL A4 LN IGF-1/PI3K/mTOR 18 % % 5 52 R A % 5% 15 H 50 25 48 5 10 45 1
—

A5, CAL 8 CCAL #h FE 4 28 4 L T-AOC F1 GSH-Px §if ¥ B F 2 5 , MDA & & B F K. X —45
RIGIET CALYUAAI E SR A IIGe . JiE, s LT A 44805 A8 & A VDR, I H g CAL # 1k
M 1,25- TR R DS, 1,25- R EgEAE R D, s CAL 5 VDRE G )R G4/ Z D F S i, @i s S0
A% A0 R I 0 7 A T I R AT A A P B R0 0 B e SS9 A b A D e A A 4 Tl
(R M L 0/ S0 Pl I T B, R o A e O R S f e

M CAL & & iy it A4 4 2E R DIRAE W48 KT 30 ng-mL ', RR4EEEDELZ , & F 200 ng-mL !
W, R A R D o, 80 ) i85 5 (I 45 & g 2. 70 mmol- Lo )M ARG g o, X BB 40 (LCAL \HCAL .
LCCAL 1 HCCAL 4125 4= 1fi ¥ h CAL 5 2 4> ] 4y 45. 82.55. 91.105. 31.185. 45 1 194. 72 ng-mL ", ifijf H.4 41
NI ALP S ME ek S RO E 25 . ARB AR LW A CAL S CCAL B3 T A4 44 Z DR
AT FL X 45 W -5 JC 3 52, 5 Blakely %5V B IR B0 S5 R — 2. SR, B ARSI R B B4R b
CAL W 28 7 Mk CAL E5 RN & &t o 8h W A5 5 1 £l 52 HUIR 55 IR 36 (B 45 25 F ALP %5 1 J 4% R 45
Uk, 58 B0 4 ) B B R 4 A 3R DR A B i R B0 5 SR 0 A R R

ARG, CAL 8, CCALZH /04 L 1, 25- " R B 4i A 2 D, & i b 35 5, 5 v 85 W Al ALP O i 3% 8 fk
(25 A — B0, T PR T A 1, 25- 8 B4t AR 1 DR s/, B E 1, 25- R 2 A2 R DL A B IR
S S Y U AR PR CAL 5 VDR BYSE &% 1, 25- B 4 4 5 D AR 77 42 T 35 e Pl >, Blakely
Sl R AN FE C AL X2 2 1 YRS R 8 G B S R e (R R TR 1, 25- R AR R D, i
3.5 CALACCALSTAFILAE G R AR AR R 0¥k

IGF-15 IGF-1R %54 J5 BAT% PISK, V4% R W 3£ N mTOR F1 P70S6K 23k A2 #EIL P K (A A ™ . At
g k58 CAL 8 CCAL B F 8 T A F WA L IGF-1 IGF-1R \PI3K .mTOR f1 P70S6K mRNA {4 4 %t &
ki, 5 Martins 5 B IE N A IR R B SAARE B CAL S CCAL A A4 1M IGF-1 5 4 i 2 42 = 1
SESET LUHEWT , IGF-1 T A& CAL W% WLPA 25 F1 0 & B G SR P o X 2 ' s 4 AN 280 sy CBRL) 1) 40F 9% [ A 4
T RIS B WL 40T CAL VDR M IGFE-1 22 ] B9 B /F 45 AL iF & 57
3.6 CAL A CCAL AN 2 R L3R

P CAL AS[R]ER IE 28 OR A 4 A ) X 28 4= A KM R IS i, AR IR0 560 2 B, CCAL 41 4356 & 1 ADG
MAEREERTCALA, SHAESRMMELE KE TVFASRSCALAL B EL RS RA—2, 5HM0
W T-AOC .GSH-Px . CAL fil 1,25- "8 44 R D, & & DL XL 20 ZUIGF-1/PISK/mTOR i #% 5 F mRNA #f
RS T CALHAR SR —2 . AW a R LY, 5 HEANTE CALMIL, L CCAL fIE X #h 58 CAL XJ
NSO TH A RIRE R TR T B 5 (R s A A AR KM R RDRHOCR B RE T R CAL RS AT 4L

4 it

KA T N 2R R 98 CAL 8 CCAL B8 5 B 4 2 ADG MUK s CAL 8% CCAL A #2534 01k
R E TVFA & PUARS LA A5 A R e 5 5L R 36 38 fAE 5 M TR KSE 244, 458 CCAL X #2
IS PR PERE H CAL ARG .
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