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Abstract: [Objective] To investigate the effects of high protein nutrition intervention on body composition and skeletal muscle
mTOR (mammalian target of rapamycin) activity of IUGR (intrauterine growth restriction) rats during different periods. [Methods ]
There were 64 male IUGR rats: 40 IUGR rats in the IUGR control group (CR group), 24 IUGR rats in the early high protein
intervention IUGR group (EPR group ). There were 24 normal birth weight male rats in normal control group (CN group). At 4 weeks
of age, 8 rats of these groups were executed and 16 rats in CR group were randomly assigned to the delay high protein intervention
IUGR group (DPR group). All rats were lactated for 3 weeks and the mother rats of CN and CR group were provided free access to
basic diet while the mother rats of EPR group were provided free access to high protein diet. After weaning rats in CN and CR group
were provided free access to basic diet until 12 weeks of age. After weaning rats in EPR group were provided free access to high
protein diet until 4 weeks of age. At 4 weeks of age they were provided free access to basic diet until 12 weeks of age. Rats in DPR
group were provided free access to high protein diet from 4 weeks of age to 8 weeks of age, and then they were provided free access to

basic diet until 12 weeks of age. At 8, 12 weeks of age, 8 rats of these groups were executed. The body composition, serum
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adiponectin, blood glucose and insulin level, cross sectional area of skeletal muscle fibers, skeletal muscle mTOR activity were
measured at 4, 8, 12 weeks of age. The homeostasis model assessment model for insulin resistance index (HOMA-IR) was
calculated. [Results] The percentage of fat mass was significantly higher in the CR group than in the CN group at 4, 8, and 12 weeks
of age and the DPR group at 12 weeks of age (P < 0.05 or P < 0.01). The percentage of lean mass, cross sectional area of skeletal
muscle fibers, skeletal muscle mTOR activity, serum adiponectin level were significantly lower in the CR group than in the CN group
at 4, 8, and 12 weeks of age and the DPR group at 12 weeks of age (P < 0.05 or P < 0.01). HOMA-IR was significantly higher in the
CR group than in the CN group at 8, 12 weeks of age and the DPR group at 12 weeks of age (P < 0.05 or P < 0.01). The percentage
of fat mass was significantly lower in the EPR group at 4, 8, and 12 weeks of age and in DPR group at 8 weeks of age than in the CR
group (P <0.05or P<0.01). The percentage of lean mass, cross sectional area of skeletal muscle fibers, skeletal muscle mTOR
activity, serum adiponectin level were significantly higher in the EPR group at 4, 8, and 12 weeks of age and in DPR group at 8
weeks of age than in the CR group (P < 0.05 or P < 0.01). HOMA-IR was significantly lower in the EPR group at 8, 12 weeks of age
and in DPR group at 8 weeks of age than in the CR group (P < 0.01).  [Conclusions] Birth to 4 weeks of age is the appropriate
window period of high protein nutrition intervention of IUGR rats. High protein nutrition intervention from birth to 4 weeks of age
improves the short and long term body composition and insulin sensitivity of IUGR rats. High protein nutrition intervention increases
lean mass and decreases fat mass of IUGR rats possibly by activating mTOR of skeletal muscle.
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Table 1 Body weight and body composition at 4, 8, and 12 weeks of age (n=8,x+s)
i veek 8ih weck 12 week

e M D% B B % % BMC/%  BW  BW% W% BNC/%
O 850554 BS9:12  843:10 2142003 2682140  B31:l7  $45:17 238:000 489:led W1l 8317 261£010
(R 780:34) 154110 §4:100 2085000 B15:161  165:200  812:200 232:015 492:150 186220 7882210 260007
EPR 861552 BSI:l4) 840:130 221:000 8210 B2:10?  $45:17 235008 4782168 M1l $4:17 256£010
DR - . - S OOASEIY ILIE12Y $65:12% 2385005 447216 160129 814129 2642006

F 6864 5.0 300 049 4916 17.186 5854 084 LSO 006 199 LI

P 0.005 0.014 004 084 0 0.000 000 0482 035 000 000 0361

BM: body mass, FM: fat mass, LM: lean mass, BMC: bone mineral content; CN: normal control, CR: IUGR control;, EPR: early high protein

intervention IUGR ; DPR: DPR: delay high protein intervention IUGR; 1) compared with CN group, P < 0.01; 2) compared with CR group, P <
0.01; 3) compared with CN group, P < 0.05; 4) compared with CR group, P < 0.05.

R BT bR 1L 2% 1, 4 JRIIAET CR 44
L FAKTF CN 410 EPR 41 (P 5% < 0.01), 1fif CN
205 EPR 2 7 LGt L (P> 0.05), 8 Ak
i CN 41 .CR 4 M1 EPR 4R i 22 7 o4t 1247
(P> 0.05),DPR 4 {4 T & 8 LT CN 411
CR ZH(P{AY < 0.01), 12 JAIWRE IS £ AR BT i 2 7
TGt X (P{EY > 0.05), 4.8.12 JA#H CR
ZH I AR T f A 43 bR 2T CN 41T EPR 41(P <
0.05 8¢ P<0.01), RN A 53 I B35 T CN 41
1 EPR 41 (P < 0.05 5% P < 0.01), 1 CN 4151 EPR
RN & 43 b AR T & A e 2% S (P (EYY
>0.05), DPR 41 8 J&] i i (4 o i /5 43 He i 35
T CNZH(P<0.05)F1 CR 41 (P < 0.01) {KIENI B
Y B EMT CN 4 (P<0.05) F1CR4 (P<
0.01) ;12 JE S I DPR 2 8 1R it i F 43 bb i 3 AIK
T CN4 (P<0.05), IKIRWIE 4 L2 & T CN
ZH(P<0.05),

F2 HBHAKR4.8.12 AR MiBEEERAKTF

Table 2 Serum adiponectin level at 4, 8, and 12 weeks

of age (n=8,ng/mlL)

Group 4th week 8th week 12th week
CN 7.8 £0.6 7.4+0.7 59+04
CR 6.8 £0.7Y 6.4 £0.6" 4.7 £0.6Y
EPR 7.6 +0.7Y 72£0.7% 5.8 £0.6Y
DPR - 7.0 £0.5% 5.1 £0.6Y
F 4.741 4.012 7.457

P 0.020 0.017 0.001

CN, CR, EPR, DPR: same as table 1. 1) compared with CN
group, P < 0.01; 2) compared with CR group, P < 0.01; 3) compared
with CN group, P < 0.05; 4) compared with CR group, P < 0.05.

22 FBAMBEEERKE

R BE 4.8 12 JW% 9 1L 15 IR 156 26 /K 7
DL 2, 4.8, 12 JA#% M NG R K F CR 41 5 3
T CN ZH A EPR 20 (P < 0.01 5 P < 0.05), 1M

R3I BAKR4.8.12 A= ME BEEZE/AKEN HOMA-IR

Table 3 Fasting blood glucose, insulin and HOMA-IR at 4,8, and 12 weeks of age

(n=8,x%s)

4th week 8th week 12th week
Group  Glucose/ Insulin/ HOMA-IR Glucose/ Insulin/ HOMA-IR Glucose/ Insulin/ HOMA-IR
(mmol/L) (mU/L) (mmol/L) (mU/L) (mmol/L) (mU/L)

CN 5107 57+10  126+0.12 52+04 6.5+1.0 1.51£030 544+07 7207 1.76 + 0.36
(R 52£07 55+¢10 1252024 53306  85x09) 203x037Y 56108  93+07) 2.30x044Y
EPR  5.1+04 55+08 1.24:020  53:07  64:06 149+021Y 54106 7.1:08> 1712035
DPR - _ - 52407 6.6 +1.00 1.53£0.317 56+07 8.6+0.8)% 2.11+0.25)
F 0.021 0.095 0.043 0.049 10.796 5.781 0.147 14.893 5.052

P 0.979 0.910 0.958 0.985 0.000 0.003 0.931 0.000 0.006

CN, CR, EPR, DPR; same as table 1. 1) compared with CN group, P < 0.01; 2) compared with CR group, P < 0.01; 3) compared with CN
group, P < 0.05; 4) compared with CR group, P < 0.05.
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Jil iy DPR 41 I35 R BR R KL F CN 41 (P <
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23 HHETIRMYE BREBEKFERM HOMA-IR

FLRE 4.8 12 JAW 2 7 I e 5 2 K7
I HOMA-IR W3 3, 4 FH 45 4 K B HOMA-IR
ZRTGE245E L(PEY>0.05) , 8 JA#E CN 4
EPR 40 fil DPR 40 HOMA -IR Z [i] JC 2 % (P>
0.05) fH¥ B FX T CR 4 (P<{E1 0.01), 12 J4
# CR %1 \DPR 40 HOMA-IR &5 T CN 41 (P<
0.05 5% P<0.01),
24 FEABHINFHEHEHER

W% 4, 4.8 12 A ET CR 45 #% WLEF 4 A
O ALE /N CN 411 EPR 41 (P {39 < 0.01),
CN 41f1 EPR b2 R gt # 2 X (P >
0.05) . DPR 2l 8 Jif] ity Fisf By % WL 2T 24 A e T AR dd 25
KT CRA(P<0.01),5 CN 4 EPR 4 LK% H
TGt L (P> 0.05), 12 ¥4 DPR 408401
AR /N T CN 4 (P<0.01),
25 VAT mMTOR EEAMBBRLEAR

A FERIDIR S 8 WL mTOR Al p-mTOR AY
FERMIEILE 1 MFE S, 4.8 12 FI S4B 8%
WLE mTOR WA AN 22 T B RG24 8 L (P
{E13>0.05) . 4.8 .12 J&#% p-mTOR Ay IRAHNT &
CR #H W ZMKT CN M EPR 4H (P{E¥) <0.01),

x4 FAKRR 4812 AR BHRNFEEEHE TR
Table 4 Cross sectional area of skeletal muscle fibers at

4, 8, 12 weeks of age (n=8,x+s, um?)

Group 4th week 8th week 12th week
CN 313 £33 1297 + 137 3354 + 328
CR 205 + 22" 949 + 113V 2612 + 296"
EPR 298 + 267 1202 + 126% 3176 = 300”
DPR - 1256 = 111% 2802 + 260"
F 36.289 13.109 10.427

P 0.000 0.000 0.000

CN, CR, EPR, DPR: same as table 1. 1) compared with CN
group, P < 0.01; 2) compared with CR group, P < 0.01.

CN 415 EPR 4 b 22 S R4 ih24 8 L (P {HYY >
0.05) . 8 JE#A DPR 2 p-mTOR (2815 M X i 2
T CR4L(P<0.01),5 CN 4] EPR 4] lb i % R
TG X (PAEY > 0.05), 12 JE# DPR 41 p-
mTOR A ZIEAXT i i KT CN 4H(P < 0.05),

3 W #

BT AL b FRATZE PSS [R] o 19 e 2 1
T IUGR KE, S hriEfb Y AIN93-G Fal s
il Al ARDRL A AR DR ISR A B AR EEAR K
BRLRE X AR B AR 7 AT IR L5343
Mo AHESE B8 IUGR KU AR 5 B N8 SRt 4
A ERPIRASAT RN 0E (R B H BEE A K PR
FERR KA TUGR KBRS 34 K AH X 22 988 4 it
L PEALIAR RS R BUSME R R, AREEA IR BN
TUGR A& Jo RS B A i B B i S

CN CR EPR ku CN CR EPRDPR ky CN CR EPR DPR ku
p-mTOR (ser2448) _ 289 p-mTORser2445) | 230 p-mTOR(scr2448) _ 289
BCN “CH mEPR ® CN = CREEPRBDPR BN % CR WEPR WDPR

s 14 z 1.4
vREL ! Z 12
E 1 3 1 E 1
£o08 1 E o8
¢ 0.6 - 4 06
5 0.4 £ 04
T 02 A T 0.2
= gl - = o
mTOR p—mTOR mTOR

22
E T 1)
1
- B

Relative expression

p-mTOR mTOR p-mTOR

B1 HAKXR 4.8.12 FiREB#A mTOR, p-mTOR HIFRIX
Fig.1 Expression of total mnTOR, mTOR phosphorylation in skeletal muscle at 4, 8, and 12 weeks of age
CN, CR, EPR, DPR: same as table 1. n = 6; A 4th week; B: 8th week; C: 12th week. 1 )compared with CN group, P < 0.001; 2)compared

with CR group, P < 0.01;3)compared with CN group, P < 0.05.
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Table 5 Arbitrary unit of total n'TOR, mTOR phosphorylation in skeletal muscle at 4, 8, 12 weeks of age (n=6,x+s)

4th week 8th week 12th week

Group

mTOR p—mTOR mTOR p—mTOR mTOR p—mTOR
CN 1.000 + 0.085 1.000 + 0.089 1.000 + 0.083 1.000 + 0.100 1.000 + 0.081 1.000 £ 0.113
CR 0.997 = 0.112 0.707 £ 0.092"  0.954 +0.122 0.761 + 0.091" 0.971 + 0.092 0.808 + 0.094"
EPR 1.048 = 0.091 1.079 = 0.104% 1.013 + 0.092 1.102 = 0.109? 1.007 = 0.097 1.044 + 0.1022
DPR - - 1.004 = 0.095 1.096 + 0.093% 1.012 + 0.084 0.837 = 0.094”
F 0.548 25.363 0.430 15.699 0.257 8.097
p 0.589 0.000 0.734 0.000 0.856 0.001

CN, CR, EPR, DPR: same as table 1. 1) compared with CN group, P < 0.01; 2) compared with CR group,P < 0.01; 3) compared with CN

group, P < 0.05.

() 2 A R E 8 AR R T A A = ) SOk
BB S B AVRBLZLTT R B A R TR
ANBARE ARk O, AL AR 4 SR S
AR S FE T IUGR KR4 J, nr il
B3, 988 R e AR 8 o R A P T T
WL mTOR &% , I 28 BE i - LA Bl b s ML e i 2=
BUBMEAT G, T AR B m AR B SR T IUGR K
SRCZE AT H0H R 30 2 ] g s AR g o R R B 2R ek
%,

B UR MRS 1A B 32 25 i o) R
SRMUAAR S A o ) 2 B G A T, Y NS SR
et R = = I A2 NS R S TN T RPN | = g
IR E R T 5T E B LS SR8 5B 8
A0 e 2 B B i A RN SR S L g b A
B IG B AR L p-mTOR #3k R, FEILAN AL
ML PR A BT 0/ 1, mTOR 22 24 R W 1R 1k /2
HE MR IR IE 2, Yao 25478 B HI0RS &R 1Y 37
BRI R L p-mTOR ik 42, PR
R TR R b A T 0 R B A A e B
oo B EE LT 2 R o 1 A 1 B 5 B
PR T REAR 1R BE 1S ARAFSE CR 2K UK
G A== e IR TR A DY & e = Tl =
BEHL p-mTOR Fik# CN 1K FUE T, #E0 TUGR
KEBHIEENERBARERET, BRY
R H ALY, B4 B B L mTOR 54 T,
AR FHBBIEARGG R, FIMERER A
HIKE T, IUGR KR AT REHRFLEE N mTOR T
PELIRAS, B # WL mTOR 357 F 42 TUGR JE {4
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