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Objective
We examined the effect of maternal feed restriction during gestation and lactation period on changes in liver, spleen, lung and brain
weight in 3 and 24-week-old rat offspring.

Methods

At day 10 of gestation, rats were divided into two groups and given an ad /ibitum (AdLib) diet or 50% food restricted (FR) diet
until delivery. Offspring were divided into four groups: AdLib/AdLib, AdLib throughout experimental period; FR/AdLib, FR during
pregnancy and AdLib after delivery; AdLib/FR, AdLib during pregnancy and FR after delivery; and FR/FR, FR throughout experimental
period. Offspring were killed at 3 and 24 weeks of age.

Results

In the FR/AdLib group, all of the organ’s weights were not differed among the four groups in the 3 and 24-week-old offspring. In
the AdLib/FR group, liver (P<0.01) and spleen (P<0.001) weight were decreased in the 3-week-old offspring, but these weights
were not differed in the 24-week-old offspring. In this group, male’s lung weight was not differed but female's lung (P<0.05)
weight was higher than in the control group, however, lung weight of 24-week-old male offspring was increased (P<0.01) whereas
female was not differed. Brain weight of AdLib/FR group was higher in the 3 (P<0.001) and 24-week-old (P<0.001 in male, P<0.01
in female) offspring than in the control group.

Conclusion
Our results indicate that maternal feed restriction during critical period might impact on the normal growth and development of
offspring organs and also, these effects may influence to prevalence of disease in offspring’s lifelong period.
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Fig. 1. Study design. Nine-week-old male and female Spraque-Dawley rats were used in this study. After a 1-week acclimation period, rats were mated.
At day 10 of gestation, rats were randomly divided into two groups and given an ad /ibitum (AdLib) standard laboratory chow or 50% food restricted
diet determined by quantification of normal intake in ad /ibitum fed rats until delivery. Offspring were divided randomly into four groups: 1) AdLib/AdLib,
given ad /ibitum diet throughout experimental period; 2) food restricted (FR)/AdLib, given 50% diet during pregnancy and ad /ibitum diet during lacta-
tion and adulthood; 3) AdLib/FR, given ad /ibitum diet during pregnancy and 50% FR diet during lactation and adulthood; and 4) FR/FR, given 50% FR
diet throughout experimental period.
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Fig. 2. Body weight of male and female offspring in AdLib/AdLib, AdLib/
FR, FR/AdLib, and FR/FR groups during experimental period. (A) Body
weight in male offspring and (B) body weight in female offspring. AdLib/
AdLib, given ad /ibitum diet throughout experimental period; FR/AdLib,
given 50% food restricted (FR) diet during pregnancy and ad /ibitum diet
during lactation and adulthood; AdLib/FR, given ad /ibitum diet during
pregnancy and 50% FR diet during lactation and adulthood; FR/FR, given
50% FR diet throughout experimental period.

Table 1. Body weights of mother rats in the AdLib/AdLib, FR/AdLib, AdLib/FR, and FR/FR groups

Gestational period Adl.(i:i ‘gt)mb F'X‘Ajsib A((illl.|=b2l)F i '(::i ';'; P-value
Day 9 272.50 + 6.00 292.50 +12.77 297.00 + 23.00 312.67 +22.82 NS
Day 14 305.25 +5.75 286.38 + 13.17 326.75+ 17.25 318.67 +20.35 NS
Day 21 403.75 + 27.75 317.88 +£24.22 383.75+8.75 358.83 + 14.62 NS

Values are presented as mean =+ standard error of the mean values.

AdLib/AdLib, given ad libitum diet throughout experimental period; FR/AdLib, given 50% food restricted diet during pregnancy and ad /ibitum diet
during lactation and adulthood; AdLib/FR, given ad /ibitum diet during pregnancy and 50% food restricted diet during lactation and adulthood; FR/FR,
given 50% food restricted diet throughout experimental period; NS, no significant.
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Table 2. Relative organ weight of 3-week-old offspring in the AdLib/AdLib, FR/AdLib, AdLib/FR, and FR/FR groups’

Organ AdLib/AdLib FR/AdLib AdLib/FR FR/FR P-value
Male offspring
Number 4 4 5 4
Liver 417 £ 0.57° 3.48 +0.18% 2.56 +0.08° 2.70 £0.10° <0.01
Spleen 0.48 £ 0.02° 0.42 £ 0.02° 0.20 + 0.00° 0.18 +£0.03° <0.001
Lung 0.89 + 0.06 0.89 + 0.06 1.13£0.14 1.04 +0.08 NS
Brain 3.21£0.76° 2.23+0.18° 5.76 + 0.33° 5.87 +0.16° <0.001
Female offspring
Number 4 5 5 4
Liver 417 +0.32° 3.48+0.12° 2.82+£0.28 2.80 £0.14° <0.01
Spleen 0.49 + 0.04° 0.43 +0.02° 0.22 +0.05° 0.24 +0.02° <0.001
Lung 0.88 + 0.05" 0.83 +0.04° 1.16 + 0.10° 1.08 +0.11™ <0.05
Brain 2.60 + 0.03° 2.56 + 0.25° 5.49 + 0.66° 5.62+0.12° <0.001

Values are presented as mean =+ standard error of the mean values.

AdLib/AdLib, given ad /ibitum diet throughout experimental period; FR/AdLib, given 50% food restricted diet during pregnancy and ad /ibitum diet
during lactation and adulthood; AdLib/FR, given ad /ibitum diet during pregnancy and 50% food restricted diet during lactation and adulthood; FR/FR,
given 50% food restricted diet throughout experimental period; NS, no significant.

*Different superscript letters indicate the comparison with significant differences; “Relative organ weight (g/100 g body weight).

Table 3. Relative organ weight of 24-week-old offspring in the AdLib/AdLib, FR/AdLib, AdLib/FR, and FR/FR groups’

Organ AdLib/AdLib FR/AdLib AdLib/FR FR/FR P-value
Male offspring
Number 3 6 3 2
Liver 2.76 +0.04 3.57 +0.50 3.41+0.09 286 +0.12 NS
Spleen 0.13 +0.01 0.13 +0.01 0.16 + 0.01 0.16 + 0.01 NS
Lung 0.25+0.03° 0.27 £ 0.02° 0.36 +0.01° 0.31+0.03* <0.01
Brain 0.35 + 0.05® 0.27 £0.01° 0.69 + 0.05° 0.47 + 0.02° <0.001
Female offspring
Number 3 5 3 2
Liver 2.87+0.18° 3.08+0.17% 3.40 +0.07° 2.78 +£0.04° <0.05
Spleen 0.16 + 0.01 0.09 +0.05 0.18 +0.01 0.18 +0.02 NS
Lung 0.35+0.03 0.31+0.03 0.37 +0.02 0.39+0.09 NS
Brain 0.57 +0.02" 0.46 + 0.04° 0.78 + 0.04° 0.66 + 0.03" <0.01

Values are presented as mean + standard error of the mean values.

AdLib/AdLib, given ad libitum diet throughout experimental period; FR/AdLib, given 50% food restricted diet during pregnancy and ad /ibitum diet
during lactation and adulthood; AdLib/FR, given ad /ibitum diet during pregnancy and 50% food restricted diet during lactation and adulthood; FR/FR,
given 50% food restricted diet throughout experimental period; NS, no significant.

*bDifferent superscript letters indicate the comparison with significant differences; ‘Relative organ weight (g/100 g body weight).

1} H|mEHS 1, FR/AdLibeL k= RIO|7} SURAOLE AdLib/FRED} FR/
FREOIN 2tz 179%, 182%7+ B7ISIRCHP<0,001). A% 3% of
7 X2 79| 7F 2A= =20t H| WSS 1 FR/AMLbZIF= Xt
0|7} S, AdLib/FRET} FR/FRZE = CIOf|A 33%M ZHASIHCHP,
<0.01). HIE 2H2| ZL thxznt FR/AdLbZIHE XI0[7}F SRS
O, AdLib/FRz FR/FRZZOIA 242 CHEFEECE 56%, 52%7t 245t

WWW.KJOG.ORG

O :Q
s

CHP<0.001). R2IZ21 Xto|7} SAAT £ Flo| I 2AH1l= 2,
d Xt Fo| I £Al= AdLib/FRZO| CHE M| ZELCH 7HY =2 2t

FCHP<0.05). = A9 B2 thEZnt H|w3#ES f, FR/AdLib

= X10|7} U AdLib/FRZOIA 211%, FR/FRZOIA] 216% 2t

Z7}5tHCHP<0.001),

243 K& FE2 ME 100 g &7| FAE Ul = AtO[ollA H|w

HT

S 4 mo o
=
i

825



KOREAN JOURNAL OF OBSTETRICS & GYNECOLOGY
KIOG Vol. 55, No. 11, 2012

St Znt 23 X F Zht vIEe| RAl= 2 7te] XI0|E HO|X| &
UCKTable 3). T FAI= AdLib/FRTUIA CHEZELE 144% S7t61%
On{(P<0.01), thEZ, FR/AdLibZ, FR/FRZ Afojofl= Xto|7} SAd
Ct, k| 2AE HQt OFEIEX|Z AdLib/FRZIN CHRZELCt 197% S
7tot0d CH2 M| 220 7MY =2 ﬁ; HAD(P<0.001), hE, FR/
AdLib, FR/FRZ AfO[0lli= Ro/XQ1 Xt0[7} iALCE. 2453 27 Xt
& 3o A2 HiFn ol RA= 2 __I A0|E EO|X| 24uLCt. AdLib/
FRZC| 7+ 2AI7} hAZELCE 118% S7I5I¥2H(P<0,05), LIHX|
Ml 2 Afojoil= Rl xto|7} UL | FAE HA| AdLib/FRE
Ol CHRZLELH 136% S715104 7H& 240] =T(P<0.01), CH2 A|
= AfoJoll= R2E21 X0|S E=O0|X| UL

|

3

= =22 42 oEE DT UA SFIE tMeE (et 7
710l A0|E HMISAIZ! = RI& 3
AL0|C}, EESE AO[KISHS KR F|7F 2450 2 W7IK| XIEA -
ENM M B 22 7 S0 7AA Aox[sto| Xl MRI17(7Ex|]
A0l ofst FEE F=XE YT BAIL| BLS Soto] AEstn
Xt stRACL,
= Aoz 24 ©RE MHe7|7K|, A 3
| SFES X2 F(AdLib/AdLbz)E Y= tHEO0l2tn HH
= ZuE XL} hHIS 26t il 5 Alo|x|E
ofo| FoIAINM EH{RTID SiEf2te 32t FY0| St A
M7IE(FR/AdLb)2 2t HIZ, o, =[] £A7F tix E >
SL|CH, 2430z 2 Zte| X0|E EO|X| LULCE 0]
30| HIE S5 FE= ENOLOIA| =X Z30X(EE 24 = o
0| °'01|—f= ol SE8F FLS FOZM LSt MatE7|
oz MZIEICE M2tE7| JHoEt AUrFE O 1Y
H01 o O|=0tLt MAIZSO T Zedotofl HlsH FAME! &%
I to] 2 £ 2 MEsk= A2 Yok, MR |7 =
CHEE, Mg S, At 2ot Sl WHES =
olctm o 1 X UACHO,15]. HEMESE EH01 77| 2t MHE2
2 Bl Af| Fel 24 = 21U MBS H|wot¥S M, MME
0| FeMSHEC 244 o RACh= %G'?E UAACH 16]. OIEH
ot Efl G EE oINS M, 2 AFuM= 241 XSS H
wet ZAut T I"*i 2240t U3 20| AIA FR/AdLIb=O] EHX;‘
Hot 22 Aoz Hol, 2 7o SERET M7 HYS ¢
Aoz EFEW 2= ALt E3| MZE £ SAl(cellular hyperplasia)ol &
L2 oLk B =7(0M[17] Rk FolA MSE 528 IS
=22 A F XAZAUE MzZSAS 7145 AZIC =« UC Lf
O M 4 SAIHL] MIE 3719] S7Kcellular hypertrophy)7t &f &
0] YojLk= EM = 44Y o|F9| AlZ|0f ASE= MelEEE2 4
710lM S0{t MZ=Sf | 37|17t B7tst 2oz HoICH18], £t

0|'

ol
\l
™~
=
=
08
09
= mjo

mo mjo o AT
F

e H

al
o
&2
=3
—
o A
—

i

o
il r:m

[s)
— 0
f

mo 40 ox o2 rr
A oA
o =
o Jo J>
| r°l'
m

E_
i
II"
i
ol

f

—Ho

I-JR

S =

rTa

|'0II

LY

826

5 DHQ] FUZH0| M = KRR HF7| Z7(of 12t Mz 4~
BS7HAZ| AOH[TLE YoZlo =M MOI7| HITH| &
Ch= EF A2 o|ASIES mh[19], FR/AdLbZS| X[E0| X
THCO SIKGIGRIEE 2 7| A= Xfo|7t 8= olge AME &7t
of & 2ol H7|E Tiot= MLl 37| B7tet =0 LHE X8t
- Z71R17| H20[2tn RFE 4 ot 2 SN HMEE 245
d SR Y XUHS 2 C=TH(4A 10.60+0,10
mn?, 242 7.14+1.05 mm?)ofl HIH FR/AdLibZ2| 4:74(16.85+0,14)
1} 2474(13.95+0.86)0l A 2k} 2F 1.6HH(P<0.001), 2.08H(P<0.01)
Z7I5t A S0lst 4 QUACHunpublished data). 00| E1E &2
S0l m2H UM 5 SEo YS JSLX| 2510 Llst= XS
AZE X|H(intrauterine growth retardation)22 EHO{L XS UM
ofl ZA H|2t k&2l MaHA(insulin resistance), LIS Zol(glucose
intolerance), H| ¥T2M K87 Hnonalcoholic fatty liver disease)2| gt
& 0| =t SHTH20-23], & H0| 2458 SEZLS 0|85t
MSHATLO| A CHEZ D H|WSIHS M, FR/AdLbZC| S5 MEUEX|
BITHEHZ] S8 AH|IS(low density lipoprotein—cholesterol)zt 22 Al
H(fasting glucose)| s=7t E7I5 A&s 2Lt E5t EF &
K2 (74 208.33+9.70 mg/dL, 274 336.00+10.00 mg/dL)0| CH
(7 81.00£39.51, U3 11567+2842)=Lt Ro/H02 F7tst
S 3018t 4 AUAUCHSA, P<0.001; Z, P<0.01; unpublished
S=ZEo| ZE CHA| FelotH, &8 & &

2010] 2 4

0 M >

2ot 2,

r

0

tﬁ

SO ox

data). 2t FR/AdLID

YaEoz SEE YUE G 28 KE HES ¥ % 47| 5
MAEQI ABiS SR 7| Pl wRk| 43S B, &I 2
S7iek cistof U KM 45 S715IO0, 22 DohAlel 7

BITHAL oKt 2AISH Ho = Holct,
FR/AdLibzt b= CHEA| HIZ A
Of EHORiCt D SHEf2t= 3F7te| 2R 2
MS M2 S0 UA X2 (Adle/FRFL)Eo EH&:‘ Ct ZH)
Zo| A7t 7t =0|(Table 2), 0[2{8H Zxtof| Hg aiA2 SD
Fo| MamME Solod e ~ Qlct SbE
7| DNALS ZX5t OJ?OH m=H
HIZC| DNAE S4 = of 12ULE] B7t5t
APNES 10 % Ct SM & oF 44U7IK| XI&Eo2 DNAYO| S7tst
£ A2 BEGIRT, 1 0l]= 0] AlZ[ofl M= 2~ BAl0] 2 ofLt
7| 202tz Eﬂéf?‘;ﬂf[ 8. m2tM MIZE 4~ Z4/0] F2 UojLt=
Al7| S2te| 258t HaiE= ’éi%;"”' ’“7| A, & R
RNA®} DNAO| B7IE 4t ,
OlASIZS I, 373 AdLib/FRE £741H 2 xre F
A UAE £77| SO ZHZEEQ| ESEF FY
Mz 4= ZA0| MSHS 47| th20(2tn Ut 4
Alo] EOIA EH, £37712] Alo|x[sto]l |
UL Fo| Z25H A0S0 chst Gt of A Ligt
& £ ]It 8+ [2H E0[SHAIE 77| OIFSE] 245 71X
[, 2kt HIZ| 2A17t thxZat X107t gk

ol
o
2

Ion

& ZH|ZRE %'cfe By
=]

i
oM
ro
t
o
z
o
rulo
nc
o
Hj.

-
[m ey

10 F
M
0=
r
= 4
LA
]

o 27| g0l WE Y

= o
DNAS QIAl oF 172

_,_
1o

[e]]]

=Oll=l
ok
5 1lo -
4}
|0
i
2
Il
ro
rx

41
mujn
tu

1o
bl
1o

]

L%rﬁ 0%
Er_ﬁl
e =

g o

i
i ne
2 ox N I H 2

0
S 0
H
rol
=

E
r\l;
2]
0% F
o

HH]

WWW.KJOG.ORG



KOREAN JOURNAL OF OBSTETRICS & GYNECOLOGY

Hye Won Kim, et al. Feed restriction and organ weight in rat

—_

my
B oo

XL, 2 R Fo| 2R 20(3H 7te| FA7t thxECt 57
ZANE HICL 24 3FRE 437K HE 37t Sigts BEet
M= MSE Wl = & 7HF MAS0= =+otr MBS 4F
2 AX5ks 7t FAl=E 71 2 ASZ Hot, 0= AdLib/FR=Q] HIE
AL ZH CHAY QI8 ZH 2A(Q] 0| B7I2t AZhet & It 57
7| St HHEHAl Xi[etE AlZ! of0| Fe| HE H2 M| FSHA F7t
2 209 =OF TRl K|St A7) An} X|ek7HE(steatohepatitis)O| A4
7|0 K|EHE! MEH(ipogenesis) = S715t HS BESICH24], Lzt
M AdLib/FRZS| 7+ BA7t 718t 0lF= X[H7te| ¥y WZol2tn
FET Qlon, Hot et 48
2ol chst X7 2N RF 3 ZHe| XTHAL 2 X|He| Wol &
7} Sighol| Cet F7MMQl 2M0| of ERolrtn MZisto] oof thst =
M ATE A= B0 QUCE

Ztat HIEe| 2AIRl= Cl2A| 3580t 2438 AdLib/FRE Xk F
O Het k| FAl= iRt X0|7t gi7AL 26| B7Iet AuE BN
Ch O] Zo0lN 2 Sk M 71K F5S & 4 AUUCH A B =
Z0=2 SDF 2F Q| M| wE DNAYS| 7t IiEl0| &7 |ofct Ct
27| tfZ0|2k= Ao|ct, Ztot HIF = CiEA HQt k= 24l 2F 16
AU O|22EH &M = oF 14U7X(2t DNAYO| B7I5t 1 0|R0l=
HaPIL Sl AO2 HETUCH18]. w2t H2t = S46t 8%
5tof Tzt MES o] R0, 28 = +37(, 22 Q77
X| Ao[MEt0] ASEC2te O FoE Bh= AZ|7F 74t BRI o
HEC=E B2 o US AO0|2tn MZIECE & Hif FEC2 Hlo| £
A7t 330t 243H0l|A CHEZ D X017t gL B2 1 0|4e=
715t 0lRE, 2H|Q| Aolxstez QIst Xk F Q| M=ol 7|&
(extracellular matrix)2| Z7} IH20|2t 1 MZtst 2~ QICt Rehan S{25]
2 UM = ZHQ| Mo[HSH Rk F Hoi|lA] WatAEelastin)zt 2
2 M= 2| 7129 FXMg 7RI E0si¥=d|, HIE Rehan
S[25]e oot & HTro| SSE Ut Ao[x|St Al7|7t CHEX|SH 2
Aol SEZHM o FAVE CiEZ D} RfO[7} GiALE CHE M| 2
HOF 2A2 A2 HI-ERR Mzl 7|2el £X mZ0l2k= ks
H2 GF0 & & UACL M HHf FEC==, kl= Al0[K|Stof o
st 28T Q7| WR0|CH26,27]. 012 |22k 0|2(brain sparing
phenomenon)O[2t1 Sh=l, | SN2 KMAS1 A0
g HFoIN HEERCH MEOL SEXE ZFUAM L2 Tt
20| B7IEE EXCH17,28]. 0foi| & ¢71o| SEZHM | F
At B A2 EN = 5
o= Ho|H, 0l2{gh HIY &N
& oLt ek 53 Mg Yo7
SIICH29] 2 AN
(AdLib/FR, FR/FRIZ)OIABF LIEFG=C], Of
o Y& IFZ0A o] DNAYR &M = =7|0 25| E7IsiCh=
ARLZNE HIZOR HS W, |7} SM MECH 24 = Alo[x|Sto]
O 2 T2 L2 A= = 4 QUCf. MEtA 3FFat 2453 AdLib/
FRzQ| HQt &l A R BFE =2 10 s

i

R

d

o ]
g
o
o
18
oM
d
ﬂF
0%
re
=3
0
Q
o
02

o

WWW.KJOG.ORG

oo| HigYHRl 2Ao| 241t | IRE S7I2 QoA +~ U2,
Ol= mZetnt siegol S22 TIiE 4 Q1S Ao|ch

= grolME YU SHERE SEEK| 0fo] F oAl AolHets Al
Z0E 2AZ 21| MIS X0l= QUL il SH7IFE of 11&2t
o Alojx[eto] 2Xe| HE SHol= FS FX| HULE EfL XiE
FoilA 0lxl= G2 B = Y] AL=U=|, 01F S5tod
= o A S
S=0l

St

r
o T

>
0l0
ob
el

> ™
e 10
1o

I.
kst

[a]

1o o o

o A
9
)
}_n

|.|-|
Ral

B o
N

A

©

_\.,]_ m

N
=)
ru
02

9_!_-

£Q o [y
2
ot

oA 1o T
Q'E
4%
iul

o I
re
-
10

i
mo

o rr

J37| w20 S| WE Zuel Xfo|7t
2 2 SF0M= Z2ES TEA7I o7
THE Y 2 Hez &=+
o= 7HE ofgolct. SHXIZE oj2qet Mgk

AN 2 FHS0AM Fejojet ZukS0|

| Etfaitt= 2 QinjsiH,

A5k= ol 52t 2AH A=V E + USE A

30
i
o
-
z
on |0

230 0
T |0

o E|% = I'ISF
N 2 1“'

Lrou o Lﬁ

HE e

Ol _LI E
i)y

= o2 #Ei

Lz =

X

oo il

pa ol

oX

2

1o
=3

U T k
re
- 2
10
i
02
T
13
[=)

re H

my
T
12
i
o2
r=
o
=
j>

0
Al

3249 2| AlofHgk2 XHEQ| ThHAL
U0l 2+ U= 2E 0|
TR718] 22X Alo[x[eto] X}
158 717 S35t 2
23|9] Z4Z0l| Chsl CHA| i

= dlofl 2127t ATt SHICE =4 H
SRS 01&510] g2l7| tHARdoe| X|=7t & o
[UCHAL 710 S HF0 LS S2| Xls
Folgo|ct. 2 HEnE QOfetH Tt 2ot A
ZHOZ Hof XRE FE2 el

C

atE7 | &S SR, ol E71 24

21
k=
4n
il

3
ui
Rl
on
on
>
0z
2
ry
o
2

re
rr
o
=
Y]

PN
i
ox N
N
ra

o
[

HI oy
x =2
o o
o %
rr
L ‘i‘ m 13
SH oy TH
-
Mfop
ot
4>
30
rr

o>
njo

o
do
3
re
-
m

I
m

N~
1A
02

N ol Th- mok o
Moy
oo
Il
S

2 0
> N
p rr
=)
oo
ron

> ofn

4
o2t
uor

0z
ol
>

y
[0}
02

=
k]
>0
ro O
08
N oo

r.|

1o ]
Z

2 09

ol
=

>
40 %

> o
-
o
=
0
Rl
0=
o
|.|-|
(o]
N

I
Pl
i
HT

r e
inl

> N
=
o
r=

12 oy
0

— 0

oy 0

B

Q'E

R

|0

i

=)

o

rot

08

09

>

rol

S

S

0 o

ro
—_— Nd

m3
rio
O.I.I.
0
2
N
3
3
W 3 oz

0| =22 20124 E ME(uSnfsly|aR)o| Yo SHRHTLAY
T 7| =AML XIS 2ot 23E F-12)(No. 2011-0004200).

827



KOREAN JOURNAL OF OBSTETRICS & GYNECOLOGY
KIOG Vol. 55, No. 11, 2012

References

11.

12.

13.

14.

15.

828

. Coupé B, Grit I, Darmaun D, Parnet P. The timing of “catch-up

growth” affects metabolism and appetite regulation in male
rats born with intrauterine growth restriction. Am J Physiol
Regul Integr Comp Physiol 2009;297:R813-24.

. Barker DJ. In utero programming of chronic disease. Clin Sci

(Lond) 1998;95:115-28.

. Barker DJ, Hales CN, Fall CH, Osmond C, Phipps K, Clark PM.

Type 2 (non-insulin-dependent) diabetes mellitus, hyperten-
sion and hyperlipidaemia (syndrome X): relation to reduced
fetal growth. Diabetologia 1993;36:62-7.

. Lucas A. Role of nutritional programming in determining adult

morbidity. Arch Dis Child 1994;71:288-90.

. Simmons RA, Gounis AS, Bangalore SA, Ogata ES. Intrauterine

growth retardation: fetal glucose transport is diminished in
lung but spared in brain. Pediatr Res 1992;31:59-63.

. World Health Organization. The World Health Organization

report: reducing risks, promoting healthy life. Geneva, Switzer-
land: World Health Organization; 2002.

. Tzschoppe A, Struwe E, Rascher W, Dorr HG, Schild RL, Goecke

TW, et al. Intrauterine growth restriction (IUGR) is associated
with increased leptin synthesis and binding capability in neo-
nates. Clin Endocrinol (Oxf) 2011;74:459-66.

. Plagemann A. Perinatal nutrition and hormone-dependent

programming of food intake. Horm Res 2006;65 Suppl 3:83-9.

. Hales CN, Ozanne SE. The dangerous road of catch-up growth.

J Physiol 2003;547:5-10.

. Nair L, Nair MK, Chacko DS. Markers of fetal onset adult dis-

eases. Indian Pediatr 2009;46 Suppl:s48-54.

Widdowson EM, McCance RA. A review: new thoughts on
growth. Pediatr Res 1975;9:154-6.

Lucas A, Gore SM, Cole TJ, Bamford MF, Dossetor JF, Barr |, et
al. Multicentre trial on feeding low birthweight infants: effects
of diet on early growth. Arch Dis Child 1984;59:722-30.

Desai M, Gayle DA, Casillas E, Boles J, Ross MG. Early under-
nutrition attenuates the inflammatory response in adult rat
offspring. J Matern Fetal Neonatal Med 2009;22:571-5.

Chen JH, Martin-Gronert MS, Tarry-Adkins J, Ozanne SE. Ma-
ternal protein restriction affects postnatal growth and the
expression of key proteins involved in lifespan regulation in
mice. PLoS One 2009;4:e4950.

Cettour-Rose P, Samec S, Russell AP, Summermatter S, Mainieri
D, Carrillo-Theander C, et al. Redistribution of glucose from
skeletal muscle to adipose tissue during catch-up fat: a link

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

between catch-up growth and later metabolic syndrome. Dia-
betes 2005;54:751-6.

. Widdowson EM, Mc CR. Some effects of accelerating growth.

I. General somatic development. Proc R Soc Lond B Biol Sci
1960;152:188-206.

. Winick M, Noble A. Cellular response in rats during malnutri-

tion at various ages. J Nutr 1966;89:300-6.

. Winick M, Noble A. Quantitative changes in DNA, RNA, and

protein during prenatal and postnatal growth in the rat. Dev
Biol 1965;12:451-66.

. Strauss RS. Effects of the intrauterine environment on child-

hood growth. Br Med Bull 1997;53:81-95.

Alisi A, Cianfarani S, Manco M, Agostoni C, Nobili V. Non-
alcoholic fatty liver disease and metabolic syndrome in ado-
lescents: pathogenetic role of genetic background and intra-
uterine environment. Ann Med 2012;44:29-40.

Nobili V, Alisi A, Panera N, Agostoni C. Low birth weight and
catch-up-growth associated with metabolic syndrome: a ten
year systematic review. Pediatr Endocrinol Rev 2008;6:241-7.
Alisi A, Panera N, Agostoni C, Nobili V. Intrauterine growth
retardation and nonalcoholic Fatty liver disease in children. Int
J Endocrinol 2011;2011:269853.

Coupe B, Grit I, Hulin P, Randuineau G, Parnet P. Post-
natal growth after intrauterine growth restriction alters
central leptin signal and energy homeostasis. PLoS One
2012;7:e30616.

Kwon DH, Kang W, Nam YS, Lee MS, Lee Y, Kim HJ, et al.
Dietary protein restriction induces steatohepatitis and alters
leptin/signal transducers and activators of transcription 3 sig-
naling in lactating rats. J Nutr Biochem 2012;23:791-9.
Rehan VK, Sakurai R, Li Y, Karadag A, Corral J, Bellusci S, et al.
Effects of maternal food restriction on offspring lung extracel-
lular matrix deposition and long term pulmonary function in an
experimental rat model. Pediatr Pulmonol 2012;47:162-71.
Desai M, Crowther NJ, Lucas A, Hales CN. Organ-selective
growth in the offspring of protein-restricted mothers. Br J Nutr
1996;76:591-603.

Desai M, Gayle D, Babu J, Ross MG. Permanent reduction in
heart and kidney organ growth in offspring of undernourished
rat dams. Am J Obstet Gynecol 2005;193:1224-32.

Scherjon SA, Oosting H, Smolders-DeHaas H, Zondervan HA,
Kok JH. Neurodevelopmental outcome at three years of age
after fetal ‘brain-sparing’. Early Hum Dev 1998;52:67-79.
Smart JL. ‘Malnutrition, learning and behavior’: 25 years on
from the MIT symposium. Proc Nutr Soc 1993;52:189-99.

WWW.KJOG.ORG



KOREAN JOURNAL OF OBSTETRICS & GYNECOLOGY

Hye Won Kim, et al. Feed restriction and organ weight in rat

712t +77| S| 2XIQ| Aolx[to] XkE F el 7| 2Alol F= B

Oltofxirhsta ofatryst 'AEQItStm A “olntstiTA EXlo|uStn A, ‘UIQEIOfSIHTA
12 13 4 =23 123
golE, oldnl™, Ofdef, =els™, HEF

2

2 S0 A= YAIT[eH4R7| Soto] BR|O| AO[KF0] 3T 245 X FHo| 2h HIE, H, b Do) T IS Yohwinx 5
AL,

o1

=]
S

EHH
=
IAlet Sparaque—Dawleyd SIFIE F FO=2 L0 A
o

o

O 22271K| HORSEIS 22 50 MOIKBIE Aztont 4

0

1

A FES U 2OZ Lis & Z0f [f2t A0|22S Z2l6IRict: Adlb/AdLibz, Als & 7|2t EOt M3t 90| Al0|22; FR/AdLbZ
UL F0f 50% A0IX[StE §F 0] FUIAIN SMoi D M = AE S UMK M§h ¢lo| 20185 Adlb/FR, &M Sof XSt ¢l
0] A0|Z23& ot ofo] FoIAM SMeI¥RD EM = As ZRUNIK| 50% A0|X|SH FRFRTE, AlS M 717 S50t 50% Al0|X|§tS St
OF Ikt FE2 357 245 1ff St 74 5|H, H| LIS XS5 FAS UL

7:1-||.

3=} 2473 FR/AdLbZ Kj& Z|o| 7t HIE H, L 2A= | = 2t 7(}0|7f 81 Ch. AdLib/AdLibeCHAE )1t HlwElE o, 353
AdLib/FRe 428t 423 Xk F9 2HP<0.01)at HIE(P<0.001)2] F= IAGIROLE, 247 F0lIM= A 7H FA(P<0.05)
7t E7Iet Ag Melstile 25 XO[7t Gt 358 o RA= %ﬁg 4% ﬂ0|7f UACLE AAR2 AL B7FSIRUCHP
<0.05). SIA[2E 245F2| H| £Al= £32 B B76IALP<0.01) YA X017t QAL | FAl= 35&(P<0.001)2h 245 F(A
P<0001, U2 P<0.01) BF0IM CHEZELCE S716IRICE

Zd2

=2

YL |of +77| S| A Ao[Meh= Xk Fof F7| Tl FEE & + RUen, 0l2fet 2 X HO| H Hofjof 2T 2E
LAS0|= FefS 0lE Xolct

S0l ZH AofH[el A7) 77| A, F7[ 2

WWW.KJOG.ORG 829




