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The influence of maternal high-protein diet during pregnancy and lactation on metabolism
related hormones of rats offspring

She Yuanhong,Yin Lu,Ding Ye,Ren Jiacui,Qin Rui,Shao Yingying, Hu Manli, Wang Zhixu"

(Department of Maternal ,Child and Adolescent Health ,School of Public Health ,NJMU ,Nanjing 211166 ,China)

[Abstract] Objective:To investigate the impact of maternal high-protein diet on metabolism related hormones of rats offspring dur-
ing pregnancy and lactation. Methods : Female Wistar rats (FO generation) were mated and randomly assigned to three groups:Pro I ,
Proll ,Prolll ,and were fed ad libitum with isocaloric purified diets:Diet I (protein, 14% ;carbohydrate,69.3% ,E/E), Diet Il (protein,
24% ; carbohydrate ,59.3% ,E/E) and Dietlll (protein,34% ;carbohydrate ,49.3%, E/E) respectively. On the 3™ day after birth (P3),only
3 male rats (F1 generation) of each dam were kept. After 21 days of suckling period,rats of 1 generation from different groups were
weaned onto the same normal diets till P77,when the research was over. Blood samples of offspring at P21/P49/P77 were kept and
levels of hormone related to energy metabolism were detected. Results:Serum levels of IGF-1 of F1 generation were lower in Pro |
than in Pro Il (P<0.01) at P21;IGF-1 levels were higher in both Pro Il and Prolll than in Pro I (P<0.01) at P49;IGF-1 levels of Prolll
were higher than Pro | and ProIl (P<0.01) at P77. Serum levels of Leptin of F1 generation were the highest in Pro Il than in Pro
I and Prolll (P<0.01) at P21 ;Leptin levels of Pro I were lower than both Pro Il and Prolll at P49 and P77(P<0.05). Plasma levels
of NPY of Prolll were lower than Pro I and Pro Il (P<0.01) at P49 ,with no differences between groups at P77(P>0.05). Plasma lev-
els of Ghrelin were higher in Prolll than in Pro I and Pro Il (P<0.01) at P77 ,with no differences between groups at P49(P>0.05).
Conclusion ; Peripheral blood levels of leptin, ghrelin and IGF-1 were raised as a result of protein-rich diet during pregnancy and lac-
tation in rats,with little influence on NPY levels.
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EFh
SPF % Wistar K B . B £ 36 H(63~69 d); HEH:
20 H(70~76 d), H b 5 4 38 A 42 525 3l R AT R
oS AR AL 4 ATIE S SCXK(51)2012-0001, 3474+
F%F SPF U sh =, i 3= R EE IR (22+2) °C, HHXHE
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TR R R 2 S 2 ) A R AR B A e Do o A E
i, HHES S . TACUC-1601065
1.12 st

ARSI 4 R A ] 4l fb 1 8L Diet I \Diet II | Diet
Il \Diet AIN-93G (32 [E 5 775 23 Wi th 25 3 1y 2 Ak 1)
- K ) Diet AIN-93M (3 [H 78 5% 24 2 ki 14 25
S ai e -4E45)5', Diet I Diet Il \Dietll 435
1E AIN-93G fic 7 BE iy b o8 % 8 (1 I Ak K Ak & 9
() ], 0 HL B 1 AR 43 51N 14% . 24% 34%
HRDRHA R RS G B | 7% R R
o1 SRR & B LR 1, SEER DR Y HY e O RIS
FE R BB A RS ml AL A2 PV AT IE S O3 R R
(2014)06092 ,

1.1
1.1.1

F1 ABNERE ZEEFAZHATANIULRBELRE
Table 1 Total calories, percentage of calories derived from

macronutrients and casein content in different diets

— ppE RREFRRMRT (D) mEE G
(keallkg) 1B Bokfba MW Hgke)
Diet [ 3766.0 14.0 69.3 16.7 141.5
Diet II 3766.0 24.0 59.3 16.7 2458
Dietlll 3766.0 34.0 49.3 16.7  350.9
AIN-93G 3 766.0 19.3 64.0 16.7  200.0
AIN-93M 3 601.0 14.1 75.9 10.0 140.0

.13 Z2ME

Thermo Microl 7R ¥ ¥k 2500 AL (36 B F€ R K /R
B A7 BR A F]), SpectraMax iD3 22 T g il 5 A3 (36 [
XX AL A PR F]),BD Vacutainer H.Z5 it ik Il
PR A 75 4 (S5 1 553t R T 3R AR B2 D)
1.2 Fi*
1.2.1 o Bfa i

Wistar K BUE W PEMESE 1 B)S, &K 18.00 #%
MEHE L 2:1 A%, K H 800 #BHIE R 7, I B S 1E
JEBE TR EIRE TN, IR H AR R R
FEHLA R 3 4H,ic 8 Pro | 4 Proll 41 .Prolll 4

Pro 1 41 Pro 1l 40 . Pro Tl 41 4% ¥ B Ak} M 35455 B
W T, S BRI FO, FRIEh F1, B
FFEUPE 11~17 HZ A G225, #4541 FL i
G 3 R(P3), Fr itk FI1, A —53 M BUAE 4 F
(R FAVARE) P8 E TR 3 e F1, 4
BIFE P21 P49 P77 B S5 8 h JEALSE, BA HUHE G
FRAS, S AT shi B itk oK,
122 FIHR M5 AF

Oz A E (body weight,BW) 5 & K (body
length,BL), F1 18 P3.P7 P14 i 55 BW . {1 55
3T 4 h G AR E AR F1 R P21 P49 P77 I A
BW . 285 (R25K)8 h e Fr it irfH 4 8 . BL. K BUE

ADPT+MAT PRG LCT PST PST

LA+ 3 30 5 3
ol IA1N—93M(Fo)§ Diet I (FO) i Diet I (FO) i AIN-93G(F1) i AIN_%M(F])' |
Proll ;AIN‘%M(F")E Diet Il (FO) i Diet Il (F0) i AIN-93G(F1) EAIN—93M(F1)'
PmmIAIN—%M(FO)E Diet Ill (FO) i Diet lll (FO) i AIN-93G(F1) EAIN—93M(F1L‘

ADPT :adaptation , i& hij ' 5% 1] ; MAT : mating , 3¢ it 9] ; PRG : pregnancy , 72 W] ; LCT : lactation , I 7L #] ; PST : post—weaning , Wi L5 ; (FO) ,(F1) 43731

FORFRHR IR X 500 FOAR F1LAR . & B A KRR I

1 Prol A . Proll 4B Proll AZE M AR IRFRER
Figure 1 Diets in each phase of three groups
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% ,NFM%): SN & Kz B 52 g i 48 5t 5 =2 Fie ok
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1.3 %itFuE
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I3 Leptin IGF-1 7K~ #E47 AS [A] 28 5 1) 22 55 LL 4%
XFAFFEGE T % 22 57 (0 5088 TR i 147 7 28 7 R 50
J5 2255 1 LSD L T AL fA) L85, I 257 H R
> KR AT 2 1A Le 8, P<0.05 MR A G E X,

2 # R

2.1 FORZEAFHILE FI A F1 REKAE KK
HEBR 32 28 W At 2 st D s DL, iR

A 15 - 1 Prol
m Proll
=1 Prolll
é 10 ke
= sk
E ok
‘—I‘ T
=
QO 54
- #5A A
<
N N
P21 P49 P77

A 8 F RN AT, 220 FO FRZ 1) L i 7L 39
FI X424 2% (P>0.05), F1 1% P3 it Proll 41
[(9.77+0.81)g ] #l Pro Il 41 [(9.58+0.54)g 1BW ¥ F
Pro 1 41[(9.18+0.68)g](P<0.01,P<0.05), i )5 E Wi
FL,Pro 141 F1 1% BW 244b 45 41 f 15 7K F-(P<0.05)
WrFl )5 3 41 F1ACABF B FIL WG FE K 45 A 5 BW |
Lee’s 16 (3o Gt 1t 77 22 5 (P>0.05) . P49 #1 P77 I}
i, Proll 4 Proll 4] VEM% 4 T Pro 1 41(P<0.05).
22 Fl RETFLE &-BF & f i IGF-1.Leptin /K-F
W 2A iR Pro 1 41 F1 A% P21 B 44 i %5
IGF-1 /K F5 F Pro I #HH1 Pro Il 41(P<0.01); & P49
i 5 Pro T 41 Pro 40 1GF-1 /K E 7 F Pro 1 4
(P<0.01); & P77 i} &5, Pro Il 41 IGF-1 /K-y 3 4 v
e (P<0.01), & 2B iR, P21 B 55, Pro T 41 F1 1%
I3 Leptin 7K F-24 3 20 v & &5 (P<0.01) ;P49 F1 P77
A, Pro 1 41 Leptin 7K V452K T Pro 11 41 #1 Pro
I 4H.(P<0.05).,
2.3 Fl1 R Br3L)s &0 5 % Ghrelin . NPY K-
W 2 FiR, Proll 40 F1 18 P49 I} 5 1% NPY
KA T Pro T 4111 Pro 11 41(P<0.01,P<0.05), 4% 41
P77 B 55 NPY 7K Te4e 1422 5(P>0.05) 4541 F1 48
P49 B} g1 11 3¢ Ghrelin /K V- 4E 1122 22 % (P>0.05),
% P77 0 5, Proll 41 Ghrelin /K %5 T Pro T 4070
Pro 1 41(P<0.01),,

3 9 i

ABFFERE A S /BT, Hiokiba®
FALTIEFJEE A 3 MR AR, RTER
SR A 2S00 il L300 s 2 P R0 AR K R AR
ORI , SEE BT b 5E 7 % 1R BBk L&
Yy &t A T REXFAE R AR BRI, JF E A X Rl
M il B B AIG, MEAh AR ICYG R R 2B R, 5
HOHR AR GRDRL A L, i ph e i) 18 o0 e Bl B Az sl

51 1 Prol sk
W Proll *
4 FHAA = Prolll
= sk
\E sk
£ 2
5]
1_
0

P21 P49 P77

5Pro 1 LA 1L ,"P<0.05,"P<0.01; 45 Pro ll 4L AH 1L, **P<0.01 ,
B 2 F1 4 P21,P49 P77 & IGF-1,Leptin 7K F
Figure 2 Serum levels of IGF-1 and leptin of F1 generation at day 21,49,77 after birth
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Table 2 Plasma concentration of Ghrelin and NPY of F1 generation at P49 and P77 (n=8 ,xs)
4151 Ghrelin(pg/mL) NPY (pg/mL)
P49 P77 P49 P77

Pro 1 2 343.07+295.54 2 451.09+294.25 761.38+72.03 849.65+66.95
Proll 2 376.59+288.34 2 283.14+267.83* 722.54+64.374 845.89+66.57
Prolll 2 288.95+270.34 2 975.15+288.78" 644.82+61.49" 896.93+59.81

5Pro 1 AL ,"P<0.01; 5 Pro T 414 L ,*P<0.05,*4P<0.01 ,

HE o DI AR S2 56 X BIF 5 B AR R AR B AR
MERHBEA BRSNS HME,

Wizl)m, &4 FLARMEERAKE Lee’s 48
R S AHHENE, mEA4 FLRN
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I T 200 B 1) 3 A ST A R B i LI BB ), BRAR AR
SCAR W B BB KT g AR TS A 0
SR B SRk, e 1A BG4 T 2 AR Ay R g AR
Vi A 25 003 B AR /00 B R i e T s A () B
LA AR SZ BRI 200 A SORE B F 0] 18 K B2 0
FLIT & 2R VIR X AR A S R g, C T
X AR A KA AR A3 152 A B TER

Leptin & — I8 B 56 B4 4 i 0 2 22 /1 60 1
U5 L2 53 WA ) B IR T WIFSE R BT, NS ) il v
Leptin K- S5EN A @EHHANASEME, HY
BW Tk, A5z Pro 141 Proll 40 AU L)
I ML Leptin AKEX & F Pro 1 41, IF5441
T VEM % Fa AR [ 7 R BB A4 22 11 i 71,
1 e B KR AT R A e B AR, BT AR i
1# Leptin 7KV A THi5

Ghrelin 2 4= K 30 2 42 43 W6 2 32 1 19 9 15 M T
W, FEhE W, HEZERESFEAT LA 2
() A 2 RONE A AR 0 A K S R R B R AR
HEFBE B IR #7 25, Ghrelin 5 Leptin X7 fEH] T
T Fr & AR T R AR B NPY/AGRP &40, M i ik
FPE/E, AWE YRR, AR5,
P77 B 55 Proll 417 1R 1ML 3% Ghrelin 7KV f5c, 7T RE
BCA L S B BRI B I T 2 (AR T R
Pro L4 FAXHE P77 B} 5 6B B 35 19 Ghrelin A1
Leptin 7K P10 4 Sy 3 [ 3 % 1) B 2 a0 3
NPY 4 KT A5 2 SC T B AR SC G, P49 B i
Proll#4H ¥R 2E NPY /KPR T HABF A, AT RERZ
P49 I} 45 Pro Il 41 %% 75 Leptin 7K - 1 £ 5z 45 98 5 54
N0 E P77 B3 4L NPY K2 5, nl fig R
Ghrelin 1 Leptin 453t [F] £ F g 25 5L 0100 BT A 52

56 (WL I AR P77 J5 45 2 T ARAE DGR K P IR A

ERTEIS
IGF-1 1104 — 26 5 [ & 3R &5 44 AL Bl A 2B K I

5, Al DR iRk A & A, 1 i 2 5 s B

JELA5 B, 00 U e e, O 02 E R s 5 5 AT

g s, 2L e 3 R T A 1GF-1

KA, I 350G I B LR A A R R AR S

T, Pro T 2415 Pro L 41 11K 7L )5 4% B SIS IGF-1

KOFEEE R, I H S &4 718 VEM% #a # A 7], 42

718 BRI L300 e 2 1A AT RE S I AL

IGF-1 7KF, ELH: A AR 15 AR RH 02 48
55 HA [ S RIF S AR BE A AR 2 50 14 WL 5% I AR

PN IR S B SR 22 B R 7L 30 s 2 iR xR

AR FATTHEN <N iR SR O A UK R

AR R AT RE I TR E TP E A S B

YRR, o5 —TJ7 i, A28 b o T AU & i U Y

HFAUR B H W& i Ar gl i R B JFAEE

TS AR ORI B A 2% 41 A 2 LB R A

(hn s B R R Y B R R A 2 e

R BOT SE AT IR SR ST LA i T EAT AT AL

ZUIGF-1 mRNA #1°F 2/l NPY mRNA kK- 1o

A SE g RH , A B — 2 B I 2 ) T L0 v 2

PR AR SR B
gi b, RS2SR 2L I s kR el 5 DR I

FACHNE ML Leptin ,Ghrelin IGF-1 7K 3T & , % 4k

JELAiL T NPY ¥ B2 5200 852 /08 , B H I E9 UE 3 A BE

JE B TR Z NIRRT TR S B Rk

SRR FR HARBLRITS A Fr it — 2B E5E
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