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Effect of Prepartum Supplementation of Pregnant Rats with Zinc Threoninate on the Growth Performance and

Related Genes Expression of Their Offspring

YU Junxiang, FENG Jianping, XIE Mingyong, WANG Guangran, ZHOU Huan, HU Xiaobo™
(State Key Laboratory of Food Science and Technology, Nanchang University, Nanchang 330047, China)

Abstract: The purpose of this study was to observe the effect of prepartum supplementation of zinc threoninate (Thr-Zn) for
pregnant rats on the growth performance of their offspring. Forty pregnant SD rats were randomly divided into five groups.
Thr-Zn at high, medium and low doses during the sixth to fifteenth day of pregnancy was orally administered to the three
experimental groups of animals, respectively. After the newborn rats were routinely fed to one month of age, the growth
indicators and the expression of growth-related genes were evaluated. Compared with the control group, body weights
of the offspring rats from each dose group increased significantly (P < 0.05). In addition, the mRNA expression levels of
zinc transporter 1 (ZnT1) and insulin-like growth factor 1 (/GFI) were increased significantly (P < 0.05). The expression
of insulin-like growth factor receptor (/GFIR) exhibited the same trend as /GFI. Therefore, the growth performance
of offspring rats could be improved, and the mRNA expression levels of ZnTI, IGFI and IGFIR could be increased
significantly by prepartum zinc supplementation.
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receptor; relative gene expression level
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Fig.1  Structure of zinc threoninate
HEREE ( ’“f,%fc%jCSHmNzof)Zn o 2H20[6] ), A

S B IE I R AL 2 S G A, DATR R R AN S AL B
NER (WAL N2:1) , KA TH90 C R

Ri2 ho SR &AM, WLUE, PEdRE{E, 50 CH
FERREAR, R, BRBEARE. Ed KN
fi? (ethylenediaminetetraacetic acid, EDTA) %% ¥ i€
EIAS = SR A ST IE R 19.40% (RS EEE N
19.36%) . R RREEEE R E TR,

Trizolik#] & [EInvitrogen/AF]; SYBR permix
Ex Taq ™52 8 5 5 G lg4E U M (polymerase chain
reaction, PCR) & . 0.1% LR — 4 (diethyl
pyrocarbonate, DEPC) ALFi/K  HZATakara’s 7] ;
Revert Aid™ First Strand cDNA& R A & £H
FermentasA r]; 96 fLPCRi FE R HAEY R 5
~#]; TEDNA/RNABRI— RVEGRMEMEPE L[
Axygen A ) JKOEE. i AR Orifrad) N
KIEMEAF] .
12 AR5 R&

DYY-6CHLIKAX  JbutmiN—4ds) : E-330% 1)
REMERR (X SK[EThermo/Aw]; PCRAX. HEKIGZ RS
% [EBio-Rad A #]; 7900 HT Fast Real-time PCR System

FHEABIA A ; 3KI15-mEA KA 0N EESigma
A7) Synchron CX4/Pro® 4443 #r4x 3% [EBeckman

CoulterA &) o
1.3 Jiik
1.3.1 SIS S Ab B

S AN N R S SRR s A R AR, kS
JEIUE AR A28 77 SPFZt Sprague-Dawley (SD) KR, (IR
20 H, 300~350g; WER40 X, 200~250¢g) , IEHME
FRH IR CBEE 8139 me/kg) » FE B EOK.

R BRIE SR B 1 I i L fge R ) E It K BR 5K. 20200
MR L2 1A%, R H BN R H 122 RN
S, BME. B mAlEL. W (0.5% % A 4k
Z (sodium salt of caboxy methyl cellulose, CMC-
Na) ) XA AX A, 48 H. FEHK
BT AR IAE S5 6 ~ 15 R4 K 73 0 B 250, 500,
1000 mg/ (kg d) C(LMERRETN) TRAMRE:, WHEXT I
HHEH L T0.5% CMC-NaiBilil, 25 FAXHBALEE H 457 W
K, HEHBERLINLS mL/100 g. FFTIFGEHER A28
Hit, ki &R B MMM AR . fF2RRERD
Wfa, BERUFIEER, R REEILRTE, Wi E KT
BREEAT LA R SR o
132 FEERE

FEZA R AF B P AR B LR HLS R AT R FR 21 H
e, A R BRI S W B AR BT, 4y ) A B .
. BRI NEPE H, BT —80 CUKAAF IRAEAFI . %
AT SR AMAE T3 000 t/min &5 004 B 0%, 4 H 3415
BT A 5 L7 H B 2
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L p-actinERNAE RN S F B, B ik
ZnTIHRN . BHERFEKKNFIGFIER . BE
EHMAEKKNT2ZEIGFIRERN NHMER, &it
S F AT . p-actinFE K _E R 59 5 9
N5'-GGAGATTACTGCCCTGGCTCCTA-3",
5"-GACTCATCGTACTCCTGCTTGCTG-3", # 1 J
B R/NA150 bps EEFEIERZn TR K E R iE 5
M55 N5'-TGGCTAACACCAGCAATTCCAA-3".
5'-CCAAGGACGTGCAGAAACACTC-3", 1 Fy Beft
K/NAH184 bp: RE R KR FIGFIIE M E R
51445 5 N5"-GCACTCTGCTTGCTCACCTTTA-3" .
5'-TCCGAATGCTGGAGCCATA-3", ¥ 14} Bfty K/
148 bp; [ RAEK T ZMAIGF IR T R
5193 5] 85"-GGTCTCTAAGGCCAGAGGTGGA-3" .
5-GACGAACTTGTTGGCATTGAGGTA-3", ¥ #f B 1
K/NAI122 bp.
1.3.4  f8bRE0I
1341  EKE

WA BRI A KR GRS RS, JRIE 1 A AT
A E. GRAEK.
1.3.42 RNARIHEE S5 ME

PR BT & U B R IURNA,  WI5E TR RNATE
260, 280 nmi Ak # 6% FE {H ODogo qn 1 OD gg0 pm»  JE 1T
OD 0 1m/OD g nJE*ﬁmﬂRNAB‘J@E’E IRV, P B kAt
JBE LK AR 0 T R GEAS IRNA K 52 84k, i 14 Rk 771
EEORHHT IR S 56 BPCR, KA S MEEH A
FHXT RIL .
14 B¥Egoirab

FIFH7900 HT PCR &G4 443 B 52 i 5% ¥ i€ B PCR 7™
Y, Wy 2 FvE 2k, XtcDNAS BT E &S
M, THEREARHI2TAMYE . (EFHSPSS 13.0%1F % £ dhg gk 47
GiitsA b L, FTE HUE Dl s R, 4LiE it
RN EEEAGLE, Lla=0.05S K% bRIE, P<<0.05
KW EREAREN., ZARRHBREENZ5.

2 HREH

2.0 ZARUANTE S AR B R AT AR A B L i B
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£1  BENEHERENFRERBEMMEHERGEN (n=8)

Table1 Effect of Thr-Zn supplementation for pregnant rats on the
growth performance and serum zinc contents of their offspring (n = 8)

415 [ HKlem JeKlem b4 &/ (umollL)
FAMEL 6958393 1114043 7.94+032 252+3.62°
TRUORIRAL 69.58+3.57°  11.09+043  7.98+0.55 27.5+421°

Al 74294394 11474025  7.98+0.28 36.8+5.17°
sl 74641309 11372067  7.76+041 3244462
[EFIEAL 77.063240° 10974045 7844048 29.844.95"

E: SRR TR RO RN ZREE (P <0.05). FFH.

R IR A, JREIREE & A2 Eo AL AR L,
17 RAA R EA R EMRE (P<0.05) ; AEXBYA 55
FIXTRAL, EREFEMZR (P>0.05) . HARES
7 2H AT BRI 7 1 B 48 v S ko R AR AN T I R
H, Hpa R s sl RiEs S 2L
XA A BEMERE (P<0.05) . SEIMER LI,
FREAT REAKSEFER R, BREAA
e, BHEMR. SRV, SDKRAEERFA A
TR R AR AT BN RS R TR SR, BEIR IR 1 0 R
iR MG & A i, H 258 C
F, BRI B A — 2 e 2 ER
22 WOLEREPCRER

L7900 HT PCR % 4 #0415 B cDNAFE i (147 14 i
LRRVAR LR . BRI LT 2 EA, Wil TR
A H RIFMER . B3T3 &2 g6 T
85.2 CHi, o T 51 HA B RERE.
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Fig.2  Real-time PCR amplification plot
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Fig.3  Real-time PCR melting curve

2.3 AFEIREIR PR AT R IE R R I R
231 XIS ARZnTIRE R RIE B R

E2 FBARRZnTHEEANHNRER (2=8)
Table2 Relative expression abundance of ZnT1 gene (n=8)

il A Fak i
JHFHE JURIE 5
75 6 1.0040.07 1.0240.04 1.01+0.07
TR 2 1.3340.56° 1.50+0.45° 1.60+0.38°
gl e 8.53+0.16 4.574+0.70" 8.66+0.16°
bl 4.67+0.26° 3.7840.55 6.5740.15
AR E 4L 4.13+0.15" 3.27+0.06° 6.29+0.37°
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I R N R LA A% B DR (R AR X ek Y, A
FABERIIACE, AACE K2 *UE, DIXTIRRE SR IL &
N1, K2 MMEBE TG T A R LR 2.

BHR2FT AN, TR IR EE % 71 B 20 LU VA Rt IR L AN 2
Xof HEAELAE e JRAVE S 5 U o B i 38 AR Zn T1RE TR 1) AR X
RIEBAAEERR (P<0.05) ; HAREEAELAS
HoAb IR AR AR, ERFIE . RRNERIE B ZnT1
BERARN KB EmHA BERE (P<0.05) ; HWREHH
[ ZnTIHE R RIE BRI, AT REEEE I8 Zn TIHE R 1)
Tk BAHLURE R, AR B i B R ARG A B LU AE
HABH LR X RIA B R, XA REH T ZoT1 F ZAFAE
TE M B R, ST U AT R T
BEREIZ AR Zn T R m] DR RPN B8 FRRBL I FR AR, HE
WO I R Zn TR AT DLE R VE 0 8 8 2R 00 1 UK PE R
Rz
232 BB FRFEAKETIGF IR L 5200

£3 BENMALPIGFIERNEMNERER (n=8)

Table3 Relative expression abundance of IGFI gene (n =8)
i AR F IR
2H 53]
JFFHE Jizsilig Ik
7 X R 1.01+0.09* 1.17£0.11° 1.02+0.29°
T R 2 1.42+0.23° 1.68+0.16" 1.26+0.33
A 3.2040.38" 3.034+0.02° 2.36+0.25"
e abilf=e: 2.46+0.01° 1.72+0.32° 1.60+0.28"
Elk==2E 1.724+0.54° 1.214+0.23° 1.434+0.39

B3 TR, I3 IR B o 77 B AL AT X TV 0 i 20
KA B4, E&HATIGFIRRE Rk EHE B HR
f (P<0.05) ; FHATEFNE A IGF 1E: R AH X 3R 04 &
SRR 2 IEM M. BRI R A 5 S A
TERFIEATE E H IGF IR AR RIA R A B E R
(P>0.05) , S52AAXIRALERMATEHIGFIEH A X 2=
EEMEAEEEER (P>0.05) . 450U, IGFIX
IRl P 0k i 5 B () KCF 2 — 58 IEAH DR 1 IR 5 &
FREE A BE B 22 38 i TARIGF IR R [ 21k K, A7)
BN AR R E RS T RIGF IR RE KT, M
TR B A
233 XREFEEAKE T ZARIGF IREE K R IA 1) 500

#£4  BAHARIGFIREFFHENFRIER (n=8)

Table4 Relative expression abundance of IGFIR gene (n = 8)
- HES F Ik i
255 -
JHF JI ik
S ERoIEN 1.02£0.07 1.00+0.03° 1.00£0.12°
TR 2 1.77+0.13° 1.38+0.13° 1.08+£0.08°
gl 2.554+0.41° 2.3940.11° 2.514+0.22"
Eabil=e: 2.46+0.15 1.824+0.14° 1.704+0.38
Lli=e2E 2.02+0.52° 1.77£0.12° 1.69+0.22°

IR AT, 5 2 BR B 4% 77 B 41 5 T I R A %
G R 2 L A AE &% AL LR IGF RS IR () R 6 A e 1) i
Fiew (P<0.05) ; FERFHEANRAE S, EHEX A S
2N IR LB, IGFIRIER AN FiA & E 25
(P<0.05) o MGRATLLAE, [R5 R FAEKE T2
IGFIRIZRIE SIGF 1 RIB @ A GREF — B, IESE
B4 KB TIGF IR Dy At 2l it 55 R 5 AR K AT
SARIGFIR 45 & 5"

3 3 ®

R ITTREEM T Z NN EES SERMNE AT
ARG BARTIENYE NSRBI, BEENAEKEKE
B B AW PR e A Y
RHATE 2 BA R BE RN 2 5 AR AR KR S S e 35
REAHVIBR, ZIABEE SRR LR §IRE. mp™,
T 55 PO TR B, R X RN L A RE X AR
R PIBEA . PANPe R DU BE 2R T xR, R I
TEYRAS B 45 o A I3 & P B AIGs fEB PR Bkt
e M0 2 JEAT A T 1 B8 3R AN T8 T SO I R 4G )R R
ALt . kL GREEKE . HikZ
AN IR AE K R B B E

R IZ AR Z0T 1 H A1 B A 952 W 2L 3h Wk 9 o 5k
e TR B R R R, e R RS R
HEVEH, fERPAVAREACH . McMahon ™!
W7t R I E ekl (180 mg/kg) ] LUME KR % HZnT1
mRNA SR (5 mg/kg) i H K Z150%. Tsudas™
WFRE, 7+ R AMCALX KA ML TCZnTI mRNA
(10 22 A 7K P8 LK o 6 i i B o R B AR T, IR A K
SEMZaTIHIRIE W H WA E BEMFER R R, RS
FFEAEK R FIGFUZ —Fh 2 B AR KA 7, et
I 5 ZR PEAE P 2k 20 2% G R B Ji g i, g
VR 372 A BB D g a4t T 12 34 2 1 SRR A 1 Y IGF L
(0 A ) 2 M 52 HOZ AR IGFIR A S o 3% Fh il i 2k KA F
WE T ENTHUALE KR B M EZEN . IGF1— /7 H A8
BENUA S EEER R, e EAR A RKT: H—
Jif, HZIFIGFI mRNARIRIEE, BT 2AEKEER
RS R 2 4h, EZ HRERRESEm, Hf,
TREFHLAREE G R 0 F 48 T 2 RUFIGF 1 381k & (1) 0 B A
R —. BEInREERA N E R LR R T,
TE JE R S /KT 38 0 22 MR 2R 1A R, AT 1 5
FREAEK N FIGF R H 2k B N R IA 7. B S S
FoR IV B = 2 B B IRHUAIGF1 & & . Mcnall %™
W BRI, KGRI SD K BAE NRF R0 %, Brdrdl
IGFIR:N ) RIE 2 B E K, 2K T46%F67% .
Karamouzis 2RI, IGFISE RIS FE 1A 2 R IR R
ffAE, IGF 45Tk aextdi 2 fhor 0 T i gnmE .
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