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[ Abstract) Objective To observe the effects of taurine on blood hormones and hepatic insulin growth factor
(IGF) gene expression in intrauterine growth-restricted pregnant rats. Methods Healthy SD female and male rats were
housed 1:2 in cages and pregnant rats were randomly selected into the blank control group (C), model group (M), model
+ taurine group ( MT) , and taurine group (T). In the M and MT groups, 10 pregnant rats were fed a low-protein diet. Day
12 of pregnancy, C, and M were provided drinking water, and MT and T groups received taurine 300 mg/ (kg-d). Weekly
monitoring of weight gain in pregnant rats. At day 21 of gestation, baseline characteristics of fetuses were determined. Serum
growth hormone (GH) , insulin growth factor 1 (IGF-1), insulin (INS), and thyroxine (T3 and T4) levels were detected
by ELISA. Fluorescent quantitative PCR was used to detect the hepatic expression levels of growth hormone receptor

(GHR) , insulin growth factoR-1 (IGF-1), insulin growth factor binding protein-1 (IGFBP-1) and insulin growth factor
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binding protein-3 (IGFP-3) mRNA in pregnant rats. Results Taurine markedly improved the baseline characteristics,

compared with the M group. Pregnant rats in the MT group had significantly increased (P< 0.05) weights, blood INS and
T4 levels, and liver IGF-1 and IGFBP-3 mRNA expression, whereas IGFBP-1 mRNA expression was significantly reduced

(P< 0.01). Conclusions The addition of taurine can improve the thyroid function and GH/IGF-1 axis disorder in low-

protein diet pregnant rats, and may play an important role in alleviating fetal growth restriction.
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ZWege, HE = ILET-F RMIEHFIL6 ~ 10 fF,
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A5 TP R R S ORI AR 732 BB IS Bl 2 313K
LAY 8 5 S A R, 51 ki LA K Az 31 R
il . TUGR EE WAL B EZEM R Z—, 1
H A TSI 25 W s80T A R T , A- B2 ( Taurine ) &
— PR T EIE AR , ] AR AN A5 R i 8
PHUAPTRLRE ST B m N Rsh i Eha bk ae 5 4
TR . 29l AR HAS Rl )z e T s A 77 v
TELERF SR ) 15 5 A= BRI RE LA K 35 LA Az 7=
PERESE 7 AR & ¥ AT ER Y L PR R X
GILEOHTE I UVE K E B U P ik & R A %
YER , Bl b se - vl LAsl /D i LA K32 BR A 42
YRR R] 1 A R e 2 5 R B A L Hh AR R
FRARSE I AAE M R AR, BRI, AT T4 I 2 fif i ] R
HAMBEERHRE R EN, ASCERHRE ke
il 2 TUGR B1Y | 25 8 A fil i 0 42 B 52 ), 8 7 2
TR 3% TUGR FOMLE]
1 MREFE
1.1 ##
1.1.1 ZE3hY)

SD KE 60 H,SPF ¢, Horfit 20 H, M4 40
R R sE5e sh sk 8 Fals R 200 ~ 250 g,
W 1L TR A AE AR A BR S W] [ SCXK (12) 2015-
0001 ], 1A% T 1k BH 2 4 A= W 4 AR 7=k A BR 28 7] 3
Yy e [ SYXK (i0)2015-0007 ), MEE 2 115 %
TS 5 RS RIS 4 S 06 sl ) 1 B 3 i O
FH BT LEE | 24 & IR T IHE N iZ 3L 56 3h )
M4 1 d, BB ER LLS , ¥ [R]— B 8] & 30 B 38 4
WY ARE S Sh ) A 2 AN BRIOK, TR
L BH S A8 A= P B A7 BR 23 W] [ SCXK (11) 2017 -
0001 ] #2441t = EEHILE 20 ~ 25 °C,1BJE 40% ~
70%,12 h BRI, T AR A G0 PH 4%
BB AR = A B 70 5256 48 B2 R (CH

taurine; growth-restricted pregnant rats; insulin-like growth factor 1

= IACUC 2015007) .
1.1.2 AR

AR (L6 > 99%) , W A ¥ VLK 2 29 e f
HRAE (5. SXP17013068) . A K42 (GH) JiE
B3 (INS) JRE R AK K (1GF-1) | =R R )5
ZPR(T3) HUARIRZ (T4) (340 A SRR A= R i
iy A BR 2 W], #it 45 4 il 2. AKOOISFEB26010
AKO0018FEB26018 , AKOO18FEB26008 . AKOO18FEB25021 .
AKO018FEB250171) , 50 x TAE Buffer.1 x TE Buffer
#5 . C615KA3D123KA4804 ) , T FyA: T AW T.
TR 3 A BR 28 w5 RNA 2 B 57 TRIzol (it 5.
Q5322) , M F IR BRI 2 24Mb 75 52 A BR A w5 DL 2000
DNA Maker (it %5 ; A2510) |, PrimeScript RT reagent
Kit with gDNA Eraser (It %5-: AAK4802) | Free —water
(£S5 : AHF2302A) .SYBR Premix Ex Taq 1 (4t 5:
A5602) , 1TV BRTE: R 24 R A FRA A

fiti A5 4% ( Infinite M200 PRO, TECAN 72 # ) ;
HE120 BUACEA KA (LR ERHE A R A D) 5
DHP-9162 AUA: L35 7746 ( BifF —TERH A R A
CIDF [T SRR - N ] ( AllegraX - 22 i
BECKMANCOMLT 2\ ] ) ; GelDoc XR & i Wi 18 %
4t .S1000PCR ¥ 34 4% . iQ5 7¢ ¢ 72 & F A 9 448 1Y
(Bio—Rad, ) .

1.2 7k
1.2.1 SCGAb3

Hfd e SD 2K SRUMERE 211 &8 1R 5% , $4 1E JR
J7 B AL B 53 o0 TE H DB (C) AR R AR
H(M) MR VA FR 4 (MT) | 1E 5 i+ 4
BEFRAL(T) ., Sh4As 7t 7. 2 I8 SCmk™) I i A ek
i RIS PR E R &L # 57 IUGR LR, A A2
21 ~21 K, C AR BT A o e k) (BB EL
BT 20% KAL) 60% Ag T 4% , HoAth
16%) ,JUGR 411 MT 21 TR A 1Dk ( fig 2 E i
B BT 8% ik K AL G4 60% BB T 4% , HoAth
28%) ;MT . T 41 A %2255 12 FE 1R 7 0 4 A iR
300 mg/ (kg-d) B2 21 K, &A1 FF L 2 R
HAREE, YOKFTE R, 2256 21 K BUR B FRE i
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S AR BB, AR RO G, B BV L T, Elisa 7
AN 28 Bl i AR GR (GH) R B R AR 7 1
(IGF-1) JREZ (INS) HUIRHRZ (T3 1 T4) KF-,
JHS BDE T80 CUKAR, Rt , $RINAIZL RNA
IF, 4% RNA $2 070 & 0l B4R I, 5 & RNA
FEA R A | L 500 ng i RNA A $i [ %
S A & U0 B A R R B AR R B X
( complementarydeoxyribonucleicacid ,cDNA) , q-PCR
B AR R 20 wL:SYBR Green I RCR buffer 10 uL,
FTRWSI %4 0.8 pl, cDNA #iHz 2 pL, ddH,0
6.4 pL, BAEEARYIM 3 NE L, R &M 95 C
AR 2 min, 95 °C 30 sec, 51938 K 55 C 45
sec,72 C 45 sec, 3 40 MEH, HIE 2722 % F A
FEIRIEATHIXS 22 AT,
1.2.2 HWENZ51Yiit

NCBI 348 % GenBank H'C A i K il GHR
IGF-1 IGFBP-1 #1 IGFBP-3 & [K ¢ 1] i% 11 4H 1 51
Y1, LA GAPDH N ZHEH 51 i i A4 T AR K
MAHBRAF G, (W)
1.3 FitFEoH

fifi Fl SPSS17. 0 %% 14 3 47 48 1 £ 9, 16
Graphpad Prism 5 #UFVER . WIZH R =2 [A) 22 S
FH ¢« K3 7 L AT B A FH BRI 3R 7 22 0 i 2

ZH R 22 ) 22 S M | B 03 B0d SR S 31
sFEMEEFRR(x +£s5), P<0.05 BREFAAS
HeFE X,

2 #HR

2.1 BAFEFRYEE.AEER B IUGR
EERPMELER

L 2 A AUEHE AT LR TUGR 5 452 75 Al
o, FE2 PR, 5 C AL, M 408 A RO
B R (P < 0.05) , FIREN 5 TP
<0.01) ,FEHEFRII M 16. 42% (P < 0.01) ,BHEZ
H1.50% (P < 0.05), 5 M AL, MT 4# 44T
FCOP RN R EE2E (P > 0.05) ,° P
HERZETHE (P < 0.05) , FENG 3 FIRIE AR B FEAK
WE(P <0.05), MT FI T 45 JCHE I Fl G IE I ;
TUGR DMIETF 25 A G U39 TR 2 bR 22 bR,
HAL IUGR &R 5 ¢ 4UHHH, M 41 TUGR %
AR EAIN 5 M A, MT 4 TUGR & A= R,
> SEUGZE TR W 4 R A B R RN FE 2R 6 R 1T A
U R AR BT R SE IR R S R, TH S H
2 A IR BROT- 344 B I S5 1, TUGR. & A= 22 U B
/D A BE R X I IR A i R K
HAEM, (W3 2)

#£1 PCREIWIFH
Table 1 PCR primer sequence

HEA TIN5 -3") PR/ (bp)
Gene Primer sequence (5 '= 3") Product size(bp)
IGFBP-3 F:ACTGAGTCTGAGGAGGACCACAATG 99

R: TGAATGGAGTGGATGGAACTTGGAATC

IGFBP-1 R:TCTGAGGATGAGCTTGCCGAGAG 128
R:ATGCTGCTGTAGGTGCTAATGGC

IGF-1 F:CTGGTGGACGCTCTTCAGTTCG 156
) R:ACAGTACATCTCCAGCCTCCTCAG

GHR F:AATTGGAGGAGGTGAACACCATCTTG 125
R:CTCTTCAGTCTTCTCATCCGCATCATC

F:CTCTCTGCTCCTCCCTGTTC

CADPH R:GCCAAATCCGTTCACACC 101

R 2 PR RUECE R BENG R AT TUGR A A0 5 45 2R

Table 2 Number, weight, stillbirth, malformation and incidence of IUGR of newborn rats in each group

BT R AR . ) , -

e - HEAFROEIRR (%) B TR (%) S (o
ﬁgﬂ ﬂ%@lﬂi( /D\) q:ﬂ]ﬁiﬁ (g) Stillbirth rate of Deformity rate of IUCR,Z{,Q‘:? (%)
Groups Average litter size of Average weight of IUGR incidence( %)

newborn rats( %) newborn rats( %)

newborn rats( No.) newborn rats (g)

C 4 (Group C) 13.00 + 0. 00 6.46 £ 0.13 0. 00 0. 00 17.9

M 4 ( Group M) 9.60 £ 0.90 " 5.82+£0.13™ 16.42* 1.50" 41.37
MT 4 ( Group MT) 11.50 = 1. 60 6.10 = 0. 12% 0. 00" 0. 00* 31.0*

T 2 ( Group T) 10. 80 = 2.30 6.99 +0.19™ 0.00 0. 00 5.9*

T SXHRAL(C 4D ML, * P < 0.05, ™ P< 0.01; SERLL(M 4D) M, * P < 0.05,% P <0.01, (FE/ER)
Note. Compared with the C group, * P < 0.01, ™ P < 0.01. Compared with the M group,*P < 0.05,™ P < 0.01.( The same in the following Tables
and Figures)
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2.2 BHZRERAKEEK (IGFBP-1) MIEREEKEFESEB 3(IGFBP-
ORI 1 ~ 7 4, A2 UK ERE M, 4418 3) mRNA RikKFEL
FIRER, BT ~ 14 K, M AW HEIKAL, H2ERA UEHR WK, M4 K BUAF GHR | IGF-1, IGFBP-3

BEP >0.05), MTHES MAZLRFBE (P < mRNA ZILEFFE(K, IGFBP-3 F & 3 (P< 0.05),
0.05),%5 14 ~ 21 R MAMES C LMW EE  IGFBP-1 FA TR (P<0.01), MT 41 GHR IGF-
(P<0.01) MT 4S5 M AM L 2ESWEHE (P 1.IGFBP-3mRNA 5 M 41 L7+, {2 GHR &
<0.01),T 45X A KRB (P < 0.01), ANEHEP>0.05), 5 CHMEL, T 41 GHR IGF-1,

(WZ3) IGFBP-3mRNA ¥ 7t &5, IGFBP-3 FF & i % (P <
2.3 HBAEZRFIREARIMKEZW 0.01)IGFBP-1 K3k FRE(P< 0.05), (ULE 1)

WEYRIIA M LI GH INS 1 T4 ¥ ¥ 5 C 3 it
ZHAH AR, Hoh GH A1 T4 FEL B % (P <
0.05) ,INS AW 5% (P< 0.01) , MT 413 IUGR M) &4 5 RHIRTE AR B A L&Y 6
GH.IGF-1. T3 W5 M A F @, INS. T4 R, S FBIREHAR A E I Z IR A K Z#A 7] g
T BE(P<0.05), T4 GH IGF-1 T3 ¥WES ¢ SCIUGR %4, dhm S 2 = W6 L LR 5
AT, GH THR R % (P< 0.01) ,IGF-1, st | ARSIH6 R IRER 18 F5 il %5 TUGR #%
T3 JHE A (P< 0.05) . (W3 4) AW A NG AR R SRR Y T 4 R R
2.4 ZEZRERAERKHEEZME(GHR) FREEE BRSO, 408 I WIS R B WS
KEF 1(IGF-1) B EZEKEFLEEEA 1 WHR, WG RILEREN,

3 AARUATRKEES (o)

Table 3 Comparison of weight growth of pregnant rats in each group (g)

5 1] 2 Ji] 3 )4
Groups 1 week 2 weeks 3 weeks
C 2 ( Group C) 70. 68 = 16.09 48.50 + 10. 06 28.55 + 4.65
M 4 ( Group M) 66.50 £12.7 32.10 = 8.02 13.64 +3.31
MT 21 ( Group MT) 58.34 + 13.21 50.62 + 10.01% 27.15 + 6. 63
T 2 ( Group T) 61.94 + 14.17 49.70 = 9.21 50.67 = 10.01 ™

R4 BAZERIEIRMAR M S RO

Table 4 Comparison of hematological parameters at the end of pregnancy in each group of pregnant rats

] HRME S Joe i R A K T SRR R AR HUIR IR R
o (ng/mL) (ng/mL) (pg/mL) (pg/mL) (pg/mL)
TTOUp GH(ng/mL) INS(ng/mL) IGF-1( pg/mL) T3 (pg/mL) T4 ( pg/mL)
C 4 (Group C) 1.02 + 0.09 1.37 + 0.04 1535. 17 = 176.92 102.90 + 5.30 223.27 £ 20. 61
M ZH ( Group M) 0.64 +0.04" 0.32 + 0.06™ 1444.00 = 109. 60 109.70 + 3. 74 180.15 + 13.46°
MT 4 ( Group MT) 0.63 + 0.01 0.74 + 0. 19* 1610. 00 + 84.47 113.57 + 8.23 215.08 + 12.3*
T 21 ( Group T) 1.30 £ 0.02™ 0.94 +£0.137 2036.73 £ 174.73 " 136.30 + 21.24" 222.21 £ 6.33
-4 S s s 5 25
2 H =2 2
g 25 g Za a'% % g £ 20
R3 &S 72 =0
=2 B2s mE RE15
z =2 52 £2 gz
oz =%, o 7% 0s
=B & e = P X
Se &~ £ 594
Zo 5o Qg S oo
- = <)

NS £R P> 0.05,n=10,
B 1 Z2EUF GHR IGF-1 IGFBP-1 il IGFBP-3 mRNA AH*] ik
Note. NS means P> 0. 05. n=10.
Figure 1 Relative expression of GHR, IGF-1, IGFBP-1 and IGFBP-3 mRNA in liver of pregnant rats
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A P 43 06 5 2% 38 2o 0 AR R e iR LAY
HAREE ENAERKET B2 N AW ERK Y
PR KA GH/IGF- Vil2 3 58 308 F2 AR A2 iF
AR A AR, BT AT IR 0B R T A
%, B I Z IR AR M GH F1 INS Y % TR,
T &k A4 IUGR, 5 Berends &5 A Y 5C 586 45 R —
O B 2T I SR 3R A2 BB 0K T
B 2 AR 7 B B an dERE TP g B 1R K SF TG
TR R IE R AT 2L AR 2B A v ) i 3 % R K
W2 2R 1 B A, 28 TG 0PI  B7 4 d , B R 1) ot AR
Wk e, RIREEAY INS IGF-1 3 i P8 5 RE A
AR, i 20 4R 1 Y A3 R RIOR AT 3L
WA RUARE R R B R R % — R I R AE
A B FIR R B A IS 2 T R UG L2
R KR BT, A EH TP ME™ IR
TR IR RS R i & A S HOEOC R e
TUGR JBfIfil T4 7K -4 1F % 41 3 T B, TUGR 2211
TR AR HUR IR D) RE DA B B 42, 57 iR & ST
FE5 B 15 4TI K R FROIR R 2 AR
AL th 25 B R AR e W4 = TUGR Z2 B INS |
T4 K, 25 L FRATHED , #b 78 4 it R £ & th A 1
B T 520 GH/IGF %l Ah, b n e 55 14 i fik & 2 53 Wb
AKX,

B IR B PR, B AT 3 2 o A A K A
FHOCER 5 A2 A R Y 3R 38 T 52 M sl ) 1 2 I
H GHR IGF-1 452 PN b A 1 il 14) B B 20 BB 4,
JENFACI AR A B 070 oeah, SRR
MEALEANH AF 40 0 GHR 1 IGF-1 JE [ it 6 3k
SRR 1 IGF-1 K, BN KBS
FRUTORPEL I IGF-1 FEH R B B E LT H R
1, GHR WY /D ] T IGF-1 (94 B, £ 44 1fn
IGF-1 VR FEREAR , 4R, Xt 578 9552 B ik 5 R ik
JEREARA O, IGF-1 ] L Hgs A E AT 0 &
F A E PR, 1IGF-1 £ 24 IGFBP-1 1 IGFBP-3 P
PG M, R B 5 E IR O, FE0E PR R
o1 IGF-1 BTG ESZ IGFBP-1 520, 32 B2 4 i
P, 0 IGF-1 %/ FH £ 2 IGFBP-3 52>, 16
ASzE T TUGR 41 GHR . IGF-1 i mRNA ik
A, IUGR 2251 IGFBP-1 () mRNA 7K 8 % FF &5,
1M IGFBP-3 mRNA /K- B & REAL, RHEFR AR K
FUARNTEAE GH/IGF-1 RGE 3L, b e iR 41 (1)
IGF-1/IGFBP-3 mRNA /K- i F+ &5, T 4 IGFBP-3
e i 3 T v, 7 I A B R T LA DA L A ] 42 V9 O T

RIEAEH] . BRI DL AR #E IGF-1 iR IA, 18

AT LLHE I IGF 4545 8 F B9 3Rk [ A SR

A — RN LR IGF-1 WA s AR

FH o #bFEARARR 2 38 AT FEAR IGFBP-1 7K F- [A] 4538

T 25 1GF-1 7KF K i, $2 7 28 il 2 m] i i 21

GH/IGF-1 REERY DI RE ZE AL, 1k B 8% 22 BUE 57 1

ER,

25 L RTIA ARSI E RN ROR BRI FAR
it \GH/IGF-1 B Z5EL, 7 4= B 2 7T 4 1IF GH/IGF-1
G Une L, G LAERAER . HH GH/IGE-1
RGN R K IR E R, Br L, T4
SRR TUGR FYFEHT AT it — 220k 5E

Bl A E K B ARG R B
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