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Effect of Gestational Diabetes Mellitus on Lung Maturity of Pups and
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ABSTRACT Objective: To explore the effect of gestational diabetes mellitus (GDM) on lung maturity of pups and the effect of
pioglitazone on lung development. Methods: 30 SD pregnant rats were divided into control group, GDM group and GDM-+pioglitazone
group (GDM-+P), 10 rats in each group. GDM group and GDM+P group pregnant rats were injected with streptozotocin (STZ, 45mg/kg)
and high-fat diet to construct GDM pregnant rats' model. Rats in GDM+P group was modeled with 10 mg/kg pioglitazone after intragastric
administration. Pregnant rats in control group and GDM group were given an equal volume of normal saline every day. After delivery, the
blood glucose and plasma insulin levels of the offspring and the total phospholipids in the fetal lung tissue in each group were measured.
Fetal lung tissue structure and morphological changes were observed by hematoxylin eosin (HE) staining, oil red O staining and
transmission electron microscopy. The expressions of SP-A, SP-B, SIRT1 and PPARy in fetal lung tissue were detected by RT-PCR and
Western blot. Results: The blood glucose level of offspring in the GDM group was not significantly different from that of control group
(P>0.05), but the insulin level of the offspring in GDM group was significantly higher than that of control group (P<0.05). Compared with
control group, the total phospholipid content in the fetal lung tissue of GDM group decreased (P<0.05). In GDM group, the number of
alveolar type Il epithelial cells (AECII) and lipid droplets in fetal lung tissue was significantly reduced. Compared with control group, the
relative expression levels of SP-A, SP-B, SIRT1, and PPARy mRNA and protein in fetal lung tissue of GDM group were reduced (P<0.05).
Pioglitazone intervention significantly reversed the effects of GDM on the changes in insulin and fetal lung tissue structure and morphology
of the offspring (P<0.05). Compared with GDM group, the relative mRNA and protein expression levels of SP-A, SP-B, SIRT1 and PPAR~y
in the fetal lung tissue of the offspring in GDM+P group increased (P<0.05). Conclusion: The offspring born from GDM pregnant rats have
delayed lung development, and pioglitazone intervention can effectively promote the lung maturity of offspring.
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MHAR B AN [ 65T 7 RS 245 A FR ST AE 2 W] o IBE I
R & (R AL R )W B AR R S A A AR R F]
STZ It H 35 [ Sigma-Aldrich /27, B FR ELISA {57 & A
- RGIR A R A R AR . IR AR BHAL (HE ) 34 6835055 €01
HAt REFERHARAF . L O Jetayg iy § s LB
EMIEAREIRA R, EALEEE RNA 2EGAH &0 A b 5%
TEAMBARG IR T . SR &0 B 55 [ Promega 37
LightCycler 480 SYBR Green I Master ¥ [H 1% %] Roche Diagnos-
tics A H . BCA 2 1 Bt & 1alf & [ 35 = RAEY B AR5
Jir. PVDF Jiiilly [ 5 [E Millipore 22" . FRHEEPEEH A Fl B
(SP-A,SP-B) LBR A ST 1~ 2 FHOCHE 1 (sirtuinl , SIRT1) |
3 E YRS T ) 16 AL 3Z 4K v (Peroxisome Proliferator-Activat-
ed Receptor-y, PPARy ) —ZR B {4 K Bt ik S AL Wb ic 9 — e
W A 95 [ Abcam A F] . ECL k2 & S M £ [ B sl
FAYBHOR AR .
12 7%
12.1 SD KRZREBEr 30 H Sprague-Dawley (SD)k
LA 200~300 )2k 4 258 4R R L5 s b [SYXK
(5%)2014-001], ¥ SD K EUAE 23-25C 55%AAXHEE 12/12 h
FR1G / B ) 300 1% CAR s SR Bl o e i I A 5 1 R
S TFIRTR . BRI F 20: 00~22: 00 K¢ SD K f% M MELL 3: 1
(8 FEB A —AN 8 AR AE IS, Uk H I RRTEPE R SREA T
FHIE SR 7 WS, RS S0 AL 58 2 ok 7 75 Y E BRI 4
BB, IFIC/EZEES 0 d.,
122 GDM ZERBIENT  (RURS 3 K, XA RUE EES
STZ(45 mg/kg) , X BAZH I ARG PR 2 v L b 3 SR
EREH KA IE I, Z/D 2 RS I8 A K SE >13.9 mmol/L H|
FE RN LA, FHEYRES 0 d JFUR B A4 GDM 2 flift
TRNEWZE, RIRFRIE T A - 59.75%IER AR  LS% R #EH)
10%5% 71 . 8% M | 1.5%olH EIFEAT 0.25%F i JHFEREE . %o 2 f
FHEERL AR FR

123 shi4rdE KRR o xi 4] .GDM 24 Fil GDM+
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20 .52 22 d FE AR GDM KR, JAS S 19 0E B SRR AR 3
oK + mNgHESE, GDM+ NEAS FI AL : B2 nkAs FI G T i 242
22 d FIE i GDM KR, @85 B RHE B 10 mg/kg 7 &AL
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SR EIG Il 21, SR S B At 4L 23 10074 A A B K kv, 20 3K
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WE IR o A BT O AR (P B S0 =1:
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BT 70CKBH D AE ML ERE T IA 0.25 mL
mARR, IR E T HRY LA, RERHE, AR AR, 70CK
1 20 min, RHE , FEEFRXAE 700 nm k3 OD {8 . SR )5 HiI1E
PRfEM L, DL I ve i A S e 2 0 RN I 1 2
1.2.6 (FRIEFMEALNBFARIBFL(HE)RE  HihH8
P, T 10% R B2, IVEED o ARAE UL P lE b
IR K IR ARG DY 2L (HE ) Y ff, T80 0 1 FER .
127 (FRIEMALKNEHBEENE  BIRIHLE 2.5%%
ZREPEE . CBE AERBKE PP ER A R T A
SRIGAE 3TCHEAR I E , I/ 60 nm JERYY) Fr. I 3%HEEER
Bl - MORKERER RO F EA T UYL 8, AR I L B T SR MG It
VN Aty 1A | f7 Mg (Type II Alveolar Epithelial Cells,
AECII),

1.2.8 {FRABMALRHL O & HIE 10 wm [EEE R
HE) 7, 10%22 B I EE [E 2, PBS BEIJE , 1 60% 5 I BEBE I
2 min, SRS {HFIVHLL O Jefa i et 15 min, 60% 5 PRI (4,
SRIE KR, IR R R YL 2 min, 2 J5 FERARVE RS 401k |
PRI R, SRS THELE AR T ER

12.9 RT-PCR # il 38 i RT-PCR £ W 41 B fifs fili 2 21
SP-A SP-B.SIRT1 F11 PPARy fJ mRNA Fik/KF , AR+
PRrEAL I, (f &2l i RNA IO & AT U i 21
5355 RNA B RNA ¥ B2 i NanoDrop 4306 1IN E - 38
o O R & 4 i cDNA, i Jij LightCycler 480 SYBR
Green I Master 7 LightCycler 480 IT SZH} 76 )& & PCR X _F i
17 PCR, B|¥IFHI4N T : B-actin IF [f] : 5-“GGATCGAGGCGTG
AAGGTTG-3', JZ [ii] : 5-GTCCTGCATTGCCACACTTG-3' ;SP-
A IF [ : 5“GTCGCGGATTCCTACACCAC-3', 7 [i] ; 5-CCAGG
GGACTTCACGGATG-3';SP-B iE [ : 5-"AAAGTCAGCCCAAC
TAGCCC-3', J 4] : 5'-CCTTAGCAGGCTAGCTGGTT-3',, SIRT1
1E [ : 5-“AATGGCAATTCCATCGAGCC-3', % [f] : 5-CCGCTT
ATGTCGCTGGCTAT-3';PPARy i Ji] :5-AACTACGCGCAA
CGCAACTTCC-3', J7 1] : 5'-CCGCCTGCTCCGTAGGATTTAT-
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3, PHEERFEUNTT :95°C 5 min,95°C 155,60°C 155,72°C 305,
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1.2.10 EBHRENITESHT (Western blot) i@ 1k Western blot 15
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W IF 4%, T 4°C (12000 rpm g0 15 min 58 FIE
W&, 38 T BCA 2 BT 1R Gl s sk B A
e R FAE 99°CTR AW 10 min, SR KSR AR T
it 10%SDS=PAGE HLJk 555 , I 44 %% 2 PVDF it I W4 B
5%BiE A wrh PR T A 1h, $R)5 5 B-actin SP-A SP-B,
SIRT1 Fl PPARy —4iff 4°C it RWE R o S8 1 B B aot 4
EYIBRIC Y A EIR T E 1 he (A ECL &KLt T i
%, B-actin FIfE_LFEXT R,
1.3 gEitsrahn

FA B fd F SPSS18.0 #1743 . 3 2l =Z IRl A il
225 1 B O 22387 (ANOVA) HEAT K 56, Il LSD 46
T L E L, P<0.05 FREFALGIHHFE L,

2 R

2.1 ZRFF R MRS EAKE

162245 5 d i}, GDM 44 f1 GDM+P 20 2% [ (5 i B 7k SF &
Fm T RRAE (P<0.05, WLE 1), k)7 GDM 20 4% BRI il Ak 4
e 7K, 1 GDMAP 21 2 UL A% S B IA 7 I, IR 7K
SR 8 ARG %o R 2E 2 A I A ST AS [ 4 iR e 0 3 A

FEARZE

5%t BRALAR EL, GDM 45 Ey 7= i 22 B IfA D i 5 220K
SRR 5 TR (P<0.05, 136 1) ;5 GDM 4 AH Ltk , GDM+P 21 #1g
T B NUBERD A 2 2K B R R AIK (P<0.05) . 555 HRZH A
ke, GDM 40 7= J5 AT BB 1 55 R OK F I 2 5 (P<0.05); 5
GDM 41 #H Lt , GDM+P 20 7 J5 A7 B9 JBR 15 3R 7K °F B Jd e A1
(P<0.05),3 417= {1 RAYIIE K-G0 2. 3 22 5% (P>0.05)
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Fig. 1 Blood glucose levels of pregnant rats with different days of
pregnancy
Note: Compared with control group,

*P<0.05; Compared with GDM group, *P<0.05.
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Table 1 Blood glucose and insulin levels of pregnant rats before cesarean section and postnatal offspring

Pregnant rats Offspring
Groups
Blood glucose(mmol/L) Insulin(mU/L) Blood glucose(mmol/L) Insulin(mU/L)
Control group 5.65+1.13 12.34+2.19 4.11+0.73 13.43+1.24
GDM group 23.11+3.45* 19.54+2.04 * 4.42+0.61 20.27+2.18 *
GDM-+P group 8.26+1.68 ** 14.73+1.77 ** 4.28+0.59 15.66+1.63 **

Note: Compared with control group, *P<0.05; Compared with GDM group, *P<0.05.

22 (FRIEFMALNEHIESE

5% B 2H (554.35+54.65 mg/g) A Lt , GDM 20 AT BLIG i 26
AU SR A i T R (189.53+17.43 mg/g, P<0.05, L&
2). 5 GDM ZHAH L, GDM+P ZH 41 BUIR T ZH 4 i S s &
HH B T2 (266.51+22.64 mg/g, P<0.05)
23 (FRIEFMALMRIEZETH

IRARE LT (HE ) Y 25 51 W , S BR 4H A7 BRUIR i 20 4 Ak
FHEIRI il o0 s JCT (B, e P9 AT I S 4 Sk, il 6 [ i 48
T, JEI 254 4120/ . GDM 24T BRARATT L SV T/ INE 1, oty
FES /INTI AN U] , 50 1 520, il s () o i) 1 225 4 21 20 I S B4 RS
GDM+P A7 FRUIR T 2H 2125 40 5 % BREH 5B (ILIE 3)

A7 EURAGZL 2R 35 5 L R 4 R o |, X BR AT BRUIG At 41 21
AEC L )2/ IMEIRFR R BiE £ s AEC IR WA B2 6TH

MU N2 AsF 5 . GDM 147 BUIRIIZLZrh AEC 11 it ] i
WL, AARTE ARV S AL, BSR4 . GDMAHP

HAF BURITZEZ] AEC TDEA 5 X5 B0, (EAR 2/ MAKR:
FNRTEA (ULE 4).
HEUIRITZHZ RIMAL O e 55 R i , X HRZH F1 GDM+P

AT BRI At AL 2 B Ao L Bz 2B ot [ o B Al B v ] A,
KA L0 5 , GDM 41 A7 R il 20 23 Hp 21 68 i i WA S 0 />
(WL S),

2.4 {FERBRATZA LR H SP-A #1 SP-B Hi&Ri&

EXT R0 AH L, GDM A AT EUIG 2 21 SP-A il SP-B (1)
mRNA FIHE [ AE X R 15 K7 34 W 1 B A1 (P<0.05, LIl 4); 5
GDM 4 #f Lt , GDM+P # 11 B if3 fifi 24 41 i+ SP-A i1 SP-B ()
mRNA FlIEE AR IR KT B (P<0.05),
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Note: Compared with control group, *P<0.05; ':
Compared with GDM group, *P<0.05. '-v
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i mRNA FIHE A 25 B FEAR (P<0.05, WL 5); B 3 & A7 R A D IR I E
5 GDM 41tk , GDM+P AT R Ali41 4 SIRTL Al PPARy Fig.3 Pathological observation of fetal lung tissues of offspring in each
) mRNA FlEE FHAH X 57K 155 (P<0.05) group

L Note: A: HE staining; B: Transmission electron microscope observation;
3 'Pﬂ‘l@ C: Oil red O staining.
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FIEE S AT BE R o 2 8, TRl AT R R PR AR T, BV MRS Ak MOS0, B IR ah SR UL AT Ut i 4 &
GDM KA Ja iy bl ol Xt LA K A B =g 2, Hrp BOEIR o XU A & R0l P R] RE S bl S 2 1 i b e
AL R 2 O AHIFSE s, GDM 22 UL 5 A SRR 2 2R R e (] S 240 B ) S S iR L4 27 A, It 1
YU Y A5 R A RO AL 00 s 25 /N TR RN B H AECITE9 M, itk 7 AEC T 1) il 72 B 40 el f 2.
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Fig. 4 SP-A and SP-B mRNA and protein expression in fetal lung tissues of each group
Note: A and B: RT-PCR detection of SP-A and SP-B mRNA levels; C~D: Western blot detection of SP-A and SP-B protein levels;
Compared with control group, *P<0.05; Compared with GDM group, *P<0.05.
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Fig. 5 mRNA and protein expressions of SIRT1 and PPARy in fetal lung tissue of each group
Note: A and B: RT-PCR detection of SP-A and SP-B mRNA levels; C~E: Western blot detection of SP-A and SP-B protein levels;
Compared with control group, *P<0.05; Compared with GDM group, *P<0.05.
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T 408 3RAIR T 22 BRL A I AT IR RS T 22 BRI BRI i 3%
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it B WA AT, TR HA I BRI 259 FT BE = BBy GDM
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