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HZE : BE #3085 8064k A% (GDM ) B4 ik R 5 M FRRAE B @it
#%k %, Ak 634 GDM Fda (GDM 41 ) #= 58 4] ik Fe 3 B A Ik Be ey £ Fda (Ew4) ¥k aEET
A RS Z A1, T 524 ~ 28 BT RA 2K (OGTT) &+ 0. 1 &2 h Ak, K
F AL S B R S T By R, B RuRAREE - $ BT (HPLC-MS/MS) #iml & B A B8R K -F
ZE GDM 44 fi AT e iF AR (ALA), H&# (ARG), H&8 (GLY ). &&H (MET) KXF+&T
EFE (P<0.05), mERAMK (LEU), X & A (PHE), MR (PRO), BAMR (TYR) F# A8 (VAL)
KFAUESE i )6 & TEF 4L (P <0.05 ), Spearman 48X 547 2., ¥ 71 #4587 /& 75 ALA (r, =0.657 #= 0.534,
P <0.05). ARG (r, =0.382 #= 0.278, P <0.05). LEU (r. =0.467 #= 0.389, P <0.05). PHE (r, =0.506 #= 0.398,
P <0.05), PRO(r,=0.454 #2 0.448, P <0.05), TYR (r,=0.474 #2 0.438, P <0.05). VAL (r, =0.464 #= 0.399,
P<0.05) KFHE®EERILIEHK (HOMA-IR ) EE48%, M5k S B @iehit (HOMA-B ) fAg% K
(P>0.05); #f e iF ALA (r. =0.343, P <0.05). LEU (r, =0.275, P <0.05). PHE (r, =0.293, P <0.05 ).
PRO (r, =0.387, P <0.05) K-F 5k Z kAo BigamE TEMREEML. &t BAFTIHE GDM &4
HBEERRABARTORE, L5REERITEMEL,
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Correlation analysis between serum amino acids and insulin
resistance with islet beta cell function in patients with
gestational diabetes mellitus after glucose loading

Zhong-de Wang', Xin Yue’, Kai Mou’
(1. Department of Internal Medicine, 2. Clinical Lab, 3. Genetic Neonatal Screening Center, Zibo
Maternal and Child Health Hospital, Zibo, Shandong 255029, China)

Abstract: Objective To investigate the relationship between serum amino acid levels and insulin resistance
and pancreatic beta cell function in patients with gestational diabetes mellitus (GDM) before and after glucose
loading. Methods A total of 63 GDM patients and 58 normal pregnant women matched in age and gestational
weeks were all from the obstetric clinic of our hospital. Serum samples were collected at 0 h, 1 h and 2 h during
75 g oral glucose tolerance test (OGTT) from 24 to 28 weeks of gestation. Serum insulin levels were determined
by chemiluminescence method, and serum amino acid levels were determined by high performance liquid

chromatography tandem mass spectrometry. Results Compared with normal pregnant women, GDM patients

ks H Y« 2020-03-05

- 25 -«



T SRR 2

% 30 &

showed higher plasma concentrations of alanine (ALA), arginine (ARG), glycine (GLY), methionine (MET) before

and after glucose loading (P < 0.05), while higher plasma concentrations of leucine (LEU), phenylalanine (PHE),

proline, tyrosine (TYR) and valine (VAL) only after glucose loading (P < 0.05). Spearman correlation analysis
showed that serum levels of alanine (r, = 0.657 and 0.534), arginine (r, = 0.382 and 0.278), leucine (r, = 0.467 and
0.389), phenylalanine (, = 0.506 and 0.398), proline (rs = 0.454 and 0.448), tyrosine (r, = 0.474 and 0.438) and valine
(r,=0.464 and 0.399) were positively correlated with HOMA insulin resistance index (HOMA-IR) (P < 0.05), but not
with HOMA-f (P > 0.05); serum levels of ALA (r, = 0.343), LEU (r, = 0.275), PHE (r, = 0.293) and PRO (r, = 0.387)

were positively correlated with area under the curve of blood insulin (AUCI) before glucose loading (P < 0.05).

Conclusions There are some changes of amino acid levels in GDM patients before and after glucose loading, which

are closely related to insulin resistance.

Keywords: diabetes, gestational; amino acids, insulin resistance

UT R A IR 4 ( gestational diabetes mellitus, GDM )
ST AR R R A WA SR . H BT Bk GDM 1Y
AR GH T, P [E PRopE R BE ¥ ( International
Diabetes Federation, IDF ) {11, 2F¥RAHE 14% IR
ZF] GDM RIS ", 1 GDM SiEZ TR A R 45 R A
%, JRERmEERE S, DA BORIRN AR
55 GDM R EUIARDE * ARFSEMEE GDM i
HWEAT RIS MLVE 11 P R K- 148 A S HE 5 R
By, RS B ANMEIHARERYSC AR, LA ] Ak
AR 55 A2 GDM ALl T e

1 ARSHE

Il A % 434
TE 2016 4F 1 H —2017 4= 1 H 1817 10 4 £~
BEr=BH 1242 24 ~ 28 JEWZA 1A, FEALBE 63 44
GDM 2215 (GDM 20 ) 1 58 {0l 1E 3 P2 #2210 (%
M), Hp, GDM A VFIHFER (30.7£4.2) %, T8
ZHJ8 (26.0 £ 1.2) J& 5 IEH A FI4ERE (293 £3.6) %,
SRR (260 1.6) J8, PEALAFR IS F1 42 A ARG IC
GDM HJIZBM AT IR G TR IR I TR 48 M (2014 4F)
HisWibriE ™, BT AR 2 05 158 (oral glucose
tolerance test, OGTT ) FIZWIARIE « HRAHTT UHE A ARk
BEIE 1.2 h IEE R 535K T 5.1.10.0 F1 8.5 mmol/L.
A — 00 B (R B B A FRIERIZ IR GDM.
FEHEBRLAUTRAE NG « GEURG IS AN . AEiRG I/
Yo ARIREG I RORAPEMES . AEURA I DR R
&, MRARBEEFCHE M, BEREESE
AR,
1.2 #RAUER

AR R . e, s, ZSEH
HUERIK I 3 ml, [R]E A% 4% BEFE I AR EA T OGTT, T

1.1

RS 1. 2 h 2GRk I 3 ml, 2500 5 103 45
L IR M TSR S & S903 JE4L 1, B%
S HARIET, BT E RS, 2 ~ 8CUKIR VR IR AT
o BEEIE 2 M (FBG), Hifksi kot
IR FR (FINS ),
1.3 BRBEMAMEDR B HMEIIEIEEITE

JiE & & 4 Bt F8 B (HOMA-IR ) =FINS x FBG /
225, J# S B 40 M ) fiE (HOMA-B ) =20 x FINS/
(FBG-3.5), B2kt a] UL I 4 T AN (area
under the curve of blood insulin, AUCI ) =FINS/2+OGTT
1 h B ZE +OGTT 2 h RS X 12,
1.4 MiEIEERAVE T
141 A AR RS . RS A
W F & [E PerkinElmer A ], HPN-&HHTIME 11 Fp
SILTR ) A N BRI SRS i ARG TN 2R (ALA ),
JNE R (CIT), KA (ARG)., H&AMR (LY). 5
HIR(LEU )V SF22 &R LLE ) FAEH &2 PRO-OH ),
HRIR (MET), %R (ORN), AN (PHE ),
%R (PRO )., BEZIR (TYR ). #i%iR (VAL ).
142 ZBIE CRHESORAHEE - PR
( HPLC-MS/MS ) A5 ifi ¥ 2 3R K V. I EAE 3.2 mm
FIFLARAEAT MBEA LR R L FTFL, B4R A L HORE,
BT 96 FL U BAR, BFLIA 100 ] 2R N bR
SFGH LA ECH B AR AR, 45 CHEHNE
%% (650 ~ 750 r/min) 45 min, $2E 75 w1 ZEBOK
R E V RRAIAR Y, AR R, BRI,
15 SHit=raiE

BE R 1 SPSS 18.0 Geit#r ik, %R
BB = AR (xxs) SEP R8O/ 4L (M ( Py,
Py) 13RI, PO e K 30 s TR 30, A G4BT
Spearman B, P<0.05 NESAEGIFE X,
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2 &= MET /K¥F5 FIER 4l (P <0.05); LEU, PHE. PRO,
TYR F1 VAL ZKPAAERE G 4 I 55 T IE 8 (P <0.05 ),
TR B far BT 4 b3 22 S R Se 124 L (P >0.05) 5
PHALHE SRS LTS CIT. ORN AKOFHuAE:, 271976
GiitEE L (P>0.05), Wk 2.

23 MWHT A /e & E &K FE 5 HOMA-IR,

HOMA- B . AUCI Hi#E 2 1
2.2 MEATRNWAZANZRERKERNZIY Spearman AISEAHT B, GRS L ALA |

2.1 MWAZANGKE BN S THERA LR

GDM 4 RIE# 41 & & M AUCT Lhds, 225 15001
7 Y (P>0.05); GDM 422 Rij{A & . FBG. FINS,
HOMA-IR & FIE# 4, iff HOMA-B R FIEH 4 (P <
0.05). W% 1,

GDM 21 #f £ fif A )53 ML 9§ ALA. ARG, GLY. ARG LEU, PHE, PRO. TYR, VAL k ¥ ¥ 5

®1 WAZARKEHREDIERMLE  (x2s)

EHA 58 162.1+5.5 58.3+9.2 4.34 £0.38 8.24 +4.07 101.8 £45.7 1.585 £ 0.843 2.641 +1.423
GDM 41 63 162.1 +4.8 64.7 +10.6 5.09 +0.70 11.63 + 6.54 137.3 £81.9 2.633 +1.624 1.708 £ 1.122
tfE 0.001 3.554 7.403 2475 1.676 3.718 4.026
PiA 0.999 0.001 0.000 0.013 0.094 0.000 0.000

Fx2 WBHATMEAAZAREMNESEERKFENLE M (P, Py), pmoll]

g 53 246.38 (233.12, 233.29 (222.07, 17.20 (16.82, 13.36 (13.18, 14.34 (13.78, 11.04 (10.62,
i 257.29) 245.30) 17.61) 13.50) 14.81) 11.71)
GDM 41 63 269.76 (256.65, 262.65 (253.19, 21.76 (21.59, 17.68 (16.93, 14.54 (13.89, 11.93 (11.29,
- 280.87) 278.33) 21.94) 18.01) 14.95) 12.34)
VAL 2.232 4.061 2.439 4271 0.431 1.913
Pia 0.026 0.000 0.015 0.000 0.667 0.056

Ed 146.76 (139.82, 141.35 (133.65, 104.96(95.28, 70.84 (6539, 11.40 (10.35, 9.25 (8.74, 38.70 (33.63, 34.04 (32.71,

154.19) 151.08) 111.29) 81.37) 12.19) 9.85) 42.58) 36.53)

GDM 41 163.98 (155.27, 155.87 (147.19, 108.51(93.73, 83.18 (74.02, 13.27 (1220, 11.39 (10.67, 35.23 (33.92, 32.92 (32.05,
= 169.23) 163.35) 118.52) 91.59) 14.09) 12.02) 37.10) 34.03)
VAL 2.109 3.463 1.726 4324 3.930 5.286 1.099 0.400
P{E 0.035 0.001 0.084 0.000 0.000 0.000 0.272 0.689

41.24 (40.15, 34.81 (30.72, 81.35(79.82, 71.16(70.35, 35.58 (30.73, 28.44 (27.65, 128.38(126.26, 102.85(100.97,

R4 42.08) 37.88) 82.06) 71.97) 35.58) 29.17) 131.05) 104.73)
GDM 41 44.34 (4359, 3820 (37.16, 85.05 (84.11, 81.15(80.63, 36.15 (3529, 30.71 (30.03, 134.83(132.07, 114.68(112.79,
45.01) 38.93) 86.04 ) 82.07) 36.98) 31.75) 136.53 ) 116.92)
A 1.790 3.658 1.846 3.362 0.492 2.651 1.480 3.368
P{E 0.073 0.000 0.065 0.001 0.623 0.008 0.139 0.001
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HOMA-IR 2iEAH% (P <0.05), 15 HOMA-B oA
XMt (P <0.05); B far /7 LY ALA, LEU, PHE,

PRO 5 AUCI /K FEIEME (P<0.05), W 3,

%* 3 HOMA-IR, HOMA-B #1 AUCI 57 REIIFEREBRIIEXHTER

ALA ARG LEU PHE PRO TYR VAL
55
Oh 2h Oh 2h Oh 2h Oh 2h Oh 2h Oh 2h Oh 2h

HOMA-IR

r {8 0.657 0.534 0.382 0.278 0.467 0.389 0.506 0.398 0.454 0.448 0.474 0.438 0.464 0.399

P1H 0.000 0.000 0.004 0.049 0.001 0.002 0.000 0.003 0.001 0.001 0.000 0.001 0.001 0.001
HOMA-B

r. {8 0.164 0.195 0.143 0.254 0.252 0.272 0.226 0.197 0.092 0.143 0.164 0.194 0.176 0.245

P1E 0.243 0.165 0.339 0.126 0.068 0.054 0.121 0.157 0.541 0.303 0.224 0.204 0.206 0.101
AUCI

rd 0.343 0.253 0.175 0.198 0.275 0.169 0.293 0.096 0.387 0.243 0.267 0.199 0.229 0.187

PH 0.014 0.067 0.205 0.157 0.045 0.186 0.037 0.537 0.007 0.071 0.067 0.157 0.147 0.173
3 itip GDM HREABEELIAE PR . ALA. A& . JREEM

GDM 5 2 BUME PR BA I [6] 1 Ko pL i, gk
[ RIS U H R B EZIR Y, BRI, (TR
I RRAEAEUEA T AR BRI 5 ZEHET, 0 T e B
B ANMFCAEME I R 22, A ARSI B 1E
L, OMIPEE R MIZ R, RIS —
AR, SEmE BT Y Bk, GDM B kAR
M 2 EA TR e 5 AR S R B A R e
FROTIRE I P Z AP A S5 AT B, GDM iR
22 15] HOMA-IR 2 IE# 22 1A i T . AR e
#| GDM £ AUCI HI HOMA-IR T+ , 1 HOMA- B [,
PE7R GDM FEAE (55 18 85 22 10 PR 5 RARP IR

[ 5 FZAAERERR A T R FEEEAEA], M H S
H A BRI DA G . ™ R AR T SR LA 2
FREIERR K, TSI AR 5 5 5 0 5 28 0 lk
Jif 5 R AU R UIAR G . [N 1 RARAE 7 RIS kI
WHERIETR . I RS K VT 5 8 R 0BT
S A . RAHIMI 25 Y BF9E & 8, GDM H%
M7 ARG, GLY Fl MET &3 75, 1A 2 AR
I B4 L3 KA B . TYR, VAL, PHE, &R
M LLE B ETHm. WAL, GDM BH B shi
ikt VAL, MET, PHE, LLE, LEU, ORN, &A% .
PRO Hl ALA W& B0, 148 S BE B ) 75 ft AR s
BENTLEY %5 " 2R FH 81 255 61 X REAIF 5% 19 7 i B,

22 ARIKT-Th i, i S S R K O AR P 4 ) e 22
S ASTFSE L WL ] GDM 2 7 fF 11T S I35 ALA
ARG. GLY. MET 7K~“F-J+ &, 1fi LEU. PHE. PRO,
TYR 1 VAL AP R AR T 5 2 he R
IR A IRAAE, (HEHER GDM A fEEE
FEFRICI IS 3, ANBFGEIA K I S S SR /K (1) AE
b5 AUCI Al HOMA-IR #VIAH G, $E7R X SL 2 3L iR
PRI S8 25 I R 5 2 HEhT, R E GDM &4
B EARHLE i AERE . AR Ea ", EK R
fig U S A E LR, W0 LEU, LLE fil VAL 1] 376
TORC1 i3, 5T R ALHT, M ALA RTHHIHZHZ
VAR TR A , R S A R T

Zi Lprik, GDM B A SR 55, JFH.
DA SR SIS BT, CDM R A% DA G
XX AR HE— 2L 5E, A BT GDM i &
B, 328 GDM BiiA 4 s (14 g .
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