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Metabolic profile of stratified degrees of intrahepatic cholestasis of pregnancy

based on serum bile acids in mothers and fetuses
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[ Abstract JObjective ; To investigate the profiles of serum conjugated bile acids in mothers and fetuses for stratifying the degrees of
intrahepatic cholestasis of pregnancy (ICP). Methods : High—performance liquid chromatography with ultraviolet detection was used to
determinate 9 conjugated bile acids in 61 women and fetuses with stratified degrees of ICP and normal pregnancies. The subjects were
divided into modeling(n=40) and validating(n=21) sets. Metabolic profile analysis and validation were performed by partial least
squares—discriminant analysis. Resulfs ; In the maternal model,the profile of normal pregnancies and stratified degrees of ICP were
separated. In the cord model,the profile of non—severe group and severe ICP group were separated. The validated efficiencies of two
stratified models were of 90.5% and 100.0% , respectively. The elevation of tauroursodeoxycholic acid(P=0.004),taurocholic acid(P=
0.005) ,and glycocholic acid (P=0.032) was greater in ICP mothers, while the elevation of glycolithocholic acid (P<0.001) and
taurodeoxycholic acid(P=0.001) was greater in ICP fetuses. Conclusion ; Different bile acid profiles exist in mothers and fetuses with

ICP available for stratifying degrees of ICP.
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YR AT BT BUEE (intrahepatic cholestasis of
pregnancy, ICP) B —Fh i IR4F A B ™ B I RIE, U
S 4R TP B 3 B 4 1 BRI SRR P D BB AL AN L v
BB BR (total bile acid, TBA )34 B 4F1E , T B
me A LB, TER B AR RILENER.
AHFEERILE AR TSEE, BErmil R
PLEA B, T RE 5% MEBURFIREES
AR,

: RIDRBREE, ICP Al R ERMERE, HI5

Z3,BE ICP 5 LA & XK 5 IE R AL 8 2
R, MERE ICP I FKIERAM LI KA 5 XU
B, B, ICP B4 BEA B T45 Sl Rk 538
HIEIT I AL S AL BT . EHT,ICP B/ BEARMERE R
RBIEIR  —SBF S E R UK TBA 124 ICP 43
A9, (B85 ICP 83 ) TBA A4 EY, 2011
PRSI T ICP M2 riEEEY, R
B 2R 51 AT B R 5 AE R ICP 4 AR , (H R A5 3]
EPFRIATT,

ITEARFFTR B, M i B BB RRAE 1E % i
5 ICP BAERIFTESR , (N4 A RN BRTE ICP i
W&, BR% EE ICP Z2@AHA AR § % 8 i R
KRBT, B TR ERRERIL, BRPFEXT
B AE M BRI R B e . B, ABF R T2
FTER B4, SR R R OB 15— 28 SMG I (high—
performance liquid chromatography—ultraviolet detec—
tion, HPLC-UV )€ IE# K2 E B ICP BE W
JOF 1L 0 5 45 5 RUAR VTR , SR W /> 3R B 4347
(partial least square—discriminant analysis,PLS-DA)
xof i 5 RE T BR A 98 AT A B S L B TR iR
RE VT BRI B Y ICP 4 R A 3 XF HfE AT
UE, FEFERITAG AN ICP B AR FR¥Z 1B A,

1 #M¥5F*E

11 FBEH

111 SKY5  Shimadzu 2010LC BB XK Shi-
madzu LBRORAEL-200 X3 ( H 2 Shimadzu 235 ) ,Macherey-
Nagel Chromabond—C18 A8 ZE B /M (3 ml/200 mg 78 EH
Macherey—-Nagel /A7) ) , Aglient X2 [EAHZEBURE B (£ E Aglient
/A 5] ), Waters Nova C18 3%+ (3.9 mm x 150 mm,5 pm, 3
& Waters 2¥7] ), Thermo Fresco 17 B &R HEBOLHL(FE
~ E Thermo 22 7] ) ,BF2000 HSR T (GLRENAF HEREE
R/ ), SB-3200 M7 I UE RS (T BB E R BB,

MILLIPORE jifi i 7K i 38 3% B & MILLIPORE E & # (£ H
Millipore 22/ ) , Roche Modular DDP 4= & #4464 (G 1
Roche A1),
112 ZRIER  FBLES A (tauro-, T-) KRR LR
(ursodeoxycholic acid, UDCA) . BHER (cholic acid,CA) . BSR4
HHER (chenodeoxycholic acid, CDCA ) , i % JH B (deoxycholic
acid, DCA) . oy 1.3 (lithocholic acid,LCA), 5 Hﬁ%‘% i)
(glyco~,G-)H9 CA LCA .CDCA .DCA ¥ H £ H Sigma 2
H], FR(3EE TEDIA /], fish) , AN s s,
12 HSBRZLKE

61 BHRXMBHHKA2011E1HE 20134 12 88
KERKERBE — BB r-FHERZ A, REARE R (ER.
ZeJE] OGS R ) B RG R (i R B LR B R
PERLP  Apgar PF4r EKIER PSR L) SIS BIBUEE . %R
REF/HARARMAEREREREN KFHEE—E
Beb Bz B St OB T IR R RIS T S A BEAR YED,
TR BESZ 25 IRITHY ICP FR A, HEBRIREE ML 4 I MO AE
ICP SE A2 R T (S A5 i HE 308 . WAL FHEE B IF
RAE , BEYLIRIUE R 2218 , BFFT Gt S e 5 i 0B i . £
I FF=FGHEE 2 ml 25 B 8 Bk, J5F 1 F 45 P26 B 2 ml BF
Wi, BB EE, EF-20 CHRARGEEH,
13 E£BRF%
13.1 HESBLLIE 300 pl MFEFIMA 1 ml 0.05% P LT
SRAEMECH 1 ml FERE 1 ml KTEf A B A ZE BN
¥, 2 ml 0.05% 8.1 ml B ER/K (45/55, viv) BRI Bk EE /N
M, REH 3 ml FEERRE, VERMZE 60 CRS TRT/EE
F 50 pl Fish#f A/B (34/66,viv) (FishHE A .60 mmol/L BERR
R, pH 3.3; HiEAH B. FIE), 4875 2 min, B> 13000 x g
10 min, BX 20 pl #E8E,
132 ®BIEERFE WEHEH RN HPLC-UV K ks%
SCHERR, T AR ME & AR H R H MR R BN T
6.0%, BIRIAS R REBY/INT 7.9%, HI7 Y EWERTES3. 1%~
101.3%,
1.4 #iExee

#RYE Heuman B0, T8 2385 I BRH /K 8 8 (hy-
drophobicity indices, HI), i SIMCA-P 11.5(F# 3 Umetrics 2
BB T BRI AT £, Bt B KT EBER,
FA PLS-DA g 5T AGAEMBRA ICP 4R X Hift
TRIE, Hrb 40 2B PRARBLSEER 5H 21 A
FASRBAFREIRY BB R A SPSS 18.0 &b, EAHRBE
BB + IR (x5 ) TR, A H BT M(Q,,
0, PR AR TR, SR ESHERERA Kol
mogorov-Smirnov MK , F 2 [A] ) LW AR IR 06, 8 L BF
MLZ B RE TR L BER BT IS AR A o R0, FHITER 3 2]
H B R A Kruskal-Wallis H R FIRE 56 | 5 0 (8] 64 L 3SR A
Bonferroni & 1F B Mann-Whitney U BeHIG K . KM a=
0.05,
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21 ZRAE—EEE

40 ZEEfEmEh BEF ICP B 11 A, EE ICP B#13
N, E#EA 16 A FAREAFERERERHINE 1,3 4R
BIAEWM TG $ER AR AR %ER, 34HM
TREMBERVARITEER, GRERER,3HEA
RERPFESERBREGIMFER FIE=E PTIREBIL.
Apgar T4 <7 43 57 R TE 3 SR EFIT#ER
22 R BRI B AT

B0 9 Fhéd & BB H BRI 5 R 403K 2 Bi/R , TUDCA |
TCA .GCA .GLCA .TCDCA .TDCA # GDCA ¥ BE7E 3 4 a4
it E R (P<0.05),CA/CDCA 1 HI#£ 3 HEIHE A B £ 7

(P<0.05), BFll 9 M MMET BN ESERIE3 iR,
TCA .GCA . .GLCA . TCDCA.TDCA .GDCA F1 TLCA ¥ ETE ICP
S BT, ZRH RITHEE L (P<0.05),CA/CDCA Fil HI
1E 3 HHEA B B2 R (P<0.05),

HRFT B R 1A AR 3 BR B AR AL V] R B 28 A AE T BRS iz SR it
B8, B 1 Frt B mEBEkEEZ 2 (AC)7E 3 AR
AEH . GREAEREIRE, B+ TUDCA,TCA GCA,
TCDCARSE , &l GLCA 58, MEE ICP B, LM TUDCA |
TCA .GCA . TCDCA & , B i GLCA %%, LRMRITERMR
B T EIE NS, LH TCA 1 GCA 78 ¥ ICP R 3LT
MBI EHSR, RVBHTBRABTE ICP RRe B B
Lo T HeAE B 2 R AYREH BRZE B, TCA Fil GLCA BIEHE
3B EF LT L, GCA #l TDCA MBI BIEEE ICP 4
PHREGEIEER,

F1 40 BFHXEN—MEE(n,%)

Tab.1 General information within the study population( n,% )
BEF=HifE R EHER (n=16)  RBHEICP(n=11) HEE ICP(n=13) P{E
ZRAFER(S) 206+3.6 28442 288+438 0.857°
2R (A) 39211 38.1x09 369+12 0.000
LR ERE
ALT 8% AST=200 U/L 0(0.0) 0(0.0) 6(46.2) 0.010°
TBIL=21 pmol/L & DBIL=6 pwmol/L 0(0.0) 2(182) 9(69.2) 0.000
TBA=40 pmol/L 0(0.0) 0(0.0) 7(53.8) 0.000°
HIRGE R
HEr 4(25.0) 6(54.5) 9(69.2) 0.052
B AR 1(63) 1(9.1) 6(462) 0.016
INF R IL 0(0.0) 2(182) 2(15.4) 0.221°
Apgar i < 74 1(6.3) 1(9.1) 1(7.7) 0.962°
FokEEY 0(0.0) 3(27.3) 6(46.2) 0.011°
FEfE 1(63) 1(9.1) 1(7.7) 0.962°
7 :a, Kruskal-Wallis H BRG30 ;b £ 7 116
£2 40 BEINEHH 0.0 AL BER B ( umol/L )
Tab.2 Concentrations of maternal serum bile acids within the study population { umol/L )2
R IE¥ R (n=16) B ICP(n=11) HIE ICP(n=13) P> P Py Py
TUDCA 0.241(0.235,0.247) 0.227(0.193,0.258 ) 0.333(0.226,0.445 ) 0.024 0.217 0.032 0.022
TCA 0.401(0.189,0.699 ) 4.548(4.078,4.905 ) 14.794(11.982,17.446 ) 0.000 0.000 0.000 0.000
GCA 0.624(0.454,1.187) 2.711(1.764,3.283 ) 6.108 ( 4.487,8.945 ) 0.000 0.000 0.000 0.000
GLCA 0.510(0.430,0.575) 0.361(0.181,0.428 ) 0.743(0.714,0.768 ) 0.000 0.002 0.000 0.000
TCDCA 0.429(0.203,1.549) 1.648(1.376,2.016) 2.107(1.419,3.716) 0.001 0.007 0.001 0.173
TDCA 0.308(0.219,0.417) 0.779(0.733,0.827) 1.315(1.043,1.604 ) 0.000 0.000 0.000 0.003
GCDCA 0.718(0.266,1.866 ) 1.387(1.187,1.633) 1.572(1.123,2.047) 0.084 0.139 0.035 0.543
GDCA 0.388(0.350,0.412) 0.741(0.566,0.876 ) 1.087(1.014,1.149) 0.000 0.000 0.000 0.000
TLCA 0.233(0.206,0.318) 0.250(0.159,0.340) 0.286(0.219,0.329) 0.591 0.882 0.293 0.505
CA/CDCA 0.634(0.504,1.235) 2.360(1.926,2.669 ) 4.814(3.662,7.884 ) 0.000 0.000 0.000 0.000
HI 0.152(0.135,0.267 ) 0.290( 0.278,0.298 ) 0.468 ( 0.428,0.573) 0.000 0.009 0.000 0.000

e, BRI A M(Q,,0,)F A ;b: Kruskal-Wallis H B ; ¢ : Bonferroni 48 1F #9 Mann-Whitney U B FIRQ IS ; P, IE B IF IR S5 % ICP 41/8)
Hode s Py IE B HEIR S EE ICP 41 Lb 4%, Py B 1CP S E ¥ ICP 4R L3k
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Tab.3 Concentrations of cord serum bile acids within the study population(umol/L)?

Ji:hew./d EHER (n=16) 2 ICP (n=11) EE ICP(n=13) P Py Pg Py

TUDCA 0.276(0.108,0.423 ) 0.298(0.231,0.323) 0.308(0.281,0.386) 0.464 0.961 0.405 0.173
TCA 0.949(0.448,1.859) 2.310(1.503,3.487) 2.815(1.564,15.033) 0.001 0.004  0.001 0.401
GCA 1.055(0.432,2.153) 0.917(0.341,4.626 ) 2.052(1.349,4.824 ) 0.045 0.844 0012 0.099
GLCA 0.270(0.233,0.290) 0.441 (0.372,0.467) 1.649(1.255,1.760) 0.000 0.000 0.000 0.000
TCDCA 0.706 ( 0.465,1.347 ) 1.428(1.102,2.644 ) 2.295(1.155,3.083) 0.038 0.076 0.018 0.469
TDCA 0.333(0.200,0.501 ) 0.793(0.613,1.194) 1.658(1.559,1.926 ) 0.000 0.000  0.000 0.000
GCDCA 0.996 (0.680,1.682 ) . 0.954(0.343,1.496) 1.313(0.977,1.988) 0.426 0.657 0293 0.259
GDCA 0.876(0.581,1.014) 0.506(0.449,0.721 ) 1.093( 1.022,1.190) 0.000 0.054  0.002 0.000
TLCA 0.202(0.169,0.262 ) 0.303 (0.261,0.321 ) 0.291(0.220,0.386 ) 0.006 0006 0010 079
CA/CDCA  0993(0.634,1.455) 1.598(1.078,1.912) 3.148(1.013,4.584 ) 0.016 0054 0010 0.213
HI 0.218(0.188,0.299) 0.243(0.209,0.454 ) 0.531(0.484,0.665 ) 0.000 0.139 0.000 0.001

0, RPEIRA M(0,,0; ) FR ;b: Kruskal-Wallis H BeFIH 5 ; ¢ : Bonferroni & 1E B Mann—-Whitney U B FIGE ; P IE % I IR 551 ICP 4
(Bl HE%; Py IEH IR S EE ICP IR L ; Py 52 ICP S HE ICP A R

23 BIF Frhfe i AN RS AR
BT A 3 dliE R AR ER AR BRI 22 5 | SR FHPLS-
DA A4 BT BRI . HAGHE BoR 3 B
X4> (8 2), %R EE ICP B8 iF % 2 H AR H BRI
BEEREHEEE, HATRNSE R?Y=0.839,0%(cum)
=0.786, B/ % ALY B4 847 K T AE S . AR
% R Q2 FIAREE ST BIR 0.0604 F1-0.219, HR iR BA
SERE
164
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Fig.1 Difference of serum bile acids between mother§‘

and fetuses (x5 )
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Fig.2 Scores plot of PLS-DA of metabolic profile of maternal bile
acids of normal pregnancy, mild ICP,and severe ICP
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Fig.3 Scores plot of PLS-DA of metabolic profile of cord bile
acids of normal pregnancy, mild ICP, and severe ICP
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Fig.4 Scores plot of PLS-DA of metabolic profile of cord bile
acids of non-severe group and severe ICP
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B 21 ZAF MR EE , LARRIFRR IR B
MR R A, HhiR B ICP B F 4 A, EE ICP
BESAEFRAIA,

R SRR 1 R E FARRAARE ICP,1
BRE ICP BRARIER . HBIEFESFIN 88.9%(EH
ZiA),75.0% (2B ICP) #1 100.0% (E EF ICP) , B %I 34 ¥ 5
EHEN 90.5%, ZEHh 3 AR RHE,

TEB IARRIRAE T, 13 ZIFEE R 8 REEF ICP £%H
PNEHs, BN 100.0%., ZBF L 2 BRI IEL R

3 3t i#

ICP RIEIRISA M K AE , &0 B L& ™ E
fa®E ., B5E ICP 4B , WA E MIGIT I LS
AP, MERILNE RS R AGEEEL, R
i, BSNAE A GE—MdndExt ICP #4720, B
MREFERANSE T ERIKE 2011 F£94E
LR AR N ICP YIS, sk
ICP M ERE A BB E NG R R AR
P, B HRi TR ER RS R e R,
HEISr ICP BET/ETEA BRI BE , 114G
BHESR, HTZREERERILY, H HAARA
XF ICP LB BRI 4y BE 5T , B, A< 30433
B TS -A R AR H B AR B A 4 R
B A[ScE ICP R R B RENDE R RE
TSR EABIEAR TSR,

AR, EE ICP AR BrimpHniEx
4y, TR ICP BB P e B X 4, X Pl B8
EHTFRAES —E R, TRERE ICP
B LB BEARIBIA0 B A 4 1Ak, LABH 1k R 3 &
i , T E F ICP f{JLAARH BRI AL E M
R RACERRE D, BT RI, ICP BRI MRl CA/
CDCA Wi BI%E , FER B NIERE R[N, BE
RN, RN BB KM DBIRKEK UDCA<
CA<CDCA<DCA<LCA, B HE gk P iR H
BRf B, ST H6 LRG0 U™ B A fE E M, A5
b, % E B ICP I CA/CDCA 453 & 3.7
5 7.6 %, AU S8R 1.6 55 3265 &
B ICP MR HI 4 21EE 1.9 55 3.1 4%, Mf i
V4 PIEE 11485 24 4%, PREF RGN
ICP BIBG LA —E R R, RT3 AU £ 1CP i

FIRE TR ACIAR AL, b, A BTo A ICP A
FKFEREMA MR REEF AN B, W
BREICPHARIIABRNERSE RS EFHES T
RER TREHTHRAE -EBE LED TRE
SRIPER , Wby 1L BB ICP MR L BLH 4

BEE ICP HHE e , R Py IE M BR A T AR, &%
FRILFBRALE BU™ E A M AR R, N 28R ™=
EEEIL BGILE B BRI T WAL, BIRBEEK
FO 10 O A 4 S 2 SR L P R
gam-e, A R L-BHANE E R MK Z R,
BB H AR 3% 2 RS PR AK  ARUSZ KR, T S B
ZHIRET RRTER IR, BEE ICP TR AWK R,
HHBRE SRR R a8 0, L b
NEHIER , A FBUTEIEIRE R REXT ICP
SRR RRAC 48 B A4 43 BE B 5T LA B %o s AR S8 iR
HRNGEZE AT ANNBEE ICP BEEES
Wfer ik, MERE ICP BAEFRRBIGT JENZ
1R

MR s R, TR B SR AR K2
EACHT PSP R, ABFEEN o ICP 5
Wt BERGIRI B M ARV B (AL AB 8L, A B 4% 2
RUATHEL, WEETRS ARSI ERE ST
B noK B, WA L 2ohs B B 40 M R
e, BURBTSERY], SR ER CA IR RS
JR il B A BEL T , WD BRI & L B, e A L
BT 5EE , AT FBURILE B, 20757 R B
& TCA 5 GCA 7& ICP Wit B B3 , 5 R IHE
—3(M, CDCA MR/ XBZARRILEE X 24
(farnesoid X receptor, FXR) A B3k FIBOHE A, |5
FHE T T SR E R -To FALEE R, W
TR IR B B, AT 4R 37 40 B 2 32 B T RR 45
F (H2 5 RANFER FXR FREREE
ARV R B LABY 134k B AR R AR , LA
FFW],CDCA 53 11B-BIL BRI AR -2(118-
hydroxysteroid dehydrogenase type—2,118 -HSD-2)
RRIE T, G E TBH LG LR TR B AR
FRRE, SRR L™, H il CDCA BT RE X i L
BIEMEE, AB5EH,TCA,GCA 1 TCDCA %
HE ICP 5 i3y B4, R RSl
P K BfEE . LCA fENBK e B AR
HRERTRR, v 52 MR RS T —o (umor
necrosis factor—ct, TNF—o ) 88 _E AR 3 B 40 M AG 59
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TP, Zimber FRIETHFE LCA W FBEARETE,
BAFREN ARIMRIEIIESL R FAEH BT K B
JERAA BRI, ABFST P4 SRR R AT BR
GLCA 7ERFIL ICP BB B3 &, AT BB S X G L& AR
FPEMEE, SBARNERE R, IE¥ RN, 1
HER EERIER LB M52, Bl TXHiE
R YER, B LLEARFE AR R BRI BRRY, SR,
ICP B} fi FHEHARR TR, #5358 7 M #5480 B k- B
JLH 2, A BF5E 5 GLCA 1 TDCA 7Eff ifL ICP R+
B B3R, RHS R 8 TREZKANEE, &
R, AR ICP B {23 S IE R IR TR M s
S5EERARR, Hit, BRI RS
SEETIRIT R FAH ICP 5%,

ARG JBT I A 3 BRAR I 50 R 2 S B o
B, ISR B 5K 100.0% , B R4 b 4
FERTBTSREE X ICP B R FB XA —ER
i, B A SRR H HX 7= RiT 5 7 B B O A BE T R
RIFRERT —BOHTH— S5, U8 Sl Rk
FE ICP WA, Wi, EEMRDEY KELR
AR SR ENER, ANTIIREE 2.
WEF AR BRACEHE B, AT ICP BIIRABFR
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