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Nonsyndromic paucity of interlobular bile ducts in children

Key words : #JH. R 258, 44 bAAO7 A VX, FREBH o

1. B - E& |

FF BB E B AE (paucity of interlobular bile
ducts: PIBD) iZ/hEMREE DR AH 5745 I
NAEEOBHBEOLR VLD L S B, HEEHN
WA L 55U EOMRREREL. b
EMAREB/MIIREEAT05 LT (FEH 0.9-1.8)
EENBA, HEICLI D ZORBENLE
3tk 4 TH B |

PIBD OHIZIAFRGER, OMEFHE, #
HEER HEEELAEL EORNEIHEL D
D &M (Alagille SEERE) @ 7V — 7 L 4FBLEY
LRVRED L WIEREDO 7V —TIZ5E S
b,

ARG T IEFERE Y (nonsyndromic) PIBD (NS-
PIBD) I DWW TR %,

2. & - - = |

- NS-PIBD D% { i35 4E R & $L B R
WCEETHREL, ARERSUE L OEFIARIE L
%529 FLBHILRRICRIET 2EB L A 51
%% ZERIMRMERE R o 1-antitrypsin KIBEER &,

BPETIIENLEBPERTRETAIED
HEN, BEEOCLOLDHY, BLrLBEHESDH
B OREREIZHES T2, EEEEM
OEFEYNVEVHIES Lidvwbwp s FHaER
fF %’ @ 5.6-15.6 % 13 NS-PIBD & i 2 h T
WA F 7 Alagille 571 PIBD 0 60 % A4E
PETH Y, 40%7ASNS-PIBD L& LT\ 5,

Kahn"IZAEZ 28 HRBEREOEERSZEY L
Y UMEDER D O RV HEEIL NS-PIBD &
LTBY, EFHEFEEREREY Y LY VikE

+7 B
% HPD

g

33 Fid 22 FlASNS-PIBD THhHh o7z L #HEF L T
W5,

— R REHE LB LEI TV E ENET
KEEL LT RAfOREZEDLY, HFRE
RREH ) o WEAA SN DT 5T EHE N,
¥/, MEEELZROLZLENEVEOHED
» 5", HMAERETIEKahn 5% 17 A 16 AT
bWALRBRTHoLBHEL TV DA, £
DMOBETILT LOERHEFER, BE
18, small for date(SFD) B4s% &) T &id
et

3. " A [ %]

AREIZB T2 FAEE DR OBFIEAHT
HAH BRELHAHEBELTIE BREKHEE
(cystic fibrosis), «1-antitrypsin Ri8%E. Nie-
mann-Pick type C, 3 F 2 ¥ FY 7 DNA#E
FEEEE, EITHREEFNIET S o §HE (pro-
gressive familial intrahepatic cholestasis: PFIC),
ARC (arthrogryposis multiplex congenital, re-
nal dysfunction, and cholestasis) iEfERE, 21 tri-
somy, BIEHEBRLREAEFLZEICHEI D
DR A b AH T A I ARRGESSY, |
B, BEV R EOEREREIIHE) b, TE
HBEETE L Vo NFTWREIZEILD
DREDMONTWS, Ll BEICL)R
%AH, REOKETE ZWRREMEA30-100
%ELEDDLEVHDRTNWEY?,

4. % R B

JEERAOEFEL LTIE, BBEORERE,
%M, EOBEBEOIEENEZI LN TV,
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B - BEERAEMRE (S5 2 k) 1 FTEER (L) 593

5561 NS-PIBD Ciddifit L - EWEHEOH %
ductal plate 3% { FEfFFL T 52 &h 5, duc-
tal plate DB HAGEFEOREE TH 5w GEME b R
EhTw3". HEOBEHMZEMIL ol -antitryp-
sinfEflicBVwTALNAE L ENBED, 725
HEhbiIcdhry. £ NEETIE 75
WTOEG R 12 X 5 B OREMNEE A O
JFHHEEZZ bNTWwWh, BT SHMEE TR
DREE & PR LD ) VBRI EATA LT
BYY THOHIIMEERETE LT EAT
Hb.
TR 2 & EAIRE A~ DB O ik 1%
EwEENBEY 72721, PFICIZ X % NS-PIBD
plimEsnTEBY), REAHFAOFIZIE
PFIC L ZH XN TR WERPER TS
fEMTEIE S 5.

5. B & ALK

fEfh B i IR 1 HE 5 B $HYE (biliary atresia) & NS—
PIBD ZHBL L T 5245, RHE P SHAE TlL3 /bR
RIERESLELE 250, RAICENSLET
HBH. EICHERE» SR oz 7298
BT XTENICHDS.

a. ERERAEK

BEAREIR & LT3 8E, M E 9, X,

‘R, OefclThHb WE, FEHIIER
EBDAICA SR, AREIX3 7 HUNICA
bhAb. Lanl, #EREIENLE, HBE
DI LR WE, FRMIZHET 260D H 5
WEZFIEEZALN W LB H LA, #EIT
VHTHA. HERLEEZIFEIHELTSL
ELHDLD. ZLEFRRT A

b. MBEREFRR

3mg/dL L EOBEEAEGE ) V¥ L MAEA
LNLW, 175mg/dLE B2 AHFILV AT —
VIME X 11-50 % IS A 5B b5 2T
IF—ElEIRERT LY. FOREINATH
AU T NAYKRRAT 7Y —ElER y-GTP i
WRIEEAEDERFTLEAT A, EEHLH
Y.

c. FHRIEBHEBFRIRE

1) XFEMFEFRR

IR R A D Je L, Jld L7z & 9IS
FEONF IR % 473 % MR T O /NIE R H 4 #/
IR ASOS LT OB EZ W IYZ EA %N
A OHMEICLYDFOMEIIELTH D NETIE
INERRER/MIREIE1X09-1.8 25 1EH & &
NTW5b. 1685 38 M I 13/ R IR A 5/ PR B
WX 09 2@z 525 el 38 A TIiE 0.9 L
TTIRIEEDOTEEELDH 5.

PRI EHZRS Y AZBEICLTREL Y.
%37 HETE, HHRoOEMBZENAH L
b, DS EEOBHIEE ORI R
MR O FILE» A SN S, ByED
HORMEILD K S0, MBRE O I L5 O
ERDALNDL. F/AOMIRE TIEIRE AR
L, /NEERAHAE B/ MR AT BRI 5T 0.2 DA
TedY, RAFLIE IR A DN,
BRAE FRZ X BB T 5. PRI sehe Ml fa iz
HR R R D A B N5 A, BRI R -1
2y 5a8

AB3IATAEBLLE, NENOE(LIZH
el AV, EMREEEEISAD 1/3/E
DIEFNZ LA SN LAY, iRl
FLEVPAOSNTHEE L 2 5. HiNORMEL

WHLHN, FIRMISARMEEIIERL, TR’
BTS2, FINRIR O RAEM L iR

TEREE L 2 50, RIS 5 L IR
BAHEALNIBITH, ANl b EAD
575 B2 A patchy \CAFAES S AT RN IE B
B,

NERBE - ERY R CHET 5 L, BEL
B OEF|OFLI, RIEMIBEZE, SV EOR
ME, BB I DORA - IHRAI TR
Hoh, —RIEELRDOLBERERT DO
BAELTWAY

A3 A A LLTIC AT NS-PIBD & 2 &
nTh, HEMAI T 256 R4 M
2TV, MIHE OMA DR S5 E ITIdIHE
DO EMFE Y RET AR THAHDT, HE
PHSHAE Z &N T 2L ELH LY. 72721,
BEEFASHSE & NS-PIBD OFRZE D R FEFET
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snvC ..
UDCA —4

MCTInZ i : :
w} B - ﬂmu b
sy [

CMV & Hfliy-2a 7)) vk m, m
4e1fL 45 & OVHF AR il
(—) (-)

9-1

CMV DNA
CMYV antigenemia 170 10  0/0 0/0 0/0
CMV IgM 548 3.38 1.38 072
(tu/L) I B ok M )
1000 —— -GTP BRI A 4 BELRF A G A 30
"""" ?LbT.l (1) (2) 3)
00 — T=bi
¢ y sy
e ' b 20
z 600 HE
<
S 400
—
<
200

H1 # 8 %
A% AARR. MM, NS-PIBD & i S Cw/zds, FBHRHSHRIRE 2SRRI L il
Sy IEPASHAE & BT L7

X2 HFF#E#&E(HE 5;‘-&})‘7:)
MIRBUIRRMEME IR R L, AERBE 220 % v, MY - BIEE O
HAE D A DI,
P: MR, A: ITFEHIR.
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B - REEREMRE (B 20 1 FRE (L) 595

HIEFLH A, B, 21 3FE SHRERL 24
%37 ABEOH A4 b AA T AN A MY
M CREE R TR B X OV G I 54
A 10 A4 Ao B RE O IR & RifT
IO TIIRIEE 2SR LA
Ao ST, BRI IRE B SEAE & B0 L 7
BICTHDH. HE9 7 AROSIFAR TR IFHL
BTN EREELZRDT(R2), 4 bAF
07 AV AEFA G- L7z NS-PIBD & @l &
N

2) BFIEMSEFAR"

RN IZZ B ) V) — 0 EBFBED
EWHERRBIREEOD LEAREALN, o
OIS LI HEEEZEZ o T
W, EMEEIRIRL, MRERRDT 5.

AHEIHAZBXLE, FFHNDY VY —
LA EFARTHEITHEML, WH/RARE R
T/ NNVEY =V ERGEENTWEEETIE
WY 5., BHMBEOZLIIA%I VA2 HE
B ERT B NERT L.

6. AWLTE =]

BB S B FNIHT B HER
79 %5, NS-PIBD | ~ﬂ¢éﬁ$‘eﬂ‘]&{é‘#ﬁi %
. BRI oW X B AHED PRI EZ 9
HEoa v ba—uhdubt e h BIRINEIZIL
74 75— FREH L HMG-CoA FHEHR,
BEIFEIZIIILARAFFTIY, 7/ 3)0ES

—WRYT7 7Y REHTAIE D HED
FOHPIE—ETIE L. BERREELE S
I UGB E I LT, AR B (medium
chain triglyceride: MCT) ##l, fgiatte s 3 »
(%3 A D, E K#a#k535.
—EBEMEPIBD L LT, FHEARL
ENb FEREBOAERPKIKEORENFEE
PLFLLBEL 2w, al-antitrypsin KIEIE
BHETIINS-PIBD 53 528 GHF L 2w
HETIEMHTIHOLEVBFEARTHY, B
BIWENFEHEELEGTAHI LDDho TnBEY
NS-PIBD ® E#FDFEMBIZK & < 22125517
Hid. 30-55% DIEGITIREFRAEZ 21 5 H
FECT2°7H, &CEERT, WHEFEMICLHE
BAEMT 2EMND, FIREETEALR
B0 mESEIRCREE L, MM A CHFIHE %
ﬁ?®£5ﬁ£6ﬂé®&?%%’%##b%
T, WHENETTAIRBEADSBE I T
%", Bruguera %" 1%, NS-PIBD & W ABIED
FE 5 R4S IR E (idiopathic ductopenia) (X
KBS, LR, HFHEAENIIHUr X - TED,

W AFERE DR FEPERRE AN BRI A S h
% NS-PIBD DR T AWA LML Ty
5.

NEHME O T, FIRBOY ¥ S3RRE 2
P95 MR E ORI E B X OBRAROBIEIL FHEA
RAFTH 2
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Giant cell hepatitis

Key words : giant cell transformation, HCRJEMENT %, SR, BRIENF %

1. B8 T8’ B

FORE P AT 2213 1950 RIS HHE SRR IZ A 5
N5 RO R O—2 & LT ‘giant cell
transformation’” & #ik X ¥, BRI 10 fH L
FOEPMELLDEBWERERD T LN
L2rL, 20, HHERSEDNORRA ZHTE
B SEIEIC AT TORRT ) - 8IHE D FFiRE
BEICBOWTLBEINIRATH Y, JRERH
PR GITR TR 2 WZ EASHBH L 22
BETIE, 4B LEOBEME L KE L
faC, MIBEIZRVER R YR TR F ¥, EY
WE Y, NEVF) bk L REOOENE
ELdnLIhTwns,

2. & %

B E, BRI A & 2R R (infantile)
BT A2HOWAHKETRDONS. T4b
L, BEMEMECIZIERENIRTHY, £0
HMCHIAFHICHESHT5 I L IIRETH
5. RLICEMBMENZPAONLEEZIRL
7o Wi <iE, MEDOHE LOREAZWIZH D
b 53, R EASHE ICEERL L 7o iE IR R AR AT
BAAoND0F b5 FrARiFR LIt
ATWI2S, BiaFEW % E OB M A ES
L, Fi7-iE B2y L Twvo /e

—7%, ‘infantile’ BILLREIIBEEE DD %2 2 5
PERREETFZIEEE SN TEY, post—infan-
tile giant cell hepatitis & FFIFN TV 5. &2
2 F %A %R L7z, post—infantile giant cell
hepatitis (& infantile giant cell hepatitis & — &R

473

¥ HP0
+A Al
G AR
B E A I
KATEHET 5.
3. " R B

BRI IFAOBHREIZOVTIREH IR TY
v, FFRLEBO—BRETIE R, KALK
HIRLA R % Z2 fl B0t U CIERF RIS LT
WhHEaREEEZ bR TWwh. EfifaEL: &
L ®9 v ‘infantile’ #ii2, ‘post—infantile’ |2t
L TR BAER D E WS, KHiEE%
5 Thbb EBEMBMEFLE ‘post-infan-
tile’ 4RI HE AN DA L 740 Y X 7 & L Ml E
BaEbLH, »OFARNSNEA L ARETHR
Lz <, AREICI o BAEOREIC R
HEEZOLND.

EAEROBF I, 22008 D5, §
hb, HFHROERTRIZL s TEESIRL
WRETHH EMBOMEDORKERE T2 H
THhA WIhd 20F L EATIZIRE Sz,
FRUBRIIH A R ER I IR TWED, BA
7R IT 20, BFIEMEANIT R TIIEM
R RE (X 72 <, MiFassE TIZ DNAGHL

2 BRSNS,
4. ZWr EEBIZ M =
BRI ZE O L - EMiatiF ke £
LB 2 Bnd 5.
[FER 1]

34 H, FHEMSUE 37 HEZIT HE%
BRI YLy —~fifre o7z BV~
FICT2URRZELEHOFREFA LN, H
EFSHAE & BT L7z T, PIARISRT IS

Ayano Inui, Tsuyoshi Sogo, Haruki Komatsu, Tomoo Fujisawa: Division of Hepatology and Gastroenterology.
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%1 Infantile giant cell hepatitis DRCEH Lt X 1 &%)

I3

MV TT A

J&Z

HA4 X Aa

Bl L2

H g

6 HI AR A

K

B IRt 4%

3L K B19

MR ey 4 L 2 (a3 —,
sy F— TT/)
Pt R
18hY vV 3I—

21 MV 3 —
P53l
TREAERREA A
RIS REAS T

B %%
PFrERL—T 2
EFERRL iR =il

TSR

JIE 28 P 6

HE B 3R AE

P L HERRE &

U AR IE R
BRI

Alagille JiE ¥

FEFE PR HB AE T R
R

a7 YF YT RIESE
e R 25 1 R e A
#57 b — AMAE
Fu Y v E

TR AZE R AT A

¥ MY Y RIBRE

B 5

Niemann - Pick %

HEFFPES PR 5 o BFE
Zellweger JiE

% 2 Post-infantile giant cell hepatitis ®
BB ek & b k)

&G

AR5

B AUHF &

C RIF %
EB7 4L A

6 B~ R A
NG XY

H O

H AT 2%
H CfesE Mk m v &
M) =T

SR /ALE R
) FOVER
AMPLFE—-T
6-ANAT NS ¥
ranpsraxy v
TURE Y
ke =

F D1
BRI ERAE
Hraf F—-Y A
DIPAY [

EHMTYFI b—FA  EHFRBRERET

I FE 1l

OB BAERRAEIH T BN ERRA A 5
N(E1-a), MENIIZEMRABIEL Tz

(K 1-b). BT THTORMAE SN

(FE®I 2]

8, BIFEFEE. LLAiA*5. ‘homeopathy’ &
VO RESEDO BT ‘remedy (R, $.47,
EWASRTE) 2R LT ®BE»5H2HH
ICHEEAA SN, FE TR H A5 R & iR M

AL SN, Uty y—~HAbLL ko7
ABEEMCART R - T-Bil 21.5mg/dL, D-BIl
17.1mg/dL. AST 1,3781U/L, ALT 8021U/L.
y—GTP 431U/L. PT 27.1%. ~/87 5 AF
FAMI0% TH-7 BEHIZ, MEKELH
BEL, 8 H Ik T L ERTIE, MR
OEMBEESERNTH -2 (F2-a). T/
AR 80, B IL-2L 7% — 5201
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FF - IBERERN F 2R I FRECT) 475

1 EFLICASh-EfffadEl
a: PAS #eft x40, b: HE #ef x200. EMifaiEZ b
(RED) HERAET 5.

U/mL, 7xVYF>1907.5ng/mL, R¥p-~
Ar7uarza7) 3571 ug/g CrTholz7-9,
B A A YIENES L, EEDHCRE
BIHFRDBETE LD o272, A7 B
VWAFEE 7 a AR YR L, EREIC

E 70Ky ETHFEFFT) ANILEEL T

ok, WHERIIEFLEER25 7 AZD
FEALRRAT RClE, B2 b b9 125% 3
FCICFE LA (E2-b). 14FFKICATUSL R
ETHFATY) P aBT LD MR,

5. AL TR -]

R L7z& 30, MR 05K I: 5
2725720, BRI —BTRLZRERD
HREEL I LS.

ZZL, FHELORGEYTIE AREoZM%
RECRIEEFR T, WO CiacHAgo

R2 fERI2CHShiEMBEEEL
a: ABiks - HE 4efi X400, FHMA LT LR
& MR PEZE (L (RED) 2 B 5.

b BEEHE | HE Hefs X200, FRifgZthixegs
L. EMIBYEZAL CRED) 23§02 BAE T 5.

HBUERAMK C, oI 1gG i d SE TR W25,
EAARIZ BT 5 B PEZE AL 60 % 124 &5
N ZOBUIERAICBIT 28R H S %R
HEHRIZOVWTHEEENR TV, JEEAH
OEMBEEZ TR, BURECRIERIFRE
ZBL, B4 MH A CMEIRD SR,
ATUA N, YI7URAR)ry, THFEFTY
RERELIEREZETRETH A,
FRIZOWTIEREDELICR S0 HEHR%
W12 A7 % 7o DA R lHE . BB O iGH#
AEFTTEMBEMEF R D EHEML T 2 28
Zw, LaL, #EN»SORAOHRETIE, A
HIZHET LB ED MR T A FPRARL —#
WY, HRBIFHOMHNBLETH 5.
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»ofE ®iE, iR, KatafEzec, HE
Ho -8 (ALT & DBil 0 +8) &0 3
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g <, FFRE % ohols & UTeBRA Rlilige OfE %
Flee s ¥, WHEEHEBOBFRIC XD il
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T %, —7, FEBHEEEEAGR s
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RENRH B AR b - BEi
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KEBHE RS LA oMK
RETCIRBEHERE LTRETE 2V

rd AW

y-GPER | | [ mwemnmEEs

| Bit3o% (AT DBIOLR) |

at

HEEDW

=

RERETF 2 BT

&1

(OEENH DD, BEORKRERTHS
Mi# y-GTP RIEEEERT, EE B
hizoRb Dl - RIPAEBFT 3, %
1z, KBEOEBEEAESEZ 570, REST
bh T3 IERE (WEFE) TiXEHER
ELTERENR W, &oT, MFEENE
EIREES U REMER S, REBHERD
flgicE, ¥R7u< 7274 —BEIH
& (BT, GC-MS) #Aw3, GC-MS i
BEEBHRE ZOHERE TRAITE 3, 20
R, BHERABAEEDO FRAINAETD
3, 8B, GC-MS & & 2[BHERA#TIX, M
R B2 OREEEBH, RO
EZE L RAEENHBROHEED S K& b EY:
DERBRETH 5, BHBERAFTRERICK
RN EERHBIRE S BE, Bbh
3 EBORTRET = BT LEEZEH AR
3, UEDFEEBLE2HFO7TVTY XL %2EH1
IR o

UL BB ERRHEEE

BE, LROBHBRASMREER 8 KEH
HE¥hTw3, BHERABRERANEET

piee,
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GC~-MS X - R
KEBEHBLRHTE

FROBHROAE, MK
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Developmental pattern of urinary bile acid profile in preterm infants
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Abstract

Background: Bile acid metabolism in preterm infants is yet to be fully characterized. We compared the developmental
pattern of urinary bile acid profiles in ten infants born at gestational ages from 25 to 33 weeks with previous data from
full-term infants from birth to about 7 months of age.

Methods: Gas chromatography—mass spectrometry was performed on serial samples.

Results: Total urinary bile acid concentrations gradually increased until 1 to 2 months of age. After this peak of excretion
(30 to 60 pmol/mmol creatinine), total urinary bile acid concentrations gradually decreased to less than 20 pmol/mmol
creatinine. The percentage of usual bile acids (mainly cholic acid) relative to total urinary total bile acids gradually
deceased from approximately 30% at birth to less than 15% at 7 months of age. On the other hand, 1B-hydroxylated bile
acids (mainly 1B,30,7¢t,120-tetrahydroxy-5B-cholan-24-oic acid) relative to total urinary bile acids were increased
gradually from 60% at birth to reach 70% to 80% at 1 month of age. The percentage of 13-hydroxylated bile acids relative
to total urinary bile acids then remained stable at a high percentage (70% to 90%) until the age of 7 months.
Conclusion: Physiological cholestasis in preterm infants persists longer than in full-term infants. Moreover, as large
amounts of cholic and 1B,30,7¢1,120-tetrahydroxy-5p3-cholan-24-oic acids were detected in urine from preterm infants
during this study, the 25-hydroxylation pathway may be particularly important for bile acid synthesis in early preterm

infants.

Key words bile acid metabolism, developmental pattern, preterm infants.

Details of bile acid metabolism in preterm infants are not fully
established. According to the few previous reports concerning
fetal bile acid metabolism, the most likely main pathway of bile
acid synthesis is the acidic pathway.! Bile collected from fetuses
during early gestation (weeks 16 to 19) contains 4B-hydroxylated
bile acids.” During the perinatal period 1B-, 60-hydroxylated
and/or 33-hydroxy-A°® bile acids, which can be detected in adults
with liver dysfunction such as cholestasis, are commonly
detected in the urine of neonates.>* Finally, ketonic bile acids are
abundant in amniotic fluid late in gestation.’

We previously reported bile acid profiles in meconium, feces,
amniotic fluid, and urine from preterm and full-term infants,>"
focusing particularly on developmental patterns of urinary 1B-,
60-, and 7f3-hydroxylated and ketonic bile acids in full-term
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infants.>™"" Preterm infants weighing about 1000 g at birth most
often have a complication manifesting after birth, such as respi-
ratory distress or congenital heart disease with cyanosis; they
then develop prolonged jaundice. Accordingly, we need to under-
stand the details of bile acid metabolism early in the life of
preterm infants. Presently we compared the developmental
pattern of the urinary bile acids profile between preterm and
full-term infants, using gas chromatography—mass spectrometry
(GC-MS) including monitoring of selected ions.

Methods
Study design

We investigated the urinary bile acid composition in ten preterm
infants born at gestational ages between 25 and 33 weeks
(Table 1), comparing the results with our previously reported
data from full-term infants.®™!! All subjects were characterized in
terms of gender, gestational age, birth weight, APGAR score,
mode of nutrition, age when milk intake began, serum total
bilirubin concentration at 6 days of age, and diagnosis. No
subject had a history or clinical signs of hepatobiliary or gas-
trointestinal disease. However, all preterm infants had physi-
ological jaundice. They were fed milk via a nasogastric tube,
supplemented with parenteral nutrition, during the first few
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Table 1 Characteristics of preterm infants studied

Diagnosis at birth

Total bilirubin

Milk intake
initiation (days

Nutrition*

Apgar score

(1 min/5 min)

Birth
weight (g)

Gestational age

Gender

Paticnt

at 6 days

(weeks)

(mg/dl)

after birth)

RDS, PDA
RDS, PDA

79
7.6

Breast milk or formula

Breast milk

517
6/8

714
996
912
948
1026

25.0
26.8

o =

RDS, PDA

o

1k

Hypoglycemia with apnea

RDS, PDA

4.9
10.0

a

Hypoglycemia with apnea, PS

RDS, PDA
RDS, PDA

RDS

6.1

a

6.1

Hypoglycemia with apnea

5.5
8.3
7.6

a
a
a

_— s = e = e

e e B e g S e R e R e

Breast m

2/6
517
718
7/8
4/8

27.0

Breast m

28.7

Breast m

28.7

Breast m

928
1126
1206
1360
1336

304

Breast m:

Breast m
Breast m
Breast m

8/9
7/8
7/8

315
312
33.0

==

*By nasogastric tube.

PDA, patent ductus arteriosus; PS, pulmonary stenosis; RDS, respiratory distress syndrome.

Bile acid profile in preterm infants 45

weeks after birth. Informed consent for observations and analysis
in this study was obtained from the parents of the infants.

We divided 119 urine samples into six groups: those from
infants less than 30 weeks old by corrected age (n = 13); 31 to 35
weeks corrected age (n = 39); 36 to 40 weeks corrected age (n =
42); 41 to 45 weeks corrected age (n = 15); 46 to 50 weeks
corrected age (n = 5); and more than 51 weeks corrected age (n =
5). We compared urinary concentrations of each bile acid, such as
1B-hydroxylated bile acids or ketonic bile acids, between the
corrected-age groups, and also determined changes in the con-
centration of each bile acid over time.

Sample collection

Urine samples were collected at various times from each preterm
infant and stored at —25°C until assay. Urine samples were kept
for no more than 2 years. We performed bile acid analysis on a
total of 119 urine samples obtained from the ten preterm infants.
Concentrations of individual bile acids in the urine from each
subject were corrected for creatinine (Cr) concentration and
expressed as pmol/mmol of Cr. We analyzed each sample only
once. However, when we made calibration curves for determina-
tion of bile acid, we analyzed each sample 4 times.

Materials and reagents

The following bile acids were synthesized as described
previously*:  1B,30,7a,120-tetrahydroxy-5p-cholan-24-oic
acid; 1PB,3a,7a-trihydroxy-5B-cholan-24-oic acid; 3B,7c,12a-
trihydroxy-5-cholen-24-oic acid; 3f,7a-dihydroxy-5-cholen-24-
oic acid; 70,120-dihydroxy-3-oxo0-4-cholen-24-oic acid; and
7o-hydroxy-3-oxo-4-cholen-24-oic acid. Other bile acids were
obtained from Sigma Chemical (St. Louis, MO).

Gas chromatography-mass spectrometry (GC-MS)

GC-MS was performed with a Hewlett-Packard 5972A instru-
ment (Hewlett-Packard Japan, Tokyo) using an HP-5MS gas
chromatographic column (30 m X (.25 mm inside diameter; film
thickness, 0.25 pm; and a fused silica capillary column bound
with methylsilicon (J & W Scientific, Folsom, CA). Figure 1
shows a chromatogram obtained by selected ion monitoring of
the characteristic fragments of the methyl ester-trimethylsilyl
ether (Me-TMS) derivatives of a mixture of reference bile acids.

Analysis of bile acids in urine

In the standard procedure, samples of human biological fluids
were prepared routinely for GC-MS analysis as described in our
previous reports.®'? Calibration curves for determination of bile
acids were obtained by plotting the peak area ratio that corre-
sponded to the monitored ion for each bile acid and the corre-
sponding internal standard versus the amount of each bile acid. A
linear relationship (r > 0.976) was obtained over a range of 1.5 to
10 ng for each bile acid.

Identification and quantitation of individual bile acids

GC-MS data for individual bile acids are summarized in
Table 2, including their characteristic fragment ions and relative
abundance.

© 2010 Japan Pediatric Society
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Fig.1 Selected ion gas chromatography—mass spectrometry (GC—
MS) chromatogram of methyl ester-trimethylsilyl ether (Me-TMS)
derivatives of reference bile acids. Peak numbers and compounds are
the same as in Table 2.

Statistical analysis

Data are reported as the mean £ SD. ANOvA was used to deter-
mine the significance of differences between groups. Compari-
sons of categorical data between groups were made with the
Aspin—Welch #-test. A P-value of less than 0.05 was accepted as
indicating statistical significance.

. . —a—1
(umol/mmiCr) Total bile acids )

80
70
60
50

30 40 50 tweek: corrected age)

Fig.2 Developmental pattern of urinary excretion of total bile
acids (umol/mmol Cr) in 10 preterm infants. Numbers correspond to
patient numbers in Table 1.

Results
Clinical diagnoses in ten preterm infants (Table 1)

The main diagnosis in seven preterm infants (patients 1, 2, 3, 5,
7, 8, and 9) was respiratory distress syndrome (RDS), while the
other three (patients 4, 6, and 10) had severe hypoglycemia with
apnea after delivery. Additionally, seven of the preterm infants
(patients 1, 2, 3, 5, 6, 7, and 8) had congenital heart disease such
as patent ductus arteriosus (PDA) or pulmonary stenosis (PS).

Total bile acids (Fig. 2, Table 3)

Total urinary bile acid concentrations showed low excretion
during 2 or 3 weeks after birth. Concentrations of total urinary
bile acids then gradually increased over 1 or 2 months, peaking at
30 to 60 umol/mmol Cr and ultimately decreasing gradually to
less than 20 pmol/mmol Cr.

Table 2 Gas chromatography-mass spectrometric data for methyl ester-trimethylsilyl ether derivatives of bile acids

No. Bile acid Base peak (m/z) Fragment ions (m/z)
Common bile acids
1. Cholic acid 2537 343, 368
2. Chenodeoxycholic acid 3707 255, 355
3. Deoxycholic acid 2557 370, 460
4. Lithocholic acid 215° 257, 372
1B- and 6a-hydroxylated bile acids
5. 1B,3e,7¢,120-Tetrahydroxy-5B-cholan-24-oic acid 217" 251, 366
6. 1B,30,70-Trihydroxy-5B-cholan-24-oic acid 2171 368, 458
7. Hyocholic acid 4587 147, 369
Isomerized 7p-hydroxylated bile acid
8. Ursodeoxycholic acid 4607 255, 370
3B-Hydroxy-AS-bile acids
9. 3B,70,120-Trihydroxy-5-cholen-24-oic acid 5467 209
10. 3B,70-Dihydroxy-5-cholen-24-oic acid 458* 209
11, 3B-Hydroxy-5-cholen-24-oic acid 1297 249, 370
Unsaturated ketonic bile acids
12. 7a,120-Dihydroxy-3-oxo-4-cholen-24-oic acid 382° 267,472
13. 7o-Hydroxy-3-oxo-4-cholen-24-oic acid 384" 439, 474
LS. 30, 7a-Dihydroxy-24-nor-53-cholan-23-oic acid 4317

"Fragment ions used for selected ion monitoring.
LS., internal standard.
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Table 3 Urinary excretion of bile acids in preterm infants

Bile acid profile in preterm infants 47

Groups 1 2 3 4 5 6
Corrected age (weeks) <30 31-35 36-40 41-45 46-50 51«
Number 13 39 42 15 5 5
Total bile acids (Wmol/mmol Cr) 179+ 17.1° 23.3+13.1° 252+ 13.3 21.1 £ 15.2¢ 14.8 £ 8.7 6.1 +58
Usual bile acids (%) 21.6 £13.5° 15.0 £ 9.0f 11.1 £ 6.28 10.0 + 6.6" 45+1.8 7.0+ 4.1
1B-Hydroxylated bile acids (%) 65.1 £ 13.8 782+£95% 833177 823+ 69 86.1 £ 6.6¢ 763+7.6
Unsaturated ketonic bile acids (%) 73+58 29+3.6™ 0.9 £0.5" 1.5+0.9° 1.6+ 1.0° 44134

Usual bile acids, cholic, chenodeoxycholic, deoxycholic, and lithocholic acids; 1B-hydroxylated bile acids, 1B,30, 70, 120-Tetrahydroxy-5p-
cholan-24-oic and 1B,30,7o-Trihydroxy-5B-cholan-24-oic acids; Unsaturated ketonic bile acids, 70,12e-Dihydroxy-3-oxo-4-cholen-24-oic and
To-Hydroxy-3-oxo-4-cholen-24-oic acids; *P < 0.05 vs 36 to 40 weeks; "P < 0.05 vs >51 weeks; °P < 0.01 vs >51 weeks; 9P < 0.01 vs >51 weeks;
°P < (.01 vs 36 to 40 weeks, 41 to 45 weeks, 46 to 50 weeks; P < 0.05 vs 51< weeks; [P < 0.001 vs 46 to 50 weeks; P < 0.05 vs <51 weeks; 8P
< 0.05 vs 46 to 50 weeks; "P < 0.05 vs 46 to 50 weeks; ‘P < 0.01 vs 31 to 35 weeks; P < 0.0001 vs 36 to 40 weeks; P < 0.001 vs 41 to 45 weeks;
P <0.01 vs 51< weeks; /P < 0.05 vs 36 to 40 weeks, 46 to 50 weeks; P < 0.05 vs 51< weeks; 'P < 0.05 vs 31 to 35 weeks, P < 0.001 vs 36 to 40
weeks, P < 0.01 vs 41 to 45 weeks; "P < 0.05 vs 36 to 40 weeks; "P < 0.05 vs 41 to 45 weeks, P < 0.05 vs 46 to 50 weeks, P < 0.001 vs >51 weeks;

°P < 0.05 vs >31 weeks; PP < 0.05 vs >51 weeks. Cr, creatinine.

Usual bile acids (Fig. 3, Table 3)

Relative to total urinary bile acids, usual bile acids (cholic,
chenodeoxycholic, deoxycholic, and lithocholic acids) gradually
decreased after birth from a high percentage (20% to 40%), to
become stable at a low percentage (less than 15%), by about 40
weeks corrected age. Among the usual bile acids, cholic acid was
most abundant (approximately 90% of usual bile acids; data not
shown). Trace amounts of secondary bile acids (deoxycholic and
lithocholic acids) were detected.

18-Hydroxylated bile acids (Fig. 4, Table 3)

This study determined that the percentage of 1B-hydroxylated
bile acids (1B,30,7c,120-tetrahydroxy-53-cholan-24-oic and
18,30, 70-trihydroxy-5B-cholan-24-oic acids) relative to total
urinary bile acids gradually increased from birth to 3 or 4
weeks of age (from about 60% to 70% or 90%). This high
percentage was then maintained until sampling ended at
about 7 months of age. The principal 1B-hydroxylated bile
acid was 1B,30,70,120-tetrahydroxy-5B-cholan-24-oic  acid
(approximately 80% of 1B-hydroxylated bile acids; data not
shown).

(%) Usual bile acids

tweek: corrected age)

a0 40 S0

Fig. 3 Developmental pattern of that percentage of usual bile acids
in 10 preterm infants, as a percentage in relative to total bile acids.

Unsaturated kefonic bile acids (Fig. 5, Table 3)

Relative to total urinary bile acids, the percentage of unsaturated
ketonic bile acids (70,120-dihydroxy-3-oxo0-4-cholen-24-oic
and 7o-hydroxy-3-oxo0-4-cholen-24-oic acids) decreased rapidly

18-Hydrox ylated bile acids
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Fig. 4 Developmental pattern of the percentage of 1B-hydroxylated
bile acids in 10 preterm infants, as a percentage relative to total bile
acids.

——]
(%) Unsaturated ketonic bile acids e
100 3
90 [ —o—4
80 [ 5
-6
70 [ ——7
o0 [ ——38
50 [ o
; ——10
40 [
30 [
20 [
10
0

(week: corrected age)
Fig. 5 Developmental pattern of the percentage of unsaturated

ketonic bile acids in 10 preterm infants, as a percentage relative to
total bile acids.
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