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AR TR 2 E AT R R b RAl A AR ES . ik RA & f AR E - AT A 3% (comprehensive
two—dimensional gas chromatography tandem time—of—flight mass spectrometry, GC X GC-TOF-MS) #f 5. T A i
Kk ARAZ BT B A BT AT 3 38 ) 40 % o o B AR 4, vA £ R4 47 (principal component analysis,
PCA ) F iE 348 3z s = Fe ) #1 % (orthogonal partial least square discriminant analysis, OPLS-DA) Fb 4 48 & M A
BAL A4 (volatile organic compound, VOC ) # 1 T & 4% , ¥ 2%, T & #2 (area under the curve, AUC) F= 7 32 1’\‘ %
I AE 4 (receiver operating characteristic, ROC) W £ 3 S M AR, £ R 5 RREMTRILEARL 12
AT % 38 2049 1-dodecanol . 1-1—-cyclohexen—1-yl—ethanone . 1-1-methylethoxy—2-propanone , o—cymene % carbon
dioxide & B0 244K, ROC th & 5 M 27, T =J)2 52 (1-dodecanol ) 7T %= % 2k X 42 Bg BT R AL 55 12 ML BT % 58
(ROC w1 & F @42 = 0.825) , HAKX RN 77.8% , 4 7+ 12 99.23%., % + Al TR A — AP ety £ A5 &
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F5 . A M3 (gas chromatography, GC) , AU AH (4 % — i
% (gas chromatography—mass spectrometry , GC-MS) , &5
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FiEH# it (ion mobility spectroscopy , IMS) , &£ 55 F
A % (selected—ion flow—tube mass spectrometry,
SIFT-MS) , 7E LA S MEAT HLAL A ) M T ASHI 537 Foie

{ (proton transfer reaction mass spectrometry, PTR-
MS) , f R ML e 47, Horh GC-MS & H Al
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TR BB | Ok B2 A0 1 AL S gk AT
AR RE A DR S, R —J7 ik 2848
I T B S 012 B SR R PRI S L Bk [ PRk 5 4

TACEIEMN; RREY
ToA AR P F TR B AR

A FBEFHEEFIZFTANE (16QNPI51) : AW 7 3¢ i K2 AR R T TR R B AR IF 4 v A 49,
* ok IEM,AEA TR, S IEEN, TR P EELESRIER;FR, R, T BHR G E AR AR R

2032 ( Modernization of Traditional Chinese Medicine and Materia Materia—World Science and Technology )



ERRZBAR-PEIPU UL * ERINE " : PEREIEZHR

PR L AR AR S N A A ot e R e g
S FLIRIE AL VA AR IR AR L 2T B TR R 1
BN A SR B A T S P o A U I AR b S
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Z AT 48 95 B (hepatitis B virus, HBV ) JiZ J2: 24
At AT A S T AR (), 2N R RS 2.57 12
N BHAFZ4 78.6 J1 AFEF HBV AHSCHRM, JLH 2
PE HBV g e ] S 3500 Ak, 52 v il P 44t s, 17 i
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18 N(HLC 1) \ R R P 8002 M I 2 0 iR 5 13 A
(HLF ) , 2 Wil 4l S <18 1 & B 2 B i 46 R )
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CLnPATR | A 2 i) 1 0% D s BSUJ A ) , BN S 48 38 R AT
R MR . TEUENT 2 S22 a0, 35T TR =
K5, Hi0 sk BB LT & (TBIL) TN & R4 & (ALT) |
RAG IR A (AST) S5 R
RREFERS S 2T P

FURFTA ZIRE R EE A2 h, I8 h WM LT
254, HORAETT 2 h ASKI A, 24 h ASZERRIE A
TE RSB BER (exhaled breath condensate, EBC)
FEAZ R, S AR 29K

FEHT A R HIE B RTube PEA A HETR IR 7% (55
Respiratory Research, Inc., RRI) Pk 4E EBC AL, SR G
BRIE-20°C I B RURE T . I H R 20T
W% 2 min 1E 5 PFI, AP it 2 08 i i A i
13 F¥Fix

fifi FH 22 448 7890 A (3% R Gt (R HEMR B AL
A, 3% [ 0 R AR e W 2 e R LT ), 7F DB=5ms £
(30 mx250 wmx0.25 wm, USA) 43 B i i 82 E 5 v
) BT A R DU 43 AT 4 o B 3 B ) R L BE 43 531 R 15 min
K 5000, PEFERHE H A 500 rpm , A B P 7 5
100 rpm o A B2 HUES [E] R 30 min, f#f W BT ] 24
10 min, PV WA, ATA LR FECN 3 ml-min™'o
T A B A R 1 mlemin . WA T AR L
50°C K 1 min, %85 L) 4°C - min™ A 3 RN #] 150°C,
Bifi J5 L) 8°C - min™ B B F 3 N E 210°C, I 7E 210°C T
TRFFS.S mine VRS AR L AE FURTELEE 2350 R 240
280 F11220°C, FEHL FREFAAT , fER A 70 eV, TE
EFIAEIR 0.3 min 5, LLEFFD 50 4638 i 18 K L 33~
500 m/z i [ A A AR AR O i A o o T A A
A A 10 Wl HEATIRAE R QCAE S, HARAIN 104 FF
it , SEIN—A> QCREA KGN
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HLC(n=18) HLF(n=13) P value

S/ 54.39 + 8.66 46.08 +11.29 0.030
WA (F /%) 17/1 11/1 0.811
LN 3 6 0.074
MARIA 17 12 0.811
TP/(g/L) 59.00 (57.75, 68.00) 53.00(50.5, 61.00) 0.025
ALB/(g/L) 33.50(29.50,38.25) 28.20(24.50, 31.00) 0.011
TBIL/(pmol - L) 16.50(12.43, 24.23) 131.80(60.50, 331.35) 0.000
DBIL/(pmol - L) 7.150(5.05, 10.55) 93.30 (27.00, 241.55) 0.000
ALT/(U-L™) 24.00(19.74, 28.25) 61.00(28.50, 430.00) 0.004
AST/(U-L™) 34.00(29.00, 38.25) 99.00(46.50, 330.50) 0.000
y-GGT/(U-L™) 25.00(17.75, 38.75) 53.00(19.75, 90.50) 0.075
CHE/(g/L) 4246.00(2804.00, 5707.25) 2529.00(1309.50, 3240.50) 0.003
ALP/(IU-L™) 98.50(80.25, 114.00) 167.00(93.00, 194.00) 0.025
TBA/(pwmol-L™) 27.50(10.75, 67.25) 192.00(80.50, 250.50) 0.001
LDH/(U-L™) 162.00(156.50,193.75) 214.00(173.00, 269.50) 0.002
BUN/(mmol - L") 5.60(4.70, 7.03) 3.80(2.67, 5.10) 0.003
PT/s 13.75(11.88, 14.48) 19.30(18.40, 20.25) 0.000
PTA/% 60.25(54.20, 82.73) 37.30(34.20, 38.10) 0.000
INR 1.21(1.04, 1.27) 1.65(1.60, 1.73) 0.000
FIB/(g-L™") 1.59(1.30, 1.94) 0.97(0.74, 1.37) 0.002
TC/(mmol - 1) 3.28(2.48,4.19) 0.97(0.74,1.37) 0.000
HDL-C/(mmol - L") 1.15(0.88, 1.39) 0.47(0.36,0.71) 0.000
LDL~C/(mmol - L") 2.15(1.46, 2.69) 1.66(1.31, 1.92) 0.089
AFP/(ng-ml™") 3.44(2.22,8.11) 52.32(13.00, 115.20) 0.002

1.4 JRESIESHT

{8 ChromaTOF %4 (V 4.3x, LECO ) % i 15 £ 4
HEAT T AR B JEZR M IE i 5 B By DX 5T 5
BT, I JE K QC AR AR R 2R 50% LA R B¢ RSD >
30% Mg 25 B o SR AR 4L o BT fE 4R T A
Metaboanlyst % %5 45 #F 17 43 #7 , i 1% 22 1k 45 %% (fold
change, FC)>2,P < 0.05 (Y 22 559 . K H Simca
13.0 % H—AL (95 2517 PCA F1 OPLS-DA 23041, FF4R
B OPLS-DA 7347 VIP value > 1, Ip(corr) = 0.5 X Lk
25 AL W HEAT T T | 0 8 45 RAE I AR W bRl
Wy, Rt 5 NIST #5cd 2 vh i & A0 & ik 1 A 7 L
XTSEE
1.5 %itsik

{4 JF IBM SPSS statistics 21.0 #4547 88 40 #r
FIROC A3 HT o T GER L A0 £ DU 4340 [ B 2
TN BRI 28 S 500 B SR H Fisher's A5 50 5%
Mann-Whitney ¥, P < 0.05 254 G258 X, P <
0.01 I 22 57H BEG -8 L,

2 #R

2.1 R4

AW AR T 45 20 H 46 14 B FEZ
IR 18 24 RACEEME A Ak (HLC 41) F1 13 2418 M5
W (HLF 20) /% . 41t 17 HLC  HLF Wi 2H 52 2 A1l R
FRIEALFE I B 1 (TP) & F (ALB) JTBIL, B
JHZT 2 (DBIL) (ALT AST \y- A2 Bt % i (y-GGT) |
JE B B A (CHE) | B P B 2 B (ALP) | FL R B = i
(LDH) JRZE A (BUN) | 5E Il i J5 st (5] (PT) € i i )5
B ]S P (PTA) ([ BRFRAELL L2 (INR) (4R 4126 1R
(FIB) . B\ JIH [& B (TC) | /&5 %% B B 2 11 1A [& B (HDL-
C) % IR A (LDL-C) M G & [ (AFP) . B
BRI R & UL 26 1. 25 35 i R SR v (S 850+ D 437
[EIFEN
2.2 "FHRBLHEFIANESHN S EEHMEETF

BE X 45 41 323803 W IF SR BEYI 1T GC x GC-
TOF-MS 0, AR 5 335 22 L xof 25 3 3 58 7 1 668 Fhi ik
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YL E Y a7 — LS AL B S R mC AHLC

vHLF ¢QC PCA Score Plot

A

simeal3.0 1T ZICE 130T . PCA ZrHrah S an il 1 i
N B (QC) FEAS BB FE Ry, SR WA 7 vA 5
F&E ; C HLC FMTHLF =4 B —E M X 4rae )1, &
A B2 5. 2 RIS E B uE T
C HLC FI HLF =41 i 22 5% . A T o — B0 ik
5 HLC #F & 2| HLF A1 2C 19 22 AR bR i 4, >k
OPLS-DA Xf HLC 5 HLF 24 [a] 22 AR it 9 45 20 #7 o
[ 3A 9 HLC 15 HLF 281 OPLS-DA 4B A543 , LA J s 42 2 e

I 3B i HLC 5 HLF 413 OPLS-DA 7} # S—plot [4], %] E1 C.HLC.HLFFQCZHK PCAITSE

22 B 25 AR bR W T AR Wiy X A 2L R . FRAT) i :C: 4k BExd M40 s HLC : HBV 5 5 89 % AX 4 8 I AR AL 40 ; HLF: HBV
%1% VIP value > 1, Ip(corr)l = 0.5 . P < 0.05 B4 W 1E B S 1% MRF 338205 QC - R4 4

I — class 1 class
Ethane, fluoro-2 C
HLC
Benzyl sulfone HLF
. 0.5
Cyclotrisiloxane,
1-Dodecanol2
Carbon dioxide3 0
1-Octen-3-012
Cyclotrisiloxane, 05
Octane, 2,2,6-trim
Cyclotetrasiloxane
Octane
Ethyl Acetate
Trichloroethylene
1-Hexanol
Nonane
1,3-Dioxolane, 2-p
Cyclohexene, 1-met
1-2-Thienyl-1-prop
3-Octanol, 3,7-dim
Cyclotrisiloxane,
Phenol2
2-Propanone, 1-1-m
3-Hexen-1-0l, 2-et
Ethanol, 2-2-ethox
3-Octanol
Carbon dioxide6
Sarcosine22
Isobutyl acetate
Pentane, 2,3-dimet
Ethanone, 1-1-cycl
1,3,5-Cycloheptatr
e 2-Octanone
3-Octen-1-0l, Z-
Bis2-chloro-1-meth
2-Octene, Z-
Benzaldehyde
Carbon dioxide4
0-Cymene2
Sarcosine20
Benzene, 2-ethyl-1
Cys-Gly2
3-Octanol, 3,6-dim
Carbon dioxide5

t[2]

C HLC HLF

El2 C.HLC.HLF#1QCAHNBELHE
ECo A 4L HLC - HBV 58089 R AR AZ BT AR AL 28 HLE : HBV AT SR AT 3235 20, QC: 45 41,
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5 A HLC v HLF OPLS-DA Score Plot

N VIP-Score Plot
2 y
— 10} - 5 - 25
T st/ = - AT _20
N oM ~— | =15
% -5 : P i g
S fa ‘ . -
s B .\ 0.5
—20 S v 0
25 s 10 " 0 5 10 > 03008 06 04 02 0 02 04 06 08
1.10914 * [1] p(corr)[1]
B3 ETFOPLS-DA ##TE HLC 5 HLF A8 % & VOCs ik
7 :A:HLC 5 HLF 4818 OPLS-DA 2 #7#F % ; B: HLC 55 HLF 28 Ja] OPLS-DA 2 #7 S—plot &
%2 HLCEHLFAMZERRE=H
AR A VIP P(corr) FC P value
1 1-Dodecanol 1.09 -0.67 3.01 0.00
2 1-1-cyclohexen—1-yl- Ethanone 1.33 -0.78 241 0.00
3 o—Cymene 1.91 -0.63 2.70 0.00
4 Carbon dioxide 2.11 -0.57 2.78 0.00
5 1-1-methylethoxy-2—Propanone, 1.12 -0.77 231 0.00
6 2—-2-ethoxyethoxy—Ethanol, 1.91 -0.62 6.59 0.01
7 hexamethyl-Cyclotrisiloxane, 1.63 -0.51 2.15 0.01
8 Octen 1.33 -0.69 2.90 0.01
9 3.7, 7—trimethyl-1,3,5-Cycloheptatriene, 1.73 -0.57 3.04 0.01
10 Octane 2.79 -0.71 3.17 0.01
11 2—ethyl-1,3-dimethyl-Benzene 1.73 -0.58 2.85 0.01
12 Isobutyl acetate 1.85 -0.56 2.38 0.02
13 (7)-3-Octen—1-ol 1.16 -0.62 3.21 0.02
14 3—Hexen—1-ol, 2—ethyl-2 1.24 -0.69 2.74 0.02
15 2,2,6-trimethyl-Octane, 1.49 -0.51 2.09 0.02
16 Cyclotetrasiloxane, octamethyl—4 1.18 -0.69 2.36 0.02
17 Bis2-chloro—1-methylethyl ether 1.03 -0.58 2.30 0.02
18 Ethyl Acetate 2.19 -0.56 2.73 0.02
19 Nonane 2.74 -0.72 2.23 0.03
20 Benzaldehyde 1.21 -0.71 2.80 0.03
21 Sarcosine 2.20 -0.62 2.01 0.04
22 2-Octene, Z— 2.52 -0.57 2.03 0.04

ESHAEA RF EF(p<0.01) # VOCs *F TAUIF K K ARAE BT A4 S5 1% M 3238 0 S A 8 A BT, 6+ I 87 1-1-F A CRA-2-R 8 = AL

B 1-1-3R T -1-38 TEAFe 4RI T H

RS AR S, A AR IR 2 R
2.3 ROC 41

4 HLC F HLF LA™ M) 47 i, AR K AT g
YE N HBV T80 AR A2 0 R b 4 JR Ay 0 M e 083 114
JRUBS: T30 K7 94k S o % S R R A8 (P<0.01) it
— s (K 4) : 24+ ke BE (1-Dodecanol ) >

0.321 A] % 5] CLF, AUC 4 0.825(95% 5 X [A] 0.675-
0.975) , ¥E 51 99.23% , HUBNE 77.8% . 1-1-HHE L4
H—2 - (1-1-methylethoxy—2-propanone) )= 0.597 i
I CLF (4 AUC 2~ 0.821(95% .15 X [d] 0.6663-0.978 ) ,
B 5k 84.6%, i IR M 77.8% ., AL B (carbon
dioxide) \ 1-1-3 & i —1- 3£ £ B (1-1-cyclohexen—1-
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. . 50000 F 25000 = .
40000 -
. .' . 1500 ~
60000 | . 40000 - 20000 - .
. 300001 | * = .
30000 - .| 15000}
40000 | .o 1000
20000 [ .' La— 20000 + 10000 - C
.
20000 | - . . 500F
)\ 10000 =1 so00l .
10000 o .
* . 'l 0 r . - N I ¢ .
0 L 1 1 1 1 Ok I 1
hlc  hIf hlc  hif hlc  hif

B4 X4 HLCFHLFHAREZEEILSIHERE

A: 1-Dodecanol ; B: 1-1-methylethoxy=2—propanone ; C: carbon dioxide; D: 1-1-cyclohexen—1-yl-ethanone ; E: o—cymene

#x3 XA HLCAHLFHARELZEEILEY AUC

VOC AUC(95% CI) RAES B RN % %
1-Dodecanol 0.825(0.675, 0.975) 0.32 77.8 99.23
2-Propanone, 1-1-methylethoxy— 0.821(0.663, 0.978) 0.17 77.8 84.6
Carbon dioxide 0.850(0.696, 1.000) 0.97 83.3 84.6
Ethanone, 1-1-cyclohexen—1-yl- 0.838(0.695, 0.980) 0.34 72.2 76.9
o—Cymene 0.833(0.692, 0.975) 0.29 77.8 84.6

E T SOR B TR SR AT, % 20321 T KA R ARAZ BT AR AL 5 0T 238, AUC 4 0.825(95% F 42 R 18] 0.675-0.975) , 4F 5% 1 99.23% , A B 1

77.8%

yl—ethanone ) Fl 48 5 O 4 (o—cymene) 1] AUC 43 51l A
0.85.0.838 #1 0.833, R & 43 il 2y 83.3% .72.2% #1I
77.8% , 553 )k 84.6% . 76.9% F1 84.6% . + k¢
B A ROC £k 22 (&1 5) , HLC 44 F1 HLF 2K 5 20 55
RAF, T e B B Re ) o

33Tig

RIS 2 o B DRI W 1 T B a1 2 — T
S0 IS WEE R AR B LRI L R, 4
SR R A TR R A A U 2
RO 5 7 6 4 7 0 26 o (e 22 )P B B T e
Y AT, 0 A% A7 75 €6, S0k L 345 Ry A
R FCA MR B0 L (2 =) ) 5 I
[N Y S R R Y A
B (CHEZE o =1 XD ) “ (T LRI B 152 2 4%, Y4
S TR 220 R AR AR A
IFF L A A 5 A SR L L 1 8 7
2 ML (M2 DU JUHE ) L Bt T o I
AL bk, F ARG B I PR ML i
PR T R IR S
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ROC HiiZk
1.0 |
08 |- ‘ N
0.6 |
i
#
B —
04 - —— 1-Dodecanol
— 1-1-cyclohexen-1-yl-
Ethanone
o-Cymene
02 - —— Carbon dioxide
1-1-methylethoxy-
2-Propanone
—— Reference
N . . .
0 0.2 0.4 0.6 0.8 1.0
-tk

&5 1-dodecanol.1-1-methylethoxy—2-propanone.
carbon dioxide.1-1-cyclohexen—1-yl-ethanone A

o—cymene K ROC #£ &

e PR, MELLR UL AL o AR R IR S R Y
BRANE folof B R S e R R A
5P BEHUE 3 B AT XE I, ME AR B R rp BE RIS X
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HEUETS A B o MR, WA 5 WS HE 9T ROEAG
KR . BUA Y O 28 M 98 BE B UE bR o (i
1)) BIBA T HEUEARAE (ARG B v BE S HHIE
N2, BRI T R B RS HEIE B I R . B4R
TR ATE S, NARIE A 38 2L A (VOCs ) &
A2 AR A L AR AT R A i A8 £k, I AT 1 Sy g
o AR ARG I ) A= s i 2 AP T s o S i
PRI Z 55 15 () —Fh e, AE TR 1 i O B S i K
YRR T SR AR R b 2 20 & AR ) R R
Z—, HEFHEHA — R, H L, 8 A
R R kA B R R B g
2 eSS G, GRS R R b B LS R
2 N TR SN 3 0 T 5L v S L2 BEE 1) R UL T
RE I L o B2 W2 (R RL 27 N T, S B S0 0 JH R o s i
R AL, B 55 v P B BRI TG RORS R
5 IGIRA IR ARAHEE A, 17 R B2 51
B PR UERRIOCHE . AT B IR S 2 g M i
Ui T S, R SR LS B A I DR T T4 i

S TE (GC) FIAUAH @38 1% (GC-MS) /& H il
FHTF VOCs 153 B TS S A R0GE 7 Rl 2 4k
G RSO A - R IR AT R BT (GCXGC-TOF-
MS) R % VOCs H IR & AR AL S P iRl &
T EBEHTY, M, AWF5R H GCXGC-TOF-
MS He A 7 £ 0 SR B, T 2 L B R T 3L
14 2 AR A2 300 JHF s £ 048 1 JHF 3 08 o 22 5319 VOCs, JF:
TG0 o

ARBEGE T4 LW, 5 Fh B B 3% 22 5% (P<
0.01) ) VOCs Xf & B JFF 48 J AR I -0 Ak 545 P i 2
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Analysis of Exhaled Gas Metabolites in Patients with Decompensated Cirrhosis

and Chronic Liver Failure of Hepatitis B

Wang Zhongxia, Sang Xiuxiu, Yu Simiao, Xu Wentao, Su Pengyu, Niu Ming, Wang Ruilin
(Department of Combined TCM and Western Medicine, the 5th Medical Centre,
Chinese PLA General Hospital, Beijing 100039, China)

To study the difference of exhaled gas metabonomics between patients with decompensated

hepatitis B cirrhosis and chronic hepatic failure in order to explore potential non—invasive biomarkers for predicting the

progression of severe liver diseases. Methods
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tandem time—of—flight mass spectrometry (GCXGC-TOF-MS), we studied the difference of exhaled gas metabonomics
between patients with decompensated cirrhosis and chronic hepatic failure of hepatitis B. Principal component analysis
(PCA) and Orthogonal Partial Least Square Discriminant Analysis (OPLS-DA) were performed to compare the contents
of the volatile organic compounds (VOCs). Area under the curve (AUC) and receiver operating characteristic (ROC)
curves were used to build a predictive model. Results  Compared with decompensated cirrhosis group, the contents of
I-dodecanol, 1-1-cyclohexen—1-yl-ethanone, 1-1-methylethoxy—2—propanone, o—cymene and carbon dioxide in
chronic hepatic failure group were significantly lower. ROC curve analysis showed that 1-dodecanol could identify
decompensated cirrhosis and chronic hepatic failure patients (area under ROC curve = 0.825), with sensitivity of 77.8%
and specificity of 99.23%. Conclusion 1-dodecanol can be used as a potential non—invasive biomarker to predict the
risk of hepatitis B decompensated cirrhosis progressing to chronic liver failure, and to provide a foundation for
noninvasive detection methods to evaluate and predict the prognosis of chronic liver diseases.

Keywords: Exhaled gas, Metabonomics, Decompensated Cirrhosis, Chronic liver failure
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