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Abstract

Research purposes: Study on the changes of myocardial injury induced by selenium deficiency in
chicken. Methods: 1-day old chicks with low selenium feed were chosen to build the chicken sele-
nium deficient myocardial injury model. Plasma metabonomics analysis was applied to detect the
differential metabolites. Results: There were 16 differential metabolites in selenium deficient
plasma in positive and negative ion state. Among them, the abundance of choline, phosphatidyl
glycerol and leucine were up-regulated (P < 0.01). Conclusion: Abnormal metabolism of glycerol
and phospholipids, leucine, steroids and other biochemical substances were found in selenium
deficiency group. These potential biomarkers are associated with inflammation, apoptosis, and
platelet aggregation. It can provide new information for understanding the metabolic mechanism
of selenium deficiency in chicken.
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DPARGERR, BN MR AL T ERNERAEIR. S8 KAEGETRET, SRAHIMmRKY
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1. 518

fifi(Selenium, Se)@ ANMIZNILFMEGE, EERMEKEE. B, SrEIhbe MKHUEmR S H
RAEA EEEYEINRE[L] [2] [3]. ShAfaT LAS AN A S R RS2 8. DARE T O LR AT 9%
S E AR ER LR . B G| R GSH-Px i PE T R%, T LHER, M BRI 4 fs, ol
SELR R . R T BT 20 BN T 1 0 T B 1M DA R P R T P S A I K A . BRI, Al 0
M4 RGHIGN . DhEE RPN R A = REVI[4]. CAE 55w . SR RERELL . T o 25805
MR AR BE W BAR . Rk, A Gl Q2 2 B AR A i VS S o 43S e & b AR w0 LA 2384
A JE FARI D AR Ak, 3K e 2 FRHE o 8 78 7R BRI 25 R 3o LR B 2497 0 1A A 0 2 T 5 B SR 325 o L 4L
AR AT BEHLH B A B .

2. MRAE
2.1. SRR

B 1 HESAENS, MR &0 T s RV T e B i), BEMLAY Jv 2 4. SRAR4ARIC N L-Se 41, 1AM
ok B SR RIT A P A Hh X VT L R H AR (EOR RS R 33 polkg)s Al EE AlbRid A C-Se 4,
TR A FRR, R BR A 4 HOR R I NaySeOs, il HRRE Sl B4 0.15 mg/kgs % 414X 5 SR, HHER
BRIIK, TN 35 K.

2.2. MAREEAHIRE

IEH A RGRANZE 2 B 6 RAEXS, 2, HERIHFIKR I 5 mL, #5825 ikt (EDTA-K3)
R . 3000 rpm 0 B0 10 min, (R _BIEWOF 2%, B4 250 pL, 3L 8 {3, T-80°CukA &
5

2.3, Im¥zHEmTskiE

M RE B TRT, X BT T, BB AR[5]: (1) B EF MR T oK B, 58 ik
Ja, W€ 30 s; (2) HL200 pL MIKT 2 ml ELEH, M5 AR KA VA RI(FE), WiERY 2 min
JaErE, 14000 rpm B0 10 min, PABREE AN (3) B EIER T 2 mL B0 F, 37C FESKT: (4)
) R PR B N I SIS K321, vIV) B RTE 2%, IRERY 1L min JG 5 & (5) U4 NghAs:
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i, T RRLC-QTOF/MS il
2.4. M3 RRLC-QTOF/MS #&3

f# F RRLC (Reversed phase liquid chromatography)i&fH H i & Gt (Agilent A ), B3l L Ff 10 L,
3TN 3.0 x 100 mm (1.8 pm) ZORBAX SB-C18 i+ (Agilent Technologies, Santa Clara, CA), i 1%
N 40°C o RS IR ANAR SR FH 5 0.1% R A 7K T (A) R 2 I T (B) o e A FE 2 A4F 2 5%~95% 11 G 171 »
SYHTEFIE] A 38 min. FE SRR N 4°C .

J5R TG A Agilent Y25 AT IR 8] € 4T3 {X Q-TOF(Agilent Technologies, Santa Clara, CA), 3%
FEL IS 55 8 T ) 1 18 A X (ESI+) R G 8 AR S (ESI-) o ST X F2 AR ) 85 7 A e K 1 2 B v 791 R
ME . BAME L. fragment AL, BT E AR SLIGFE & B TAL I RS BV R <R
350°C; MLV E, 10 L/h; BN AT AR IR B 5 A0 8 BN 20l E Y 4.0 kV 35 kV. &1
B AR [ B AT BT Dl 50~1000 miz, SRAEFIHRESIR N 05's.

2.5. HRBIERENRIE

A 7T BT A R i (blanks) AR 42 1 # 5 (quality control samples, QC) [5], 1 H.HEARE RS S E IF % 41
FGRARZHE it & I 5 S AE HIRE S (QC)AE X BEHLIERE . [RIIN R PCA J73E 3 M ML B F i i Bdl, Wi¢
MR FAEAE RS IR &, DULIIEAHT 75K FH RRLC-QTOF/MS A& MIAT: & B8 14 ) S8 1%

2.6. WIETLE
13 Agilent 2 7 [ 2 P 5K 45 SR etk o mzdata ST, A2 BRI AR SO SN R 3, f# ] XCMS

[6] [7] [8] [9] [10]F1 CAMERA [11] [12]3F 47404 TiAL 38, For, XCMS T Ab 3 1) AH ¢ S50 (U > I g 55
P B B 1) 7 45) R BR B [13], JFRFEA B 2517 19—k (normalized) A1 Fr #E 44, (standardization) &b 21 [14]

2.7. BaRSHAERA

KH SIMCA-p 11.5 (Umetrics AB, Umea, Sweden)# #1417 PCA [15]F1 PLS-DA Ztit4r#r[16]. Ik
F PLS-DA 158 & 4K 50 56 10F 82 7. (1) PLS-DA B & BAMEA R, FlE it y: Frf Bk R2 Al Q2
BT JREEH R2 A1 Q2 {H . 58T PLS-DA AR VIP {8 F1ELAR B R 1K 56 (the Welch’s t test)H) P
ERBVEMbRED . EVREYTEIERHER: VIP>1.2 I H P {EH/T 0.05.

2.8. YWREMRRT

DA B B TR RD R a7 LA N BE A E M AE B, FFRYE CAMERA FIAk 22 bR RS B T A R 4 i 1)
MR WA TRINEY . SRR R R — S0 0E K — it kA3 R A 28 115 B e AR
STEMS TR, R AR EIEZEHMDB). Chemspider B¢ Metlin &5 04 15 31 B AH [F] J5 i
LeV R 5 RS B PR A AR R A R B P P 1 B 1A S A A B AR AR S — s T
W5 BT VTS . xR BN EbR EVD VI s, K 22 P A AH DA G 4 2 Bl 2 B SR STk, i
PR ZZ A Dbr EVD ARSI B 5 .

3. &R
3.1. RRLC-QTOF/MS IEEFER TR I3 5 HrLs R

3.1.1. IEHAMERMER T RRLC-QTOF/MS B
B 1 A IES HA S ) M 22 S TR . Hep, PHAERMEEEHPEER, THMAIEET



Xt %

x107 |+ESI TIC Scan Frag=110.0V C5.d
11
0.9
0.8
0.7
0.6

05 - \

0.4

03 -P‘w Nk
0.2 " ll
. - p RS .~

0

—

=

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Counts vs. Acquisition Time (min)

x107 |+ESITIC Scan Frag=110.0V L1.d
114 1

0.9
0.8
0.7

|
06
0.5 ] A,

0.4 " A\
0.3 W %'
o l b VN

\-n.._,l‘\_ E&_..--.H ]

0

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
Counts vs. Acquisition Time (min)

Figure 1. Typical RRLC-QTOF/MS chromatograms of plasma samples for normal and Se deficiency acquired in positive
mode

1. IEEFNERAA 35d M3 IFE TR A RRLC-QTOF/MS [&iE

SRAGAL, P T RAE BT A MR P A A BT o e AT L, A U L v A T DA R A — B,
WAL ERMNEE EE AR R, WA R R R A ISR, R 2R
Geit o M R 77 123 — 20 Y240 LT 0 22 50 MG P B AE R A b 25D

3.1.2. IEREMBMARNKHBERERIRA STER

22 XCMS Bfhnf B BEAT LB, S5 REIR(LIE 2), I PCA 153w LAEH], QC FEmh R/ —
&, B AR I & R E AT SRR [N, Bk RN R R SRR A, CHE LA
A B —E B B 3.

M PLS-DA #5373 BT LA Y, T 1) B VAR AR e C 4RI L T8 70 BT (14 3(a)). PLS-DA
R B W 10 U0 UE B 1 2o, BT SZ Y PLS-DA BB AR A 20 (K 3(b))-

3.1.3. ERRIFYNFENYREE

NTAEE T AR FRB X WEMZRY, 2T PE& K PLS-DA B Jf AR &
CAMERA M R BRI ML . INEWMEE R & TEE, kR Ed® e, R&NHREL ZRTE
9, TEWAE Lo FRATHE— 00 I 8 72 S AC U P (P o 5 1) 56 e AV AE W D RE AR AT, DA R Al 2 5 £ 10
AR EH) -
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Figure 2. PCA scores plot for the top two components discriminates
L (SeD group) from C(Control group ) based on the data from

positive mode
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Figure 3. (a) PLS-DA scores plot for C (l) from L (e) based on the data from positive mode; (B) Validation plot obtained
from 100 permutation tests based on the data from positive mode

& 3. (a) PLS-DA RIS 5 E, IEE4H )5 (e); (b)100 YRFEHL B HaL8iF

Table 1. Nine biochemical properties of a potential biomarker

= L9 NBEEYRSYNEYLER T

ID R m/z RT(min) FC?® ppm P VIP AT %
Positive-ion electrospray ionization mode (ESI+)
1 Decenedioic acid 201.1102 8.94 096 945 3.13E-03 212 Fatty acid oxidation
2 LysoPC(15:0) ® 504.3028 17.98 -0.64 6.54 3.86E-02 1.89 Glycerophospholipid metabolism
3 Choline 104.1063 15.69 -0.66 6.72 2.81E-02 1.54 Glycerophospholipid metabolism
4 LysoPE(0:0/22:6) 526.2912 14.70 -0.89 3.04 4.37E-02 1.37 Lysophospholipid metabolism
5 Retinol® 269.2247 20.35 -1.03 817 1.87E-02 1.37 Retinol metabolism
6 Glutaminyl-Leucine 260.1582 14.18 125 884 493E-04 1.97 Protein catabolism
7 Isoprene 69.0697 25.83 0.12 290 1.26E-03 1.60 Terpenoid backbone biosynthesis
8 Tylophorine 343.1884 2431 0.26 583 1.70E-03 141 Others
9 S-Prenyl-L-cysteine 187.0660 121 -0.42 107 327E-02 1.02 Others




Xt %

3.2. RRLC-QTOF/MS S FHEA TRIM R S Hr4a R

3.2.1. IEE4AFMEMHLE R A RRLC-QTOF/MS B

Ve 4 DG s AT ARG 0 F L AN B 20 R g i R s TR, RS R T T MR
S W TN, 3 A 8 3 P P R 0 R A i — B0, TR I M P B % 5 2 I 22
DRI 5 R GE ik o A 7 vkt — 25 3R AL 1 2 51 DA R Fe P B 7 (R AE b B4

3.2.2. IEE4A MG KA IBEARK AR SIER

K H XCMS B 471 B8 B X RAF I BE Ak B 5 J645 31 316 MUY, 4 & MR AT s 57 2 PCA
TS (R RIS 32 020 A6 2 I 7520 IR R T En (O] 5), PCA 23 M v Te % IE S s PR ZHLREAS 1K) 40 280 i, 4.
(B BB R E S .

KH PLS-DA BEBIHT = A F 155 B, ik 6(a), RN, IEF RGN L [ 1775 B
RESR, WARTGAAXMES, KUWHHIDAR N R B A .

25 100 YIS 31 PLS-DA BRI IEE . & 6(b) &R, £ 100 B H3KA 1 Q%cum 7ZE 0 LL R,
FHAH SR PLS-DA BRI R, 1A TG faR, £t it PLS-DA AL 73443 2 i 25 R ] .

3.2.3. ERRIFYRNTHFENYREE
ZE ARt e O AL 22 T iR LB P IR 2 — o AW FURIA] PLS-DA BRI SLAR ) VIP {H 45
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Figure 4. Typical RRLC-QTOF/MS chromatograms of plasma samples for normal and Se deficiency acquired in negative
mode
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Figure 5. PCA scores plot for the top two components discriminates
L (SeD group) from C(Control group ) based on the data from
negative mode
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Figure 6. (a) PLS-DA scores plot for C (ll) from L (e) based on the data from negative mode; (b) Validation plot obtained
from 100 permutation tests based on the data from negative mode
[ 6. (a) PLS-DA 122G 5T E, EXELH(M) GRAfLE(e); ()100 REEHE#RAIIEE

AR RS I8 77 v (the Welch's t test) 515 1) P B I 1% H X RE 5 70 28 TTmk ) 2 7 B & . SR 5 iR #5 CAMERA
TSR, MERZ REM RS T SRR BT, skt Ha w7 4, 0L
% 2.
4, Fig

T PR SI2 065 485 SR S Bl 75 A0S D ARG RE TR R 42 T ERS RSN F5iBH S M H4E, i
IOy VLA T ZHE505 2% B 3208 o A /0 BT A DA DE TR AR XS AR X R4, {8 RRLC-QTOF/MS
R o 2 A AU, MR ZH 2 BRI AT Bl S IR R 25 5, IR k3 16 N5 HAR T AR KB A1
FrEWD

WEREE BT Rs: AQHHH 22 RERE W B 70 P 1B W AR B4 . SR RF B2 200 51 77721000 AR 54), 8
A XIAE AT, Bon THEEB PRSI, WA Z R AUC 188 0.9044; 7865 TR T,

()
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AUC {79 0.7513. i, FfE H IFHED 1 HAL 22 25001 16 A NIRRT (B4 15 2 7 B 9 M
BRI ES A 7 M), X AR AR ) AUC By 0.9143, 3R B fS T Lo ks Ak 5t 5 1R i Hh
(X 73 1E W AL AN ERAT 2

M4 KEGG, Wikipedia 5 A4k A 8L 16 MUBAREW 0 AifE 9 MR b, b 5 AN ESCHRT
TAN A ANRIEISRER, WK 7 Fios. 5 MHESRER@ R 2 2 Hl B Ae . e, kb &)

Table 2. 7 biochemical properties of a potential biomarker

T2 T NBEEYRSYNEYLES T

ID AR m/z  RT(min) FC?® ppm P VIP AR T8 %

Negative-ion electrospray ionization mode (ESI-)

10 3-Hydroxydodecanoic acid 215.1655 15.13 -0.87 0.93 4.12E-03 1.23 Fatty acid metabolism
11 3-ox0-dodecanoic acid 213.1500 18.20 -1.18 1.88 1.00E-02 1.16 Fatty acid biosynthesis
12 LysoPC(14:0) 466.2971 16.59 -0.94 6.86 2.22E-02 1.29 Glycerophospholipid metabolism
13 Terephthalic acid 1650206 678 -0.20 7.88 5.426-03 122 oweyelic ammaﬂcﬂgﬁdmcafbo” degrada-
14 Sarpagine 309.1609 15.64 -0.18 0.00 3.12E-02 1.18 Indole alkaloid biosynthesis
15 3-Hydroxypicolinic acid 138.0195 943 -0.33 1.45 3.75E-02 1.02 Picolinic acid derivative
16 N-(p-Hydroxyphenethyl)actinidine 267.1607 12.61 -0.72 1.87 4.67E-02 1.12 Others
" Protein catabolism !
_________________________ i ! e mmmmmo
oomor ) owers (L Stmimtaucie ] oo

oo v

l[ 3-Hydroxypicolinic acid ] t [ Terephthalic acid ] i

7

N
|

' picolinic acid! ¢ -
e . . L . . Indole Alkaloid
| [ N-(p-Hydroxyphenethyl)actinidine ]i L_df;riva_m:/e_l : Sarpagine Biosynthesis
N . !

e . 4

T T T T T T e e oo JTITITT = A
Re ~ 1
! \ 1
1 LysoPC(15:0) Sn-glycero-3- : | !
i [ LysoPC(14:0) Phosphocholine Choline : g T T N
. .o N 1
1 L )1
o [
i = i i Retinol ! 1
. - © _ ! etino !
! Phosphatlhdy_lchollne CDP-choline Phosphocholine I 1 metabolism ! :
| (Lecithin) TS eam [
: ! ' ] ' :
H ' ¢ R L"".""-l
| 1 - ! Carotenoid 11
\ ! Glycerophospholipid [ LysoPE(0:0/22:6) ] /3 | Biosynthesis 1|
N ! Metabolism LT AT - !
_____________________________________________________________ - 1 I
: : i : !
PP Fom e oo, i m e N Fommemms a.
v Lipid - .~ ! (IR
1 b B \-I ] Terpenoid Backbone ! [
i [ Decenedioic acid ] Metabolism i Isoprene Biosynthesis i P
. L 1 1
! P! i P
! \ I 1 1 .
. 1
: [ 3- oxo-dodecanoic acid ] ! : [ Dimethylallyl-PP ] [ Geranylgeranyl -PP ] i
i s T !
i e !
| 3-Hydroxydodecanoic acid " 1
| s Isopentenyl-PP (E,E)-Famesyl -PP H

Figure 7. The network of the potential biomarkers for SeD according to the KEGG
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MIEDD A R AR IEARIT DS I WAL DR A= 06 B 4 N ARER BRI 138 48 20 il 2 2 A R e AR 2
I T7 IR B MERE SR ERAT AL S oA

TERE N 16 MREHRET, F 4 MR ERE, b 12 MFREGE N, s =AM
FESEHT I SCER TP I #iiE S M AEARIECE 5, 737172 choline, Decenedioic acid and Leucine. fEIX =
M, Choline W 5 e oIl I K A 5, HALHZAHRNZ: 5 50E SO BESRA ZRT I /M i SR SE 1) 24
HufE 5 S8 [17] [18]. Decenedioic acid J&—F i /i Bt H i (decenedioic acid) PG(16:0/16:0)fF A& B
WERRI AT A, RIAESRANZL R, R H B A AT AR O AR T B T 3 R AR O LA A [19]
AR 2553 B R BIL Leucine 7EBRAfiIZL TH . Perez de Obanos Z5[20142 4L T 76 — AN R 4 W 1 Leucine 5
5 ROS [IEHE ABATTILHRIE | Leucine 183 NADPH 4 AL BFAZ KL 44 ROS ()7 4= 7R 1 RTS8 AL M 1E A

BAVRF TR I : PC(15:0/14:0) 2 —Fhih ARMEAR B, 76 SRR 2 0k B2 FRAIK . A F L4 T T s R B I AR
B e % 5 /NS A DR 7 A ELAE R /AR R R4 . PR AR AR A, 7 A A S A I
IR [21] . (HERAN 35 Ok, RIREAL T 10 RSN AT BOm A FrFEAR. HEak, FRATHEN S5 S
RO HLE], Wl 8 Fas.

RG-SR, AR FEAE DTS — B Be— 3Lk i TN . AEASHIF 78 95 2N 3 s vk B
Bl S B A E AL, R ENRITVEEEAR EAE, B —g il et JRATIEFENIETER) 16 M FUE S
TERIAEYIRREN), FER ) 13 MR EDL T AV SR AR AR, T HAR 4 MREWAE R T —
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Figure 8. Pathogenesis of mycocardial injury in chickens with SeD (The pathological changes in blue were related to the re-
sults of the metabonomic study)
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