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Abstract The aim of this study was to explore the influence of PCDD/Fs pollution on the blood
metabolism of cows. Fly ash was selected as the carrier of PCDD/Fs, 30 g of fly ash and 40 kg of
cow feed were homogeneously mixed during exposure, the prepared polluted feed is used for feeding
cows, and blood is collected after continuous feeding for 38 days. Using liquid chromatography-mass
spectrometry (LC-MS) technology to analyze blood metabolism, principal component analysis (PCA)
and orthogonal partial least squares-discriminant analysis (OPLS-DA) were combined to conduct

pattern recognition analysis on metabolic profiles and screen differential metabolites. A total of 50
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different metabolites were identified, mainly amino acids, bile acids, phospholipids, and fatty acids.
Differential metabolites were subjected to pathway analysis and noted. There were 19 metabolic
pathways involved, mainly related to the metabolism of amino acids, fatty acids and choline. In
summary, the results showed that PCDD/Fs exposure interfered with fatty acid metabolism, amino
acid metabolism, phospholipid metabolism and bile acid metabolism of cows, and it could be used as
the target metabolic pathway of PCDD/Fs exposure for further research

Keywords PCDD/Fs, cow, metabolomics, LC-MS.
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AR AU E Ml X 3 2 1 R [ Bt 2 4 55 R A< W40, 4Nk J& PCDD/Fs 15 4 (1) B AR U5, AR 4k
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R R A R L U A R AR R LS BRI , ARG W ST RIS Y W A SRR A 5

AT 5 38 3 A GRDRE TR I KOR ZRER A, R 5T W A i T AR A A R e, B 3k 22 S, 16
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1 MRLE 1 (Materials and methods)

1.1 Sh¥ ISR Bk
Y E A — R R YA R, R E LN 600 kg, RO HTIHL A 4 Sk b R ER,
T VT AR A PR 2 DAt R Pl T O 0 9 5 3 b T B 2 R O A B N SN, R e A AR
Wik, DRI 3 17 300 i B ol T v e A A T A ML L AR 3 1 IR S AR SE 5 B KA S PCDD/Fs B
AR, B H¥E 30 g ©IKE 40 kg iR R IR AT, B EE N 0.61 pgTEQ g, % 4L/ M 38 d. T2
38 JORAEIMML, B0, W B2 T, B T80 C VKA IRAF, FRA R B ILEE 1.
£1 HAEA

Table 1 Sample information

[FEEA S [ brid
Name Quantity Sample name
X HRZH 4 D1-D4
EE 4 B1-B4

1.2 FEAhETAL B

FE SRR R, BUE LT (200 ul), i1 3 f%5 & Z g (600 pL), %€ 2 min, 13000 r-min~' &5.0> 10 min,
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I E 3% 400 pL, &AW T. CTRE S 100 pl 50% 2 52 3%, 8 E 60 s, B5.0> 10 min( 13000 r'min™" ,
4 °C). W L3E 2 uL HEFE. 53 U0 A FE G i, SR A, 8 QC FE & kil i # v & 4 S FE R AR A —
£ QC, HF W #% 5 75 ik i ge e 1.

1.3 LC-MS Z3#r
& H SCIEX Exion LC Bt4 X-500R Q-TOF mass spectrometer (AB Sciex, Foster City, CA, USA) & it

W% R 2 th 20T 4307, %5 257U ESIL 1E 8 43, F4 5 H m/z100-1250.
F:2 BSAM

Table 2 Mass spectral condition

(52N IEB TR Ul 5.
Ton mode ESI (+) ESI (-)
GS1 55 45
GS2 55 45
CUR 35 35
TEM 550 550

ISVF 5500 —4500
DP(MS/MS) 60 —60
CE(MS/MS) 35 —35

CES 15 15

B i 433 44 - Waters Acquity BEH C18 column (2.1 mmx100 mm, 1.7 pm), e FE Q15 3 i,
FEIRA 35 °C, Al A: K (5 0.1% IR ); B: M iik: 0.3 mL-min'; #EFEIARFH: 2 pL.

R3S

Table 3 Mobile phase elution procedures

Fif 1] /min TANAHA/% Wi ENAHB/ %
Time Mobile phase A Mobile phase B
0 95 5
8 40 60
18 3 97
21 3 97
21.1 95 5
25 95 5

1.4 BT Rt o b

i id SCIEX OS Analytics 48 U5 i B 15 I 20 47 50008 40 B4 1 e 4, 32 BA 468 BT iy bb (my/z) FLER B3 s
] (Rt) K e 187 FH (intensity ) 8615 .. T A 808 B S0 8 FRUEA T 00— 105 2R 0 excel 26 FH TR 41 2% 53
Br. R/ (SR 1R 22 77 A 1945 5 T4, % QC H RSD>40% K728 & S5 AT 15 excel IR ¥ excel LS
A SIMCA 14.1 ¥ rh k17 Z2 e8RS 1+ 501

2 ZER 54718 (Results and disscusion)

2.1 MIEFEAACHE B

P 1 DA s R % i 20 I 60 B TS B B g U BT, T AR R B I I R T AR R S A
KR L2 2 S. WHITEREAK I P91 v, AL SRR AR, IS 58l o vl 5.

Wi 2 WAL PR 24T Z2 4EGE v o3 B M 2R, G B i) 35 23 23 Hr (PCA) S5 R 1A 2 iR i
Bl T VAR il 2 N 22 S 1 D0, e 001 SR R AR LR B 2z, A B F 3 s 25 Sl R
SER AT UL, WAL REAS ) o] LA A X 03, B 2EL R 0 A B B L, AN 25 S R R R AL TR G P
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. 2.0X10 & 8x100[ 17.590,20.006
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s Ligelo 20,038 |21,199 Z 6X10° Jsi 9,736, (21165 i
Z 10x107[ 17.600 | ‘2242429147 S £ 4><IO(’— 1.755 1 2) ‘ e
£ 6 1.2 16.144 (23,843 - Wzm u&u 23829 28%%514
= aexIr —I[ " 13.25415.295 PP 1 2% 76%12:;38 29,398 2X 100y JL 78
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{/min t/min
B 1 FeEFik
(a) BRI ITAREGIER T 28 TSN E; (b) BEEAHITA R 73T A5 TSI, (o) X BTERE S IE & 7 28 TS

(d) X IRLLATATRE i L%? BE TS

.

Fig.1 Superimposed ion current map

(a)Overlay of total positive ion currents of all samples in the exposure group; (b) Overlay of total negative ion currents of all samples in the

exposure group; (c¢) Overlay of total positive ion currents of all samples in the control group; (d) Overlay of total negative ion currents of all

samples in the control group.
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2 FTAREA PCA A
(a) IEESF PCA E(R2X 0.805, 0% 0.570); (b) ¥ PCA & (R2X 0.632, 0 0.143).
Fig.2 PCA scatter plot for all samples
(a) Positive ion PCA map (R2X0.805, 0% 0.570); (b) Negative ion PCA map (R’X 0.632, 0* 0.143)

22 ZILGIFESHT

SR FH I A8 i Fie /N — 3 15 1 30 43 A (OPLS-DA) ffi % B 41 5 R @ 4 25 R 4 ok, i vk 22 AR 4
OPLS-DA ¥ 43 2H A0 A A8 £, FOK T 21 8] 25 5, 202 FH T RN AS ) 1L 100 114 2 5 K/ IN. B0 e 30T 15 BH 7
g 1) 22 I, S I ) 22 5 K. D 3 S A 1Y OPLS-DA &, 2 8 2 A6 B2 6 1F 1 85 AR
HRAT 5 J W A A B ek, IE B TR R R2X0.984 | R*Y 1.000, Q2 0.771 , T8 TR R2X0.950, R’Y
1.000, O 0.830, R*Y Fl O* WAL{H I KT 0.5, i3k 3 WA AU T 5E ) 5 H 7T ¢
2.3 ZERAEY R iE

F£ OPLS-DA A5 7Y iy a1, AR AR 1 5% 8 2t 8 bn (VIP fH) i 16 25 5 A8 1 (VIP>1), 5 B4 N
ZE 5 RZ M, BEAX peorr FR1fE (Jpeorr[>0.4) . X i vk H AR I 247 55 5, B REAS 40, BORH U K
B EAT AN FE AT, Bl P — RIS 56 5 2 (P<0.05), 1R 22 SEPEC I . B R S e 25 SR L3R 4, JL %
2 S 50 A, BN MBEAR S . AR IR S, v AR A 50 U A5 AR SE 0 JE AR S
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e Wit 5 AL R T i, I ML BRI AR A 45 2R, SRR W37 7 e 2R Y i 5 T T RE S BUIR B AU A 3=
AL, S I P ) MERRLAEE, A s — 2 S i i A

[ @ B () EB
D D
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_ osh B 05
g 3
* 0 P 0
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K 051 o
< ° ol
° 0.5
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15+
-2.0 I 1 I 1 1 1 -15 1 1 1 1 |
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1*[1] t[1]
B3 ZE&TENEIERE TR T OPLS-DA Fl
(a) IEEF(R2X 0.984, R*Y 1.000, 0* 0.771), (b) HEF(R2X 0.950, R*Y 1.000, 0* 0.830).
Fig.3 OPLS-DA plots in positive and negative ion modes before and after exposure
(a) Positive ions (RX 0.984, R*Y 1.000, 0 0.771), (b) Negative ions (R2X 0.950, R*Y 1.000, O 0.830).
x4 EFRWY
Table 4 Differential metabolites
25 S TIRREE  WAHCREL ZRME% Pvalue P value
Identification Formula VIP p(corr)  Fold change  (T-test) (U—test)
Choline JIEN CsH\,NO 3.73 0.52 2.20 0.19 0.34
Enterodiol sulfate TR — B C,5H,,0,8 1.55 0.04 1.08 0.91 1.00
L-Valine*# L-HE R CsH, NO, 3.74 0.71 6.08 0.05 0.03
Guanidinopropionic acid BN 2 C,HoN;0, 2.27 0.54 1.66 0.16 0.20
L—Proline LR CsHoNO, 1.63 0.15 1.38 0.73 0.69
L—Tyrosine LT R CoH,NO; 232 0.34 2.20 0.42 1.00
L-Tsoleucine SRR C¢H 3NO, 2.56 0.25 1.69 0.55 0.34
L—Leucine L3R C¢H5NO, 1.88 0.22 1.48 0.59 1.00
L—Phenylalanine L-RNEIR CoH, NO, 221 0.3 1.57 0.47 0.89
Indoleacrylic acid W3 |WER AR C,,HyNO, 2.67 0.29 1.56 0.48 1.00
Glycocholic acid BB CyHy3NOg 25 —-0.41 0.70 0.31 0.34
Phytosphingosine TR C,sH30NO, 5.12 0.22 1.17 0.60 1.00
Cholic acid JilENivd Cy4H,005 121 0.26 1.20 0.53 0.69
Undecanoylcholine# R S L £ C;¢H34NO, 227 0.67 2.52 0.07 0.03
Chenodeoxyglycocholic acid CEEBAAH MR CygHygNOs 1.44 -0.31 0.84 0.46 0.89
LysoPC(14:0/0:0) IMBEAERR(14:0)  CpHuNO,P 2.1 -0.69 0.38 0.06 0.20
LysoPC(16:1/0:0) WIMBEASER(16:1)  CoyHygNOP  2.44 -0.49 0.52 0.22 0.34
LysoPE(20:3/0:0) WIMBEIENZ(20:3)  Cy5H,NO,P 1.05 -0.67 0.41 0.07 0.20
LysoPE(18:0/0:0) WRINBEARER(18:0)  ChyHiNOP 473 -0.65 0.41 0.08 0.20
LysoPC(20:5/0:0)*# WIMBEAEER(20:5)  ChgHugNOP 371 -0.83 0.38 0.01 0.03
LysoPC(18:2/0:0)*# WINBEIEIR(18:2)  C,HsNO,P 14.1 -0.83 0.41 0.01 0.03
LysoPC(20:4/0:0) WRINBEARIR(20:4)  ChgHsoNOP 231 -0.32 0.75 0.44 0.69
LysoPC(14:1/0:0) RINBEARRR (14:1)  CpHyuNO,P 1.10 0.55 11.03 0.16 0.34
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ZSRRY AR BRI RS REL 2250550 P value P value
Identification Formula VIP p(corr)  Fold change  (T—test) (U—test)
LysoPC(22:5/0:0) B INBEARAR (22:5) C50H5,NO,P 1.17 —-0.22 0.85 0.61 0.89
LysoPC(0:0/16:0) B INBEARAR (16:0) CyHsNO,P 2627 —0.53 0.55 0.18 0.49
LysoPC(18:3/0:0) P ILBEIRTR (18:3) C,gHysNO,P 5.38 -0.51 0.58 0.20 0.69
LysoPC(20:3/0:0) VML BENR R (20:3) C,Hs5,NO,P 2.99 -0.48 0.73 0.23 0.34
LysoPC(P-16:0/0:0)*# B INBEARAR (16:0) C,4H5oNOP 7.46 —-0.74 0.66 0.03 0.03
LysoPC(18:1/0:0) W ILBEARRR (18:1) C,gHs5,NO,P 9.09 -0.34 0.66 0.41 0.89
LysoPC(22:4/0:0) VML BENR R (22:4) CyoHs,NO,P 1.45 0.08 1.05 0.86 1.00
LysoPC(P-18:1/0:0) W MBEARAR (18:1) C,gH5o,NOGP 238 —0.60 0.75 0.11 0.11
LysoPC(P-18:0/0:0) W ILBEARRR (18:0) C,sHsNOGP 1.42 -0.34 0.86 0.41 0.49
LysoPC(20:2/0:0) VML BENR R (20:2) C,gHs,NO,P 1.39 -0.36 0.74 0.38 0.69
LysoPC(18:0/0:0) B INBEARAR (18:0) CyHsNO,P 14.11 —-0.45 0.69 0.27 0.69
LysoPC(20:0/0:0) *# R ILBEARRR (20:0) C,3HsgNO,P 251 -0.82 0.52 0.01 0.03
4-Ethylphenylsulfate 4- CHERIE R ER CgH, 0,8 2.19 -0.28 1.20 0.50 0.34
(10E,12Z)-9-HODE AN/ iy C,5H3,04 3.40 -0.21 1.53 0.61 0.34
7-HETE T-FEFEAE A DU R CaoH3,05 223 -0.31 1.81 0.45 1.00
Dodecanoic acid Qi CpH40, 1.02 -0.51 1.37 0.19 0.34
Eicosapentaenoic acid T BRI R CyoH300, 2.39 -0.35 1.88 0.39 1.00
Linolenelaidic acid A IHIR Ci5H300, 4.10 -0.34 2.83 0.42 0.49
Palmitoleic acid Pt C16H300, 245 -0.46 3.81 0.25 0.69
Arachidonic acid AR DU R CaoH3,0, 7.30 -0.41 2.02 0.31 0.20
Docosapentaenoic acid# TR IETR C,,H3,0, 2.46 -0.54 1.99 0.17 0.03
Linoleic acid ME IR C3H3,0, 10.71 —-0.35 1.75 0.39 0.69
Dihomo-alpha-linolenic acid TP RRAGHR CyoH340, 431 —0.40 1.51 0.32 0.49
Adrenic acid# BB IRIR CH;360, 2.94 -0.53 2.83 0.18 0.03
Palmitic acid* Hligimg Cy6H3,0, 4.69 -0.73 1.45 0.04 0.11
Oleic acid Rl C15H340, 495 -0.41 1.81 0.31 0.49
Hippuric acid*# LPRIR CyHyNO; 5.98 0.81 0.40 0.01 0.03
*FORTRG N A B VE2 R, #9R Mann-Whitney UK A7 b 1E25 5
2.4 UGBS HVRUAE DbRiC Y i e
2 31 A 'S A MetaboAnalyst 5.0 (http://www.MetaboAnalyst.ca/) #E47 i B0 4, 1058 B 15

B 5, 3F BB AR (K 4), 395 e B 19 Zcid ik, EES 2R | JRITIR . TR S BEIRARC. #4

FIDLIEL 5, BB 2T 3 715 2 A Qa4 i) o7 e iy, 7 i

7N W) RO AR, P DL L AR O A 18 0 A 8 i s i ) e

R W 4.
x5 G
Table S Metabolic pathway information
WER A TR ARSCAI) P 52N
Pathways Metabolites -1g10(p) Impact

Aminoacyl-tRNA biosynthesis

Biosynthesis of unsaturated fatty

acids
Valine, leucine and isoleucine

biosynthesis
Phenylalanine metabolism

L-Phenyl"alanine; L-Valine; L-Isoleucine; L-Leucine; L-Tyrosine; L-Proline

Hexadecanoic acid; (9Z)-Octadecenoic acid; Linoleate; Arachidonate;
(5Z,8Z,11Z,14Z,17Z)-Icosapentaenoic acid

L-Leucine; L-Isoleucine; L-Valine

L-Phenylalanine; Hippurate; L-Tyrosine;

4.19 0.00
3.75 0.00
3.73 0.00
3.15 0.36
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LS
el Z AHZARI Y Pl W
Pathways Metabolites -1g10(p) Impact

Phenylalanine, tyrosine and tryptophan

. . L-Phenylalanine; L-Tyrosine; 2.85 1.00
biosynthesis
Valine, leucine an.d isoleucine L-Valine; L-Isoleucine; L-Leucine 1.63 0.00
degradation
Linoleic acid metabolism Linoleate 1.11 1.00
Glycerophospholipid metabolism 1-Acyl-sn-glycero-3-phosphocholine; Choline 0.96 0.04
Ublquln(‘)ne and‘ other terPen01d— L-Tyrosine 0.87 0.00
quinone biosynthesis
Primary bile acid biosynthesis Cholic acid; Glycocholate 0.79 0.02
Fatty acid biosynthesis Hexadecanoic acid; Dodecanoic acid 0.77 0.01
Pantothenate and CoA biosynthesis L-Valine 0.58 0.00
Sphingolipid metabolism Phytosphingosine 0.54 0.00
Glycine, serine apd threonine Choline 037 0.00
metabolism
Arachidonic acid metabolism Arachidonate 0.35 0.32
Arginine and proline metabolism L-Proline 0.34 0.08
Fatty acid elongation Hexadecanoic acid 0.33 0.00
Fatty acid degradation Hexadecanoic acid 0.33 0.00
Tyrosine metabolism L-Tyrosine 0.31 0.14
Aminoacyl-tRNA biosynthesis L-Phenylalanine; L-Valine; L-Isoleucine; L-Leucine; L-Tyrosine; L-Proline 4.19 0.00
) . . Hexadecanoic acid; (9Z)-Octadecenoic acid; Linoleate; Arachidonate;
Biosynthesis of unsaturated fatty acids 3.75 0.00

(52,8Z,117Z,14Z,17Z)-Icosapentaenoic acid

@ Aminoacyl-tRNA biosynthesis

4~
e Biosynthesis of unsaturated fatty acids
Valine, leucine and isoleucine biosynthesis
. Phenylalanine metabolism
3 —
Phenylalanine, tyrosine and tryptophan biosynthesis '
=
&
S
o0
°
[
il =
@ Valine, leucine and isoleucine degradation
Linoleic acid metabolism
]

RN R, 1 2 N (0 B R A4 o 07 7 e

oGlycerophospholipid metabolism

o@ Primary bile acid biosynthesis
Fatty acid biosynthesis

° Arginine and proline metabolism
8 (@) e O Arachidonic acid metabolism
Tyrosine metabolism
L | | ] | |
0 02 0.4 0.6 0.8 1.0

Pathway impact

B4 Ui o b
Fig.4 Metabolic pathway analysis
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Fig.5 Heat map analysis
Each color block indicates the level of response of the metabolite in each sample. A red color indicates a higher metabolite response, and a blue
color indicates a lower response. The area marked by the dashed box is the metabolite recalled after exposure recovery. The color block in the
dashed green box is bluish, indicating that upon exposure, the response levels of metabolites, mainly lysophospholipid compounds, were
decreased.
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