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Serum Metabonomic Studies of Ketosis in Dairy Cows

SUN Ling-wei, ZHANG Hong-you” , XIA Cheng, BAO Kai, LI Lan, LI Ying
(College of Animal Science and Technology , Heilongjiang Bayi Agricultural University ,
Daging 163319, China)

Abstract: Through the application of biological NMR technique combines principal component a-
nalysis (PCA) and orthogonal partial least-squares discriminant analysis (OPLS-DA), changes of
endogenous metabolites with clinical and subclinical ketosis cows were analyzed, which may help
to study the effects of ketosis on cow metabolic process, and find the differences metabolites. The
plasma metabolic profiles of the three groups were obtained by 'H nuclear magnetic resonance
('H NMR). Differences in metabolites were acquired by analyzing the collected data with mode
analysis. Results were as follows: compared with the healthy control group, 23 different metabo-
lites were obtained in subclinical (13 were up-regulated, 10 were down-regulated) and clinical (6
were up-regulated, 17 were down-regulated) ketosis groups. By comparison, 28 different metab-
olites were obtained between clinical ketosis group (4 were up-regulated, 24 were down-regula-
ted) and subclinical ketosis group. The results indicate that 'H NMR spectra combined with pat-
tern recognition technique can effectively get the different metabolites of diagnosing clinical and
subclinical ketosis, and panoramic reveal that widely metabolic disorder on cows in the process of
ketosis, which lays the foundation for the exploration of ketosis mechanism and obtaining new bi-
omarkers in the future.

Key words: ' H NMR ; metabonomics; ketosis; multivariate statistical analysis

Wi HH#:2013-03-04

EL£WA :HXK A KB4 (31072181) ; H K FHE LRI RS (2012BAD12B03-2)

YEZE BN IV (1987 A SRR VLIA RN W42k 2 01 R 54 B2 25 BT E-mail : 54243187 @ qq. com
* BEMEE RILA B 8 A 50 . E-mail : zhy478@163. com



1668 = W oM

H

E o 45

WA= B (ketosis) J&— I PR B4k % 1k H 22
KT ws SR 0 E IR A R AL O Tl
el TR S R W FLR/ BRE B B R
JR T BT R T AN B A RO R L TR R WA
2405 A 1 S AR BIL PR Bl B R IR LA Ab SR RE
VI8 A% 14 J 107 A8 JET U+ 2 A DA i A4 CRIV 2 1 2 1R
B3 TR R P I )+ DA T S I 9 IR A i
— ELA A A PR BT AR A 0 P 23 8 R e S RE TR 1Y RE i
VA o A U 2 i 7 A LG vk WHL A B o AT
KA o G d B I DR R AR R IR LR
UUABFIALAE B 0555 o 1 IR 3 B % 4 A 7 P i
ZOHVERE T RE L G W3 S ok BRI 2R | 1 22 21 )
R SR R BEE A

PR 20 22 R T TE LA A A 0% 25 W) 35 1 L B K
JEHERE AL D BE R ACIH AR IE A R T k. B
A LA RE B A2 WU i AT i i AR 2 R 0
TR . FHATE AR AR
i FE 4R (NMRO SR 385 35 1K (GC-MS) (A
3% - T 5 B (LC-MS) AR 4t v 4607, e
SEH AR H L NMR SR TE i R BF 5 o B A 8 1
o S — BT LUE R ML | R WO AT A
0 3G 1A A 1R R B AL B 5 L NMIR 19 £
PER & e TF 2/ F R . @ i H
NMR St 45 & 2 ou e it A7 50 70 » LA 3R 45
BT RFAE R 2R My bR AR o O 48 7 A L EE R PR
B 7R

RECEAFZRT AR 7 i 18
LR 2RI AER A DR A g 1) AR 2
FH R FEAR A0, 3 ELKE 305 24 B 55 4 s s DR T 95

F1 RE4FMIERERMEBLERAKRRE (2 xs)
Table 1

V. e A i 1t A3 A 2 1) 0T 5 41 T A 1 R e B
PR S A 3 30 1 vk 0 Y HO NMIR B2 AR #8358 1 A 1
o IV ek PR PR L 5% A 35 20 27 1Y A8 A6 IR AR S
2 R 25 A B T AL AR 5RO I A s R ) B
fifi .

1 MRl5F%®
1.1 h¥EEnsga

BRI B IR T R4, k™ 5 7
~21 d.2~3 Jl5ny 80 kWi, Horp 24 30 KR
i 20 (CKD 4 33 Sk W I AR B 5 2H (SKO 4 23 3k 2 Xf
HRZH(C), Wik bR e . CK 21954 77 5 2 30 1 1)
S8 P TR W6 R IR R I S B TR (BHBAD ¥k Ji >
1. 60 mmol « L' ; SK 20 9% 4 7= J5 JC BH & i 95 1Ifa IR
FEP AN SE BHBA ¥ >1. 20 mmol « L' ;C 204
A 77 Jg JOAT AT i R R PR A il 2% BHBA ¥ FE <<1. 00
mmol « L' AR fn i S 2R A H R
(TMR) , H2H B A5 B 8~9 kg, F 7 17~20 kg, LU
MR T 5 4, T8 3. 5~4 kg, JEH 300~400 g,
HH IR DM 55. 60 % K& 16 % 7= W4
fie 7.33 MJ « kg ! DM, 57 5. 60% .NDF 39. 10%
ADF 20.30% .45 180 g.®f 116 g.
1.2 @R EMENIER

H RS R T4 B K I AR 4 10 mL, 57
BIZEZEE T 3 000 r» min " &0 10 min, $ BIEHR
L2035 EP 4 (B34 1 mL ) IF I AE T —80 C,
CSE BN A G IR 2 EOm i 2 i 3 AL He br . IR IK S
BAFRAER U W FL R A B TR, L3R 1,

Clinical data and biochemical parameters in experimental cattle ( x *s)

H=E I A T 975 241 S s IR T 95 44 X B4
Parameters CK SK C

&= Number 24 33 23

7= J5 B [a] /d Postpartum days 13+£5 14+4 16+4
AR Age 32 31 342
JRIK Parity 2+1 2+1 2+1
WAL/ (kg + d7') Average daily milk yield 24.8246.12 24,1245, 41 23.094£5.08
%%/ (mmol « L") Glucose 1.80 + 0. 714 2.7240. 54" 3.6840. 36"
B T/ (mmol « L) BHBA 2.6140. 49" 1.2440. 348 0.74%+0.67¢

[T B804 I b B AR 57 R 25 53 B3 (P<<0. 05) , T bR F B A [ 36 7% 22 5% R .3 (P>0. 05)

Different superscript letters in the same row means significant difference between the treatments (P<C0. 05), same superscript

letter in the same row means not significant difference between treatments (P>>0. 05)
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100 uL S 4 I FEIRA 170 uL Tk IUERES 4 C
12 000 r * min ' &[> 10 min, H 500 pL FERE
F 5 mm ¥ @R . f£ Varian Unity Inova 600
MHz i T #% % 35 4 3% AL Fac s A ' H NMR
%, — 48 3% 5 i A Carr-Purcell-Meiboom-Gill
(CPMG) JF 4 7 5 A gl iR B3R 2.1 s ROk 58
JE k8 000 Hz,

1.4 ZitoHh

N ] SPSS #44 (SPSS 24w 2 fin#F L 1L, 56 B
One-way ANOVACH R Z J7 22 7387 X 5 4= 1l 3% 2
CARARIEAT G oA . B R b, (R P {H
wE RN 0.05,

JIT A 1 B TE R AT A S 2 g ) 24 3 ) 3% 5 TR 1
1 Hz W80 B L R m AW L. B A ' H-
NMR 3% 1 5k 26 42 1E 2 ff 1] TopSpin 3 (V3. 0
BRUKER BIOSPIN, £ [&) A T4k B, AR $5 SC R
L1, o A% 5 A9 H NMR 3% 5], DLFL AR 78 1. 33
ppm(ppm [ Ky X 10 A SCATE 4% 15 451 £ BR D Ak 14 XX
WeEbR . ARG AR XN 9. 0~0. 5 ppm, B Jp 1]
Bk 0.002 ppm. %44 6.50~5. 40 ppm 4k #YJR K
WEFN 5. 39~4. 35 ppm A 35 5k A% (19 K 0, LA BR 5
RIS . e s SR ORI AL R A ik — 2B 19 20 A

PRUEAL 19 B 5 A SIMCA-P+ 8 (V11. 0
Umetrics AB,Umea, Sweden) #47 £ 5048 i 70 #7 .
FEALFE W4 47 A i (Principal Component A-
nalysis, PCA) Hl 12 52 i 5 /)y = 3¢ H 331 43 #r (Or-
thogonal Partial Least-Squares Discriminant Anal-
ysis, OPLS-DA),

G NH PCA 43 #r' H NMR ifit 3 48 5 ) 15
T LA Oy 2 s B A P B A A L O R AR
T 0 2550, T 20 ) 1) 25 S ARE PCA 2 #r
5 3 A2 NMR %4l i 47 OPLS-DA 434,
OPLS-DA 7EACH 4~ T 58 Hh 59 4 591 B8 1 18 T 1j 5
7 A G R AL AR R . Hoh RPXURPY A
Q2 Fir A R B o i PP FE AR . 0 A R L A £ Ak
PR RPX 2800k, Ro8 X 8728 55 128 X
SESH QP A IR KR g R R TR AR R, R T 4

ZJ5 sl OPLS-DA 4R 45 i & — > FL05 B fir
WA 00 5 A [ A1 1) 25 5 A i oy . 3L
UK MR8 B ZR FRAH 56 F B0 35 M 22 57 Al (Pearson's

Product Manent Correlation Coefficient) %ifj 3& #H ¢
¥ r. BeJE . MR AH OC R B 3 AR S AR
ERERELL,

2 & B
2.1 HYHIEKREESH

WedE CKLSK 1 C 241 it PR £ 4k 1 48 7 Hrp
(IR b 25 S (R D), 3 AR AR AR L W
LR ML) G R 25 S (P>>0.05), {H 3 4l Al
I H BHBA Fi1 i A v B2 3k 1 (W) A &k 25 P 22 S (P
<0.05),
2.2 MEHMA'HNMR E

JEA L 0 AR W) 1 H-NMR {5 5, 4
TR VR B A LR Ak K AL S - AR 8 DLAE (1 R
Yt A5 o iet e . A H 3 41 R) 25 S g A B L X
FE I IR G A4S R R R AR LSRR T A
LR ik KA G W AR 2 55 . $BCE TG B E
#4172 ege it 43 4% PCA Al OPLS-DA 4347,
2.3 EZREITHH

TS — A A A R A R LA TR g —
Ao HT A 1 NMR JG3g . | e AT £ o400,
M3k PCA 1) 2 A~ E 84> (PC1 5 PC2), X' H
T [ SRk 0 A BTk R 77, 0% (PC1 5 PC2 435I
60. 4% 16. 6%0), 35 Bl — A A&k —AFE
o TER 1, B ) PCA 1350 B B R RPX =
0.771%,Q*=0. 658,
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Fig. 1 PCA scores plot based on ' H NMR spectra of ser-
um obtained from different groups
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R v OPLS-DA 0 ffg 52 45 AF 1 41 22
[ A AR5 (9 28 Ak 7 BT RE 6 HE AL 1) T A 1 A A 1

®2 JABMERREHWHRALTN

2.4 ERRHBUHREE

2 MRYEAHOC R BE S AN [R) 21 18] 22 5 A )
RSN AR F IR A . W RER N 2H 5 B2 A L
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Table 2 Differential expression of metabolite changes between the three groups

%5 No. Y Metabolites CK Vs C SK Vs C CK Vs SK
1 1-FHRH AR :7.06(s"), 7.78(s)  1-methylhistidine v v v
2 BFETIR:1.20(d), 2.31(dd), 2.41(dd), 4.16(m) BHBA A A A
3 3-HIHEA1 SR :6. 99(s), 7.74(s)  3-methylhistidine v v v
4 LR :1.92(s) Acetate A A -
5 LBEL TR 2. 28(s) Acetoacetate A A A
6 N 2. 23(s) Acetone A A A
7 L 1. 48(d) Alanine v - v
8 R 2 .5.39(s) Allantoin - A -
9 EGH - 3. 20(s) Choline - A v
10 FEBERR < 2. 54(d) . 2. 68(d) Citrate v - V
11 WLEZ : 3. 04(s) 3.93(s) Creatine - A v
12 R . 8. 46(s) Formate v - v
13 %ﬁ@z 2.10(m), 2.35(m), 3.78(D Glutamate v v ¥
14 A EWENE 2. 14(m) , 2.45(m) 5 3. 78(1) Glutamine v v v
15 H &R 3. 56(s) Glycine - A v
16 FREEWR0.94(0, 1. 01(dD Isoleucine ¥ A v
17 %5 B B AR 1 RTRAIR %5 BE AR 25 0. 87(b) LDL & VLDL v - v
18 FLMR:1.33(d), 4. 12(q) Lactate ¥ v v
19 Se R R :0.96(d) Leucine - A v
20 EL 1. 71(m), 1.90(m), 3.01(m), 3.76(1) Lysine ¥ ¥ v
21 WUEE . 3. 59(dd), 3.66(dd), 4.06(m) Inositol v A v
22 é@ﬁfﬁ@ﬁﬂﬁ:& 04(s) N-acetyl glycoprotein A A v
23 FWR:7.33(m), 7.38(m), 7.42(m) Phenylalanine v v v
24 AR < 2. 01(m) , 2. 08(m) Proline v - y
25 B 4412 :6. 90(d) 5 7.19(d) Tyrosine v - v
26 ARAE 1:1.17(dD Unassigned resonance 1 A A A
27 FRFNE 2.3.15(s) Unassigned resonance 2 - - v
28 HER 0. 99(d), 1. 04(d) Valine - A y
29 a AR 3. 42(0, 3.54(dd), 3.71(1), 3.73(m), 3.84(m),5.23(d) o Glucose v v v
30 B A HE 3. 25(dd) » 3.41(1), 3.46(m), 3.49(0), 3.90(dd), 4.65(d) B-Gleose v v v
) 2 T P o, LU U 1 = T, DT s dd. IR OUTE W s o, 5 TR br. SO 09 6,0y " M TR
I A " RORETH X TG & FRis B -7 R08 “H I ETE M 2R

“Multiplicity: s. singlet; d. doublet; t. triplet; q. quartet; dd. doublet of doublets; m. multiplet; br. broad resonance; "* y ”

Compared to the latter, the former is downregulated expression ;“

pression ;“-”no obvious change

A ”Compared to the latter, the former is up-regulated ex-
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W) Y T P RO B 0 BRI .
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i 5t 4 (L TR AR S 5 4 S e PR R s 12 i Y
SRR
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L5 r s SIS 5 5 0 00 5 R DA % 24 s DR R g ) 5
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AR I PR % 4 B . NEFAs 76 BT I b 9 5% 1k
3 VLDL, 8 A HE 7] 5% 5z 28 3 I 4 243 s 3L,
i B B A A LDL  DAAERIF 9% 1 45
TEWY A HAT TR 55 1) 5 4K P4 1 07 3l B3 4% 22, 38 i LDL
FUVLDL 5 4 T R AR 45 SR 158 W i 48 11 1Y
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55 A A AR LG AT R A A Wi A R 2
SRS UL PR B 2195 4 A B AR 04 ek
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Fig. 2 Metabolic pathway map of differential expression
metabolite among three groups
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