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Effects of high choline diet on serum amino acids profile in mice
WEI Qiuyan', YU Shuyi’, DENG Fuliang®, LI Jianzhe®
(1. Faculty of Pharmacy, Guangxi University of Chinese Medicine, Guangxi Nanning 530299, China;
2. Advance Research Center, Central South University, Hu’nan Changsha 410012, China;3. Ruikang
Hospital Affiliated to Guangxi University of Chinese Medicine, Guangxi Nanning 530011, China)

Abstract: Objective To establish a high choline diet mouse model and investigate the effect of high choline diet on
serum amino acid metabolism in mice. Methods Twenty SPF-grade 4-week-old mice were randomly divided into two
groups, the control group was given ordinary mouse food and laboratory drinking water, and the high-choline diet group
were given 3% choline aqueous solution instead of daily drinking water. Serum was collected after 8 weeks of feeding, and
serum amino acids levels were quantified by ultra-performance liquid chromatography tandem triple quadrupole mass
spectrometry (UPLC-MS/MS). Principal component analysis and orthogonal partial least squares-discriminant analysis
were used to determine the similarity of amino acid composition between the high choline diet group and the control group.
Results Compared with the control group, the levels of cystine, serine, alanine, glutamic acid, phenylalanine,
asparagine, threonine, proline, trans-4-hydroxyproline and branched-chain amino acids were significantly higher and the
levels of lysine were significantly lower in the high-choline diet group, with isoleucine levels of 34.20+2. 71 and 72. 59+
10. 42 pmol/L; the levels of leucine were 68.59+4. 06 and 113. 04+14. 64 pmol/L; the levels of valine were 129. 86+
10. 54 and 161.95+16. 54 wmol/L, respectively, and the differences between groups were statistically significant (P<
0.05). Conclusion The high choline diet cause significant changes in serum amino acid metabolism in mice.

Key words: High choline diet; amino acids; metabolism of amino acids; ultra-high liquid chromatography tandem

mass spectrometry
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Table 1 ~ Nutrient composition and content of feed

e ¥y i/ (g/kg)
K4y <100
HEH >180
KNG i >40
LT 4 <50
HIK 53 <80
5 10~18
S 6~12
A5 ¢ 1.2:1~1.7:1

1.3 3Rl AR

NS BN EEOK 12 b JF B R TR K A A
(50 mL/kg) JBR /)N B, a3 R IE B, & T 65 0 4
1,4 000 r/min &0 10 min, 4385 113, 54 1035 43
BeFE EPE P, ET-20 CRRRAE, Frill .
1.4 LC-MS/MS 43 #r

it FH B g 280 £ 3 AR I 5 3% A (Ultra-high
liquid chromatography tandem mass spectrometry,
UPLC-MS/MS) , it # Waters X Bridge Amide {43 4
(2.1 mmx100 mm, 3.5 Mm;%‘%@ Waters 2\ &) ) #E [1]
SE G 1MV Hh 2 BERR K P BB AH A s 5 mmol/L
LPRHEEY 0. 1% W RK W, pH=4. 0, WL 3H Al B: &
S mmol/L Z MR # 19 0. 1% W B Z i ¥ W ; # iR
40 C,HERE RO 1 pLs WA 0. 25 mL/min, B A
J 4 :0~3. 0 min,92% B, 3. 0~6. 0 min,92%~85% B,
6.0~9.0 min, 85%~65% B, 9.0~14.0 min, 65% B,
14.0~14.5 min, 65%~92% B, 14.5~18. 0 min, 92%
B AEHPEB AT 18 min, 45 S0 SE R H 0 47 B 4
KRR

BRI J7 2« 22 B0 B 1 Kl (Multiple reactive
monitoring, MRM) ; #1477 =0 . IE &+ (positive) L
58 07 A S 5 1AL, Wi HL R 5500 Vs
532 (Gas1) : 50 psi; 5l B I (Gas2) : 50 psi; M
S (CAD) : Medium, Fii S 8L & 2.
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Figure 1  Multiple response monitoring model total ion flow chromatogram of 23 amino acids
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Table 2 Mass spectral parameters for the analysis of 23 amino

acids and internal standards

No. L%y Q1/Q3 DP(V) CE(eV)
1 Asp 134.1/73.9 67.13 13.14
2 Cys-Cys 241.1/152.1 45.90 16.52
3 Ser 106.1/60.2 46.94 12.42
4 Val 118.0/72.3 39.33 12.37
5 Ala 90.1/44.2 130.00 13.00
6 Trp 205.2/188.1 46.48 10.70
7 Glu 148.0/84.1 54.14 19.84
8 Gly 76.2/30.2 40.70 16.70
9 Tyr 182.2/136.1 4271 15.05

10 Met 150.1/56.1 45.69 18.72

11 Leu 132.1/86.1 56.16 11.41

12 Ile 132.2/86.0 47.39 12.84

13 Phe 166.2/120.2 51.13 14.79

14 Asn 133.2/74.1 43.20 19.00

15 Thr 120.0/56.1 57.00 18.00

16 Arg 175.2/70.2 80.00 22.00

17 Lys 147.2/84.1 62.48 17.51

18 His 156.1/110.0 76.04 17.71

19 GABA 104.3/87.1 38.00 11.00

20 cep 176.0/159.0 130.00 14.00

21 Pro 116.0/70.2 58.35 18.70

22 H-Hyp-OH 132.0/86.1 52.59 16.71

23 Hey 269.2/136.1 22.14 12.24

24 PABA® 138.0/77.20 81.96 24.31

VR E BRI A
1.5 IV FE A i Ab 3

BN BRI Y 30 pl, ¥ 1:3 AR AL L n A &
200 ng/mL X 24 H A% IR A HY BE S W, IR IE TR &)
10 min, £ 4 ‘C£FF 12 000 r/min, &0 10 min 3T
FEE ML B LW AT UPLC-MS/MS 43 #7 o

1.6 ZEilsoir

KM SPSS 26. 0 FAF AT G b . THETERE
P wes 22 ALTA] FL R H o K 5, P<0. 05 Ohy 22 57
BA G E X

H§SIMCA,P14 1 BpE 2 A7 A 21 2 o3 Hr
i 1 3 B 4343 B (Principal component analysis, PCA)
T8 T Wi B AT 5 X W 2 R AT 4 28 LA R R A, T i AR
P ry R H L R B . 7R E BT B IE 2
s 3¢ /)y — 3 -4 531 43 BT ( Orthogonal partial least-squares
discriminant analysis, OPLS-DA ) #f — 25 45 55 ¥ 2H %k
5[] 2 R R 1) 43 A 5 L, ST 3 AL DL R AR
¥ A9 A% i 3 2 M {H (Important variable method,
VIP) o 2R B 40 A6 56 37 ik 485 0 B2 2 40 (R2) 1 T
W RE 71 2 80(Q2) , Xt OPLS-DA #E 57 f) T A% Y 3fk
TFERIE . DL VIP>1, P<0. 05 by &5 1 1 1k 22 SRt
BHEMR .
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Figure 2 Effect of high choline diet on body weight of mice

2.2 g NEA AR B X /N BRI T 22 3 1R 7K - 1) 52 )

fifi FI Origin 2021b KA i 77 H 224 JE R 19 41 A%
Lo R A7 a0 A, 45 SR An & 3 TR, IR AR B
] 25 B2 KR R AE I T B 28 L ), b S AR AR
R (e &R AR v e &R ) 5 05 7 e A R (1%
AR RN O R ) 1 L AE 7E X RE AL IH
RE L5y 9 R 2,75 3. 49, i H B AR £ 2] 4 e
H W T A AR A A W R s R R A o
SR NT IV T 2 B R R AT 4 6 e AT A RNk 3
Frn o 5 REATAR bE s IR AR AR 2 2 /0 Bt 5 il 21
R AR HEAR ANAR MEAR 27BN
AR AAR HER HEAR KRAB I8 =R .
Je 2 4-52 5 i A R R S Bk A R R KT W L AR

H-Hyp-OH(1.2%)

Pro(2.5%) Hey(0.4%) B Asp
CCP(3.9%) Asp(0.8%) I Cys-Cys
GABA(0.3%) Cys-Cys(0.3%) = %earl
His(1.6%) Ser(2.6%) Bl Ala
Val(4.9%) o Tip
Lys(8.5%) I Glu
Il Gly
Arg(2.9%) I Tyr
I Met
Thr(3.2%) B Leu
Asn(0.6%) - N 1e

- B e
Phe(1.2%) ’ —
Tle(1.3%) B The
Leu(2.6%) B Arg
Met(0.8% B Lys
et(0.8%) B His

Tyr(0.1%) Ala(52.8%) I GABA
Gly(3.9%) B ccp
Glu(1.8%) B poo

Trp(1.9%) I H-Hyp-OH

: B Hey

X AL

N 2 BRI 2 IR /K S 3 R AR, 4L ) B A 22 e L
A8t 2EE X (P<0. 05,7 3),

F3 w HEARAC RN B T 0N BRI T 2 R A E

H 38 (s )

Table 3 Comparison of the contents of serum amino acids and

e
i

choline with high choline diet and normal (x+s)

N X B4R/ 5 RRAE AR 4/
MR R I B VIP
(wmol/L,n=10) (wmol/L,n=10)
Asp 20.49+2.04 22.17+3.10 0.04
Cys-Cys 8.56+1.41 11.93+0.817% 0.39
Ser 68.85+8.97 94.60+13.73"* 0.32
Val 129.86+10.54 161.95+16.54" 1.16
Ala 1396.94+230.24 2206.59+555.11%# 0.39
Trp 51.19+9.44 53.52+9.52 0.82
Glu 48.73+6.15 74.00+9.34" 0.40
Gly 103.37£17.12 139.98+42.59" 0.06
Tyr 2.39+1.03 2.13+0.92 0.10
Met 21.29+3.48 24.73+1.80° 0.12
Leu 68.59+4.06 113.04+14.64" 2.04
Tle 34.20+2.71 72.59+10.42"% 2.19
Phe 31.00+4.86 43.82+7.00"* 1.33
Asn 15.62+2.12 23.16+2.15" 0.14
Thr 83.57+11.90 125.47+9.76" 0.32
Arg 77.29+12.12 89.20+4.00" 1.25
Lys 225.54+22.69 135.60+23.95"% 1.18
His 41.40+6.92 71.88+11.83% 1.01
GABA 7.45+0.25 7.51+0.21 0.01
ccp 102.29+14.88 82.14+6.14* 0.34
Pro 65.97+8.40 115.51£19.19" 2.31
H-Hyp-OH 30.72+7.05 50.18+7.13%* 0.31
Hey 11.42+0.41 11.44+0.03 0.01
Choline 5.33+1.24 9.25+0.58"
50 B4 HL 4, T P<0.05,%P<0.01, **P<0.001
H-Hyp-OH(1.3%)
Pro(3.1%) Hey(0.3%)

CCP(2.2%) Asp(0.6%) B A
GABA(0.2%) Cys-Cys(0.3%) B Cys-Cys
His(1.9%) Ser(2.5%) = ?/Hl

Val(4.3%) — i
Lys(3.6%) a
o Trp
Arg(2.4%) B Glu
Gl
Thr(3.4%) = Ty
Asn(0.6%) = Met
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Leu(3%) = %j;‘
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Tyr(0.1%) = Lys
Gly(3.7%) Al(S9.19) g A
Glu(2%) = CCP
Pro
T I H-Hyp-OH
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Bz e
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Figure 3 Effect of high choline diet on the percentage of amino acids in serum

2.2.1 FAXMMNZ IG5

Xf 23 P LR AT Z e g it b A5 SR E 4
FiR . W ER AT PCA 2K (K 4a) BoR,
I T 22 55 TR 23R 28 40 A1 A e IR0 2K £ 4 R 25 1 A T
3 B rp ) B2 3 AR AR S KT AT A i X A R

A, 2 B e B B0 ER B 0 A R R AR R A B U
95% Hotelling”s T2 B {5 X [ £k [ (& 4b) K & A
XA AP B R . i — DA BT R
JH T 22 i e /0y — 3 40 51 43 A7 R 2 B R AR RRALE
W 4c s FEZBET B4 A4 B0 T e B R £



AR AR

—832— CHINESE JOURNAL OF FOOD HYGIENE 2023 4FE%H 35 45 6 1
MI(PCA-X) MI (PCA-X)
| 1 =
- -
3+ /// (" Jite x\\
2F / Blank "w. Blank;o \\
1F c’ .Bl:m 1 HE ‘H(" 6 \
1k Blank 9 ) "o
\  Blank2 ‘ma\ : Hh(. 5
-2+ - a .H — /
\l\jlxmk (s. C
-3+ S /
-4 | | T | ] >
-15 -10 =5 0 5 10 MmmMmeMmMmMmmMm
t[1] A,
Obs ID (Primary)
a R2x[2]=0.076 8 Ellipse: Hotell b T2Crit(95%) =7.504 06  T2Crit(99%) = 12.693 9
M2(OPLS-DA): Validate Model OR2
M2 (OPLS-DA) WM HC Intercepts: R2=(0.0, 0.237), Q2=(0.0, -0.574) Q2
—| B Blank
4000F ——HCT0
3000 - @ Blank1
— 2000 f chlm Ilank‘)‘Bl -
= i 7 an
;9 1 OOg - HC2 *H( Blank 4@Blank 8 |
‘ . -9 Blank 6
& 1000} HC HC 1 Blank 2‘Blank 10/
% 2000 HC 4 /
— =3000 - . HC3
-4 000 —— ,,,r.Blank3 .
75—01050000 ~10 IOOO -5 IOOO 0 5 600 10 IOOO - 2.0 L L . . L -
@ ~0.2 0 0.2 0.4 0.6 0.8 0
1.000 08 * t[1] 200 permutations 1 components
¢ R2x%0[1]=0.087 3 Ellipse: Hotelling d

Hra: PCA S AR50 B, B H Blank Al HC 43 54 % BE AL AN 35 A AR (2 L FE A 5 b Hotelling”s T2 B A5 X A ZE Bl 5 ¢ : OPLS-DA #4543 &,

Pl H Blank I HC 43 51 % 2 %8 B 211 5 RELOAL ER £ ELRE A 5 d - 45046 6 14
Pl 4 37 2 I ) 53 5 A AR I 52 i e /s 3 A3 A

Figure 4  Principal component analysis and orthogonal partial least squares-discriminant analysis of serum amino acids
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Figure 5 S-plots analysis of amino acids under OPLS-DA model
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