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The Study on Folic Acid Regulating Metabolism of
Chicken Primary Hepatocytes by GC-MS Metabolomics
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Abstract: The study was conducted to investigate the effect of folic acid on metabolism of chicken
primary hepatocytes, aiming to provide a reference for exploring regulation mechanism of folic
acid on hepatic metabolism and also provide theoretical and scientific basis for its application in
poultry. New-born chickens were used for separating primary liver cells. When the confluence
reached to about 80% , hepatocytes were exposed to treatment medium. The control group and
folic acid addition group were contained in the study. There were 6 replicates for each group.
After 12 h treatment, cells were collected to detect triglyceride, NEFA and cholesterols con-
tents. Metabolomics analysis was carried out by GC-MS method. The OPLS-DA model was
established to identify differential metabolites, and pathways enriched based on differential
metabolites were analyzed through KEGG system. The results showed that folic acid significantly
decreased triglyceride and cholesterol contents in hepatocytes compared with the control group
(P<C0.05). NEFA level was higher in folic acid addition group (P <C0. 05). Twenty three

up-regulation and 9 down-regulation metabolites were found between two groups, which mainly
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included amino acid, small molecule sugar and acid. Thirty one pathways were enriched based on

differential metabolites containing amino acid metabolism, carbohydrate metabolism, lipid metab-

olism, and so on. The results indicated that folic acid could promote lipid hydrolysis in chicken

primary hepatocytes, and was involved in regulating sugar, lipid and amino acid metabolism,

which would provide a reference for exploring regulatory mechanism of folic acid on hepatic me-

tabolism in future.
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A, B, C show the samples score plots of PCA, PLS-DA and OPLS-DA, respectively: circles mean 6 samples in the control
group and triangles mean 6 samples in folic acid addition group; X-axis show the first principal component, t[ 1], Y-axis

show the second principal component, t[2]. D means the permutation test for OPLS-DA model: X-axis show the displace-

ment retention (the point at 1 is R* and Q* values of OPLS-DA model), Y-axis mean the value of R* or Q*, circles are on be-

half of R* value for permutation test and squares for Q* value
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Fig. 1 Samples score plots of two groups
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Differential metabolites between control and folic acid groups of chicken hepatocytes

2 A AP P 1{g* A #e
Differential metabolite VIP! P-value® Change trend?
oMl I — 12 2-ketoglutaric acid 1. 44 0.034 5 A
W B Glucose 1.61 0.014 2 A
3 Bifz H il AR 3-phosphoglyceric acid 1. 37 0.047 4 A
4 W TR 7R BE M Erythrose-4-phosphate 1. 81 0.003 5 A
KA B Asparagine 1. 85 0.002 4 A
R Cysteine 1. 50 0.026 0 A
J& B¢ Putrescine 1. 44 0.034 7 A
K& W Aspartic acid 1.63 0.011 9 A
5 & % Ornithine 1.92 0.001 2 A
BEBE Sucrose 1.55 0.019 5 A
A H R Pyroglutamic acid 1. 40 0.040 7 A
i 24 f? Lysine 1.37 0.045 9 A
MR LM Nicotinamide 1.72 0.006 5 A
B 37 {7 B B Arabitol 1. 80 0.003 5 A
Sk I B Lyxose 1.68 0.009 2 A
T % BEEE R Glucuronic acid 1.66 0.010 3 A
YR w0 A% 1 R IMP 1.37 0.045 8 A
SRBE Fructose 1. 38 0.044 2 A
2 RN AW 2-hydroxyglutaric acid 2.31 0.000 0 A
Z WIS AR ADMA 1.36 0.048 4 A
KBRS R Galacturonic acid 1.42 0.037 5 A
H il Glyceraldehyde 1.50 0.025 6 A
J iR Threitol 1. 67 0.009 3 A
Z, T Ethanolamine 1.75 0.005 3 v
3 W MR H il Glycerol-3-phosphate 1.43 0.035 8 v
2 B H il Glycerol-2-phosphate 1.72 0.006 7 v
J1 2 fiE Threonine 1.68 0.009 2 v
N iR Alanine 1.57 0.017 7 v
T H LT 8 Ttaconic acid 1.99 0.000 5 v
2 R Serine 1. 44 0.033 3 v
33 iR Methylphosphate 1. 45 0.032 2 v
H Z: B8 IR Methylsuccinic acid 1.68 0.086 0 v

LOVIP R R BCY EEE N OPLS-DA BERIZETS 5. P (i T g fd ok ;°. « A " Rom it W24 n A8 # 7K 7 5 T % B« v 7

7 TR 2 A FGI3H ) AT AT X R 2

. VIP is variable importance in the projection, is obtained from the OPLS-DA model;®.

The P value is calculated from

Student’s T test;®. “4 ” means that metabolite level in folic acid group is higher than that in control group;“ ¥ "means that

metabolite level in folic acid group is lower than that in control group
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Fig. 2 Heatmap of differential metabolites between control and folic acid groups of chicken hepatocytes
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Figure A is the correlation among differential metabolites in terms of concentration; Figure B is the correlation among differ-
ential metabolites in terms of functions; Figure C is the KEGG pathway analysis based on differential metabolites
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Fig. 3 Correlations and pathway analysis of differential metabolites between control and folic acid groups of chicken hepatocytes
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Table 2 Effects of folic acid on triglyceride, NEFA and cholesterol contents in chicken hepatocytes

M/ (mg » L™") Folic acid T Y5 P4
i H Item
15 SEM P-value
=Mt H i/ (umol + g ' prot) Triglyceride 130.10+6.02 93.3043.09" 6.770 0.001
W B REWiR2 / (umol « g 'prot) NEFA 7.93740.61 12.90740. 78" 0. 992 0.001
JH [ %/ (umol « g ' prot) Cholesterol 181.60+9. 46 137.2045. 54" 10. 960 0. 004

CLARERM A Z ) 22 5 B 2 (P<C0. 05)

“. Means the significant difference between control and folic acid groups (P<C0. 05)
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