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i S

IR Y 5 T A5 IR BT B B8 L A) DL 22 i
NAFLD®, iy T i — AR 5T B B FL 22 ik NAFLD 1
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Table 1  Groups and experimental design

28 7 ke H#EANE R AR ES S
NC TP32003 *f 243 #F 0.5% CMC 0.2 mL/d 9:00 & 16:00 12 A
Mod TP32003 & s 434t 0.5% CMC 0.2 mL/d 9:00 & 16:00 12 A
CaM TP32003 & fi5 43 4 %3250 3.0 g/kg/d 9:00 & 16:00 12 A
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LY, BER TS BT U T WS IE
HALER
1.3.3 MRFTAmE  FEA AL R, KA S
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i G R R i = 5 W 3 K VT

Rk RS SE . WM AL 95%7K+5% N
(% 0.1%H IR ), M s # B:47.5% L +47.5% 5 N
BE+5% /K (% 0.1%H 1R ) . 73 B B :0~0.1 min, 0%
TEh A B LT & 5% ;0.1~2 min, M1 A] B &1k
T+ % 25%;2~9 min, s B &PETH 2 100% 59~
13 min 4E+5;13.0~13.1 min, JizhAH B 2kt =
0% ;13.1~16 min, 4E+F . Ui 0.4 mL/min, i
40 °C, HF b T 15 5 R A 0l 1 OE £ s 1
=, L m/z:70~1050 , 2 F W %5 1L . IE 25 1
3 500 V, {2 FHL ;2 800 V., B 40 psi, 4iff B
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V 1 ¥ hilf 4 i, MS1 43 B3 70 000, MS2 43 B %
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JAA 8 FH e /A S AR 23 A, B AINH — 2 0 A
AR 5 3 U 0 — A0 A5 B — A6 5 OB R, R
MR QC HEAS KIS bR ifEfi 22 (RSD)>30% 11748
HEAT X B AL B, 75 21 I 2200 B A B8 FE I
1.4 ZitFH*

JITAT ) S35 BN A “x £ 57w . BdE BT
i i1 SPSS 23.0 A, 4% 1l X At 45 b [ {1
Graphpad prism 9.0 WA AT, 5 B4 2% 4L
W B E M L P, BEH
KRR AN TR Z 1E] P<0.05,
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WEIRAE . H 2 T 5 HR 2R EE R R 4 N R
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HDL-c /K i 3 F A% (P<0.05) , TG 7K G i 3 1
25 (P>0.05) , B 233 KA i AR AR A4
BEAYZR /N UG BT AR S . SR AL AR L, AR Bk
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¢ KV ERRAK (P<0.05) , TE B 7[R A A & 251
T, B 3e LAl /N UG R T AR PR B T AL AT

NAFLD #8350 JFF I 558 3 K02 X R g T 7
JHF R Hpast B AR R A IIE R TG A TC AKSF R B T
JI 57 JFE A o (4 B B 5 L B 3a A 3b ETHL,
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Fig.5 Partial least squares discriminant analysis and permutation test for each group of lipids

2.3 INRAFRERE R E M H KEGG 347

Xf % 5E B Y BT A IR I A ) E KEGG )%
S 5E BN PR NG |, 23 301 22 B W i (Phosphosph-
ingolipids ) Fl #ift £ Bt % (Ceramides) ; — 2 H il

g, 43 908 H i 5 W2 22 24 1R (Glycerophosphoser-
H o I8 & B & (Glycerophospho-
ethanolamines) 1 H i1 i§ IL i ( Glycerophospho-
cholines) ; i ZE H I g , 29 971 >4 H ¥l = B (Triradyl-

ines) .
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Fig.6 Important pathway statistics of lipid metabolites in liver of mice by KEGG analysis
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F & 7a T 50,5 NC 4UM b ,Mod 416 2 Fhfig
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L, CaM 4145 9 g A 4 Lo, 3 g A i)
PIrE, 32 Mk 3 BN R Y E
B WNE 2 UIAEH, 5 NC A, Mod 41/ i
JF i A R AR (CE18:2) OB IR (CL16: 1 ,CL20:
3.CL22:6) MM A H Il = B8 (TG16:0.TG18: 1,

TG18:2.TG18:3 TG20:1.TG22:3 . TG22:4) 7KF
I/ 5 Mod ZHAHEL (3 3) , iX 2L iR B o 78
CaM 4/ U BE R 7K P38 hm . 25 1 ik, CE18:
2 .CL16:1.CL20:3 .CL22:6.TG16:0.TGI8:1 .,
TG18:2 . TG18:3 TG20:1.TG22:3 TG22 : 4 T fig
UKL B NAFLD b5 a5 RS B AR 4 .

&2 Mod HRERKBIHWEN
Table 2 Differential lipid metabolites in Mod group

Rt 5F K VIP FC P-value FDR mlz Mod vs NC
CE18:2 CysHgOaN, 2.7059 0.4139 0.0021 0.0055 666.6184 down
DG16:0/DG35:0 CsyH 060510, 1.8447 1.8469 0.0237 0.0412 841.8195 up
PE16:1/PE22:6 C;H70,N,P, 2.9049 2.9922 0.0000 0.0003 746.5119 up
TG18:1/TG16:0/TG22:4 CsoH100sN, 2.9971 0.3365 0.0000 0.0001 912.8379 down
TG20:1/TG18:2 CisoH 15,05 24712 0.4155 0.0011 0.0034 895.8113 down
TG18:3/ TG22:3 CsoH 505N, 3.0627 0.3142 0.0001 0.0003 910.8222 down
TG20:2/TG22:6 CeH 606N, 3.1713 0.3235 0.0000 0.0000 1020.8015 down
CL.22:6/CL16:1/CL20:3 CgoH14,017P5 3.6595 0.2677 0.0001 0.0008 1543.9650 down

*3 BRIAERREDEHL
Table 3 Differential lipid metabolites in CaM group

R 2T X vip FC P-value FDR mlz CaM vs Mod

CE16:0 CysHgoOoN, 2.8559 1.5643 0.0381 0.1477 642.6184 up
CE18:2 CysHgoOoN, 3.4177 2.1102 0.0310 0.1390 666.6184 up
DG18:2/DG19:1 CyoH350, 2.8221 1.5213 0.0435 0.1477 619.5660 up
PC24:1/PC22:6 Cs;HoOgN,P\Na, 3.1006 2.3045 0.0255 0.1325 938.6609 up
PIP10:0/PIP18:1 C3H7019NoPs 3.2174 1.7683 0.0226 0.1286 913.3875 up
TG18:1/TG16:0/TG22:4 CsoH 005N, 2.5862 1.9914 0.0460 0.1501 912.8379 up
TG20:1/TG18:2 CsoH 10705 3.0611 2.0102 0.0312 0.1390 895.8113 up
TG18:3/TG22:3 CsoH j0s05N, 3.7018 2.6037 0.0062 0.1053 910.8222 up

CL18:2/CL18:1/CL16:1 CrH,530,7P, 4.4759 0.3380 0.0013 0.0601 1425.9806 down
CL22:6/C1.20:3 CgH 4/0,7P, 3.0260 2.5408 0.0479 0.2159  1543.9650 up

LPG22:5 CosHus00NoP, 3.6305 0.2496 0.0076 0.1166 557.2885 down

PI18:4/P120:4 CyH7013NP, 3.8153 0.4386 0.0041 0.0865 877.4873 down
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Fig.8 Heatmap analysis of the correlation between subgroups and differential lipid metabolites
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The Alleviating Mechanism of Camel Milk on Non-alcoholic Fatty Liver Disease

in Mice Based on Lipidomics

Hao Shiqi', Li Yafei', Lii Haodi', Li Lin', Tuyatsetseg Jambal?’, Ji Rimutu', Ming Liang"
('Key Laboratory of Dairy Biotechnology and Engineering, Ministry of Education, College of Food Science and
Engineering, Inner Mongolia Agricultural University, Huhhot 010000
Sino—Mongolian Joint Laboratory for Applied Research on Biopolymers, Ulaanbaatar 999097-15141, Mongolia)

Abstract Objective: To investigate the alleviating mechanism of camel milk on non-alcoholic fatty liver disease
(NAFLD) in mice. Methods: Thirty C57BL/6] mice were randomly assigned into three groups: negative control group
(NC group), model group (Mod group) and camel milk group (CaM group). The negative control group was fed control
diets, the model and camel milk groups were fed high—fat diets, and camel milk was given daily by gavage to the
camel milk group mice. The experiment lasted for 12 weeks, and the NAFLD model was established. The alleviation
mechanism of NAFLD in mice by camel milk was investigated by analyzing biochemical indices, liver pathological struc-
ture and liver lipidome. Results: With the intervention of camel milk, the body weight, blood glucose and liver index of
NAFLD mice were significantly reduced to 31.45 g, 8.85 mmol/mL and 3.98%, respectively (P<0.05); the levels of total
triglyceride (TG), total cholesterol (TC) and low density lipoprotein (LDL-c) in serum were significantly reduced to
0.657 mmol/mL, 4.689 mmol/mL, and 9.923 pmol/ml, respectively (P<0.05); the levels of TG and TC in liver were
dramatically reduced to 0.034 mmol/mL and 0.009 mmol/mL, respectively (P<0.05); liver tissue structure was intact and
clear, and the lipid accumulation was reduced in the liver. Lipidomic analysis showed that the relative levels of choline
(CEs), diglycerides(DGs), unsaturated triglycerides (TGs), phosphatidylcholine (PC) and lysophosphatidylcholine (LPCs)
were increased in the liver of mice in the CaM group; lipid metabolites were enriched in sphingolipid metabolism, glyc-
erol ester metabolism and glycerophospholipid metabolism. Conclusion: Camel milk alleviates NAFLD by modulating sph-
ingolipid metabolism, triglyceride metabolism and glycerophospholipid metabolism in mice with NAFLD by altering liver
lipid profiles.

Keywords camel milk; non —alcoholic fatty liver disease; lipidomics; triglyceride metabolism; glycerophospholipid

metabolism



