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Fig. 1 Body mass changes before and after different dosages of alcohol intake
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Fig.2 Metabolites PCA in lymph fluid of each group

Blue dot: high-dosage alcohol group; green dot: medium-dosage alcohol group; pink dot: low-dosage alcohol group; yellow dot: control group.
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Fig. 3 Heatmap of differential metabolites

Red: up-regulated metabolites; blue: down-regulated metabolites.
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Table 1 Comparison of metabolites in high—dosage alcohol group and control group

1D Metabolites High (content) H,O (content) FC (High/H,0) Log,F'C
M240T483 Glucosamine 6-phosphate 1.16x107 1.33x10° 86.850 6.440
MI113T106 Glutaric acid 6.58x107 9.07x10° 72.574 6.181
M369T955 Salpha-Cholestanone 3.94x10° 6.47x10° 60.910 5.929
M132T294 L-leucine 2.84x10° 9.81x107 28.974 4.857
M369T789 Cholesterol 1.04x10°% 4.75x10° 21.888 4.452
M313T825 2 13-L-hydroperoxylinoleic acid 2.23x10° 1.13x108 19.755 4.304
M200T653 Dodecanoic acid 3.38x10’ 2.76x10° 12.240 3.614
M183T308 Sorbitol 5.38x107 4.43%10° 12.135 3.601
M180T104 D-fructose 4.15x10 4.28x10° 9.692 3.277
M102T740 (S)-Methylmalonic acid semialdehyde 4.55x107 5.28%10° 8.617 3.107
M170T333 Norepinephrine 1.39x10’ 1.27x10° 0.109 -3.194
M293T702 Gingerol 7.46x10° 7.47x10° 0.100 -3.324
M482T810 Antibiotic JI-20A 3.15x107 3.93x10" 0.080 -3.643
M282T822 Oleic acid 6.05x10’ 8.34x10* 0.073 -3.783
M282T734 Oleamide 2.33x10’ 3.91x10° 0.060 -4.069
M149T922 3-Methyladenine 1.15x10° 1.19x108 0.010 -6.700
M170T422 Selenocysteine 1.89x10° 2.59x108 0.007 -7.101
M319T960 1 Alloepipregnanolone 3.47x10° 1.50x10® 0.002 -8.749
M425T942 Alpha-tocotrienol 1.03x10° 7.37x107 0.001 -9.479
M496T655 1-Palmitoylglycerophosphocholine 6.37x10° 6.99x10° 0.001 -10.101
(@) (b)
Central carbon metabolism in cancer ABC transporters
Biosynthesis of plant secondary metabolites Phenylalanine metabolism
ABC transporters Valine, leucine and isoleucine biosynthesis
Phosphotransferase system (PTS) Linoleic acid metabolism
Biosynthesis of plant hormones Phosphotransferase system (PTS)
Glucagon signaling pathway- PPAR signaling pathway
5} Bile secretion o Arginine and proline metabolism
E Linoleic acid metabolism- g Tyrosine metabolism
; Biosynthesis of unsaturated fatty acids. p-value ; Glycine, serine and threonine metabolism p-value
E Fatty acid biosynthesis 0.002 E Fructose and mannose metabolism 0.003
= Biosynthesis of alkaloids derived from histidine and purine 3882 = Alanine, aspartate and glutamate metabolism 0.006
~ Biosynthesis of amino acids: : & Mineral absorption 0.009
Citrate cycle (TCA cycle) Cholesterol metabolism
Valine, leucine and isoleucine degradation Pathways in cancer
Galactose metabolism- Beta-alanine metabolism
Biosynthesis of alkaloids derived from terpenoid and polyketide: Taste transduction
Tyrosine metabolism: Phototransduction-fly
Insect hormone biosynthesis Biosynthesis of plant secondary metabolites
Alanine, aspartate and glutamate metabolism Synaptic vesicle cycle
Fructose and mannose metabolism: Central carbon metabolism in cancer
0 0.05 0.10 0.15 0.20
Impact Impact

Fig. 4 Enriched KEGG pathways of differential metabolites in mesenteric lymph
(a) Enriched KEGG pathways of the differential metabolites (high-dosage alcohol group vs control group); (b) enriched KEGG pathways of

differential metabolites (medium-dosage alcohol group vs control group).
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Table 2 Contents of fatty acid in mesenteric lymph fluid between high—dosage alcohol group and control group

Metabolites High (content) H,O (content) FC (High/H,0)
Arachidonic acid 5.57x10° 7.68x10° 7.25
Palmitic acid 1.18x10° 8.05x10° 0.15
Oleic acid 6.05x10’ 8.34x10* 0.07
Stearic acid 7.97x10° 3.48x107 0.23
Arachidic acid 8.94x107 2.38x10° 0.38
Erucic acid 3.05x10° 7.17%10° 0.43
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Table 3 Contents of bile acid in mesenteric lymph fluid (high—dosage vs control group)

Metabolites High (content) H,O (content) FC (High/H,0) Pathway names
Cholesterol 1.04x10* 4.75x10° 21.89 Primary bile acid biosynthesis, bile secretion
Glycochenodeoxycholic acid 6.02x10° 2.02x10° 2.97 Primary bile acid biosynthesis, secondary bile acid
biosynthesis, bile secretion
Allocholic acid 2.11x10* 8.60x107 2.45 Primary bile acid biosynthesis, secondary bile acid
biosynthesis, bile secretion
Deoxycholic acid 8.12x10° 3.51x10° 2.32 Secondary bile acid biosynthesis, bile secretion
Oxoglutaric acid 6.15%10° 1.55x107 0.40 Bile secretion
Choline 1.35%10° 8.27x10° 0.16 Bile secretion

Table 4 Contents of bile acid in mesenteric lymph fluid (medium—dosage vs control group)

Metabolites Medium (content) ~ H,O (content) FC(Medium/H,0) Pathway names
Choline 1.36x10° 8.27x10° 16.40 Bile secretion
Cholesterol 3.17x107 4.75x10° 6.68 Primary bile acid biosynthesis, Bile secretion
Taurochenodesoxycholic acid 2.08x107 9.92x10° 2.10 Primary bile acid biosynthesis, Secondary bile acid
biosynthesis, Bile secretion
Taurine 5.93x10° 2.80x107 0.21 Primary bile acid biosynthesis

Table 5 Contents of bile acid in mesenteric lymph fluid (low—dosage vs control group)

Metabolites Low (content) H,O (content) FC (Low/H,0) Pathway names
Cholesterol 2.13x107 4.75x10° 4.48 Primary bile acid biosynthesis, bile secretion
L-carnitine 2.64x107 9.85%107 0.27 Bile secretion
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Fig. 5 Relationship of diseases and differential metabolites (high—dosage vs control group)
The blue squares represent diseases and the dots represent metabolites. The size of node corresponds to its node degree in the network. The color of
dots corresponds to the betweenness centrality. The node with stronger color is more important in the network (The node degree refers to the number
of links between the node and other nodes. Betweenness centrality represents the proportion of all the shortest paths that pass through a node in a
complex network, reflecting the degree of centralization of the node).

Table 6 List of diseases and differential metabolites (high—dosage vs control group)

Disease Metabolites High (content) H,0 (content) FC (High/H,0)
Schizophrenia L-leucine 2.84x10° 9.81x107 28.973
Cholesterol 1.04x10° 4.75%10° 21.888
Arachidonic acid 5.57x10° 7.68x10° 7.249
N-acetylserotonin 6.45%107 1.58x107 4.087
Uric acid 3.05%10° 7.91x107 3.856
L-phenylalanine 1.77x10’ 8.64x10° 2.052
13,14-dihydro-15-keto-PGE2 1.88x10’ 9.28x10° 2.029
Catechol 7.23x10° 1.76x10° 0.410
Oxoglutaric acid 6.15x10° 1.55%10’ 0.397
Creatine 2.38x10’ 6.31x10’ 0.377
Arachidic acid 8.94x107 2.38%10° 0.375
Pyroglutamic acid 4.76x10° 2.04x10° 0.233
Stearic acid 7.97x10° 3.48x10’ 0.229
Palmitic acid 1.18x10° 8.05x10° 0.147
Norepinephrine 1.39x10’ 1.27x10° 0.109
Oleic acid 6.05x107 8.34x10° 0.073
Alloepipregnanolone 3.47x10° 1.50x10* 0.002
Alzheimer’s disease L-leucine 2.84x10° 9.81x10’ 28.974

Sorbitol 5.38x107 4.43x10° 12.135
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Continued to Table 6
Disease Metabolites High (content) H,O (content) FC (High/H,0)

Fumaric acid 8.10x10° 9.98x10° 8.120
Mannitol 4.47x10’ 1.10x10’ 4.071
L-proline 2.72%10’ 7.85%10° 3.465
Galactitol 9.46x10’ 4.01x10’ 2.358
L-phenylalanine 1.77x107 8.64x10° 2.052
Methylmalonic acid 8.64x10° 5.28%107 0.164
Choline 1.35%10° 8.27x10° 0.163
Lung cancer Fumaric acid 8.10x10° 9.98x10° 8.120
Mannitol 4.47x10’ 1.10x10’ 4.072
Creatine 2.38x107 6.31x10 0.377
Choline 1.35%10° 8.27x10° 0.163
Canavan disease Uric acid 3.05x10° 7.91x10’ 3.856
Thymidine 3.59x107 1.50x10’ 2.391
3-methyladenine 1.15%10° 1.19x10° 0.010
Isovaleric acidemia Palmitoleic acid 6.27x107 2.49%10’ 2.520
Erucic acid 3.05%10° 7.17x10° 0.425
Oleic acid 6.05%10’ 8.34x10° 0.073

HSRIEE O 2 SR IR L, 22 AU T 5
KIRPIRAT - RGP BUIE | BR800 | s |
WA AR ARSI . SRR 2EAEAH SC RO A RIS
Yyrb bR AR A B R S LS SRR AR i e, R A
AR F K 0 2 LI A L9 22 R -5 BT 7R 2 T 38 A

Mannitol

KB LA A KA O BT L-52 R
TR Y T EE N R 5 L A Rk i
K5 55 AR A O A A 4y i JIELAl A i R 2 A e
Ko (Ko, £7)

\l//775

Cholesterol

o

V chizophrenia

Erca T

donic acid
.. A LHomovanillic acid

Norepincphrine

Creating]

Fig. 6 Relationship of diseases and differential metabolites (medium—dosage vs control group)
The blue squares represent diseases and the dots represent metabolites. The size of node corresponds to its node degree in the network. The color of
dots corresponds to the betweenness centrality. The node with stronger color is more important in the network (The node degree refers to the number
of links between the node and other nodes. Betweenness centrality represents the proportion of all the shortest paths that pass through a node in a
complex network, reflecting the degree of centralization of the node).
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Table 7 List of diseases and differential metabolites (medium—dosage vs control group)
Disease Metabolites Medium (content) H,O (content) FC (Medium/H,0)

Schizophrenia L-leucine 8.85x10° 9.81x107 9.03
Cholesterol 3.17x107 4.75x10° 6.68

Alloepipregnanolone 7.96x10* 1.50x10® 533

Homovanillic acid 1.81x108 3.60x107 5.03

N-acetylserotonin 3.41x107 1.58x107 2.16

Norepinephrine 4.18x10’ 1.27x10° 0.33

Arachidonic acid 2.41x10° 7.68x10° 0.31

gamma-glutamylcysteine 2.57%10° 8.70x10° 0.30

Stearic acid 8.40x10° 3.48%107 0.24

Creatine 1.39x10’ 6.31x10’ 0.22

Pyroglutamic acid 4.23x10° 2.04x10° 0.21

Taurine 5.93x10° 2.80x10’ 0.21

L-threonine 1.06x10’ 5.26x107 0.20

Creatinine 1.40x10° 1.01x10’ 0.14
Alzheimer’s disease Choline 1.36x10° 8.27x10° 16.39
L-leucine 8.85x10* 9.81x10’ 9.03

Sorbitol 2.56x10’ 4.43%10° 5.77

Fumaric acid 3.73x10° 9.98x10° 3.74

L-proline 2.73x107 7.85x10° 3.48

Mannitol 2.85%107 1.10x107 2.59

Gamma-aminobutyric acid 2.22x10° 9.18x10° 0.24

L-threonine 1.06x10’ 5.26x107 0.20

Methylmalonic acid 9.13x10° 5.28%107 0.17
Lung cancer Choline 1.36x10° 8.27x10° 16.39
Fumaric acid 3.73x10° 9.98x10° 3.74

Mannitol 2.85%10’ 1.10x10’ 2.59

Creatine 1.39x10’ 6.31x10’ 0.22

Taurine 5.93x10° 2.80x10’ 0.21

Parkinson’s disease Homovanillic acid 1.81x10° 3.60x107 5.03
Taurine 5.93x10° 2.80x10’ 0.21

Maple syrup urine disease L-leucine 8.85x10° 9.81x107 9.03
Creatine 1.39x10’ 6.31x10’ 0.22

Taurine 5.93x10° 2.80x10’ 0.21
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Table 8 List of diseases and differential metabolites (low—dosage vs control group)

Disease Metabolites Low (content) H,0O (content) FC (Low/H,0)
Schizophrenia N-Acetylserotonin 2.53x10° 1.58x107 16.05
Arachidonic acid 3.85x10° 7.68x10° 5.02
Cholesterol 2.13x107 4.75x10° 4.48
Alloepipregnanolone 6.50x10® 1.50x10° 4.35
Norepinephrine 2.74x107 1.27x108 0.22
Creatinine 1.93x10° 1.01x10’ 0.19
Oleic acid 3.74x107 8.34x10° 0.04
Hypertension Arachidonic acid 3.85x10° 7.68x10° 5.02
Alpha-Linolenic acid 7.94x107 1.68x10° 0.47
Dihydrouracil 8.07x10° 3.05%107 0.26
Canavan disease Thymidine 3.15%107 1.50x10’ 2.10
Uridine 2.16x10° 4.93x10° 0.44
Creatinine 1.93x10° 1.01x10’ 0.19
Isovaleric acidemia Erucic acid 1.47x10'° 7.17%10° 2.05
Alpha-Linolenic acid 7.94x107 1.68x10* 0.47
Oleic acid 3.74x107 8.34x10° 0.04
Phenylketonuria 2-Hydroxyphenylacetate 1.42x107 3.21x107 0.44
Creatinine 1.93x10° 1.01x10’ 0.19
Uridine Thymidine

L-2-hydroxyglutaric acid

‘Ercatinine

izophrenia
P

Arachidonic acid

Dihydrouracil
Oleic acid

Alpha-linolenic acid

Cholesterol

Erucic acid

Fig. 7 Relationship of diseases and differential metabolites (low—dosage vs control group)
The blue squares represent diseases and the dots represent metabolites. The size of node corresponds to its node degree in the network. The color of
dots corresponds to the betweenness centrality. The node with stronger color is more important in the network (The node degree refers to the number
of links between the node and other nodes. Betweenness centrality represents the proportion of all the shortest paths that pass through a node in a

complex network, reflecting the degree of centralization of the node).
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Fig. 8 Some metabolites absorbed by the intestinal-lymphatic pathway are dose—dependent on alcohol intake

(a) The content of cholesterol; (b) the content of fumaric acid; (c) the content of L-leucine; (d) the content of mannitol.
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Abstract Objective The absorption of substances into blood is mainly dependent on the mesenteric lymphatic
pathway and the portal venous pathway. The substances transported via the portal venous pathway can be
metabolized by the biotransformation in the liver. On the contrary, the substances in the mesenteric lymph fluid

enter the blood circulation without biotransformation and can affect the body directly. Alcohol consumption is
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strongly linked to global health risk. Previous reports have analyzed the changes of metabolites in plasma, serum,
urine, liver and feces after alcohol consumption. Whether alcohol consumption affects the metabolites in lymph
fluid is still unknown. Therefore, it is particularly important to explore the changes of substances transported via
the mesenteric lymphatic pathway and analyze their harmfulness after alcohol drinking. Methods In this study,
male Wistar rats were divided into high, medium, and low-dosage alcohol groups (receiving Chinese Baijiu at
56%, 28% and 5.6% ABY, respectively) and water groups. The experiment was conducted by alcohol gavage
lasting 10 d, 10 ml-kg™'-d™". Then mesenteric lymph fluid was collected for non-targeted metabolomic analysis by
using liquid chromatography-mass spectrometry (LC-MS) and bioinformatic analysis. Principal component
analysis and hierarchical clustering were performed by using Biodeep. Meanwhile, KEGG enrichment analysis of
the differential metabolites was also performed by Biodeep. MetaboAnalyst was used to analyze the relationship
between the differential metabolites and diseases. Results The metabolites in the mesenteric lymph fluid of the
high-dosage alcohol group change the most. Based on the KEGG enrichment analysis, the pathways of differential
metabolites between the high-dosage alcohol group and the control group are mainly enriched in the central
carbon metabolism in cancer, bile secretion, linoleic acid metabolism, biosynthesis of unsaturated fatty acids, etc.
Interestingly, in the biosynthesis of unsaturated fatty acids category, the content of arachidonic acid is increased
by 7.25 times, whereas the contents of palmitic acid, oleic acid, stearic acid, arachidic acid and erucic acid all
decrease, indicating lipid substances in lymph fluid are absorbed selectively after alcohol intake. It’s worth noting
that arachidonic acid is closely related to inflammatory response. Furthermore, the differential metabolites are
mainly related with schizophrenia, Alzheimer’s disease and lung cancer. The differential metabolites between the
medium-dosage alcohol and the control group were mainly enriched in phenylalanine metabolism, valine, leucine
and isoleucine biosynthesis, linoleic acid metabolism and cholesterol metabolism. The differential metabolites are
mainly related to schizophrenia, Alzheimer’s disease, lung cancer and Parkinson’s disease. As the dose of alcohol
increases, the contents of some metabolites in lymph fluid increase, including cholesterol, L-leucine, fumaric acid
and mannitol, and the number of metabolites related to schizophrenia also tends to increase, indicating
that some metabolites absorbed by the intestine-lymphatic pathway are dose-dependent on alcohol intake.
Conclusion  After alcohol intake, the metabolites transported via the intestinal-lymphatic pathway are
significantly changed, especially in the high-dosage group. Some metabolites absorbed via the intestinal-
lymphatic pathway are dose-dependent on alcohol intake. Most importantly, alcohol intake may cause
inflammatory response and the occurrence of neurological diseases, psychiatric diseases and cancer diseases.
High-dosage drinking may aggravate or accelerate the occurrence of related diseases. These results provide new

insights into the pathogenesis of alcohol-related diseases based on the intestinal-lymphatic pathway.
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DOI: 10.16476/j.pibb.2023.0402



