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Investigation of targeted metabolites and organic acids resulting from cellular metabolism
in the culture medium of cells extracted from endometriosis tissue using the GC/MS
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Abstract

Aim and Background: Endometriosis, a chronic inflammatory gynecological disorder, features ectopic
endometrial-like glands and stroma, impacting ~10% of reproductive-age women and causing substantial morbidity.
Limited insights into its pathogenesis prompted this metabolomics-based investigation to delineate metabolic
perturbations in ectopic tissues under controlled physiological conditions, minimizing confounders.

Materials and Methods: Ectopic endometrial tissues from endometriosis patients were procured laparoscopically,
while eutopic endometrial tissues from controls were sampled via aspiration during the proliferative menstrual
phase. Post-collagenase digestion, 200,000 cells/well were cultured to confluence; media were then static for 72 h.
Secreted metabolites were extracted and profiled using Shimadzu's organic acid diagnostic panel on a GC/MS
system.

Results: Twenty-four metabolites were quantified. Ectopic samples exhibited significant reductions in fumaric acid
and 2-ketoglutarate (P<0.05), alongside elevations in 4-hydroxyphenyllactic acid, palmitic acid, and lactate
(P<0.05). Pyruvate, citrate, and 2-hydroxyisovalerate were nominally higher, albeit non-significantly. Pathway
enrichment revealed disruptions in arginine biosynthesis, pyruvate metabolism, glycolysis/gluconeogenesis, and
fatty acid pathways (including unsaturated fatty acid synthesis, B-oxidation, elongation, and GPl-anchor
biosynthesis).

Conclusion: Krebs cycle dysregulation, coupled with upregulated inflammatory/oxidative stress metabolites, likely
promotes ectopic cell survival and immune evasion. These metabolomic signatures underscore potential biomarkers
for early endometriosis diagnosis and novel therapeutic targets.
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1 Fumaric acid 1.557 0.639 0.007 2.142
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3 3-Hydroxyisobutyric acid 1.179 0.237 0.407 0.391
4 5-Oxoproline 1.040 0.057 0.829 0.081
5 Succinic acid 0.918 -0.124 0.576 0.240
6 Glycerol 0.901 -0.151 0.476 0.322
7 Palmitic acid 0.840 -0.252 0.038 1.421
8 Urea 0.831 -0.268 0.250 0.602
9 Phosphoric acid 0.826 -0.276 0.502 0.300
10 Phenylpyruvic acid 0.826 -0.276 0.502 0.300
11 Glyoxylic acid 0.826 -0.276 0.502 0.300
12 Lactic acid 0.717 -0.480 0.043 1.370
13 Hippuric acid 0.704 -0.507 0.275 0.561
14 Acetoacetic acid 0.696 -0.522 0.105 0.977
15 2-Ketoisocaproic acid 0.689 -0.538 0.136 0.865
16 2-keto-3-methylvaleric 0.676 -0.565 0.107 0.969
17 Glycolic acid 0.671 -0.575 0.336 0.474
18 Octanoic acid 0.641 -0.642 0.176 0.753
19 4-Hydroxyphenyllactic acid 0.625 -0.678 0.016 1.786
20 2-Keto-isovaleric acid 0.613 -0.705 0.135 0.870
21 Acetylglycine 0.603 -0.730 0.168 0.774
22 Pyruvic acid 0.394 -1.344 0.123 0.912
23 Citric acid 0.328 -1.607 0.559 0.252
24 2-Hydroxyisovaleric acid 0.175 -2.512 0.080 1.098
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NO | Metabolit Name NO Metabolit Name NO Metabolit Name

1 Lactic acid 41 Mevalonolactone 81 N-Acetylaspartic acid

2 2-Hydroxyisobutyric acid 42 mevalonolactone 82 2-Hydroxyadipic acid

3 Caproic acid 43 Isobutyrylglycine 83 Octenedioic acid

4 Glycolic acid 44 2-propyl-3-hydroxy-pentanoic acid | 84 3-Hydroxyadipic acid

5 Glyoxylic acid 45 Mesaconic acid 85 Suberic acid

6 Oxalic acid 46 Glutaric acid 86 2-Keto-adipic

7 2-Hydroxybutyric acid 47 3-Methylglutaric acid 87 Aconitic acid

8 3-Hydroxypropionic acid 48 2-Propyl-3-ketopentanoic acid 88 Orotic acid

9 Pyruvic acid 49 Propionylglycine 89 Vanillic-2

10 Valproic acid 50 2-Deoxytetronic acid 90 Homovanillic acid

11 3-Hydroxybutyric acid 51 Butyrylglycine 91 Azelaic acid

12 3-Hydroxyisobutyric acid 52 3-Methylglutaconic acid 92 Isocitric acid

13 2-Hydroxyisovaleric acid 53 Glutaconic acid 93 Citric acid

14 2-Methyl-3-hydroxybutyric acid 54 succinylacetone 94 Hippuric acid

15 Malonic acid 55 decanoic-1 95 Homogentisic acid

16 3-Hydroxyisovaleric acid 56 2-Propyl-5-OH-pentanoic 96 Methylcitric acid

17 2-Keto-isovaleric acid 57 isovalerylglycine-1 97 3-(3-Hydroxyphenyl)-3-
hydroxypropionic acid

18 Methylmalonic acid 58 Malic acid 98 3-Hydroxyoctenedioic acid

19 2-ethyl-3-OH-propionic 59 Adipic acid 99 3-Hydroxysuberic acid

20 Urea 60 Phenyllactic acid 100 | Vanilmandelic acid

21 4-Hydroxybutyric acid 61 Isovalerylglycine 101 | Sebacic acid

22 2-Hydroxyisocaproic acid 62 2-Hexenedioic acid 102 | Decadienedioic acid

23 3-Hydroxyvaleric acid 63 5-Oxoproline 103 | 4-Hydroxyphenyllactic acid

24 2-Hydroxy-3-Methylvaleric acid 64 Thiodiglycolic acid 104 | 4-Hydroxyphenylpyruvic acid

25 Benzoic acid 65 3-Methyladipic acid 105 | 2-Hydroxyhippuric acid

26 Acetoacetic acid 66 2-Propyl-glutaric acid 106 | 3-Indoleacetic acid

27 Octanoic acid 67 7-Hydroxoctanoic acid 107 | Palmitic acid

28 2-keto-3-methylvaleric 68 5-Hydroxy-2-furoic acid 108 | 2-Hydroxysebacic acid

29 Glycerol 69 Tiglylglycine 109 | 3-Hydroxysebacic acid

30 Phosphoric acid 70 3-Methylcrotonoylglycine 110 | Dodecanedioic acid

31 Acetylglycine 71 3-Hydroxyglutaric acid 111 | N-Acetyltyrosine

32 Ethylmalonic acid 72 2-Hydroxyglutaric acid 112 | Uric acid

33 2-Ketoisocaproic acid 73 Pimelic acid 113 | 3,6-Epoxydodecanedioic acid

34 Phenylacetic acid 74 3-Hydroxy-3-methylglutaric acid 114 | Suberylglycine

35 Maleic acid 75 3-Hydroxyphenylacetic acid 115 | 3-hydroxydodecanedioic acid

36 Succinic acid 76 4-Hydroxybenzoic acid 116 | 3,6-Epoxytetradecanedioic acid

37 Methylsuccinic acid 77 2-Ketoglutaric acid

38 Glyceric acid 78 4-Hydroxyphenylacetic acid

39 Fumaric acid 79 Hexanoylglycine

40 Uracil 80 Phenylpyruvic acid
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Pathway g%tsé Hits Rawp -log10 Holm adjust FDR Impact
Arginine biosynthesis 14 3 0.015287 1.8157 0.41276 0.12798 0
Pyruvate metabolism 23 3 0.034112 1.4671 0.8869 0.12798  0.19137
Glycolysis or Gluconeogenesis 26 2 0.034142 1.4667 0.8869 0.12798  0.09785
Fatty acid biosynthesis 47 2 0.037517 1.4258 0.90041 0.12798  0.01473
Fatty acid degradation 39 2 0.037919 14211 0.90041 0.12798 0
Glycosylphosphatidylinositol (GPI)-anchor biosynthesis 32 1 0.037921 1.4211 0.90041 0.12798  0.03947
Fatty acid elongation 39 1 0.037921 1.4211 0.90041 0.12798 0
Biosynthesis of unsaturated fatty acids 36 1 0.037921 1.4211 0.90041 0.12798 0
Lipoic acid metabolism 28 2 0.12114  0.91671 1 0.18813 0
Tyrosine metabolism 42 3 0.12225  0.91274 1 0.18813  0.02463
Cysteine and methionine metabolism 33 1 0.12259 0.91155 1 0.18813 0
Glycine, serine and threonine metabolism 33 2 0.12259 0.91155 1 0.18813 0
Arginine and proline metabolism 36 2 0.12259  0.91155 1 0.18813 0
Glyoxylate and dicarboxylate metabolism 32 3 0.1226 0.9115 1 0.18813  0.34667
Alanine, aspartate and glutamate metabolism 28 5 0.12309  0.90977 1 0.18813  0.05048
Citrate cycle (TCA cycle) 20 5 0.12309  0.90977 1 0.18813  0.25782
Valine, leucine and isoleucine degradation 40 5 0.12321  0.90936 1 0.18813  0.05963
Valine, leucine and isoleucine biosynthesis 8 3 0.12542  0.90163 1 0.18813 0
Pantothenate and CoA biosynthesis 20 1 0.1348 0.8703 1 0.19156 0
Butanoate metabolism 15 3 0.23242  0.63373 1 0.31376  0.11111
Purine metabolism 70 1 0.2499 0.60224 1 0.3213 0
Glycerolipid metabolism 16 1 0.47629 0.32213 1 0.54178  0.23676
Galactose metabolism 27 1 0.47629  0.32213 1 0.54178 0
Phenylalanine metabolism 1 0.50165 0.2996 1 0.54178  0.2619
Phenylalanine, tyrosine and tryptophan biosynthesis 1 0.50165 0.2996 1 0.54178 0
Propanoate metabolism 22 1 0.57597 0.2396 1 0.59812 0
Glutathione metabolism 28 1 0.82894  0.081476 1 0.82894  0.00709
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