




































































HAMRS2 

Fermentable carbohydrate substrate 
increases growth of beneficial gut bacteria 

Alters production/utilization of microbial derived 
xeno-metabolites (phenol, p-cresol, SCFAs) and 

other uremic retention solutes (urea) 

Multiple effects including decreased cecal pH, 
improved gut barrier function 

Increases cecal tissue 

Gut serves as “nitrogen-sink” for 
increased bacterial and tissue 

growth 

Decreased translocation of bacteria, 
bacterial products, metabolites  

Decreased inflammatory  
response in kidneys 

Decreased nitrogen  
load on kidneys 

Improved kidney function 

Increases gastrointestinal 
water loss to limit systemic 

water load 



TABLE 1. Cecal characteristics and bacterial phyla distribution in male CKD rats fed a low fiber diet or HAMRS21.  

Variable CKD-Low Fiber CKD-HAMRS2 p-value
Percent dry matter of cecal contents     23.1% ± 0.75     19.7% ± 0.95 0.011
Cecal weight (g)    0.7343 ± 0.053      1.937 ± 0.098 <0.0001
Cecal pH         8.09 ± 0.05         6.75 ± 0.16 <0.0001
Number of observed microbial species in cecum          791 ± 4          673 ± 12 <0.0001
Phylum CKD-Low Fiber CKD-HAMRS2 FDR p-value
Unassigned       0.43% ± 0.06       0.66% ± 0.35 0.6261
Actinobacteria       0.73% ± 0.05       1.34% ± 0.18 0.0086
Bacteroidetes     19.36% ± 2.82     27.49% ± 1.98 0.1094
Firmicutes     77.32% ± 2.72     64.77% ± 2.58 0.0181
Proteobacteria       1.51% ± 0.07       4.73% ± 0.61 0.0027
Tenericutes       0.58% ± 0.16       0.98% ± 0.65 0.6831
Verrumicrobia       0.07% ± 0.04       0.04% ± 0.004 0.6831
Bacteroidetes:Firmicutes ratio         0.26 ± 0.05         0.44 ± 0.05 0.02

1Values are means ± SEM; n=9 per group; FDR, false discovery rate



TABLE 2: Cecal metabolite characteristics of male rats with chronic kidney disease fed a low-fiber or 
HAMRS2 supplemented diet.1

Metabolite
CKD-Low Fiber Mean 

± SEM
CKD-HAMRS2 Mean 

± SEM
Percent 
Change P 2 VIP3

serine 43444.3 ± 2742.1 33057.7 ± 6846.4 -24% 0.02 1.16
valine 225602.4 ± 12889.2 152212.7 ± 33535.6 -33% 0.02 1.09
lysine 149830.3 ± 19852.5 100913 ± 27205.2 -33% 0.02 1.01
methionine 23834.4 ± 2557.4 12149.7 ± 3021.5 -49% 0.012 1.14
aspartic acid 264657.2 ± 48166.6 128401.8 ± 27873.9 -51% 0.012 1.04
isoleucine 111782.2 ± 9227.6 49476.5 ± 8454.1 -56% <0.0001 1.19
phenylalanine 50456.3 ± 5242.2 20266.7 ± 5402.5 -60% 0.002 1.00
leucine 206390.4 ± 21887 46656.4 ± 11976.8 -77% <0.0001 1.15

glycyl proline 4677.5 ± 444 3800.3 ± 2659.7 -19% 0.01 1.26
oxoproline 241076.5 ± 27920.3 114907.7 ± 16551.6 -52% 0.002 1.08
creatinine 2290.5 ± 363.9 1087.2 ± 228.4 -53% 0.007 1.08
trans-4-hydroxy-L-
proline 2060.6 ± 368 855.7 ± 122.6 -58% 0.002 1.01
methionine sulfoxide 13339.5 ± 1135.3 5522.4 ± 686.9 -59% <0.0001 1.23
maleimide 3121.1 ± 220.5 1167.6 ± 153.6 -63% <0.0001 1.26
adenosine-5-
monophosphate 2765.8 ± 414.1 1011.3 ± 309.9 -63% 0.002 1.09
ethanolamine 31963.1 ± 4555.3 11460.5 ± 1778.1 -64% 0.002 1.12

pyrrole-2-carboxylic acid 2322.4 ± 265.7 823.5 ± 63.4 -65% <0.0001 1.11

N-acetyl-D-hexosamine 7645.4 ± 717.3 2535.4 ± 557.8 -67% <0.0001 1.18
N-acetylglutamate 2451.4 ± 492.3 807.3 ± 266.3 -67% 0.005 1.06
5-deoxy-5-
methylthioadenosine 2646.7 ± 361.5 843.5 ± 88.5 -68% <0.0001 1.19
nicotinic acid 48218.4 ± 5940.8 15342.4 ± 3685.3 -68% <0.0001 1.03
phosphoethanolamine 1148.8 ± 147.8 362.9 ± 77.6 -68% 0.002 1.11
hydroxycarbamate 1743.1 ± 161.5 529 ± 78.7 -70% <0.0001 1.21
4-pyridoxic acid 1281.1 ± 261 387.9 ± 58.4 -70% <0.0001 1.11
5-methoxytryptamine 13583 ± 1989.7 3921.6 ± 552 -71% <0.0001 1.12
indole-3-lactate 5236.1 ± 768.7 1482.7 ± 408.7 -72% <0.0001 1.05
epsilon caprolactam 7419.9 ± 836.4 1919.6 ± 267.9 -74% <0.0001 1.22
UDP-N-
acetylglucosamine 1528.6 ± 459.7 395.2 ± 86.1 -74% 0.002 1.08
hydroxylamine 11307 ± 1514.3 2871 ± 352 -75% <0.0001 1.19
urea 6541.4 ± 795.6 1373.9 ± 138 -79% <0.0001 1.21
uracil 45220.5 ± 4289.8 8969.8 ± 1785.4 -80% <0.0001 1.19
xanthine 10992.1 ± 1241.4 2177.1 ± 461.3 -80% <0.0001 1.17

Cecal Contents

Amino Acids

Other Nitrogenous Metabolites



N-acetylgalactosamine 12823 ± 1604.4 2448.7 ± 420.7 -81% <0.0001 1.22
5-hydroxy-3-indoleacetic 
acid 3188.8 ± 672.8 538.7 ± 49.5 -83% <0.0001 1.19
uridine 14453.6 ± 2591.4 2220.9 ± 785.9 -85% <0.0001 1.19
N-acetylmannosamine 3326.3 ± 1196.1 508.8 ± 79.3 -85% <0.0001 1.16
uric acid 2105.1 ± 310.4 313.2 ± 70.2 -85% <0.0001 1.22
pseudo-uridine 5208.8 ± 844.3 754.2 ± 204.9 -86% <0.0001 1.15
thymidine 5173.3 ± 955.2 705.7 ± 309.7 -86% <0.0001 1.22
N-acetylaspartic acid 14061.1 ± 1755.9 1590.1 ± 350.6 -89% <0.0001 1.23
inosine 46887 ± 10785.8 3185.4 ± 1122.9 -93% <0.0001 1.13

nonadecanoic acid 3610.6 ± 358.3 1626.2 ± 169.3 -55% 0.002 1.13
cholesterol 39072.7 ± 3735.8 14822.3 ± 2475.1 -62% <0.0001 1.06
myristic acid 32541.3 ± 4157.9 11530.2 ± 1072.1 -65% <0.0001 1.21
heptadecanoic acid 26909.5 ± 3680.6 9442 ± 869.3 -65% <0.0001 1.20
beta sitosterol 110165 ± 15754.3 38054.2 ± 3766.6 -65% <0.0001 1.09
octadecanol 5076 ± 703.4 1745.5 ± 486 -66% 0.005 1.09
isoheptadecanoic acid 16336 ± 1949 4922 ± 1491.5 -70% 0.002 1.21
capric acid 1806.5 ± 195.4 515.8 ± 83.9 -71% <0.0001 1.24
stearic acid 1196670.9 ± 174737.5 340323.5 ± 23564.8 -72% <0.0001 1.25
cerotinic acid 2312.2 ± 368.4 643.1 ± 75.6 -72% <0.0001 1.16
palmitic acid 167954.1 ± 27149 46428 ± 3412.1 -72% <0.0001 1.23

2,4-hexadienedioic acid 1316.5 ± 169.4 322.3 ± 53.8 -76% <0.0001 1.22
arachidic acid 60200.6 ± 10426.6 14142.7 ± 1374.3 -77% <0.0001 1.18
cholestan-3-ol 24019.1 ± 3967.6 5422.7 ± 539 -77% <0.0001 1.15
linoleic acid 13161 ± 3851.3 2791.5 ± 543.5 -79% 0.002 1.01
stigmasterol 11333.5 ± 1508 2304.3 ± 219.8 -80% <0.0001 1.20
lauric acid 20617.6 ± 2496.1 3380.4 ± 635.3 -84% <0.0001 1.22
phytol 3508.9 ± 539.8 479.7 ± 71.1 -86% <0.0001 1.15

maltose 564929.4 ± 86191.8 3231747.1 ± 192336. 472% <0.0001 1.20
lactose 12348.6 ± 3868.6 60782.5 ± 11649.2 392% <0.0001 1.00
ribose 161964.7 ± 22717.2 60156.3 ± 11073.9 -63% <0.0001 1.01
6-deoxyglucose 35299.7 ± 4108.1 11454.5 ± 3485.9 -68% 0.002 1.06

3,6-anhydro-D-galactose 3058.4 ± 441.9 983.5 ± 65.7 -68% <0.0001 1.08
1,5-anhydroglucitol 2702.2 ± 416 732.8 ± 79.6 -73% <0.0001 1.19
xylitol 2318.3 ± 223.2 610.1 ± 133.5 -74% <0.0001 1.07
xylulose 8667.4 ± 959.9 2206.6 ± 397.3 -75% <0.0001 1.16
pinitol 1042.6 ± 159.5 239.3 ± 25.4 -77% <0.0001 1.14
threonic acid 2039.1 ± 366.8 443.7 ± 81 -78% <0.0001 1.09
myo-inositol 12685.8 ± 2773.1 2123.8 ± 379.7 -83% <0.0001 1.14
fucose 111501.7 ± 15245.8 18341.1 ± 3357.4 -84% <0.0001 1.20
galactinol 9455.7 ± 1485.3 746 ± 199.5 -92% <0.0001 1.20
lyxose 56930.9 ± 14883.6 1328.6 ± 335.8 -98% <0.0001 1.22

Lipids

Carbohydrates



xylose 504305.2 ± 67733.7 4899.4 ± 596.5 -99% <0.0001 1.28

succinic acid 502829.7 ± 462586.3 2659290.5 ± 226139. 429% 0.005 1.27
lactic acid 66885 ± 7178.2 39474.2 ± 17482.1 -41% 0.007 1.13
2-hydroxybutanoic acid 6727.5 ± 640 2915.1 ± 1076 -57% 0.01 1.26
dihydroxyacetone 6276.1 ± 820.4 1986.4 ± 530.2 -68% 0.002 1.13
propane-1,3-diol 54707.3 ± 4623.7 17201.4 ± 1686.8 -69% <0.0001 1.25
glyceric acid 52044.2 ± 6060.3 16186.2 ± 6607.7 -69% 0.007 1.16
adipic acid 3097.4 ± 446.4 958.6 ± 124.7 -69% <0.0001 1.12
ribonic acid 1165.3 ± 132.6 350.9 ± 44.7 -70% <0.0001 1.21

3-hydroxyphenylacetic 
acid 3661.5 ± 608.4 1077.4 ± 111 -71% <0.0001 1.02

glycerol alpha phosphate 5536.2 ± 764.1 1494.4 ± 156.2 -73% <0.0001 1.20
glycerol-3-galactoside 1888.2 ± 210.5 505.5 ± 32.2 -73% <0.0001 1.24
dehydroabietic acid 2119 ± 252.6 549.9 ± 52.5 -74% <0.0001 1.18
phenol 5565 ± 846.1 1441.9 ± 124.1 -74% <0.0001 1.17
shikimic acid 6306.6 ± 654.7 1535.5 ± 296.1 -76% <0.0001 1.22
gamma tocopherol 18386.5 ± 3081.9 4197.8 ± 196.9 -77% <0.0001 1.18
hexuronic acid 12872.1 ± 2298.7 2862.6 ± 723.7 -78% <0.0001 1.05
gluconic acid 2267.3 ± 287.2 477.9 ± 87.7 -79% <0.0001 1.12
ethylsuccinate 2665.6 ± 378.4 552.9 ± 97.6 -79% <0.0001 1.21
alpha tocopherol 45003 ± 6800.2 7962.4 ± 491.4 -82% <0.0001 1.19
pantothenic acid 2542.9 ± 353.9 415.9 ± 97.6 -84% <0.0001 1.21
behenic acid 52647.5 ± 8780 8593.8 ± 881.2 -84% <0.0001 1.22
benzoic acid 12287.6 ± 1546 1978.5 ± 332.4 -84% <0.0001 1.26
azelaic acid 2848.2 ± 423.4 428.4 ± 48.8 -85% <0.0001 1.13
pelargonic acid 22382.1 ± 3025.4 3253.7 ± 891.9 -85% <0.0001 1.25
glycolic acid 50511.1 ± 8802.1 6922.8 ± 709.6 -86% <0.0001 1.16
2-hydroxyglutaric acid 7370.1 ± 1423.2 996.8 ± 250.2 -86% <0.0001 1.22
sulfuric acid 2176.6 ± 447.9 285.2 ± 46 -87% <0.0001 1.14
methanolphosphate 1676.1 ± 282.6 218.4 ± 28.6 -87% <0.0001 1.23
glycerol 118868.5 ± 29459.2 13476.8 ± 2562.8 -89% <0.0001 1.20

1 Values are means ± SEM, n = 9 per group.  Selected metabolites are annotated metabolites  
that had mean bootstrapped variable importance in projection (VIP) measurements ≥ 1 and
bootstrapped variable importance in projection (VIP) measurements ≥ 1 and significant group
differeneces after false discovery rate (FDR) correction.  For sake of brevity, non-annotated
metabolites are not presented, but are provided in supplementary table S2.
2 Group comparisons assessed by Mann Whitney U tests.  P-value has been adjusted for FDR   
correction.  Statistical significance set at Padj ≤ 0.05. 
3 VIP calculated from bootstrapped partial least squares-discriminant analysis (PLS-DA)
 models derived from training data (n = 6 animals per group).  

Other Metabolites



TABLE 3: Serum metabolite characteristics of male rats with chronic kidney disease fed a low-fiber or 
HAMRS2 supplemented diet.1

Metabolite
CKD-Low Fiber 
Mean ± SEM

CKD-HAMRS2 Mean 
± SEM

Percent 
Change P 2 VIP3

indole-3-acetate 185.4 ± 12.1 1325 ± 122.5 615% <0.0001 1.98
indole-3-lactate 320.1 ± 41.2 752.9 ± 105.1 135% 0.045 1.52
thymidine 3468 ± 80.1 2797.7 ± 86.6 -19% <0.0001 1.67
cytosine 1106 ± 47.1 800.6 ± 65.1 -28% 0.02 1.37
uric acid 1389.8 ± 81 878.7 ± 50.7 -37% <0.0001 1.65

erythritol 1029.8 ± 101 2288.2 ± 309.8 122% <0.0001 1.69
xylitol 593.7 ± 58.9 1157.2 ± 139.1 95% 0.045 1.52
threonic acid 2234.3 ± 122.8 3060.1 ± 191.3 37% 0.045 1.30
1,5-anhydroglucitol 16524.3 ± 1147.7 11231.1 ± 704.1 -32% 0.035 1.61

malic acid 414.7 ± 26.6 777.1 ± 53.7 87% <0.0001 1.68
β-hydroxybutyric acid 8938.1 ± 879.2 14936.8 ± 1466.2 67% 0.02 1.44
fumaric acid 265 ± 15.3 401.2 ± 29.8 51% 0.02 1.40

1 Values are means ± SEM, n = 9 per group.  Selected metabolites are annotated metabolites  
that had mean bootstrapped variable importance in projection (VIP) measurements ≥ 1 and
bootstrapped variable importance in projection (VIP) measurements ≥ 1 and significant group
differeneces after false discovery rate (FDR) correction.  For sake of brevity, non-annotated
metabolites are not presented, but are provided in supplementary table S2.
2 Group comparisons assessed by Mann Whitney U tests.  P-value has been adjusted for FDR   
correction.  Statistical significance set at Padj ≤ 0.05. 
3 VIP calculated from bootstrapped partial least squares-discriminant analysis (PLS-DA)
 models derived from training data (n = 6 animals per group).  

Nitrogenous Metabolites

Carbohydrates

Other Metabolites

Serum



TABLE 4: Urine metabolite characteristics of male rats with chronic kidney disease fed a 
low-fiber or HAMRS2 supplemented diet.1

Metabolite
CKD-Low Fiber 
Mean ± SEM

CKD-HAMRS2 
Mean ± SEM

Percent 
Change P 2 VIP3

taurine 11165.6 ± 2015.9 44428.1 ± 10799.1 298% 0.002 1.22
tyrosine 4618.8 ± 357.4 7810.4 ± 879.4 69% 0.011 1.20
isoleucine 955.7 ± 63.6 1566.3 ± 156.9 64% 0.027 1.00
alanine 8575.8 ± 827.1 13386.2 ± 1104.6 56% 0.009 1.18

pantothenic acid 359.7 ± 58.6 933.4 ± 95.4 159% 0.002 1.33
furoylglycine 1208 ± 169.7 2377.6 ± 270.4 97% 0.022 1.19
creatinine 19434.2 ± 2430 35627 ± 3013.7 83% 0.011 1.41
isothreonic acid 3736.1 ± 330.1 6228.2 ± 420.1 67% 0.004 1.44
pseudo uridine 25851.9 ± 2184.4 42166 ± 3476.7 63% 0.008 1.35
oxoproline 15061.7 ± 1181 21692.2 ± 1730 44% 0.014 1.13
p-cresol 182951.3 ± 13963.6 96566.9 ± 21254 -47% 0.017 1.08
4-pyridoxic acid 406.9 ± 23.3 214.2 ± 15.4 -47% 0.001 1.46
indole-3-lactate 1045 ± 113.1 473.6 ± 52.7 -55% 0.005 1.25
methionine sulfoxide 2984.9 ± 220.4 1270.1 ± 133.6 -57% 0.001 1.43
indoxyl sulfate 3955 ± 517.4 1357.9 ± 116 -66% 0.002 1.23
hydroxylamine 13658.7 ± 1759.4 4623.3 ± 1614 -66% 0.009 1.27
hippuric acid 37300.9 ± 5689.2 9868.6 ± 1130.4 -74% 0.001 1.43
2,8-dihydroxyquinoline 3870.6 ± 466.5 619.7 ± 85.4 -84% 0.001 1.48

heptadecanoic acid 2625.7 ± 349 1494.4 ± 296.2 -43% 0.027 1.03
palmitic acid 27796.3 ± 3393.8 14969.3 ± 3104.1 -46% 0.017 1.02
myristic acid 6624.2 ± 720.8 3521 ± 735.1 -47% 0.014 1.03
caprylic acid 2837.8 ± 189.4 1454.4 ± 300.2 -49% 0.009 1.07
pelargonic acid 8742.8 ± 1092.4 4334.6 ± 1250.2 -50% 0.027 1.09
capric acid 1062.1 ± 131.9 301.1 ± 71.8 -72% 0.002 1.25

sucrose 2818 ± 490.3 12824.6 ± 1849.4 355% 0.001 1.41
inulotriose 509.1 ± 55.9 1875.4 ± 307.6 268% 0.001 1.38
levoglucosan 661 ± 44.5 2208.6 ± 159 234% 0.001 1.53
maltose 76813.1 ± 18249.1 196750.6 ± 33320 156% 0.014 1.23
xylitol 2024 ± 200.5 4067.7 ± 649.4 101% 0.009 1.25
fucose 9950.4 ± 700 17077.6 ± 1361.1 72% 0.004 1.39
erythritol 10914 ± 944.7 18329.7 ± 1329.5 68% 0.006 1.45
ribose 906.2 ± 43.4 1253.4 ± 107.7 38% 0.032 1.01
threitol 1411.7 ± 126.1 1872 ± 109.1 33% 0.04 1.19
digalacturonic acid 516.8 ± 37.4 265.4 ± 46 -49% 0.009 1.14

tartaric acid 9574.2 ± 2039.6 92107.6 ± 11429.4 862% 0.001 1.53

Carbohydrates

Other Metabolites

Amino Acids

Other Nitrogenous Metabolites

Urine

Lipids



isocitric acid 4551 ± 364.7 7746.3 ± 838.8 70% 0.017 1.30
ribonic acid 1392.2 ± 166.1 2211 ± 226.8 59% 0.022 1.14
aconitic acid 2150.7 ± 174.7 3162.9 ± 350.7 47% 0.032 1.14
pyruvic acid 443.6 ± 47.4 286.8 ± 35.5 -35% 0.04 1.01
glycolic acid 1799.8 ± 160.7 1119.6 ± 134.1 -38% 0.014 1.08
azelaic acid 408.1 ± 57.2 204.3 ± 54.2 -50% 0.032 1.16
benzoic acid 7514.4 ± 679.2 3506.1 ± 797 -53% 0.011 1.11
ferulic acid 457.4 ± 57 200.9 ± 36.7 -56% 0.004 1.08
3-hydroxyphenylacetic acid 583.4 ± 41.1 210.8 ± 36.4 -64% 0.001 1.46
phenol 5549.9 ± 779.2 1445.2 ± 239.8 -74% 0.001 1.32

3-(3-hydroxyphenyl)propionic 
acid 3547.2 ± 870.4 560.4 ± 63.6 -84% 0.004 1.36
glycerol-3-galactoside 7002.1 ± 557.6 913.3 ± 88.7 -87% 0.001 1.51

1 Values are means ± SEM, n = 9 per group.  Selected metabolites are annotated metabolites  
that had mean bootstrapped variable importance in projection (VIP) measurements ≥ 1 and
bootstrapped variable importance in projection (VIP) measurements ≥ 1 and significant group
differeneces after false discovery rate (FDR) correction.  For sake of brevity, non-annotated
metabolites are not presented, but are provided in supplementary table S2.
2 Group comparisons assessed by Mann Whitney U tests.  P-value has been adjusted for FDR   
correction.  Statistical significance set at Padj ≤ 0.05. 
3 VIP calculated from bootstrapped partial least squares-discriminant analysis (PLS-DA)
 models derived from training data (n = 6 animals per group).  



TABLE 5.  Percent changes in uremic retention solutes in cecal contents, serum , and urine in 
male CKD rats fed HAMRS2 relative to low fiber-fed CKD controls1

Metabolite Cecal Contents Serum Urine

creatinine -52.5% * -13.4% 83.3% *
hippuric acid N.R. N.R. -73.5% *
indole-3-acetate -12.1% 614.7% * -2.6%
indole-3-lactate -71.7% * 135.2% * -57.4% *
indoxyl sulfate N.R. -36.0% -65.7% *
p-cresol N.R. N.R. -47.2% *
putrescine 57.9% N.R. -20.4%
spermidine -70.7% N.R. -32.6% §
urea -79.0% * -0.3% -15.4%
uric acid -85.1% * -36.8% * 51.1% §

erythritol 26.9% 122.2% * 67.9% *
mannitol 245.5% -27.9% § -1.3%
myo-inositol -83.3% * 5.50% 17.8%

phenol -74.1% * N.R. -74.0 *

1 N.R. metabolite not reported by GC-TOF-MS.  Metabolites that were featured in 
partial least squares-discriminant models are denoted with an *.  Metabolites that were 
significantly different (Mann Whitney U test) before false discovery rate (FDR) 
correction are denoted with a §.  

Nitrogenous Metabolites

Polyols

Other



 

 

 

  

Carbohydrate metabolites greater in 
HAMRS2 group 

 Erythritol, maltose, sucrose 

Carbohydrate metabolites greater in 
HAMRS2 group 

 Erythritol, xylitol 

Summary of Metabolite Changes 

465 identified metabolites 
256 metabolites significantly different 

 109 metabolites annotated 
 
Main Findings: 
Nitrogenous metabolites reduced in 
HAMRS2 group: 

 Branched-chain amino acids 
 Lysine, methionine, phenylalanine, 

serine and proline derivative 
 Purine catabolites (inosine, uric acid, 

xanthine) 
 Urea 

            
Lipid metabolites reduced in HAMRS2 group: 

 Capric acid (C10) 
 Lauric acid (C12) 
 Myristic acid (C14) 
 Palmitic acid (C16) 
 Heptadecanoic acid (C17) 
 Isoheptadecanoic acid  
 Stearic acid (C18) 
 Linoleic acid (C18:2) 
 Nonadecanoic acid (C19) 

             
Carbohydrate metabolites greater in HAMRS2 
group: 

 Lactose, maltose 
 
Carbohydrate metabolites reduced in 
HAMRS2 group: 

 Sugar alcohols: 1,5-anhydroglucitol, 
myo-inositol, xylitol   

Cecum Serum Urine 

300 identified metabolites 
20 metabolites significantly different 

 12 metabolites annotated 
 
Main Findings: 
Nitrogenous metabolites reduced in 
HAMRS2 group: 

 indole-3-acetate, indole-3-lactate 
 Uric acid 

            
  
 
 
 
No difference in measured lipid 
metabolites between groups 
             
 
 
 
 
 

276 identified metabolites 
114 metabolites significantly different 

 47 metabolites annotated 
 
Main Findings: 
Nitrogenous metabolites reduced in 
HAMRS2 group: 

 Alanine, isoleucine, taurine, 
tyrosine 

 Creatinine, indole-3-lactate, 
indoxyl sulfate, p-cresol 

             
  
            
Lipid metabolites reduced in HAMRS2 
group: 

 Caprylic acid (C8) 
 Pelargonic acid (C9) 
 Capric acid (C10) 
 Myristic acid (C14) 
 Palmitic acid (C16) 
 Heptadecanoic acid (C17)             

             

Carbohydrate metabolites reduced in 
HAMRS2 group 

 1,5-anhydroglucitol   

Other metabolites greater in HAMRS 
group 

 Organic acids: fumaric acid, malic 
acid 

 Ketone body: β-hydroxybutyric 
acid 

 

Other metabolites reduced in HAMRS2 
group 

 Organic acids: pyruvic acid 
 Phenol 


