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RESUMO 

 

O metaboloma é o conjunto de todos os metabólitos de baixa massa molecular (até 

1500 Da), presentes ou alterados em um sistema biológico. O estudo de metabólitos 

que compõe biofluidos como a saliva, por exemplo, tem se mostrado de grande valia 

para a identificação de possíveis biomarcadores responsáveis pela associação entre 

diversas patologias. O trabalho foi realizado em todo o período da pandemia (COVID-

19), o que levou ao um menor número de partícipes e maiores dificuldades nas coletas 

das amostras, pois muitos pacientes tinham comorbidades e um alto risco de 

contaminação e não queriam se expor. O objetivo desse estudo foi identificar e 

interpretar o metaboloma de biofluídos (saliva e urina) de pacientes com diagnóstico 

de Diabetes Mellitus (DM) e estabelecer uma possível associação com a doença 

periodontal. Trata-se de um estudo transversal, analítico e descritivo, no qual foram 

coletadas amostras de saliva e urina de 44 pacientes, divididos em quatro grupos, 

atendidos no Centro de Estudos e Atendimento a Pacientes Especiais (CEAPE-UNIP) 

e na Clínica integrada da Faculdade de Odontologia da Universidade Paulista, 

Campus Indianópolis, São Paulo. Os resultados mostraram que no caso da saliva o 

grupo 1 tem a maior área. Há diferenças estatísticas significativas entre G1 e G2 

(p=0,005), sendo G1 maior que G2. A área de G2 é menor que G3 (p=0,0006), e 

menor que G4 (p<0,0001). Não há diferenças entre G3 e G4 (p=0,734), nem entre G1 

e G3 (p=0,997), nem entre G1 e G4 (p=0,957). Já na urina, o grupo 1 tem a menor 

área. Há diferenças estatísticas significativas entre G1 e G2 (p=0,007), sendo G1 

menor que G2. A área de G2 é menor que G3 (p=0,031), mas não difere 

estatisticamente de G4 (p=0,156). Não há diferenças entre G3 e G4 (p=0,871), nem 

entre G1 e G3 (p=0,997), nem entre G1 e G4 (p=0,957). Conclui-se,que, a partir da 

análise metabolômica foi possível distinguir o perfil metabolômico de Diabetes Mellitus 

com doença periodontal e sem doença periodontal; metabólitos de diversos grupos 

foram identificados e suas vias metabólicas participam de processos inflamatórios 

como a periodontia e foram encontrados metabólitos comuns entre DM e doença 

periodontal. 

 

Palavras-chave: Metaboloma, Biofluídos, Metabólitos, Biomarcadores, Diabetes 

Mellitus. 



 
 

 
 

ABSTRACT 

 

The metabolome is the set of all metabolites of low molecular mass (up to 1500 Da), 

present or altered in a biological system. The study of metabolites that constitute 

biofluids such as saliva, for example, has proven to be of great value in identifying 

possible biomarkers responsible for the association between various diseases. The 

work was carried out throughout the period of the pandemic (COVID-19), which led to 

a smaller number of participants and greater difficulty in collecting samples, because 

many patients had comorbidities and a high risk of contamination contamination and 

did not want to be exposed. The aim of this study is to identify and interpret the 

metabolome of biofluids (saliva and urine) from patients diagnosed with Diabetes 

Mellitus (DM) and establish a possible association with periodontal disease. This is a 

cross-sectional, analytical, descriptive study, in which saliva and urine samples were 

collected from 44 patients, divided into four groups treated at the Center for Studies 

and Care of Special Patients (CEAPE-UNIP) and at the Integrated Clinic of the School 

of Dentistry of Paulista University, Indianópolis Campus, São Paulo. The results 

showed that in the case of saliva, group 1 has the largest area. There are significant 

statistical differences between G1 and G2 (p=0.005), with G1 being larger than G2. 

The area of G2 is smaller than G3 (p=0.0006), and smaller than G4 (p<0.0001). There 

are no differences between G3 and G4 (p=0.734), nor between G1 and G3 (p=0.997), 

nor between G1 and G4 (p=0.957). In urine, on the other hand, group 1 has the 

smallest area. There are significant statistical differences between G1 and G2 

(p=0.007), with G1 being smaller than G2. The area of G2 is smaller than G3 (p=0.031), 

but does not differ statistically from G4 (p=0.156). There are no differences between 

G3 and G4 (p=0.871), nor between G1 and G3 (p=0.997), nor between G1 and G4 

(p=0.957). It is concluded from this that from metabolomic analysis it was possible to 

distinguish the metabolomic profile of Diabetes Mellitus with periodontal disease and 

without periodontal disease; metabolites of various groups were identified and their 

metabolic pathways participate in inflammatory processes such as periodontal disease 

and common metabolites were found between DM and periodontal disease. 

 

Keywords: metabolome, biofluids, metabolites, biomarkers, diabetes 

mellitus.  
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INTRODUÇÃO 

 

A doença Diabetes é caracterizada por uma hiperglicemia, ou seja, alta taxa de 

glicose no sangue, causando assim três sintomas principais: polidipsia (sede 

excessiva), poliúria (aumento do volume urinário) e polifagia (fome excessiva). Outros 

sintomas também vistos são perda de peso ocasionando disfunção e falência de 

órgãos que ocorrem devido a uma deficiência na produção de insulina e resistência à 

sua ação periférica. (CHATTERJEE, KHUNTI, DAVIES, 2017; AMERICAN DIABETES 

ASSOCIATION ET AL, 2017; MAYER-DAVIS ET AL, 2017; COLE JB, FLOREZ JC, 

2020). 

O DM pode ser classificado em três principais tipos: o diabetes mellitus tipo I, 

que ocorre quando o pâncreas não consegue produzir a insulina essencial para à 

sobrevivência; o diabetes mellitus tipo II, que ocorre quando o organismo é incapaz 

de responder adequadamente à ação da insulina produzia; e o diabetes mellitus 

gestacional, que ocorre mediante diagnóstico de hiperglicemia na gravidez, porém ela 

se resolve pós-parto na maioria dos casos. (KATSAROU ET AL, 2017; DIRETRIZES 

SOCIEDADE BRASILEIRA DE DIABETES, 2019-2020). 

O Diabetes Mellitus (DM) é considerado um dos maiores problemas de saúde 

pública que causa grandes repercussões sociais e econômicas afetando também a 

qualidade de vida e a sobrevida de pacientes que são portadores dessa patologia. 

(DA PAZ ET AL., 2017; COLE JB, FLOREZ JC, 2020, CLOETE L, 2022) 

É estimado que no ano de 2030, em nível mundial, mais de 550 milhões de 

pessoas serão acometidas por essa patologia, informação que reforça a importância 

do conhecimento das características clínicas apresentadas pelos portadores por 

profissionais da área da saúde, principalmente Cirurgiões Dentistas, para que assim 

possam oferecer tratamentos adequados em nível multiprofissional. (IDF DIABETES 

ATLAS, 2021) 

Ao realizar o exame clínico do paciente portador de diabetes e, principalmente 

se o mesmo realiza um controle inadequado da glicemia, é possível observar diversas 

alterações em cavidade bucal como xerostomia, hálito cetônico, infecções 

oportunistas, doença periodontal e dificuldades de cicatrização profunda (ARTESE ET 

AL., 2015; COSTA ET AL., 2017; SANZ ET AL., 2018; CLOETE L, 2022). 
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Diante disso, é importante ressaltar a importância de uma anamnese detalhada 

obtendo informações sobre tipo de Diabetes, tratamentos prévios e os medicamentos 

utilizados pelo indivíduo bem como o conhecimento por parte do Cirurgião Dentista 

sobre a doença e suas características e consequências. (POUDEL ET AL., 2017; 

MAURI-OBRADORS ET AL., 2017 POUDEL ET AL., 2018; CERVINO ET AL. 2019). 

O estudo de metabólitos que compõe biofluídos como a saliva, por exemplo, 

tem se mostrado de grande valia para a identificação de possíveis biomarcadores 

responsáveis pela associação entre diversas patologias. (LIU E LOCASALE, 2017; 

TRIVEDI, HOLLYWOOD, GOODACRE, 2017; MUTHUBHARATHI BC, GOWRIPRIYA 

T, BALAMURUGAN K, 2021). 

Para isso, é utilizado ferramentas da engenharia metabólica como a 

metabolômica, que é um ramo da ciência que estuda de forma quantitativa os 

metabólicos (compostos de baixo peso molecular) presentes em uma célula viva ou 

organismo e que participam das reações necessárias para o crescimento, 

funcionalidade e manutenção do mesmo (PATTI ET AL, 2012; TRIFONOVA OP ET 

AL, 2021). 

Sendo assim, o objetivo do presente estudo foi identificar o perfil metabolômico 

salivar e de urina de pacientes com Diabetes Mellitus e verificar uma possível 

associação com a doença periodontal. 
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CONCLUSÃO 

 

 Metabólitos do grupo dos ácidos carboxílicos e aminoácidos foram 

identificados e suas vias metabólicas sugerem participação em processos 

inflamatórios como a periodontia; 

 A partir da análise metabolômica foi possível distinguir o perfil metabolômico 

de pacientes com Diabetes Mellitus com doença periodontal e sem doença 

periodontal; 

 Foram encontrados metabólitos comuns entre DM e doença periodontal como 

aminoácidos que podem ser tanto mediadores inflamatórios quanto 

indicadores de DM.  
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APÊNDICE A 

 

- Saliva 

25 metabólitos mais representativos quanto a área em cada grupo 
Obs.: a média se refere a área média do metabólito, e desvio padrão a seu desvio 

padrão.  

Grupo G1  

Metabólito Média DP 

  Propanoicacid, 2-[(trimethylsilyl)oxy]-, trimethylsilylester 15067162 1309817 
  1,3,5-Triazine, 2,4,6-tris[(trimethylsilyl)oxy]- 11063737 1732725 
  Bis(trimethylsilyl)monostearin 6109352 1549796 
  Hexadecanoicacid, 2,3-bis[(trimethylsilyl)oxy]propylester 4025228 1549796 
  Benzonitrile, 4-(2-methyl-1,3-dioxolan-2-yl)- 3716044 1095871 
  Urea, N,N'-bis(trimethylsilyl)- 2978212 816814 
  D-Glucose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-

galactopyranosyl]-2,3,5,6-tetrakis-O-(trimethylsilyl)- 
2623670 2000778 

  Octadecanoicacid, trimethylsilylester 2563355 1549796 
  Glucose, pentakis-O-trimethylsilyl- 2187543 2000778 
  Glycine, N-(trimethylsilyl)-, trimethylsilyl ester 1674998 2450443 
  L-Proline, 1-(trimethylsilyl)-, trimethylsilyl ester 1583195 2450443 
  1-(3-Methylbutyl)-2,3,4,6-tetramethylbenzene 1468944 3465450 
  .alpha.-D-Glucopyranoside, 1,3,4,6-tetrakis-O-

(trimethylsilyl)-.beta.-D-fructofuranosyl 2,3,4,6-tetrakis-O-
(trimethylsilyl)- 

1350668 666926 

  l-Alanine, N-(trimethylsilyl)-, trimethylsilylester 950239 2000778 
  Nonylamine, 1-heptyl-N,N-dimethyl- 897445 3465450 
  3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid 871694 2000778 
  Benzene, 1-(1,3-dimethyl-3-butenyl)-4-fluoro- 867488 2000778 
  GlucopyranosepentaTMS 791134 2000778 
  Disiloxane, hexamethyl- 754229 2000778 
  Hexadecanoicacid, trimethylsilylester 690825 1549796 
  Glycine 645509 3465450 
  Cyclopentene, 3,3-dimethyl-4-methylene-1,2-

bis(trimethylsilyloxymethyl)- 
619168 2000778 

  3,5-Di-t-butyl-4-hydroxybenzoic acid, ethyl ester 554499 2450443 
  L-Valine, N-(trimethylsilyl)-, trimethylsilylester 461439 2450443 
  D-Ribose, 2,3,4,5-tetrakis-O-(trimethylsilyl)- 434614 2000778 

 

Tabela 6. Os 25 metabólitos de maior área no grupo G1, p<0.0001 (ou seja, há diferenças estatísticas 

significativas). 
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Grupo G2 

Metabólito Média DP 

  Phenol, bis(1,1-dimethylethyl)- 1893603 144825,2 
  Nonane, 2-methyl- 1282949 144825,2 
  Benzaldehyde, 3-methoxy-4-[(trimethylsilyl)oxy]-, O-methyloxime 864782 72412,6 
  1s,4R,7R,11R-1,3,4,7-Tetramethyltricyclo[5.3.1.0(4,11)]undec-2-en-8-

one 
700434 102406,9 

  L-Glutamine, N2-(phenylacetyl)- 664029 64767,8 
  Phenol, 2,5-bis(1,1-dimethylethyl)- 452924 144825,2 
  Phenol, 2-methyl- 448789 59124,6 
  5,6-Dicarbadecaborane(12), 5,6-dimethyl- 446448 144825,2 
  Glycine, N-benzoyl-, methyl ester 329104 59124,6 
  Benzamide, N-methyl- 313068 59124,6 
  2,2,4,5,5-Pentamethyl-3-imidazoline-3-oxide 272317 144825,2 
  Formamide, N-octyl- 266672 144825,2 
  Benzeneacetamide 231593 83614,9 
  Cyclohexanol, 5-methyl-2-(1-methylethyl)-, [1S-

(1.alpha.,2.beta.,5.beta.)]- 
227594 72412,6 

  1-(1-Methylpropyl)-2-thiohydantoin 227157 144825,2 
  Isopropylpent-4-enylamine 212575 144825,2 
  Piperazine, 1-methyl- 207878 144825,2 
  dl-Citrulline 176630 102406,9 
  1-Benzyl-1,2,3-triazole 174000 102406,9 
  1-Octanol, 2,2-dimethyl- 170566 144825,2 
  4-Nonenoic acid, methylester 168031 144825,2 
  1,7-Dimethylxanthine 165451 102406,9 
  Cyclopentancarboxamide, N,N-dimethyl- 163264 144825,2 
  BenzoicAcid 159454 102406,9 
  3-Ethoxy-2-cyclohexen-1-one 155574 102406,9 

 

Tabela 7. Os 25 metabólitos de maior área no grupo G2, p<0.0001. 
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Grupo G3  

Metabólito Média DP 

.beta.-D-Galactofuranose, 1,2,3,5,6-pentakis-O-(trimethylsilyl)- 64909445 3638542 

D-Fructose, 1,3,4,5,6-pentakis-O-(trimethylsilyl)- 50559713 2572838 

Talose, 2,3,4,5,6-pentakis-O-(trimethylsilyl)- 45271460 3638542 

.beta.-D-Glucopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 43726768 2100713 
D-Glucose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
glucopyranosyl]-2,3,5,6-tetrakis-O-(trimethylsilyl)- 

38610758 2572838 

Hexopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 24080346 3638542 
D-Glucopyranose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
galactopyranosyl]-1,2,3,6-tetrakis-O-(trimethylsilyl)- 

15958348 2100713 

Inosose-2, 1,3,4,5,6-pentakis-O-(trimethylsilyl)-, myo- 15513174 3638542 

D-Ribofuranose, 1,2,3,5-tetrakis-O-(trimethylsilyl)- 13662867 3638542 

Maltose, octakis(trimethylsilyl)- 13546098 2572838 

Propanoicacid, 2-[(trimethylsilyl)oxy]-, trimethylsilylester 10854091 1097062 

Dihydroxyacetonedimer, tetra(trimethylsilyl)- 7785312 3638542 

D-Xylopyranose, 1,2,3,4-tetrakis-O-(trimethylsilyl)- 7544071 3638542 

(.+/-.)-2,3-Butanediol diTMS 6635889 3638542 

Benzonitrile, 4-(2-methyl-1,3-dioxolan-2-yl)- 6302249 758688 

.alpha.-L-Galactofuranose, 6-deoxy-1,2,3,5-tetrakis-O-(trimethylsilyl)- 5392053 3638542 

D-Turanose, heptakis(trimethylsilyl)- 5341013 1009150 

Phenol, 2,4-bis(1,1-dimethylethyl)- 4607213 2572838 

Glucofuranoside, methyl 2,3,5,6-tetrakis-O-(trimethylsilyl)-, .alpha.-D- 4213623 2572838 
.alpha.-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
fructofuranosyl 2,3,4,6-tetrakis-O-(trimethylsilyl)- 

4080467 813603 

2,4,6-Tri-t-butylbenzenethiol 2836874 1375240 

Ethanimidicacid, N-(trimethylsilyl)-, trimethylsilylester 2836511 1819271 

Ethylbis(trimethylsilyl)amine 2601776 3638542 

L-Proline, 1-(trimethylsilyl)-, trimethylsilyl ester 2498879 1819271 

2,6-Octadiene, 3,7-dimethyl-1-(hydroxydimethylsilyl)-1-(trimethylsilyl)- 2206954 3638542 

 

Tabela 8. Os 25 metabólitos de maior área no grupo G3, p<0.0001. 
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Grupo G4 

Metabólito Média DP 

D-Glucopyranose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
galactopyranosyl]-1,2,3,6-tetrakis-O-(trimethylsilyl)- 

54130868 4002282 

Talose, 2,3,4,5,6-pentakis-O-(trimethylsilyl)- 43096150 4002282 
D-Glucose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-galactopyranosyl]-
2,3,5,6-tetrakis-O-(trimethylsilyl)- 

41893070 4002282 

D-Fructose, 1,3,4,5,6-pentakis-O-(trimethylsilyl)- 32580927 2830041 

.beta.-D-Galactofuranose, 1,2,3,5,6-pentakis-O-(trimethylsilyl)- 27413320 4002282 

.beta.-D-Glucopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 26772088 2830041 

D-Mannopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 21864900 4002282 

Arabinofuranose, 1,2,3,5-tetrakis-O-(trimethylsilyl)- 20942458 4002282 

Maltose, octakis(trimethylsilyl)- 12848208 4002282 
D-Fructose, 6-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.alpha.-D-glucopyranosyl]-
1,3,4,5-tetrakis-O-(trimethylsilyl)- 

11735572 4002282 

D-Galactose, 2,3,4,5,6-pentakis-O-(trimethylsilyl)- 9490839 1789875 

Propanoicacid, 2-[(trimethylsilyl)oxy]-, trimethylsilylester 9218777 1069655 
D-Glucose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-glucopyranosyl]-
2,3,5,6-tetrakis-O-(trimethylsilyl)- 

9125283 4002282 

1,3,5-Triazine, 2,4,6-tris[(trimethylsilyl)oxy]- 8596650 1033385 

D-Turanose, heptakis(trimethylsilyl)- 7561628 2001141 
.alpha.-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
fructofuranosyl 2,3,4,6-tetrakis-O-(trimethylsilyl)- 

6501577 1155359 

Acrylic acid, 2,3-bis[(trimethylsilyl)oxy]-, trimethylsilyl ester 5871478 4002282 

Hexadecanoicacid, 2,3-bis[(trimethylsilyl)oxy]propylester 5513926 1033385 

Benzonitrile, 4-(2-methyl-1,3-dioxolan-2-yl)- 4065195 743205 

Bis(trimethylsilyl)monostearin 3612728 1069655 

2,4,6-Tri-t-butylbenzenethiol 3550449 2310719 

Glucose, pentakis-O-trimethylsilyl- 2902541 4002282 

Ethanimidicacid, N-(trimethylsilyl)-, trimethylsilylester 2629166 2830041 

1H-Indole-3-methanamine, N,N-dimethyl- 2593132 4002282 

L-Proline, 1-(trimethylsilyl)-, trimethylsilyl ester 2582950 1415021 

 

Tabela 9. Os 25 metabólitos de maior área no grupo G4, p<0.0001. 
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- Urina  

25 metabólitos mais representativos quanto a área em cada grupo 
Obs.: a média se refere a área média do metabólito, e desvio padrão a seu desvio 

padrão.  

Grupo G1  

Metabólito Média DP 

  1,3,5-Triazine, 2,4,6-tris[(trimethylsilyl)oxy]- 10392156 990517 
  Hexadecanoicacid, 2,3-bis[(trimethylsilyl)oxy]propylester 7885756 990517 
  2,4,6-Tri-t-butylbenzenethiol 6420927 1715626 
  Bis(trimethylsilyl)monostearin 5576976 990517 
  Pentanoicacid, 5-[bis(trimethylsilyl)amino]-, 

trimethylsilylester 
3685689 990517 

  Benzonitrile, 4-(2-methyl-1,3-dioxolan-2-yl)- 3206812 648446 
  Octadecanoicacid, trimethylsilylester 2962582 990517 
  Urea, N,N'-bis(trimethylsilyl)- 2960057 571875 
  1H-Indole-3-methanamine, N,N-dimethyl- 2593132 1715626 
  Hexadecanoicacid, trimethylsilylester 1484829 990517 
  Ethanimidicacid, N-(trimethylsilyl)-, trimethylsilylester 1345089 1715626 
  .beta.-Aminoisobutyricaciddi-TMS 1334334 1715626 
  Disiloxane, hexamethyl- 1179430 990517 
  L-Glutamine, N2-(phenylacetyl)- 1170830 1213131 
  l-Alanine, N-(trimethylsilyl)-, trimethylsilylester 1075032 990517 
  Propanoicacid, 2-[(trimethylsilyl)oxy]-, trimethylsilylester 1073549 1213131 
  L-Proline, 1-(trimethylsilyl)-, trimethylsilyl ester 887582 1715626 
  Tetrasiloxane, decamethyl- 853289 767251 
  3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic acid 849523 1213131 
  N-Ethyl-5-propyl-5-nonanamine 846508 1715626 
  Glycine, N,N'-1,2-ethanediylbis- 793785 1213131 
  L-Norvaline, N-(trimethylsilyl)-, trimethylsilylester 776794 1715626 
  Glycine, N-(trimethylsilyl)-, trimethylsilyl ester 745736 990517 
  .beta.-L-Mannopyranose, 6-deoxy-1,2,3,4-tetrakis-O-

(trimethylsilyl)- 
712734 700401 

  Neoisolongifolene, 8-bromo- 545194 1715626 
 

Tabela 10. 25 metabólitos mais representativos no grupo G1, p=0.0007. 
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Grupo G2  

Metabólito Média DP 

  
.beta.-D-Galactofuranose, 1,2,3,5,6-pentakis-O-(trimethylsilyl)- 

6490944
5 

5322333 

  
D-Fructose, 1,3,4,5,6-pentakis-O-(trimethylsilyl)- 

5055971
3 

3763458 

  
Talose, 2,3,4,5,6-pentakis-O-(trimethylsilyl)- 

4527146
0 

5322333 

  
.beta.-D-Glucopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 

4372676
8 

3072850 

  D-Glucose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
glucopyranosyl]-2,3,5,6-tetrakis-O-(trimethylsilyl)- 

3861075
8 

3763458 

  
Hexopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 

2408034
6 

5322333 

  D-Glucopyranose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
galactopyranosyl]-1,2,3,6-tetrakis-O-(trimethylsilyl)- 

1595834
8 

3072850 

  
Inosose-2, 1,3,4,5,6-pentakis-O-(trimethylsilyl)-, myo- 

1551317
4 

5322333 

  
D-Ribofuranose, 1,2,3,5-tetrakis-O-(trimethylsilyl)- 

1366286
7 

5322333 

  
Maltose, octakis(trimethylsilyl)- 

1354609
8 

3763458 

  
Propanoicacid, 2-[(trimethylsilyl)oxy]-, trimethylsilylester 

1272055
5 

1774111 

  Dihydroxyacetonedimer, tetra(trimethylsilyl)- 7785312 5322333 
  D-Xylopyranose, 1,2,3,4-tetrakis-O-(trimethylsilyl)- 7544071 5322333 
  l-Alanine, N-(trimethylsilyl)-, trimethylsilylester 6709235 5322333 
  (.+/-.)-2,3-Butanediol diTMS 6635889 5322333 
  D-Turanose, heptakis(trimethylsilyl)- 5782752 1536425 
  .alpha.-L-Galactofuranose, 6-deoxy-1,2,3,5-tetrakis-O-(trimethylsilyl)- 5392053 5322333 
  Benzonitrile, 4-(2-methyl-1,3-dioxolan-2-yl)- 5384344 1422453 
  Glucofuranoside, methyl 2,3,5,6-tetrakis-O-(trimethylsilyl)-, .alpha.-D- 4213623 3763458 
  .alpha.-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-

fructofuranosyl 2,3,4,6-tetrakis-O-(trimethylsilyl)- 
4080467 1190110 

  2,4,6-Tri-t-butylbenzenethiol 3826344 3072850 
  Phenol, 2,4-bis(1,1-dimethylethyl)- 3050044 5322333 
  L-Proline, 1-(trimethylsilyl)-, trimethylsilyl ester 3048168 3763458 
  3,6-Dioxa-2,7-disilaoctane, 2,2,4,7,7-pentamethyl- 2687138 3072850 
  Ethylbis(trimethylsilyl)amine 2601776 5322333 

 

Tabela 11. Os 25 metabólitos mais representatitivos no grupo G2, p<0.0001. 
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Grupo G3  

Metabólito Média DP 

.beta.-D-Galactofuranose, 1,2,3,5,6-pentakis-O-(trimethylsilyl)- 64909445 3638542 

D-Fructose, 1,3,4,5,6-pentakis-O-(trimethylsilyl)- 50559713 2572838 

Talose, 2,3,4,5,6-pentakis-O-(trimethylsilyl)- 45271460 3638542 

.beta.-D-Glucopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 43726768 2100713 
D-Glucose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
glucopyranosyl]-2,3,5,6-tetrakis-O-(trimethylsilyl)- 

38610758 2572838 

Hexopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 24080346 3638542 
D-Glucopyranose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
galactopyranosyl]-1,2,3,6-tetrakis-O-(trimethylsilyl)- 

15958348 2100713 

Inosose-2, 1,3,4,5,6-pentakis-O-(trimethylsilyl)-, myo- 15513174 3638542 

D-Ribofuranose, 1,2,3,5-tetrakis-O-(trimethylsilyl)- 13662867 3638542 

Maltose, octakis(trimethylsilyl)- 13546098 2572838 

Propanoicacid, 2-[(trimethylsilyl)oxy]-, trimethylsilylester 10854091 1097062 

Dihydroxyacetonedimer, tetra(trimethylsilyl)- 7785312 3638542 

D-Xylopyranose, 1,2,3,4-tetrakis-O-(trimethylsilyl)- 7544071 3638542 

(.+/-.)-2,3-Butanediol diTMS 6635889 3638542 

Benzonitrile, 4-(2-methyl-1,3-dioxolan-2-yl)- 6302249 758688 

.alpha.-L-Galactofuranose, 6-deoxy-1,2,3,5-tetrakis-O-(trimethylsilyl)- 5392053 3638542 

D-Turanose, heptakis(trimethylsilyl)- 5341013 1009150 

Phenol, 2,4-bis(1,1-dimethylethyl)- 4607213 2572838 

Glucofuranoside, methyl 2,3,5,6-tetrakis-O-(trimethylsilyl)-, .alpha.-D- 4213623 2572838 
.alpha.-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
fructofuranosyl 2,3,4,6-tetrakis-O-(trimethylsilyl)- 

4080467 813603 

2,4,6-Tri-t-butylbenzenethiol 2836874 1375240 

Ethanimidicacid, N-(trimethylsilyl)-, trimethylsilylester 2836511 1819271 

Ethylbis(trimethylsilyl)amine 2601776 3638542 

L-Proline, 1-(trimethylsilyl)-, trimethylsilyl ester 2498879 1819271 

2,6-Octadiene, 3,7-dimethyl-1-(hydroxydimethylsilyl)-1-(trimethylsilyl)- 2206954 3638542 
 

Tabela 12. Os 25 metabólitos de maior área no grupo G3, p<0.0001. 
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Grupo G4  

Metabólito Média DP 

D-Glucopyranose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
galactopyranosyl]-1,2,3,6-tetrakis-O-(trimethylsilyl)- 

54130868 4002282 

Talose, 2,3,4,5,6-pentakis-O-(trimethylsilyl)- 43096150 4002282 
D-Glucose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-galactopyranosyl]-
2,3,5,6-tetrakis-O-(trimethylsilyl)- 

41893070 4002282 

D-Fructose, 1,3,4,5,6-pentakis-O-(trimethylsilyl)- 32580927 2830041 

.beta.-D-Galactofuranose, 1,2,3,5,6-pentakis-O-(trimethylsilyl)- 27413320 4002282 

.beta.-D-Glucopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 26772088 2830041 

D-Mannopyranose, 1,2,3,4,6-pentakis-O-(trimethylsilyl)- 21864900 4002282 

Arabinofuranose, 1,2,3,5-tetrakis-O-(trimethylsilyl)- 20942458 4002282 

Maltose, octakis(trimethylsilyl)- 12848208 4002282 
D-Fructose, 6-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.alpha.-D-glucopyranosyl]-
1,3,4,5-tetrakis-O-(trimethylsilyl)- 

11735572 4002282 

D-Galactose, 2,3,4,5,6-pentakis-O-(trimethylsilyl)- 9490839 1789875 

Propanoicacid, 2-[(trimethylsilyl)oxy]-, trimethylsilylester 9218777 1069655 
D-Glucose, 4-O-[2,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-glucopyranosyl]-
2,3,5,6-tetrakis-O-(trimethylsilyl)- 

9125283 4002282 

1,3,5-Triazine, 2,4,6-tris[(trimethylsilyl)oxy]- 8596650 1033385 

D-Turanose, heptakis(trimethylsilyl)- 7561628 2001141 
.alpha.-D-Glucopyranoside, 1,3,4,6-tetrakis-O-(trimethylsilyl)-.beta.-D-
fructofuranosyl 2,3,4,6-tetrakis-O-(trimethylsilyl)- 

6501577 1155359 

Acrylic acid, 2,3-bis[(trimethylsilyl)oxy]-, trimethylsilyl ester 5871478 4002282 

Hexadecanoicacid, 2,3-bis[(trimethylsilyl)oxy]propylester 5513926 1033385 

Benzonitrile, 4-(2-methyl-1,3-dioxolan-2-yl)- 4065195 743205 

Bis(trimethylsilyl)monostearin 3612728 1069655 

2,4,6-Tri-t-butylbenzenethiol 3550449 2310719 

Glucose, pentakis-O-trimethylsilyl- 2902541 4002282 

Ethanimidicacid, N-(trimethylsilyl)-, trimethylsilylester 2629166 2830041 

1H-Indole-3-methanamine, N,N-dimethyl- 2593132 4002282 

L-Proline, 1-(trimethylsilyl)-, trimethylsilyl ester 2582950 1415021 

 

Tabela 13. Os 25 metabólitos de maior área no grupo G4, p<0.0001. 
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