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ABSTRACT Objective: To discuss the effect of erythritol on glucose and lipid metabolism in the body, and
to clarify the mechanism of erythritol affecting liver metabolism based on metabonomics. Methods: The male
ICR mice were randomly divided into normal group, sucrose group (2% sucrose) , low dose of erythritol
(1% erythritol) group, medium dose of erythritol (2% erythritol) group, and high dose of erythritol (4%
erythritol) group, with 10 mice in each group. The corresponding concentrations of sucrose and erythritol
solutions were prepared and placed in water bottles, and the mice were allowed to drink and eat freely for
12 consecutive weeks; the body mass, food intakes, and water intakes of the mice in various groups were
measured. Commercial kits were used to detect the serum triglyceride (TG), total cholesterol (TC),
and blood glucose levels of the mice in various groups; the liver indexes of the mice were calculated. Ultra
performance liquid chromatography-orbitrap exactive mass spectrometry (UPLC-OE-MS) non-targeted
metabonomics was used to detect the liver metabolites of the mice normal group and high dose of erythritol
group; bioinformatics analysis was used to screen the differential liver metabolites between the two groups
with variable importance in projection (VIP)>>1 and adjusted P<C0. 05; Kyoto Encyclopedia of Genes and
Genomes (KEGG) signaling pathway enrichment analysis were performed to investigate the functional roles
of the differential liver metabolites. Results: Compared with normal group, there were no significant
differences in the body mass, food intake, liver index, and blood lipid levels of the mice in various groups
(P>>0.05); compared with normal group, the blood glucose level of the mice in high dose of erythritol
group was significantly increased (P<C0.01). The metabonomics analysis of the liver tissues of the mice
in two groups identified 1 144 metabolites, mainly including lipids and lipid-like molecules (17.39%),
organic acids and derivatives (10. 87%), organic heterocyclic compounds (5.80%), and organic oxygen
compounds (5.07% ). Compared with normal group, there were 138 differential liver metabolites in the
mice in high dose of erythritol group, among which 112 metabolites were up-regulated and 26 metabolites
were down-regulated. The KEGG signal pathway enrichment analysis results showed that the differential
metabolites were mainly enriched in metabolism, steroid hormone biosynthesis, cortisol synthesis and
metabolism, and Cushing’s syndrome pathways; the further topological analysis of the metabolic pathways
results showed that the differential metabolites were mainly involved in sphingolipid metabolism,
tricarboxylic acid cycle, riboflavin metabolism, steroid hormone biosynthesis, and purine metabolism signal
pathways. Conclusion: Long-term intake of high dose of erythritol can increase the blood glucose level in
the mice, and the mechanism may be that it affects the tricarboxylic acid cycle by interfering with riboflavin
metabolism and interferes with sphingolipid metabolism, leading to impairment of the blood glucose control
system.

KEYWORDS Erythritol; Metabonomics; Blood glucose; Sphingolipid metabolism;  Tricarboxylic

acid cycle; Riboflavin metabolism
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1.1 Z£BHH T ZXANPHE

SPF 2 HEME ICR /MR, R B HE 18~20 g, 1T
e st 4 im A R S AR A IRAF, s A 7= ivF
AES . SCXK (1) 2021-0006, /I FLUiA 7% F 1
(50£5)% . MW (22+2) CHEEP, &H12h%
M, MG AC R

% #EBEIE ) [ 95 E Supelco 24 Al HEREIG H 35
Sigma /A~ )5 HIl =F (triglyceride, TG) . M
JH[E % (total cholesterol, TC) Fl% 25 4 i 7 £ Wy
s ey TR, WEE. . LRk
MR Rt ik9%, W A 3 E Thermo Fisher A ] .
UltiMate 3000 #8 = 2 A1 . Orbitrap Exploris 120
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1.3 #EAMEREH )L hF P TG.TC Fo fo
R A AT RE 38 B

W12 hJE, B /N B AT IR HE J5 8 kA SR
Ifi., 4 000 r-min "B MO ML, SR R &
ML TG, TCHMME K- 85 77 36 B U W74
ZH /N B SUER AAR FE /N B o K B3 i/ BRI ZH 4
PR 2% /N B B, THSE A IESE B, IFIESS Ho=
CHF B /AR ) X 10024 o
1.4 240 R RER B Ak e e RM A 5 547

YR 5 25 R0 o 71 o ol 8 0 I /N BUTF AL 8L A7
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1.4.3 JRiEZ&AM: R Orbitrap Exploris 120 %%
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Pt Fc /)N = 3 1 ) 1) 43 Bt (orthogonal partial least
squares-discriminant analysis, OPLS-DA), Jfifiid
R R I 0 R B R A R . R 1B F ropls £
(1.40.0) 315 OPLS-DA #5 %I v i} 45 i 5 %2 1 %
5% (variable importance in the projection, VIP) fH.
25 AR ) T AR S VIP>1 H &R R & L%
(false discovery rate, FDR) £ 1E 5 ¢ Kz % P {H <<
0.05, i/ RiE 5 clusterProfiler I (4.16.0) X} 2%
SR H AT R EN S EEA AR 2P (Kyoto
Encyclopedia of Genes and Genomes, KEGG) {55
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TC. i K7 F I E 48 B A7 & e &, L
xS FoR, L YLIARE A PR H R B K 25 4y
B, 2 D) A 24 50 7 HL 4 ok T LSD-2 A 5 o LA
P<<0.05 N ZESAGI¥E L.

2 & B

2.1 B2ANEAKRREHFIHRET SRREFTFBISHK
B U/ R A H HE R E S B R
S G E L (P>0.05), SIEWHLE,
WEBE 2 /N RAKOK R B3 (P<<0.05), k.
R 7 79 A I 2 /N FRAKOK B L 3R 25 S TS 2%
BEY (P>0.05), WFkIl,
2.2 B R AE P TG.TC Ao fudl K F
BN TG A TC K He A 22 R 58
HPEX (P>0.05) . SIEWHLE, &R af
BEEELL/N B A R TR (P<<0.01), WhEk 2,

K1 FUDRAEFE FERE KRR

Tab.1 Body mass, food intakes, water intakes, and liver indexes of mice in various groups

(n=10, x+5)

Group Body mass (m/g) Food intake (m/g) Water intake ( V/ml.) Liver index (/%)
Normal 39.945.3 5.714+0.87 8.234+1.02 3.47+0.34
Sucrose 40.4+5.9 6.0240.69 9.96+1.13" 4.014+0.42
Erythritol
Low dose 38.34+4.7 5.154+0.73 7.1840.89 3.684+0.37
Medium dose 39.14+5.6 5.324+0.56 7.7440.87 3.794+0.41
High dose 39.34+4.8 5.434+0.68 8.3240.95 3.9740.39

"P<C0.05 s normal group.

R2 FU/DRMEH TG TC A MK
Tab. 2 Levels of blood lipids and blood glucose of mice in

various groups [n=10, 225, ¢,/ (mmol - L7") ]

Group TG TC Glucose
Normal 1.4940.32 4.4740.67 4.51£0.31
Sucrose 1.3740.39 5.21+£0.64 4.62+0.35
Erythritol
Low dose 1.2940.27 4.3840.73 4.35+0.37
Medium dose 1.4240.29 4.5240.58 5.23+0.41
High dose 1.6540.26 4.7740.39 6.65+0.57"

"P<<0.01 ws normal group.

2.3 248 KRR AR 6 M A
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FEMHEAT AL, AT UL 2 REAR S I B IR AR, R
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it ERT ) o U R AT e 1, R E B 1 144 R o
Xf S E B A AT A SR M E AR R
FRg 25 /N4y 7 (17.39%) . A HLIR K i 4 W
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A, B: Representative samples of high dose of erythritol group; C, D: Representative samples of normal group; A, C: Positive ion pattern;

B, D:Negative ion pattern.
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Fig. 1 Total ion chromatograms of liver tissue of mice in two groups in positive and negative ion modes analyzed by

UPLC-OE-MS
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Lipids and lipid-like molecules(17.39%)

m Nucleosides, nucleotides, and analogues(2.90%)
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- Organoheterocyclic compounds(5.80%)
Organosulfur compounds(0.72%)
Others(44.20%)

| Phenylpropanoids and polyketides(4.35%)
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Fig. 3 Classification and identification of liver metabolites of mice in two groups
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Fig.4 PCA principal component analysis(A) and OPLS-DA score plot(B) of liver metabolites of mice in two groups
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Fig. 5 Differential analysis of liver metabolites of mice in two groups
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A': KEGG signaling enrichment analysis; B: Metabolic pathway enrichment analysis.
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Fig. 6 KEGG signaling pathway enrichment analysis of differential liver metabolites of mice in two groups
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Fig. 7 Levels of differential liver metabolites associated with metabolic pathways of mice in two groups
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Administration, FDA) # % 7R &5 #1511 ) 45 A\ &
H fie Kt 52 7] 40 780 mg-kg ' "o AHFIT S5 H W
N s e ) N A A /N B SE TR 12 8 406 o
RS KS . ARZK-F-JCHE A2 4k, (B iMpE K-
W Tk B R H AP oK R 8. 32 mL 4R,
ZA /N BRI H A B 8 468 mg-kg !, LUK
FMFRECH 9. 1HrE ARG 930. 5mg-kg ',
f T3 B FDA BUE 1Y fie Kt 32 57 o sk 3% W 1)
T A bt o5 B I FT BE T AR, Bl 4R
RGEGL, MBS

JHF R A 8 428 B AR W A 38 S 687 R 28 5 1l s A2 T
TR FETEBAE o O 1 WS AR S o) JF I A3 1Y
R, AFFE R H UPLC-OE-MS 9158 [a) 10 5] 41 2
R 1 2 20/ N RS i A2 Ak, SRS E R 1 1444
Ry, EESEIRR MG /N1 A PR M AT
Y. AR S W RAIL AL G Y PCA
M OPLS-DA 525 73 Ay 45 J 32 W 1E 5 25 711 79 2t o
EEEBE AL/ WO IR R A R 225 251K
P A AR E) 138 4 22 AR, KEGG {5538
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