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Abstract: The number of low birthweight (LBW) infants weighing below 2500 g has not decreased in
Japan. This study aimed to develop an adult non-obese hyperglycemic mouse model born with LBW
to study the pathogenesis. At 16.5 days of gestation, transient intrauterine ischemia (blocked blood
flow in both uterine arteries for 15 min) was performed in a subgroup of pregnant mice (group I).
Non-occluded dams were used as sham controls (group C). After birth, female pups in each group
were weaned at 4 weeks of age and reared on the normal diet until 8 weeks of age (n = 7). Fasting
blood glucose levels, serum immunoreactive insulin (IRI), and body composition were then measured.
Metabolite analyses was performed on the liver tissues. Birthweight was significantly lower in group
I compared with group C. Pups from group I remained underweight with low fat-free mass and
showed hyperglycemia with high serum IRI and homeostasis model assessment of insulin resistance
levels, indicating insulin resistance. Metabolite analyses showed significantly reduced adenosine
triphosphate and nicotinamide adenine dinucleotide production and increased lactic acid in group L.
The pathogenesis of our non-obese hyperglycemic mouse model may be due to increased myogenic
insulin resistance based on mitochondrial dysfunction and reduced lean body mass.

Keywords: body composition; developmental origins of health and disease; homeostasis
model assessment of insulin resistance; immunoreactive insulin; metabolite analyses; myogenic

insulin resistance

1. Introduction

Fetuses exposed to undernutrition by lean pregnant women with nutritional restric-
tions during pregnancy lose weight and acquire insulin resistance and a frugal constitution
that easily accumulates energy-efficient fat through the adaptation of metabolic and en-
docrine mechanisms to the undernutrition environment in utero [1,2]. Low birthweight
(LBW) infants are more likely to develop metabolic syndrome and lifestyle-related dis-
eases such as type 2 diabetes mellitus, hyperlipidemia, and hypertension in adulthood
(developmental origins of health and disease [DOHaD] theory) [3].

The total number of births in Japan is decreasing, yet the trend of LBW infants weighing
under 2500 g has not decreased [4]. The percentage of LBW infants in the total annual
number of births is 9.49%, which is higher than that of other countries (8.02% in the United
States, 6.95% in the United Kingdom, 6.65% in Germany, 4.95% in China, and 8.38% in
Brazil) [5]. Therefore, it is very important to reduce adulthood health problems in LBW
infants for medical, economic, and social reasons.

It has been reported that a Japanese patient born with LBW developed type 2 diabetes
mellitus without being markedly obese at a young age [6]. Some diabetic patients in Japan
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are non-obese and have a normal body mass index (BMI, 24.9 kg/ m? or less) [7]. Indeed,
Japanese type 2 diabetes patients were less obese than those in Western countries [8].
Approximately 15% of Japanese children with type 2 diabetes are non-obese, which is
a higher rate than that in other countries [9]. It is still unclear why there are so many
non-obese type 2 diabetes patients in Japan, and the scientific reasons are under research.

Animal models wherein obese type 2 diabetes develops after birth with LBW by a
eutrophic (high fat) diet already exist [10]. However, there is no animal model wherein non-
obese hyperglycemia develops after birth at LBW. The cause of non-obese type 2 diabetes
is thought to be insulin resistance due to fat accumulation in the liver and skeletal muscle
as visceral or ectopic fat [11]. In humans, the relationship between the development rate
of type 2 diabetes and birth weight shows a U-shape [12], suggesting that future visceral
fat accumulation occurs regardless of whether birthweight is high or low. However, the
mechanisms of insulin resistance and details of body composition are unclear in non-obese
type 2 diabetes that develops after birth at LBW.

The aims of this study were to develop a mouse model with non-obese hyperglycemia
that develops after birth at LBW and to clarify the pathogenetic mechanism of non-obese
hyperglycemia in our mouse model.

2. Materials and Methods
2.1. Study Design, Protocol, and Animal Model

This study was carried out in accordance with the ARRIVE guidelines, and the proto-
cols were approved by the Nihon University Institutional Animal Care and Use Committee
(protocol nos. AP18MEDO033-1 [5 July 2019] and AP20MEDO003-1 [3 April 2020]). ICR mice
strains at 12 days of gestation were obtained from Sankyo Labo Service Corporation Inc.,
Tokyo, Japan. All mice were fed a normal solid diet (moisture: 7.9%, crude fat: 5.1%, crude
protein: 23.1%, crude ash: 5.8%, crude fiber: 2.8%, and soluble solids: 55.3% (Oriental Yeast
Co., Ltd., Tokyo, Japan) and had access to water ad libitum.

The lower abdomen was incised under isoflurane inhalation anesthesia (induction 5%,
maintenance 2%) at 16.5 days of gestation. In the intrauterine ischemia (group I), maternal
mice were pre-warmed at 37.5 °C on a hot plate, the uterine artery was exposed and blood
flow to the artery was blocked by a clip for 15 min to lead to fetus hypoxia and undernutrition
(Figure 1a,b) [13]. The uterine artery was then unclipped, the were fetuses returned into the
abdomen of the mother mice, and the abdomen was sutured. The controls (group C) only un-
derwent a lower abdominal incision under similar anesthesia (sham control). Newborn pups
were reared under the care of their mothers; female pups from the two groups were weaned
at 4 weeks of age after birth and reared on a normal diet until 8 weeks of age (Figure 1c).

At birth and thereafter, the pups were weighed twice a week until 8 weeks of age. The
body weight gain plateaued at approximately 8 weeks of age. Eight-week-old mice represent
human adulthood [14]. At 8 weeks of age, body composition was measured, blood was drawn
from the heart, and the liver was removed after 12 h of fasting (Figure 1c,d). Fasting blood
glucose levels, serum immunoreactive insulin (IRI), body composition, and serum lipoprotein
levels were measured at 8 weeks of age. Metabolite analyses were performed on liver tissues
at 8 weeks of age. Results were compared between group I and C (n = 7 for each group).

2.2. Glucose Metabolism Markers

Blood glucose levels after 12 h of fasting were measured using a Stat Strip XP2 (Nipro
Corp., Osaka, Japan). Blood was then centrifuged at 3000 rpm for 5 min at room temperature
and the serum was stored at —20 °C. Serum IRI levels were measured using a mouse/rat
total insulin (high sensitivity) assay kit (Immuno-Biological Laboratories Co., Ltd., Fujioka,
Gunma, Japan). Homeostasis model assessment of insulin resistance (HOMA-R) was
calculated using the human formula:

HOMA-R = fasting blood glucose (mg/dL) x IRI (uIU/mL)/405

since there is no formula for mice [15].
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Figure 1. Experimental procedures. (a) Uterine artery ligation in pregnant mice (ischemia for
15 min). (b) Body temperature control on a hot plate (37.5 °C). (c) Study flow of this study. (d) Body
composition measurements using ImpediVETTM (Bioresearch center, Co., Ltd., Nagoya, Japan).

2.3. Body Composition Analyses

Body composition was measured using the bioelectrical impedance analysis method
using a body composition analyzer for laboratory animals (ImpediVET™, Bioresearch
center, Co., Ltd., Nagoya, Japan) (Figure 1d) [15]. Bioelectrical impedance analysis is used
to estimate body composition (such as body fat percentage) by measuring the electrical
resistance (bioimpedance) of biological tissues. Adipose tissue conducts almost no electric-
ity, while muscle and other tissues that contain many electrolytes easily conduct electricity.
The ratio of fat to other tissues can be estimated by measuring electrical resistance [16]. Fat
mass percentage and fat-free mass percentage were measured. Fat mass (g) (1) or fat-free
mass (g) (2) were calculated using the following formula:

(1) Fatmass (g) = eight-week-old body weight (g) x fat mass percentage/100
(2) Fat-free mass (g) = eight-week-old body weight (g) x fat-free mass percentage/100

2.4. Serum Lipoprotein Levels

Cholesterol and triglyceride profiles in serum lipoproteins were analyzed using a
previously described gel-permeation high-performance liquid chromatography method
(LipoSEARCH®; Skylight Biotech, Akita, Japan) [17-19]. Cholesterol and triglyceride levels
of total- and major classes of lipoproteins (high density lipoprotein, HDL; low density
lipoprotein, LDL; very low-density lipoprotein, VLDL) were defined using component peak
analyses based on lipoprotein particle sizes using the Gaussian curve fitting technique [18].

2.5. Metabolite Analyses in Liver

Metabolites were extracted using the following methods: approximately 50 mg of
frozen liver tissue from female mice (8 weeks of age, n = 3 each group) was placed in a
homogenization tube along with zirconia beads (5 mm ¢ and 3 mm ¢). Next, 1500 uL of 50%
acetonitrile/Milli-Q water containing internal standards (H3304-1002, Human Metabolome
Technologies, Inc. (HMT), Tsuruoka, Yamagata, Japan) was added, followed by two cycles
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of tissue homogenization using a bead shaker at 1500 rpm for 120 s at 4 °C each (Shake
Master NEO, Bio Medical Science, Tokyo, Japan). The homogenate was centrifuged at
2300x g for 5 min at 4 °C. The upper aqueous layer (400 uL) was centrifugally filtered
at 9100x g for 120 min at 4 °C using a Millipore 5-kDa cutoff filter (Human Metabolome
Technologies, Inc.) to remove macromolecules. Under vacuum, the filtrate was evaporated
to dryness and redissolved in 50 uL of Milli-Q water for the metabolome analysis.

Metabolome analyses were conducted using capillary electrophoresis time-of-flight
mass spectrometry, as previously described [20,21]. Briefly, capillary electrophoresis time-
of-flight mass spectrometry analysis was performed using an Agilent CE capillary elec-
trophoresis system (Agilent Technologies, Inc., Santa Clara, CA, USA). The spectrometer
was scanned at 50-1000 m/z and peaks were extracted by integration software (Keio Uni-
versity, Tsuruoka, Yamagata, Japan) to obtain the following data; m/z, migration time, and
peak area [22]. The peaks were determined according to the metabolite database based on
their m/z values and migration times. Peak areas were normalized using internal standards
and sample volume, then relative levels of the metabolites were obtained.

Principal component analysis and hierarchical cluster analysis were performed, as
previously described [23]. Detected metabolites were plotted on metabolic pathway maps,
as previously described [24].

2.6. Statistical Analyses

Data are expressed as the mean + standard error of the mean. Comparisons between
the two groups were performed with the Mann-Whitney U test or Welch's ¢ test as appro-
priate using JMP ver. 14 (SAS Institute, Cary, NC, USA). A p value < 0.05 was considered a
significant difference.

3. Results
3.1. Birth Weight and Changes in Body Weight Gain

Birthweight was significantly lower in group I (1.5 g) than that in group C (1.8 g)
(p = 0.01) (Figure 2a). The mean body weights of groups Iand C at1, 2, 3,4, 5, 6,7, and
8 weeks of age were: 4.7and 7.2 g, p <0.01; 7.3 and 9.7 g, p < 0.01; 14.0 and 15.5 g, p = 0.03;
22.1and 26.1g,p <0.01;30.5and 34.1 g, p <0.01;33.2and 36.3 g, p =0.02; 33.9and 379 g,
p <0.05; and 35.5 and 40.2 g, p = 0.01, respectively. Group I had a LBW and was consistently
underweight thereafter, even at 8 weeks of age (Figure 2b).

3.2. Glucose Metabolism Markers

The mean fasting blood glucose level at 8 weeks of age was significantly higher in
group 1 compared with group C (196.9 and 75.0 mg/dL, respectively) (p < 0.01). The
mean levels of IRI and HOMA-R were significantly higher in group I (3.9 uIU/mL and 1.9,
respectively) compared with group C (1.4 pIU/mL and 0.3, respectively) (p = 0.03, p < 0.01,
respectively; Figure 2c—e).

3.3. Body Composition

There was no significant difference between the mean fat mass of group I and group C
(16.6 and 17.7 g, respectively) (p = 0.95, Figure 3a). Meanwhile, the mean fat-free mass was
significantly lower in group I than that of group C (19.1 and 22.6 g, respectively) (p = 0.01,
Figure 3b).

3.4. Serum Lipoprotein Levels

Mean total cholesterol, LDL cholesterol, VLDL cholesterol, and HDL cholesterol levels
were 104.4 mg/dL, 15.5 mg/dL, 10.7 mg/dL, and 77.6 mg/dL, respectively in group I and
99.3mg/dL, 16.5 mg/dL, 8.2 mg/dL, and 74.3 mg/dL, respectively in group C, with no
significant differences between the two groups (Figure 3c—f). Total triglyceride level was
significantly higher in Group I (88.1 mg/dL) than that of group C (37.3 mg/dL) (p < 0.05;
Figure 3g).
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3.5. Liver Metabolite Analyses

A clear difference was found between group I and group C in the principal component
analysis and the heat map display of the hierarchical cluster analysis (1 = 3 for each group,
Figure 4a,b; Supplementary Tables S1 and S2).

5 0 3 10 15

PC1 (42%) Ischemia Con'trol

Figure 4. Metabolite analyses in liver tissue. (a) Principal component (PC) analysis. (b) Heat map
display of the hierarchical cluster analysis. n = 3 per group.

Comparative analysis of the tricarboxylic acid (TCA) cycle, respiratory chain, and
glycolytic pathway between group I and C are shown in Figure 5a,b, and Supplementary
Table S3. Malic acid, fumaric acid, succinic acid, and citric acid were higher in group I than
group C (p < 0.001, p < 0.001, p = 0.170, and p = 0.118, respectively; Figure 5c). Respiratory
chain analyses showed that nicotinamide adenine dinucleotide (NAD™) and adenosine
triphosphate (ATP) were significantly lower in group I than that of group C (p = 0.010 and
p = 0.031, respectively). Meanwhile, lactic acid in the glycolytic pathway was significantly
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higher in group I than that in group C (p = 0.002). Representative oxidative stress markers
3-indoxylsulfuric acid, cysteine, and S-adenosylmethionine were significantly higher in

group I than that in group C (p < 0.001, p < 0.05, and p < 0.01, respectively; Table 1).
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Table 1. Oxidative stress markers.

Comparative Analysis

Group I'vs. C
Compound Name Compound Name Ratio t p-Value |
3-indoxylsulfuric acid 2.0 <0.001
o Cys 3.0 0.011
Oxidative stress S-adenosylmethionine 1.7 0.003
Ergothioneine 0.7 0.061
N,N-dimethylglycine 0.9 0.683

¥ The ratio of the detected mean values between the two groups. I Welch'’s t-test.

4. Discussion

In clinical practice, patients born with LBW can develop type 2 diabetes without
significant postnatal obesity; however, animal models have not yet been developed. In
this study, we confirmed that our mouse model using intrauterine ischemia by transiently
blocking blood flow of uterine arteries in pregnant mice yields non-obese hyperglycemia in
young adulthood after birth with LBW. Total cholesterol, LDL cholesterol, VLDL cholesterol,
and HDL cholesterol levels were not significantly different from the controls. Reduced lean
body mass and mitochondrial dysfunction contributed to the increased myogenic insulin
resistance of non-obese hyperglycemia (Figure 6).

Intrauterine ischemia ‘

4

Oxidative stress

\ 4

Mitochondrial dysfunction

\ 4

Lean body mass reduction

\ 4

Insulin resistance

) 4

| Hyperglycemia |

Figure 6. A theory for the pathogenesis of non-obese hyperglycemia after birth with low birthweight
in our model.

4.1. Mice Model Born with LBW

Intrauterine malnutrition, such as ligation of bilateral uterine arteries in pregnant
rats or food restriction of pregnant animals, can cause fetal growth restriction [25-28].
There are animal models that develop hyperglycemia with adulthood obesity [10] and
that remain underweight in adulthood but do not develop hyperglycemia [29]. However,
this is the first animal model that develops hyperglycemia after birth with LBW without
developing adulthood obesity on a normal diet. Further studies are needed to investigate if
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the pathogenesis of our mouse model is related to that of human non-obese type 2 diabetic
patients.

4.2. Myogenic Insulin Resistance

Group I had significantly lower fat-free mass than that of group C, although there
was no difference in fat mass between the groups. This may be due to decreased muscle
mass in group I since this group was not obese. Patients born with LBW tend to have
low muscle mass in adulthood [30] and their basal metabolism is low [31] which leads to
visceral fat accumulation, decreased adiponectin secretion, and insulin resistance [32]. Our
animal model showed myogenic insulin resistance due to reduced muscle mass which is
considered one of the causes of non-obese diabetes.

4.3. Mitochondrial Dysfunction

Mitochondria are the site of energy production such as ATP; therefore, mitochon-
drial dysfunction decreases ATP production. Lactic acid increases since ATP is produced
through anaerobic glycolysis [33]. NAD" is one of the cofactors for energy production in
mitochondria and is also reduced by mitochondrial dysfunction [34]. In this study, group
I liver metabolite analyses showed decreased mitochondrial function through decreased
ATP production, increased lactic acid, and decreased NAD™. In addition, 3-indoxylsulfuric
acid (an oxidative stress molecule) was significantly higher in group I compared with group
C. Ischemia and reperfusion produce oxidative stress, such as reactive oxygen species,
resulting in decreased mitochondrial function [35-38]; this suggests that the intrauterine
ischemia in the present model caused mitochondrial dysfunction by the same mechanism
(Figure 7).

Ischemia/Reperfusion

"

ROS production

"

mPTP opening

«

Mitochondrial decay

"

Decreased mitochondrial function and
Decreased activity of Ca® -ATPase

-

Increased intracellular
Ca‘*concentration

b

Decreased ATP production in mitochondria,
cell death and organ damage

Figure 7. Mitochondria dysfunction by ischemia and reperfusion. ATP, adenosine triphosphate;
mPTP, mitochondrial permeability transition pore; ROS, reactive oxygen species.
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Diabetes development is strongly associated with mitochondrial dysfunction in skele-
tal muscle and liver; therefore, mitochondrial dysfunction can cause insulin resistance [39].
The clinical features of mitochondrial diabetes include short stature and non-obesity [40].
The development of mitochondrial diabetes is at a relatively young age (in the 30s), and
the maternal inheritance of diabetes mellitus is 59%; therefore, not all cases are maternally
inherited. Mitochondrial diabetes varies from insulin deficiency to insulin resistance. It is
thought that autoimmune mechanisms are less likely to be involved. Other reports demon-
strated a link between insulin resistance and mitochondrial dysfunction in the elderly [41]
and mitochondrial dysfunction in a close relative of a diabetic patient [41]. Furthermore,
type 2 diabetic patients have decreased expression of mitochondrial respiratory chain com-
plexes or mitochondrial metabolism-related genes compared with healthy controls [42,43]
while continuous physical activity improves insulin resistance and mitochondrial dys-
function in type 2 diabetic patients and obese individuals [44]. In addition, decreased
mitochondrial DNA in peripheral blood cells correlates with insulin resistance [45] sug-
gesting that quantitative or qualitative mitochondrial decline may be involved in the
development of non-obese type 2 diabetes. Mitochondrial dysfunction causes muscle
atrophy [46] and may be associated with insulin resistance due to reduced muscle mass
which is the cause of non-obese type 2 diabetes.

4.4. Other Pathogeneses

As other pathogeneses, increased insulin clearance [47], decreased pancreatic 3-cell
function [48], and enlarged fat cells [49] have been reported in the cause of non-obese type
2 diabetes. It is necessary to study if these causes exist in this model using biochemical,
genetic, and histopathological analyses.

4.5. Limitations

There were several limitations in this study. First, there was a small number of animals
due to ethical issues. Second, only female mice were included because many male mice
died due to the intrauterine ischemia. The results of male mice showed a similar trend;
however, the relationship was not as significant as those of females. Fewer male mice used
in the experiments may have contributed to a less significant difference. Mitochondria are
maternally inherited and may be more likely to appear as a female phenotype; however,
further studies are needed using large sample sizes in both sexes. Third, visceral fat
accumulation was not assessed by any imaging. Fourth, intrauterine ischemia is a cause of
LBW at birth, but not of all LBW causes. Finally, since the equation of HOMA-R generally
use is for humans, it is necessary to verify whether the results of this formula really
represent insulin resistance in mice.

5. Conclusions

This mouse model showed non-obese hyperglycemia in young adulthood after birth
with LBW due to transient intrauterine ischemia. A pathogenetic mechanism may involve
increased myogenic insulin resistance by mitochondrial dysfunction. In the future, using
this model, preventive and therapeutic strategies for non-obese hyperglycemia will be
studied, such as the use of growth hormone, whey protein, or Chinese medicine, and
non-invasive insulin therapy [50].

6. Patents

A method for producing a mouse model that develops non-obese type 2 diabetic in
young adulthood after birth with LBW due to transient intrauterine ischemia was lodged
with the Japanese Patent Office on 6 July 2020, by Nobuhiko Nagano, Ichiro Morioka,
Shoichi Shimizu, and Daichi Katayama (application number: 2020-116354).
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75.0mg/dL, p<0.01), IRI 33 £ TN HOMA-R O FEH)fE X, C BE(1.4ulU/Mm, 0.3) & bhig LT, 18
(39ulU/mL, 1.9)THEIZE D> 12(Z L p<0.05, p<0.01)(F 1),

3.3 ALK

IR KOV C BEO RN E &1 BE 16.6 vs C B 17.7g) DN A B ZEIT /2 5o 72(p=0.95),
—J5. FHIBRIEEIT, CHEL D & T BECTHEITARD o 721 B 19.1 vs C BE 22.6g, p<0.05) (3%
2)0

34135V RH X ERRE

fa = L A7 m—/L  LDL(low density lipoprotein) = L* 27 = — L VLDL(very low density
lipoprotein) = L A7 1 —/L_ 3 . T' HDL(high density lipoprotein) = L A7 1 — /L 0 I 1%
I[BECENZA 104.4mg/dL, 15.5mg/dL, 10.7mg/dL, 77.6mg/dL. C # T 99.3mg/dL. 16.5mg/dL,
8.2mg/dL,74.3mg/dL TdH W Wb 2 BEH CHEZT 202 7o, TYENEIIE C FE(37.3mg/dL)
LU HITHE (88.1mg/dL) THEIZE -T2 (p<0.05) (3 2).

3.5 A X AR a— LT

JTHg oD A 2 78 v — At T, TCA RBIROTHEREEN TH D Y Tk, 7~ AERIT C
B L I THREICEL (ENTN p<0.001, p<0.001), =aF > T I RKTT=0TVXT L
2 F K (nicotinamide adenine dinucleotide: NAD+) 3 L OV 7 7 / v > = U  [i# (adenosine
triphosphate: ATP)I%, CHE LV & 1 REICHB W THEILE) o 72 (ZHZE 4 p<0.05, p<0.05),
—J5, BRI CREL D L IR CHEIZE NS T2(p<0.01) (3, K3), ZOFMEENSI b=
VR THERER T OFEN SR S L, £o, ARRBIEA L AY—I—Th D 3-1

YRR VIR, VATA v BEOSTT /UAAFA=UITIRETCHIVBARIC
o T2(F N p<0.001, p<0.05, p<0.01)(F 4),

4.5%5%

FERR IR E CAEFNTZ IR, F4 eI 2 DTSR IP & FIE T D REBI A7
ELTWE D, LOLIOX I REWET MIEIEHBEIN TRV, AL TIE, 4
Y~ U 2O EBIIRO M 2 —REAICHER§~ 5 Z L l2 k0 RIEETHA L, BERAS
IR A S A A2 7o b 2 L &R Lz, L A7 —/L LDL 2 L AT H—
Jb. VLDL 2L 275 m—/L BLO HDL 22 L A7 o—/ L3 2 BRI CHE R ZIT R D -
7. BREEMIEOWRD & I oy FU THEREIK TIC X DA R U ARBUMEA R
B P ORIEICR G LT B2 bz, (X 4),

1 fG A v A U R
[REX CREL D RIENI BN EITIE D o 722, 2 BEM TN EICEIT e o 1=, RHA



RETAEENZIRIT. RABOHRENDRVMER S 019, EEEEHMEV9725 . Rl
HERFOERE, 77 4 R F L 3WDRD, BLOA AU ARGIEIC D223 51, RIS
DOEET VL, FHRAROWNC X DHEMEA A ) ARBiEZ R U, 2 AU R =
MpEDFERD—> L EZ BND,

42 X hay RU 7THEREIRT

IPaVFYTIRATP R8O ANF—HEDOGTH DL, Lizdh>T, Ibav iy
7 DEEBEIR T 13 ATP FEA 2 i) ¢ 2, ATP I3BFRMIEIEIC X o TR I N3 =0, FLlE
AT 2, NAD+HIZIFavy FY 7B 3 ALF—LEOHATD 1 2TH Y,
TPV P Y TOMRBEKTICK o THA T2, AR TR, A X Fa—Lf@ricky,
1 #ED ATP A OJY, FLEEDHEN, XX NAD+OJEIC X 2 3 Fa v F Y THEEKT
PRENTz, 51T, LA ML ATHS 3-4 v FFUALEEIZ, CEEE LI L CIHETH
BICE D o 72, I & FER IS EL SO L AZ5[ &L, ShavFY T
BEREE T 2072563202 Ky RETABRUEAHI=ZXLTI bav P THEEKT%
GlEEZ LR H 5, I Fay FY THEEET I, ZhBEETh 1 v 2 ) vibiEz
FlE L, @IEERIEST 2 20, $72. I bav F) 7THEERTEIHEMmET L L,
REDOBAIC L 54 v 2 ) ViR & BE L T 2 aREED B 5,

TPV P TR T IEA YR vauwEE, 4 v R ) v IS I E R,
AW CTIIEMBPETA v R Y v 3Tt L, HOMA-RAEETH 572 b4 v R
U ESIESEEEZ 726 LT0wbEEZZ, Ll A VR VREESECTED
AVAY VHBHMICAR L TWB Z e, 4 v R Y VRGO T 23S I o 7 A & 7n
STWAAREED B2, ZDDFNRD A v 2 Y v ERREOFHM, v v vgamEERIC X
LIPS 2 5 A4 v 2 ) Vool 4 v 2 ) v ARRERIC X 34 v 2 ) VIEFUEOFF
i NETH B, 7z, A XK — LFETCEIMAIIF AT ) —r e vignrs ey
VIBOFEAEMET LT3, CoRMICBEDIBETH L L VIEFF — X ORI
532 PVLREETORFEL 72 L T3[R H 5,

WFFE DR F

ABFZECIXMER 22 BED D RFT CE o~ U A DB T Tldie o Tz, HEDO~ T ZAD
FER G RN CTH o 7228, D~ T A TEVREE Th oo, ZHUIREERD D72 &5
WA LIZWRRMER S D, ZOTOREMENTIL b RIEEEZ S L TERIRHADBLIETH 5,
T 7z, REDNEAD L, BiREA v 2 ) VIRPUEICRS 3 2 T A RIEE 2z~ v A AE
AE T = I % FEAE S 2 2ot 2 DD B,



5 it

FEPIRLIC £ > CIRHARECHA L, IR IR & i & 980T 5~ & 2
TV &A% LTc (RFHRRT 2020-116354) s FERIEOMFIEL, I h = R U THEEEIR T
L BRIEI RO IS HRIRHEA 2 U ARBIPE ORI £ 5 FTHENED 8 5.

6 5% DR

K~ U AET VTR AERETHA L, BENTIRIL & b 2 < 72 TR 9 o8
TFNLTHY, RO~ T ZAET /L% VT, KA K E-FEAR & fbE o JE TR0
TRIRIEOBFMEEATH 2 EBAMREL 72 D, T ORER, IKHAKRE R Ok A Ol |2
KRELSEHBRTE D ABEMEDR S 5,

(a) (b)

T

2
#l
i
8

(RIS HBEE

HiEFL

M1 ERTFIE () WATEBIROMN, () ABEOWN, © EHEONE,



—
[

a) (&)

p=0.01
5 | | | 50 -
C 40 -
1.5 A —_
i Bvd 30
e i
= #© 20
0.5 10 +
0 - 0
I8 CHE 0

2 (a) HZEMRE (b) A5 8 il £ TOMREMER, V15 LRSS (BRFE n=7) (%p < 0.05,

*kp < 0.01,

x1 7na—2GH

=y o —LEE (n=7) R AL (n=7) p-Value

MpEfE (me/dL) 75.0+4.8 196.9+17.7 <0.01
IRI (uIU/mL) 1.4+0.4 3.9+1.0 <0. 05
HOMA-R 0.3+0.1 1.9+0.4 <0.01

Data are shown as the mean * standard error of the mean (n = 7 per group)

HOMA-R: homeostasis model assessment of insulin resistance,

IRI: immunoreactive insulin

2 RHRR. MiFY R T R

2 b —/ B (0=7) i LB (n=7) p-Value
NENi& (g) 17.7£0.9 16.6+1.9 0. 95

BRAEN & () 22.6+0.8 19.1+1.6 <0.05
WwarzFa—1L (ng/dL) 99.3+3.1 104.4+8.5 0.91
LDL = L A7 7 —/L (mg/dL) 16.5+1.2 15.5+2.3 0. 40
VLDL = L 27 2 —/L (mg/dL) 8.27+0.9 10.7+1. 4 0. 07
HDL = L 27 7 —/L (mg/dL) 74.3+1.8 77.6+6.7 0. 60

HERERS  (mg/dL) 37.3%5.5 88.1+13.6 <0.05

Data are shown as the mean *= standard error of the mean (n = 7 per group)

LDL: low density lipoprotein. VLDL: very low density lipoprotein, HDL: high

density lipoprotein




#3 D A Z R o — LT

2y u— L (n=3) RE A (n=3) p-Value

U = (nmol/g) 508196 2188=£50 <0. 001
7 < )VEE (nmol/g) 308+41 829%34 <0.001
ATP (nmol/g) 35*6.5 16E£1.6 <0.05
NAD+ 31E£5.5 60+8. 1 <0.05

AmE (nmol/g) 52001100 156001700 <0.01

Data are shown as the mean %+ standard error of the mean (n = 7 per group)
=aF T I RTTF=rI XY AT R(nicotinamide adenine dinucleotide: NAD+) .
75 )=V B (adenosine triphosphate: ATP)

#4 BRIEA LA

o ha—VEE vs, EIMEE

ety p-Value

AV RF¥ VR 2.0 <0.001

VATA YV 3.0 <0.05

b A b LA S-TF )V NAFFH=> 1.7 <0.01
T ITFFRA 0.7 0.061

NN-TAF LT Y 0.9 0. 683

Data are shown as the mean * standard error of the mean (n = 7 per group)

*2 BER O TEIED L,
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1.

Supplementary Table S1. Principal component score

Group | Group C
Contribution rate (%)
11 12 13 C1 Cc2 C3
PC1 4199 -1209 -11.01 -7.41 9.73 11.66 9.12
PC2 18.80 -4.70 -0.08 6.81 7.68 258 -12.28
PC3 15.49 8.01 062  -10.21 2.82 472 -5.97
PC4 13.40 -6.54 10.96 -5.23 257 -2.39 0.63
PC5 10.32 -2.56 277 094 -8.02 8.60 -1.73

PC, principal component



Supplementary Table S2. Metabolites and principal component score

Compound name PubChem CID HMDE I mz MT/RT PC1 PC2
A_DDD3  Pyruvic acid 1060 HMDEOO00Z43 B7.009 1049 99E-01 -22E-02
ric acid 264 HMDBEOOD003S
A_DDD4 :gutyri: acid @ —m 87.045 831 -32E-M 4.4E-01
A_DDD5  Lactic acid 612 HMDEOOD01 50 HMDBO001311 89.024 900 -9.5E-01 1.3E-01
A _0DDE  3-Hydroxybutyric acid 441 HMDEOX0001 1, HWMDBOD00257. HMDBO000442 103.038 804 BEE-D 34E-01
A_DD07  2-Hydroxybutyric acid 440864 HMDEOOD0008 103.040 824  TAE-MM 5.3E-01
A_0008  Fumaric ackd 444972 HMDEODD01 34 115.003 1757 -9.8E-01 3.3E-02
A_D010  Succinic acid i1o HMDEODD0254 M7.019 1652 -55E-01 4.3E-01
A_0011  P-Hydroxyisovaleric acid 69362 HMDBO00O7S54 17.056 763 23601 1.3E-01
A_DD12 WADDO3 124991 1024 -53E-M -7.8e-01
A_D013  Isethionic acid 7866 HMDBODO03303 12493 855 B.1E-MM 22E-01
A 0014 5-Dxoproline 405 HMDEOOOOIET 128.035 757 91E-M -1.1E-01
A_D015  N-Acetylalaning BB064 HMDEBEOOO07 66 130051 750 -79E-1 4.2E-01
A_DD16  Malic acid 525 HMDEODD01 58 HMDBODO0T744 133.013 16573 -9.9-01 3.5E-02
A_0017  Threonic acid 5460407 HMDEOOD0S43 135.030 779 4TE-MM 4. 2E-01
A D018 Ethanclamine phosphate 1015 HMDBO000224 140011 679 BYED1  4.0E-D1
A_001%  Octanoic acid 3ra HMDEOOD04E82 143107 711 42E-M1 5.0E-01
A 0020 4-Acetamidobutancic acid 18189 HMDEOOO3681 144066 728 51E-M 1.7E-01
A D022 2-Hydroxyghutaric acid 43 HMDEODD0606, HMDBOD0 0654 147.028 1332 -BEE-01 -2 6E-01
A 0023 Cysteinesulfinic acid 1545008 HMDBOODDSSE 152.000 801 9.0E-01 -2.8e-01
A_0024 Pelargonic acid 8158 HMDEOQD0847 157123 693 26E-01 5.3E-01
A D025 Terephthalic acid 7489 HMDEOOD2428 165.018 1308 -4.1E-D1 -27E-01
A_DOZE  WADD1Z 166.018 T8 42E-M -4.0E-01
A_0027 Phosphoenolpyruvic acid 1005 HMDBOOD0263 166.974 1558 BTE-01 -5.8e-01
A_D028  Uric acid 1175 HMDEOQD0289 167.021 TS50 GEE-I1 6.7E-01
A 0029 Dihydroxyacetone pt 668 HMDEODD1473 168.990 1043 -9.6E-01 -7.7E-02
A_D030  Glycerakdehyde 3-phosphate 128 HMDEO001112 168991 986 -53E01  -30E-01
A 0031 Glyceral 3-phosphate 433162 HMDEOOO01 28 171.006  10.00 -G8E-02 3.3E-01
A_0032 Decanoic acid 2069 HMDEODD0511 171.140 677  29E-M1 -1.2e-1
Isovalerylalaning (29285 HMDEOOO0747
AD033 o _Meghmm Tosiz VDB 175 172097 680 -38E-01  -B.1E-02
A 0035 N-Acetylasparagine 50715 HMDBO006028 173057 741 16E01  52E-01
A_D036 Suberic acid D457 HMDBEOOD0BS3 173.084 1057 -3.0E-01 37E-1
A_D037  N-Acetylaspartic acid B5065 HMDEBEODOD0812 174.041 1176 -8.1E-02 6.96-01
A_0038  Ascorbic acid 54670067 HMDBOOO0044 175.024 718 -33E-02 7.0E-01
A_D033  Allantoic ackd 203 HMDBOO01208 175.046 733 -1.3E-M -4 2E-01
A_0040  3-Phosphoglyceric acid 439183 HMDBOOO0B0T 184984 1482 7I1E-M 9.6E-02
A_DDMZ  XADDIT 186.114 668 G.0E-01 -7.0E-D3
A_DD43  N-Acetylglutamine 25561 HMDBOO0G02S 187.073 686 -79E-01 5.7E-02
A D4 Azelaic acid 2266 HMDBOOO0T 84 187.0%7 1007 -2.9E-M1 4.3E-01
A D45 N-Acetylglutamic acid FoH4 HMDBEOOD1138 188.056 1082 -34E-01 -31E-1
A_DME N -Acetyimethionine 448580 HMDEQO11745 190.055 689 -9.1E-01 1.6E-01
A_DD4B  MADD1D 1M.018 TO05 891E-M 1.56-01
A_DD4S  Ciric acid an HMDEODD0084 19020 1785 -T4E-01 -4 4E-01
A_ D050 Quinic acid 6508 HMDBOOD3072 191065 655 -3.0E-02 -14E-01
A_D051  N-(o-Toluoyl)glycine 91637 HMDBO011723 192.065 691 61E-01  -F2E-01
A D052  Phenaceturic acid BB144 HMDEODD0821 192.066 657 -42E-01 -4 8e-01
Galacturonic acid-1 HMDEBOOO2545
A_DD53 Glscuronic acid-1 iﬁ% HMDEOO001 27 193.035 T01 -4TE-MM -52E-01
Galacturonic acid-2 438215 HMDBOOO2545
A_DD54 Glscuronic acid2 RS BMDEOCOD 27 193.036 687 46E-01 -25e-02
A_DD55  Gluconic acid 10690 HMDEOODDEZS 195050 695 B8E-1 3.0E-01
A 0057  Lauric acid 2803 HMDEQO0063E 188471 653 TEE-D 4.5E-01
A_DD58  Mucic acid 3037582 HMDEOOD0E3S 209029 1141 14E- -21E-1
A 0058 3-Indoxylsulfuric acid 10258 HMDEOO0DEE2 212.001 801 -8.7E-M1 1.7E-01
A_DDG0  Pantothenic acid BE13 HMDEOQD0210 218.102 652 GOE-O1 -1.8e-01
A_DDG1  Ethyl glucuronide 18392185 HMDEO010325 221 066 661 4TE-M -8.56-01
A_DDE2  Myristoleic acid 5281119 HMDEOQI2000 225185 638 75E-01 6.0E-01
A_DDE3  Myristic acid 11005 HMDEQQODB0E 227.202 636 2902 T7.1E-1
A_0D64 Ribulose 5-phosphate 4359184 HMDBOODDE 18 220012 914 -893E-01 -7.3e-02
A 0085 Ribose S-phosphate 43 ET HMDEOOD1 548 229.012 880 -B2ED -F.7E03
A_DDGE  WADD33 242.080 647 O5E-02 -2 6E-01
A_DDGT Ascorbate 2-suffate S4676864 254982 1159 -T8E-M 4.0E-01
A_DDGE  WADD3S 254983 1108 -8.0E-M 1.7E-01
A_DD6S Glucosamine B-phosphate 440997 HMDEODD1254 258.033 749 -53E-1 -3.0E-1
A_OO7T0  myo-Inosiol 2-phosphate 160836 258022 B80 -54E-01 3.3E-1

A_00T1  Glecose G-phosphate 5858 HMDBOO01401 259.023 826 -54E-01 -3.26-01



A 0072 ;ﬁ:::ﬂm:x :EH;: % 269023  BE1 4BED1  4BE-D1
A_DO73  Ghucose 1-phosphate B5533 HMDBO0O01588 259023 848 -B3ED1  -21ED1
A_DO74  Fructose 6-phosphate 603 HMDBO0OD124 259023 834 -4TE-D1  -41ED1
A_DO7S  Sorbitol 6-phosphate 152308 HMDBO00SA31 261037 836 15E-01  4BE-01
A_DOTE  2,3-Diphosphoglyceric acid 186004 HMDB0001284 264953 1419 BOED1  29ED1
A_DOT?  6-Phosphoglucanic acid 91493 HMDB0001316 275019 1183 -97E-01  -91E-02
A_DO7B  Xanthosine 4959 HMDBO0OD238 283070 647 -29E-01  B3E-O1
A_DOT9  Sedoheplulose 7-phosphate 165007 HMDBO001068 289.034  B.OB  289E01  -44ED1
A_DDBD  W-Acetylglucosamine 1-phosphate 440272 HMDBO001367 300047 803 72ED1  2BED
A D081 W-Acetylglucosamine B-phosphate 440906 HMDB0001062 300048 772 -3BE-D1 -4.0E-01
A D082 N-Acetylneuraminic acid 439187 HMDBO000230 308100 614 34ED1  2BEOI
A D083 Ribulose 1,5-diphosphate 123658 308.979 1245 SEE01  3BED1
A_DDSS  CMP £131 HMDBO00D0ES 322043 804 35ED1  -1BED1
A_DDSE  UMP 6030 HMDBO0OoD288 323030 818 -75E-03  91E-D1
A_DD87  N-Glycolylneuraminic acid 440001 HMDBO00DA33 324085 612 -7T9ED1  11E-01
A_DDBY  5-Amingimi 4-carb ribotide B5110 HMDBO0O1517 337055 783 BOED1  39ED
A_DDSD  Ascorbate 2-glucoside 54693473 337.075 609 -93E-01  3BE-02
A D091 Fructose 1,6-diphosphate 172313 HMDB0001058 338983 1173 -9BE-D1  -T.0E-02
A_DDG3 AMP 6083 HMDBO000045 346.056 778 -29E01  D.OED
A_DDGA  F-AMP 41211 HMDBO003540 346058 816 -93ED1  -11ED1
A_DDSS  IMP a5a2 HMDBO0O0175 347.042 788 -12E-01  B5E-O1
A_DDGE  GMP B804 HMDB0001387 362052 768 -18E-01  93E01
A_DDGT  XADOSS 368.999 1156 -7.7E-01  -2BED1
A_DDGB. CoA_divalent BTB42 HMDBO001423 382549 882 7BE-D1  5BE-D1
A_D0SS  PRPP 7339 HMDE00O02E) 388945 1308 51E-01  17E-01
A_D100 FAD_divalent 643975 HMDB0001248 391.571 667 3IED1  GEED1
A_0103 UDF 6031 HMDBO00D285 4028991 957 31ED1 -22E01
A_0105  Cholic acid 221483 HMDBO0ODE 1S 407279 587 -BE-D1  2BE-01
A D106 Thiamine diphosphate 1132 HMDB0001372 42303 673 G55ED1  -2BE01
A_D107  3-Methylcrotonyl CoA_divalent 9549328 HMDB0001483 423570 860 -27E-01  3BED1
A_0103 ADP 6022 HMDBO001341 426025 901 B4E-D1  BBE-D1
A 0110 GDP 877 HMDE0N01201 442015 881 223E01  BSED
A D111 XAD0BS 445084 592 24E01  T7E-O1
A_0112  Adenmylosuccinic acid 447145 HMDBO0ODS38 462089 1115 -96E-D1  22E01
A_0117  CDP-choline 13804 HMDBO001413 487100 580 47E-D1  73E-01
A D19 ATP 5957 HMDB0000538 505.887 964 92E01  -34ED1
A D120 TP 8583 HMDBO000189 506.972 965 SEE01  7.3E01
A D121 GTFP 6830 HMDBO001273 521876 942 92ED1  -3BED
A 0122 ADP-ribose 445794 HMDBO001178 556068 7.8 -BBE-D1  2BE-01
A_0123 Egiﬁ:ﬁ gﬂs& % 565.044 728 -9TE01  97E02
A_0124  UDP-ghscuronic acid 17473 HMDBO00DS3s 579030 815 BOE-D1  1.1ED1
A_D125 ig:'ml MB ;2% % 588.075  7.02 -45E-01  5.0E01
UDP-N-acetylgalactosamine 23724461 HMDBO000304
A28 LrDF'—N—aDa:;EMmmha 445675 HMDED000290 606089 713 -G8R01 -27E02
A_0127  CMP-N-acetylneuraminate 448209 HMDB0001176 613.143  7.08 -5TE-01  -55E01
A_D128 NAD" 5803 HMDB0000202 662105 550 O6E01  27ED1
A_D123  NADH 439153 HMDBO001487 BB4.111 691 91ED1  -13ED1
A D130 NADP" 5886 HMDBO00D217 742067 785 BBED1  1BE-O1
C_0001  Trimathylamine 1146 HMDBO0O090E 60.081 482 -BTE01  -3.0E-01
C_0002 Urea 1176 HMDBO00D234 61.040 1731 -T4E02  -3.6E-D1
C_0003  Ethanolamine 700 HMDBO0O0D149 62061 520 80E-01  25E-01
C_0004 XCO0O1 72081 521 -99E01 -7.BE02
C_DD0S  Aminoacetons 218 HMDBO00Z2134 74.060 580 -20E01  1.96-02
C_DDOB Gy 750 HMDBO00D123 76.040 680 -93E-01 -2BE-D3
C_DD07  Isopropanclamine 4 HMDB0012138 76075 571 -48E-01  -52E-03
C_0008  Trimathylamine N-oxide 1145 HMDB0000S2S 76076 540 -93E01  5.4E-02
C_DD09  Putrescine 1045 HMDBO001414 B9.108 387 -33E02  6.2E-01
C_000  p-Ala 239 HMDBO0ODISE 90.055 588 96E-01  1.2E-D1
C_0011 Sarcosine 1088 HMDBO00D271 90085 775 58E-01  3.5E-01
C_DM2 A 802 HMDB0000161 HMDBOD01:310 90.055 735 -95E-01  -1.4E-D1
C_0013  Dimethylaminosthancl 7902 HMDBO032231 90.092 584 -23E-01 22601
C_0014  Glycerdl 753 HMDB0O0OD131 93055 1805 55E-01  -4.1E-D1
C_D015  Phandl 996 HMDBO0002Z8 95.048 441 53E01  -5.BEDI
C_0016  Homoserinelactone 73509 102085 577 30E-01  91E-02
C_0017  Azetidine 2-carboxyfc acid 16488 102055 940 -48E-01  -52E-03
C_DD1B  Hexylamine 8102 102127 618 -BOE-01  3.6E-D1
C_D0M9  3-Amincisobutyric acid 4956 HMDB0003311 104.071 640 -93E-01  -2.5E-01
C_DO20 GABA 119 HMDBO0O0D112 104071 627 -BEE-D1  41E-D1




C_0021  3-Amincbutyric acid 10832 104071 648 TIEDN  -5TEON
C_onz2 Mm: it u";‘::ﬂ:" % % 14071 T84 -S0ED1 30EDN
C_0023  N.N-Dimethylglycine 673 HMDB00000S2 104071 891 28E01  3TEM
C_0024  Choline 305 HMDE0O000ST 104107 558 BIED1T  21E01
C_0025 2 3-Diaminapropionic acid 364 HMDB0002006 105.067 586 -TOE01 2301
C_0026 Ser 617 HMDE0000187 HMDEO00 3406 106.050 817 -B7E01  -28E01
C_0027 Diethanclamine 2113 HMDB0004437 106.087 623 BOE02  28E-01
C_0028  Hypotaurine 107812 HMDB000036S 110.027 1456 -5.1E-01  -7.58-01
C_0029  Cytosine 597 HMDEOO00E30 112052 582 -99E01  23E02
C_0030 ¢ i 74 HMDE0000S7D 112.088 384 42E01  S0EON
C_0031  Uraci 1174 HMDEO000300 113.035 1810 39E01  -T4EO1
C_0032 Creatinine 588 HMDB0000562 114.087 584 39E01  -14E01
C_0033  3-Amino-2-piperidone 5200225 HMDB0000323 115.086 620 -32E-01  44E-01
C_0034 Pro 614 HMDE0000162 HMDEO003411 16071 879 14E01  34E01
C_0035 ic acid 763 HMDE0000128 118.062 672 -55E01  58E01
C_0036  Val 1182 HMDE0O00883 118.087 813 30E01  SAE01
C_0037  Bataine 247 HMDEOO00043 118.087 947 BOED1  -4.8E01
C_0038  S-Aminovalerc acid 138 HMDB0003355 118.087 652 -96E-01  B.5E-02
C_0039  24-Diamincbutyric acid 134490 HMDE0006284 119.082 585 -94E01 955402
C_0040  4-Amino-3-hydroxybutyric acid 2149 120.084 661 -55E01  -21E01
C_0041 Thr 6288 HMDE0000167 120086 857 -T9E-01 12601
C_0042  Homoserine 12647 HMDB00007 18 120088 822 -BOEO1  -1.5E01
C_0043  2-Methylserine 439656 120067 845 -TEE-01  -3.6E01
C_0044 Betaine aldshyde_+H,O 249 HMDEOO01252 120.103 608 B2ED1  -14E-01
C_0045  Anserina_divalent 112072 HMDEN000154 121.089 556 -46E01 35601
C_0046 Cys 594 HMDEOO00574 HMDEO003417 122028 922 -96E01  2TEO1
C_0047  2-Amino-2-(hydroxymethyl)-1,3-pro 6503 122082 B74 -BEED1  -1.0801
C_0048  Nicotnamide 936 HMDB0001406 123.055 604 -BAE-D1  -3.8E01
C_0048  Nicotinic acid a3 HMDE0O01488 124.040 819 -31E01 -BAEO1
C_0050  Picolinic acid 1018 HMDE0002243 124.040 1528 3301 -B5E01
C_0051 Taurine 1123 HMDEOOD0251 126.022 1803 BSED1 22601
C_0052  1-Methyhistamine 3614 HMDENOO0SSE 126103 404 3TED1 489601
C_0053  3-Hydroxy-2-methyh-4-pyrone 8369 HMDB0020778 127.038 1807 -99E-01  -B.OE02
C_0055  Imidazole-4-acstic acid 96215 HMDE0002024 127.051 654 -15E01  -1.6E01
C_0056  XCO016 129.067 7.3 -TAEO1 32601
C_0057  4-Oxopyrroidine-2-carboxylic acid 107541 130.050 882 EIED1  3.0E02
C_0058  Pipacodc acid 439927 HMDB0000070.HMDB00007 16. HMDB000S860 130.087 834 -5BE01  -5BEDN
C_0059  frans -Glutaconic acid 5280498 HMDB0000620 131.034 1878 -72E-01 28601
C_00B0  cis-4-Hydroxyprofine 440014 HMDEOO0E0SS 132085 857 SBEO1  -5.BE01
C_00B1  Hydr 5810 HMDEOO0072S 132.067 979 -BSEO1  -1.6E01
C_0062 3-Guanidinopropionic acid 7701 132077 653 -90E01 18801
C_0083 Creatine 586 HMDB0000064 132078 720 -18E02 -55E402
C_0064 e 91 HMDB0000172 132102 828 T74E02 95601
C_00B5  Leu 857 HMDEOO00EET 132102 837 16E01  94E01
C_0066  Asn 236 HMDB0000168 HMDB0033780 133.081 858 -BOE-01  S54E-01
C_O0ET  Gly-Gly 11163 HMDE0011733 133.062 680 BEED1  T.OEO1
C_00B8  Ormithine 389 HMDE0G00214 HMDBON3ATA 133.088 555 BEED1  -52E01
C_0069 Thiapraline 9834 134.028 1138 40E-01  B.9ED1
C_0070  Asp 424 HMDE0000151 HMDEOD0EAES 134.045 947 -BOED1  -TOE02
C_0071 _ Adenine 190 HMDE0000034 136.063 622 26E01  -BREDN
C_0072  Hypoxanthine 780 HMDENQ00157 137.047 927 BBEO1  -BTEON
C_0073  1-Methynicotinamida 457 HMDB00006SS 137.072 589 -BIED1 489601
C_0074  Trigoneline 5570 HMDB000087S 138.086 853 -57E01 23801
C_0075  Anthraniic acid 227 HMDE0001123 138.086 887 B7EO1  T2E02
C_0077  y-Glu-Lys_divalent 85254 HMDB0029154 138.581 699 -15E-01  G.8E-02
C_0078  Urocanic acid 736715 HMDE0000301 139.051 676 -75E02 58601
C_0079  1-Methyl-4-midazoleacatic acid 75810 HMDB0002820 141.088  &71 -BEE02  -28E01
C_0080 1H-Imidazole-4-propionic acid 10105257 141.067 661 -TAED1  -9.0E02
C_00B1  Ectoine 126041 143.082 785 G54E02  -36E01
C_oo82 m.ﬁ (—:52“ MDENOO4EZT 144102 932 3BED1 46802
C_0083  4-Guanidinabutyric acid 500 HMDENO03464 146.083 875 -T2EO1  TAE02
C_0084 y-Butyrobetaine 134 HMDB0001161 146.118 660 -94E-01  -6.9E02
C_00B5  Spermidine 1102 HMDE0001257 146.185 372 -47E01 2501
C_0086 Gin 738 HMDB000064 1, HMDB0003423 147.077 876 -BSE-01 35601
C_00BT Lys 266 HMDE0000182 HMDBEO003405 147113 580 -2BE01  5TE02
C_00B8 Isoghutamic acid 73064 148.081 745 B4ED1  -26E01
C_0083 Gl 811 HMDB0000148 HMDB0003339 148.081 882 T7SE01 -1.1ED
C_0080  threo-f-Methylaspartc acid 440084 148.082 1005 -1.1E01  17E02
C_0091 Mt 876 HMDB00006SS 150058 873 T75E-01 12601



C_0082 Guanine 764 HMDBE0000132 152088 679 TFEE-01  -46E-01
C_0083 Xanthine 1188 HMDB0000292 153042 1604 94E-01  20E-01
C_0084 N'-Methyl4-pyridone-5-carboxamide 440810 HMDB0004 194 153066 1508 26E-01  B2E-01
C_0085 4-{p-Acetylaminosthyljimidazale 88602 154097 685 14E-01  3.BE-01
C_0096 His 773 HMDBO000177 156078 595 -93E-01  BSE-02
C_0087  Imi 6c acid 793 157061 718 -5AE-01  25E-01
XCO0145 15331
cooes .o - HMDEDCO345S 161083 752 -BAE-01  S4E-D1
C_0089 Tryptamine 1150 HMDBE0000303 161106 676 40E-01  -B.OE-01
C_0100 N-Methylysine 164795 HMDB0002038 161129 579 -94E-01  -1.08-01
0 -Acetylhomoserine 439389
c_0101 =t S ey 162077 882 16601  21E-01
C_0102 Camiine 85 HMDB0000062 182113 692 -10E-01  -BEE-D1
C_0103  S-Hydroxylysine 3032849 HMDB0000450 183108 583 14E-01  54E-01
C_0104 Pterin 73000 HMDE0000802 164.057 849 BEE01 15601
C_0105 Phe 984 HMDE0000158 166.087 900 24E02  T.7E-01
C_0106 Tyr-Arg_dwalent 123804 169.595 637 S1E-01  4.BE-01
c_0107 ;ﬁm:x % % 170084 612 -FIEO1  -1.1E-01
C_0108 XCO147 73 172072 785 48E-01 55601
C_0108  XCOD40 174088 979 -12E-01  -T.BE-D1
C_0110  N-Ethyigutamine 438378 175108 924 -FEE-01  -BEEL2
C_0111  N-Acetylornithine 430232 HMDE0003357 175108 773 -14E01 49601
C_0112 Amg §322 HMDE0000517 HMDBO003416 175120 581 -9TFE01  -44E02
C_0113 Guanidinosuccinic acid 439918 HMDBE0003157 176068 823 -97FE-01  1.1E-01
C_0114 Ciruline arsg HMDE0000S04 176.104 899 BEE-01  -36E-01
€_0115 Serotonin 5202 HMDBE0000258 177403 743 38E-01  -20E-01
C_0116 Ghconolactone 7027 HMDBE0000150 179.05 1876 B8E-01 32601
C_0117 Ghx i 438213 HMDB0001514 180.088 754 -92E-01  -3.26-01
C_0118 Tyr 1153 HMDE0000 158 182082 922 -5SE01  BSED1
C_0118  Phosphorykhaine 1014 HMDE0001565 184.074 1666 -4.3E-01  -36E-01
C_0120  N'-Acatylspermiding 496 HMDE0001278 188.177 516 -4.1E-01  24E-01
C_0121 Gh-Leu 189.124 783 38E-01  T.3E-01
C_0122 N-Acetyllysine 82907 HMDBO00044E 189125 793 -26E-01  41E-01
C_0123 N*-Acstylysine 2832 HMDB0000208 189125 928 S0E-01  -23E-01
C_0124 N, Methylarginine 132862 189136 607 -356-01  -4.08-01
C_0125 N®NE N -Trimethyllysine 240120 HMDB0001325 189158 586 B3E-01  1.6E-D1
C_0126 Homocitrulline 65072 HMDE0000ETS 190.120  9.08 -B8E-01  24E-01
C_0127 Gly-Asp 97363 191.067 804 -44E-01  BOED1
C_0128 2 ,6Diaminopimeic acid 439283 HMDE0001370 191103 7.24 -3TE01 -ETED1
C_0129 N-Acetylhistidine 75619 198089 797 -FAE01 13601
€_0130 11-Aminoundecanoic acid 17083 202182 781 48E-01  7.7E-DA
C_0131 SDMA 169148 HMDB0003334 203151 635 B1E-01  -4.0E-D1
C_0132 ADMA 123831 HMDB0001538 203151 624 20E-01  -8.2E-D1
C_0133 Spermine 1102 HMDE0001258 203225 367 97E-01  -1.4E-D1
C_0134 O-Acstylcamitne 439756 HMDE0000201 204124 733 -93E02  -7.5E-01
C_0135 y-Glu-Gly 185527 HMDE0011667 205082 981 -96E-01  -1.4E-D1
C 0136 Trp 1148 HMDB0000329 205088  B95 -FSE-01  4.7E-D1
C_0137 Carboxymethylysine 123800 205120 752 93E-01  1.5E-D1
C_0138 Kynurenine 846 HMDBO000ES 209084 817 15E-01  7.9E-02
_ :
C_0139 m“““ ;EEHZ& —_ 218.140 757 44E-01  -6.0E-D1
C_0140 p-Ala-lys 440638 218151 554 -B2E01 45601
C_0141  XCODES 221082 1063 -63E-01  -4.3E-01
C_0142  N-Acety ssylaming 439454 HMDE0001104 221114 BOS  BFE-01  -26E-D1
N-#cetyigalactosamine 35717 HMDE00008S3
C_0143 N-Acetylglucosamine 439174 HMDB0000215 222098 1808 14E-01  -6TE-D1
N-Acetylmannosamine 439281 HMDB0001123
C_0144 Camosine 438224 HMDBEI0D0033 227115 551 33601  -4.1E-D1
C_0145 Ergothioneine 3037043 HMDB0003045 230087 1404 TFEE-01  -4.5E-D1
C_0146 Butyrykamiine 430820 HMDE0002013 232186 777 -44E-01 39601
C_0147  Ser-Glu 235084  B43 -TAE-01  46E-D1
C_0148  y-Glu-Ser 22844748 HMDB0029158 235084 1025 -FEE-01  1.3E-01
C_0149 Thr-Asp 3280446 235095 861 -64E-01  51E-D1
C_0150 7 8-Dihydrobiopterin 119055 HMDBE0000038 240110 896 28E-01 -51E-D2
C_0151 Thymidine 5789 HMDBE0000273 243088 1818 -FAE-01  1.7E-D1
C_0152 Cytidine 6175 HMDBEI00008S 244095 786 G8E-01  -7.0E-D1
€_0153  Uridine 6029 HMDB0000298 245078 1811 -93E-01  -26E-D1
C_0154 Isovalerykcarniting 6426851 HMDE0000ESS 246170 787 B4E-01  2.8E-D1
C_0155  y-Glu-Val 7015683 HMDE0011172 247131 1033 -18E-02  -6.0E-D1
C_0156 Malonylcarnitne 22833583 HMDE0002095 248114 828 &7E-01  3.0E-D1



C_0157 Pyridaxamine 5-phosphate 1053 HMDE0001555 249085  BS51 G4ED1  -B9EL2
C_0158 y-Glu-Thr 53861142 HMDB0028159 249110 1024 -18E-01  -BOE-O1
C_0158 y-Glu-Cys 123838 HMDEQO01048 251071 1043 -TOEM  STE-O0
C_0160 XCO0153 4725 264123 845 -55E01  BAE-O1
C_0161  XCO088 2EEA00 772 B2ED1 32804
C_0162 XCO154 3182 255110 1812 -B4E-01 -2 TE02
C_0183 Glycerophosphochaiine 43985 HMDBE00000S 268112 1788 -82E01  -41E-02
-Glu-lle 22885096 HMDE0011170
C_0164 :_G.J_Lau 03 EMDEDOTIT 261146 1048 -11E-01  -51E02
C_0185 y-Glu-Asn 131801686 HMDEO028 144 262102 1037 44E01  5BE02
C_0186 y-Glu-Ornitine 189156 HMDE0Q02248 262141 683 32601 B2E01
C_0167 y-Glu-Asp 161187 HMDEOO20419 263.087 1057 TJAE02  8.0E-01
C_0168 Thiamine 1130 HMDE0000235 265113 536 -86E01  -16E-01
C_0169 Adencsine 60961 HMDEQOO00S0 268105  BO3  GEED1  -4.0E-01
C_0170  Inosine 6021 HMDB0000185 269089 1601 25602  -8.3E-01
C_0171  y-Glu-Ghu S2865 HMDEQ011737 7TA0S 1086 27E01 -FEEO0
C_0172 GGl 43 277106 885 -25E-01 8.3E-01
C_0173 Saccharopine 160556 HMDBE0000279 277141 874 BTEDT  3MEON
C_0174 1-Methyladencsine 27478 HMDB0003331 282122 B0 S57ED1 44E-01
C_0175 Guanasine 6802 HMDE0000133 284101 1031 BOED1  -FTE00
C_0176 Hi-Ghu 7010583 285121 616 -TBE01 15801
C_0177 Ophthalmic acid 7018721 HMDEOO0STES 290135 1073 -TAED1  -34E-01
C_0178  Argninosuccinic acid 18950 HMDEQ0000SZ M3 7ES -88E01 11E-M
C_0178 y-Glu-Phe 111289 HMDBO000554 205130 1058 -30E02  -BAE-01
C_0180  5-Deoxy-5-methylthicadenosine 439176 HMDEO001173 208.088  BAE -50E01 -24E-01
C_0181  Arg-Glu 304163 611 -TAED1 38E-01
C_0182 Ghstathions (GSSG)_divalent 65359 HMDEOO03337 307.085 981 -42E01  -52E01
C_0183 Ghstathions [GSH) 124886 HMDBO000125 308.083 1075 -86E-01  -1.0E-01
C_0184 XCO0128 310114 1218 54E01 28601
C_0185 Tyr-Ghu 311125 903 -58E-01  3TE-01
C_MAR S -Methylghiathione 116260 WA INAR AIFN 4 0F0D
C_0187  XCO132 325162 706 33E01 98E02
C_0188  NMN 14180 HMDE0000229 335066 1677 86ED1 42602
C_0189 Thiamine phasphate 113 HMDBOO026ES 345080 86T BEE-D1  38E-01
C_0180 XCO0137 350103 1088 24E01 40801
C_0191  S-lactoylglutathione 440018 HMDEQO01065 380114 1120 TIEDM 45801
C_0182 S-Adsnosybomacystsine 439155 HMDE0O00S38 385130 713 B4E-D1 45601
C_0183 S-Adenosyimethionine 24755 HMDEQ001185 309146 581 -BIEM1  BTEL2
C_0184 Tetrahydrofolic acid 135444742 HMDEO001846 446181 985 -13E-01  -4.3E-01
C_0185 5-Methykatrahydrofolic acid 444412 HMDE001356 450196 083 -50E-01  -18E-01

MT, migration time; PC, principal component; RT, retention time



y Table 53. Results of comparative analys:
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