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Abstract: This study investigated the mechanism of reducing body fat via whey protein diet. Pregnant
mice were fed whey or casein, and their offspring were fed by birth mothers. After weaning at
4 weeks, male pups received the diets administered to their birth mothers (n = 6 per group). At
12 weeks of age, body weight, fat mass, fasting blood glucose (FBG), insulin (IRI), homeostatic model
assessment of insulin resistance (HOMA-IR), cholesterol (Cho), triglyceride (TG), the expression
levels of lipid metabolism-related genes in liver tissues and metabolomic data of fat tissues were
measured and compared between the groups. The birth weights of pups born were similar in the
two groups. Compared to the pups in the casein group, at 12 weeks of age, pups in the whey group
weighed less, had significantly lower fat mass, HOMA-IR and TG levels (p < 0.01, p = 0.02, p = 0.01,
respectively), and significantly higher levels of the antioxidant glutathione and the anti-inflammatory
1-methylnicotinamide in fat tissues (p < 0.01, p = 0.04, respectively). No differences were observed
in FBG, IRI, Cho levels (p = 0.75, p = 0.07, p = 0.63, respectively) and expression levels of lipid
metabolism-related genes. Whey protein has more antioxidant and anti-inflammatory properties
than casein protein, which may be its mechanism for reducing body fat.

Keywords: antioxidant effect; anti-inflammatory effect; glutathione; 1-methylnicotinamide;

metabolite analyses

1. Introduction

Japan is one of the developed countries where average birth weight has decreased
and the birth rate of low-birth-weight (LBW) infants has not declined [1]. LBW infants
have an elevated risk of developing diseases such as obesity and type 2 diabetes mellitus in
adulthood. The fetus undergoes physiological changes to adapt to its environment when
undernourished in utero, including slowed weight gain, resulting in relative overnutrition
when the nutritional environment improves after birth. The developmental origins of health
and disease (DOHaD) theory [2] affirm that disease risks need to be fully understood to
avoid their development over the lifespan. For pediatricians, the DOHaD theory supports
the idea that nutritional management in early childhood and pre-adolescence is necessary
to prevent disease development in the first place [3]. This study focused on whey protein, a
nutrient that can potentially protect LBW infants against metabolic syndrome later in life.

Whey protein, a nutrient-rich dairy protein that is abundant in dairy products such as
yogurt and cheese, is associated with many health benefits. Whey protein is considered
a functional food and has been increasingly demanded as a dietary supplement in recent
years [4]. Whey protein is also present in breast milk and artificial formulas. Protein
composition in breast milk changes over the lactation period. Colostrum consists of 90%
whey protein and 10% casein protein; however, the ratio shifts to 60% whey and 40%
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casein in mature breast milk. In contrast, cow milk usually consists of 20% whey and
80% casein proteins [4]. Major components of whey protein include lactoferrin, beta-
lactoglobulin, alpha-lactalbumin, glycomacropeptide, and immunoglobulin [5]. Increasing
evidence demonstrates the health-promoting effects of whey protein at the biochemical
level, including;:

1 Glucose metabolism effect Whey protein improvement of insulin resistance by inhibit-
ing the secretion of serotonin in peripheral tissues and fibroblast growth factor 21 in
liver tissue [6].

2 Muscle protein synthesis effect Whey protein promotion of muscle synthesis by
activating the mammalian target of rapamycin (mTOR), a metabolic pathway required
for muscle synthesis [7].

3 Anti-inflammatory effect In a murine hepatitis model, whey protein suppression of
the production of inflammatory cytokines, thereby inhibiting hepatocyte necrosis
and apoptosis [8]. Similar results were found in clinics, where it suppressed the
inflammatory response in COPD patients [9].

4 Antioxidant effect Whey protein exhibition of antioxidant activities in vitro [10].

5  Lipid metabolism effect Whey protein promotes triglyceride degradation and in-
hibits fatty acid synthesis in mice by affecting transcription factors involved in lipid
metabolism [11].

Recently, clinical reports found LBW infants with non-obese type 2 diabetes mellitus.
Kuwabara et al. reported that LBW infants raised with adequate nutrition after birth often
develop type 2 diabetes in adulthood and that, at the time of onset, they had a significant
accumulation of visceral fat compared to subcutaneous fat [12]. Nagano et al. determined
that non-obese LBW infants in pre-adolescence often develop type 2 diabetes in adulthood,
and their body fat is in the normal range, while their muscle mass is deficient [13], sug-
gesting that muscle mass and lipid metabolism may be involved in the pathogenesis of
type 2 diabetes mellitus in individuals born as LBW infants. As a cause of this, it has been
reported that preterm infants have higher levels of oxidative stress markers compared
to full-term infants [14]. Moreover, males are reported to have higher levels of oxidative
stress markers than females; as a result, males are more prone to type 2 diabetes and
cardiovascular events [15,16]. Due to the effects of whey protein in promoting muscle
synthesis and improving glucose and lipid metabolisms, along with its anti-inflammatory
and antioxidant activities, feeding LBW infants a diet rich in whey protein during infancy,
early childhood, and pre-adolescence may help to prevent them from developing diabetes
later in life. However, the mechanism by which whey protein exerts these effects remains
to be perfectly elucidated [17].

Therefore, this study aimed to investigate the effect of whey protein on glucose and
lipid metabolism and identify the potential mechanism involved in body fat reduction
by measuring physical and biochemical changes in male mice exposed to whey protein
from embryonic development to adulthood in comparison to mice raised exposed to casein
protein diet over the same period.

2. Materials and Methods
2.1. Experimental Animals

All experimental protocols and procedures were approved by the Animal Experimen-
tation Committee of Nihon University Itabashi Hospital (approval ID: AP20MED018-1,
approval date: 5 June 2020). Pregnant Institute of Cancer Research (ICR) dams at gestational
day 2 (GD2) were purchased from Sankyo Labo Service Corporation, Inc. (Tokyo, Japan).

2.2. Rearing Conditions

ICR pregnant mice were divided into two groups upon arrival, the casein and whey
dietary groups. After birth, male pups were selected and raised on the same diet as
their mothers. All mice were reared under the temperature of 22 4 2 °C, humidity of
55 & 5%, and 12/12 h light/dark cycles. In the casein group, mice were reared on AIN-93G,
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a standard rodent feed administered during pregnancy and growth periods in murine
experiments (casein 20%, L-cystine 0.3%, corn starch 39.7486%, alpha-corn starch 13.2%,
sucrose 10.0%, soybean oil 7.0%, cellulose powder 5.0%, mineral 3.5%, vitamin 1.0%, choline
bitartrate 0.25%, tertiary butyl hydroquinone 0.0014%: energy 359 kcal) (Oriental Yeast
Co., Ltd. Tokyo, Japan) [18]. In the whey group, the mice were reared on a modified blend
of AIN-93G in which the casein component was replaced by whey. Pups were reared to
12 weeks of age before physical and biochemical measurements (Figure 1).
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Figure 1. Experimental procedures. Study flow.

2.3. Body Weight

Pups were weighed once a week from birth to 12 weeks of age.

2.4. Blood Glucose, Serum Insulin, and Insulin Resistance (HOMA-IR)

At 12 weeks of age, adult male mice were fasted for 12 h and then dissected under
isoflurane inhalation anesthesia (5% induction, 2% maintenance). Blood was collected from
the heart by cardiac puncture via a midline incision. Blood glucose levels were measured
using a Stat Strip XP2 (Nipro, Osaka, Japan). Next, serum was separated from total blood by
centrifugation at 3000 rpm for 5 min and stored at —20 °C. Serum insulin was assessed for
immunoreactive insulin levels (IRI) using a mouse/rat total insulin (high sensitivity) assay
kit (Immuno-Biological Laboratories Co., Fujioka, Gunma, Japan). Serum was also assayed
for insulin resistance using the human formula for the homeostasis model assessment of
insulin resistance (HOMA-IR) [19].

2.5. Body Composition and Fat Weight

Body composition was measured using a bioelectrical impedance spectroscopy (BIS)
device for laboratory animals (ImpediVET™: Bioresearch Center, Co., Ltd., Nagoya,
Japan) [20]. To estimate fat mass (FM) and fat-free mass (FFM), we measured the BIS
differences in the electrical conductivity of biological tissues since adipose tissue is less
conductive than muscle and other tissues due to lower water per unit volume. Fat weight
was evaluated, and all observable adipose tissue was dissected.

2.6. Serum Lipoprotein Fractionation

Serum lipoproteins were separated into distinct fractions based on their cholesterol
and triglyceride contents using gel-permeation high-performance liquid chromatography
(HPLC) according to a method previously described (LipoSEARCH®; Skylight Biotech,
Akita, Japan) [21-23]. Cholesterol and triglyceride values were estimated in total and for
each of the major lipoprotein classes: very-low-density lipoprotein (VLDL), low-density
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lipoprotein (LDL), and high-density lipoprotein (HDL) based on the peaks in the HPLC
elution profile corresponding to different lipoprotein particle sizes [22].

2.7. Gene Expression Analysis of Liver Tissue

RNA expression levels of the genes related to lipid metabolism in the liver (PPAR«, PPARv,
SREBPIc, HSL, and LPL) were measured using real-time quantitative polymerase chain reaction
(RT-gPCR). RNA was isolated from frozen liver tissue of male mice (n = 5 per group) using the
protocol provided by ReliaPrep RNA Miniprep Systems (Promega Corporation, Madison,
WI, USA). RNA was reverse-transcribed to complementary DNA using ReverTra Ace gPCR
RT Master Mix (Toyobo Co., Ltd., Osaka, Japan) on an ABI Geneamp 9700 PCR-Thermal
Cycler (Applied Biosystems, Thermo Fisher Scientific Inc., Tokyo, Japan). RT-qPCR was
performed using KOD-Plus-Ver.2 polymerase mix (Toyobo Co., Ltd.) on an ABI Applied
Biosystems 7300 Real-Time PCR System (Applied Biosystems, Thermo Fisher Scientific Inc.).
In this study, we used the same primers as in a previous report [11] as a reference. These
primers were manufactured by Takara Bio Inc. (Kusatsu, Japan).

2.8. Metabolomic Analysis of Adipose Tissue

A sample of frozen adipose tissue from male mice (approximately 50 mg, n = 5 per
group) was placed in a homogenization tube with zirconia beads (5-mme and 3-mme),
to which 1500 pL of 50% acetonitrile/Milli-Q water containing internal standards (H3304-
1002, Human Metabolome Technologies, Inc. Yamagata, Japan) was added. Two cycles
of homogenization at 1500 rpm for 120 s at 4 °C were performed using a beaded shaker
(Shake Master NEO, BioMedical Science, Tokyo, Japan). Next, the sample was centrifuged
at 2300 g for 5 min at 4 °C to remove high-molecular-weight components. Then, 400 uL
supernatant was collected, centrifuged at 9100 g for 120 min at 4 °C, and filtered using a
Millipore 5-kDa cut-off filter (Human Metabolome Technologies, Inc. (HMT), Tsuruoka,
Yamagata, Japan). Finally, the filtrate was dried by vacuum evaporation and dissolved in
50 pL Milli-Q water. This solution was subjected to metabolomic analysis using capillary
electrophoresis time-of-flight mass spectrometry [24,25] on an Agilent CE system (Agilent
Technologies, Inc., Santa Clara, CA, USA). Peak area, m/z, and migration time data of
the mass spectrum peaks (range: 50-1000 m/z) were calculated for peaks automatically
detected using integrated software (Keio University, Shizuoka, Japan) [26]. The chemical
species associated with each peak was identified based on its /z value and migration time
with reference to the HMT metabolite database. Relative levels of each metabolite were
calculated by normalizing the peak area with the internal standards and sample volume.

Principal component analysis and hierarchical cluster analysis were performed accord-
ing to previously described methods [27].

2.9. Serum and Urine Creatinine

Serum samples were collected as described in Section 2.4, and serum creatinine was
measured using enzymatic method. Urine creatinine was measured in 24 h urine sam-
ples, collected while mice were kept in a metabolic cage for laboratory animals, using a
conventional creatinine deaminase-based enzymatic method.

2.10. Statistical Analysis

Data are reported as mean =+ standard error of the mean. Each outcome was compared
between the experimental (whey) and control (casein) groups using Mann-Whitney U test,
using JMP statistical software (ver. 14.0: SAS Institute, Cary, NC, USA). When p < 0.05,
the differences were considered statistically significant, and when 0.05 < p < 0.10, the
differences were considered marginally significant.
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3. Results
3.1. Body Weight History

Body weight at birth was not significantly different between the two groups. However,
every week thereafter, the weight was lower in the whey group than in the casein group.
At 12 weeks, body weight was significantly lower in the whey group than in the casein
group (48.3 g vs. 61.0 g, p < 0.01) (Figure 2a,b).
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Figure 2. Body weight and glucose metabolism markers. (a) Changes in weight gain from birth to
12 weeks of age (o: Whey, B: Casein). (b) Body weight was measured on the last day. (c) Fasting
blood glucose levels. (d) Serum immunoreactive insulin levels. (e) Homeostasis model assessment
of insulin resistance levels. (f) Fat mass (%). (g) Fat-free mass (%). (h) Fat mass (g). (i) Serum Cr.
(j) Urinary Cr. Data are shown as the mean =+ standard error of the mean (n = 6 per group).
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3.2. Blood Glucose, IRI, and HOMA-IR

Fasting blood glucose levels were not significantly different between the two groups
(177.5 mg/dL vs. 184.7 mg/dL, p = 0.75). IRI was marginally lower in the whey than in the
casein group (22.0 uWIU/mL vs. 47.0 ulU/mL, p = 0.07). HOMA-IR was significantly lower
in the whey than in the casein group (7.9 vs. 19.2, p = 0.02) (Figure 2c—e).

3.3. Fat Weight and Body Composition

Fat weight was significantly lower in the whey than in the casein group (24 gvs. 3.8 g,
p < 0.01). However, body composition was similar in both groups in terms of FFM (67.9%
vs. 64.7%, p = 0.63) and FM (32.0% vs. 35.3 %, p = 0.63) (Figure 2f-h).

3.4. Serum and Urine Creatinine

Creatinine levels were marginally higher in serum in the whey group than in the casein
group (0.11 mg/dL vs. 0.14 mg/dL, p = 0.06) and significantly higher in urine (35.8 mg/dL
vs. 54.6 mg/dL, p = 0.02) (Figure 2ij).

3.5. Serum Lipoprotein Fractions

For cholesterol levels, no significant differences in total or individual values were
observed between the two groups (total: 173.51 mg/dL vs. 153.46 mg/dL, p = 0.63; VLDL:
10.85 mg/dL vs. 10.94 mg/dL, p = 0.94; LDL: 25.16 mg/dL vs. 23.38 mg/dL, p = 0.52; HDL:
136.44 mg/dL vs. 116.16 mg/dL, p = 0.26) (Figure 3a—d). In contrast, triglyceride levels
were significantly lower in the whey group than in the casein group for every outcome
measured (total: 51.47 mg/dL vs. 119.2 mg/dL, p = 0.01) (Figure 3e).
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Figure 3. Body composition and serum lipoprotein levels. (a) Total cholesterol. (b) VLDL, (¢) LDL,
and (d) HDL-cholesterol. (e) Total triglyceride. Data are shown as the mean + standard error of
the mean (n = 6 per group). HDL, high-density lipoprotein; LDL, low-density lipoprotein; VLDL,
very-low-density lipoprotein.
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3.6. Hepatic Gene Expression

RT-gPCR analysis showed that the hepatic expression of PPARx was marginally higher
in the whey than in the casein group (p = 0.08); however, no other differences were observed
for any of the other lipid metabolism-related genes evaluated (PPARy, p = 0.27; SREBPIc,
p=0.73; HSL, p = 0.58; LPL: p = 0.25) (Figure 4a—e).
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Figure 4. Relative mRNA levels. (a) PPARYy, (b) PPAR«, (c¢) SREBP-1c, (d) HLS, and (e) LPL.
(n = 5 per group). PPARYy, peroxisome proliferator-activated receptor y; PPAR«x, peroxisome
proliferator-activated receptor «; SREBP-1c, sterol regulatory element-binding protein-1c; HSL,
hormone-sensitive lipase; LPL, lipoprotein lipase.

3.7. Adipose Metabolism

Results of the main component analysis or the hierarchical clustering heatmap did
not show clear differences between the groups (Figure 5a,b; Supplementary Tables S1-S3).
Table 1 shows the metabolites that were measured and associated with antioxidant and anti-
inflammatory effects. The levels of glutathione, 1-methylnicotinamide, and myo-inositol
phosphates (1-phosphate + 3-phosphate) were significantly higher in the whey group than
in the casein group (p < 0.01, p = 0.04, and p = 0.01) (Figure 6a—c).

Table 1. Summary of metabolite analysis in the adipose tissue.

(a) Antioxidant Markers

Comparative Analysis
Group Whey vs. Casein

Category Compound name Ratio p-value
Ascorbic acid 1.1 0.775
Carnosine 22 0.323
Antioxidant Glutathione 7.1 0.004
Hypotaurine 29 0.286

Tartaric acid 0.6 0.458
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Table 1. Cont.

(b) Anti-inflammatory markers

Comparative Analysis

Group Whey vs. Casein
Category Compound name Ratio p-value
1-Methylnicotinamide 2.0 0.044

Anti-inflammatory Histidine 1.6 0.243

(c) Glucose metabolism markers

Comparative Analysis
Group Whey vs. Casein

Category Compound name Ratio p-value
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Glucose metabolism o4 3.1 0.013
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Figure 5. Metabolite analyses in fatty tissue. (a) Principal component (PC) analysis. (b) Heat map
display of the hierarchical cluster analysis (n = 5 per group).
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Figure 6. Comprehensive comparative analysis between the whey and casein groups. (a) Glu-
tathione. (b) 1-Methylnicotinamide. (c¢) Myo-Inositol 1-phosphate and Myo-Inositol 3-phosphate
(n =5 per group).
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4. Discussion

In the present study, whey protein intake activated lipid metabolism, reduced fat mass,
and decreased insulin resistance in the mouse model. We theorize that these results were
obtained because whey protein intake accelerated 3-oxidation and anti-inflammatory and
antioxidant activities (Figure 7a,b).

® | Whey protein |

|

| 1-Methylnicotinamide |

N

| Anti-inflammatory |

|

Visceral fat ——— | Insulin resistance ﬁ

®) | Whey protein |

)

| Glutathione |

}

| Anti-oxidant |

\ Visceral fat \—»\ Insulin resistancel

Figure 7. Schematical representation of the theory for the mechanism by which whey protein
ameliorates lipid and glucose metabolisms. (a) 1-Methylnicotinamide and (b) Glutathione.

4.1. Lipid Metabolism

We found that mice raised on a whey protein diet had significantly lower level serum
total-triglyceride than the ones raised on a casein protein diet. In addition, mice in the whey
protein group had significantly higher PPARx RNA expression that those in the casein
group. A previous report showed that whey protein increases PPAR« expression [11],
and that PPARw increases intracellular mitochondrial 3-oxidation and activates lipid
metabolism [28]. Therefore, we speculate that whey protein intake promotes triglyceride
utilization by increasing PPAR« expression. Furthermore, the adipose tissue of these mice
in the whey protein group contained significantly higher levels of 1-methylnicotinamide, a
metabolite of nicotinamide, compared to the casein group. Since 1-methylnicotinamide has
anti-inflammatory and (-oxidation-limiting effects [29], we hypothesize that whey protein
intake improves lipid metabolism by regulating 3-oxidation (Figure 7a).

4.2. Glucose Metabolism

In adipocytes, disrupting the mechanisms regulating adipocytokine production results
in the excessive production of inflammatory cytokines, leading to insulin resistance [30]. In
addition, severe oxidative stress decreases and inactivates insulin receptors of adipocytes,
resulting in reduced gene expression and secretion of insulin in these cells [31,32]. Our
metabolomic analysis indicated that levels of 1-methylnicotinamide and glutathione in
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adipose tissue were significantly higher in the whey group than in the casein group. We
speculate that increased 1-methylnicotinamide due to whey protein intake suppressed
chronic inflammation in adipocytes, thereby improving insulin resistance (Figure 7a). Whey
protein also exerts antioxidant effects by increasing glutathione levels [33,34]; therefore,
this is another plausible mechanism for the amelioration of insulin resistance observed
(Figure 7b).

4.3. Improvement Myogenic Insulin Resistance

Compared to soy protein, whey protein has been reported to decrease the circulating
levels of interleukin-6 and tumor necrosis factor-« and affect muscle metabolism [35]. In
our study, whey protein was found to increase the level of the anti-inflammatory marker
1-methylnicotinamide in adipose tissue compared to casein protein. Greater muscle mass
due to elevated serum creatine can reduce myogenic insulin resistance [36]. In this study, we
did not measure muscle mass, and the two groups analyzed had statistically similar body
compositions. From these results, whey protein may have the potential to reduce visceral
fat more than subcutaneous fat. One possible reason why no difference was observed in
FFM could be due to the relatively short duration of the intervention period for both whey
and casein protein diets. However, we determined that serum creatine was significantly
higher in the whey group than in the casein group. Whey protein is commonly used as a
dietary supplement to increase muscle mass [37] along with increasing creatine; thus, whey
protein may have influenced creatinine in this study. Elevated levels of serum creatine
caused by whey protein intake may improve insulin resistance.

4.4. Myo-Inositol Phosphates

In the present study, metabolome analysis showed that myo-inositol 1-phosphate and
myo-inositol 3-phosphate levels in adipose tissue were significantly higher in the whey
group than in the casein group. Myo-inositol is a component of membrane phospholipids
that plays a role in signal transduction. Rats with compromised myo-inositol expression
show high liver triglyceride content [38]. Both myo-inositol 1-phosphate and myo-inositol
3-phosphate belong to the myo-inositol metabolic pathway. Myo-inositol improves insulin
resistance [39]. Although no reports of improved glucose or lipid metabolism directly
caused by myo-inositol 1-phosphate or myo-inositol 3-phosphate are available, our findings
suggest a potential connection.

4.5. Infant and Oxidative Stress

Matsubasa et al. collected urine samples from fifty Japanese very-low-birthweight infants
on various days after birth and measured the oxidative stress marker, 8-hydroxydeoxyguanosine.
Their results showed that urine 8-hydroxydeoxyguanosines in very-low-birthweight in-
fants were higher than those in full-term infants, and that oxidative stress marker levels
decreased as the weight increased after birth [40]. Piyush et al. also reported that small-for-
gestational age infants born to malnourished mothers had higher levels of the oxidative
stress marker, malondialdehyde, and lower levels of enzymes in the antioxidative systems,
such as superoxide dismutase, catalase, and glutathione peroxidase than appropriate-for-
gestational age infants to healthy mothers [41]. These results suggest that infants with low
birth weight and high prenatal stress had higher oxidative stress and lower antioxidant
capacity. In our current study, it was found that nutrition with whey protein from the
neonatal period improved antioxidant and anti-inflammatory capacity. Therefore, it may
be possible to feed these children with whey protein to reduce oxidative stress and improve
antioxidant capacity.

4.6. Comparison of the Antioxidant and Anti-Inflammatory Effects of Breast Milk and Formula

Breast milk is considered the best source of nutrition for infants in many respects.
Breast milk contains carbohydrates, proteins, fats, vitamins, minerals, digestive enzymes
and hormones. The protein composition of breast milk adapts to the growth of the
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child, which changes over time, and the proportion of whey protein and casein protein
changes [42]. Breast milk is also considered superior to artificial milk in terms of antioxidant
and anti-inflammatory properties. Aycicek et al. examined fifty-four healthy-term infants
fed breast milk or a cow’s milk modified formula and found that oxidative stress markers
were lower in the breast milk group [43]. In a study using a human intestinal model, Allan
et al. determined that breast milk reduced interleukin-8, a marker of inflammation in
the intestinal epithelium, down-regulated toll-like receptor 4 expression, and suppressed
inflammatory responses [44]. These reports suggested that the superior antioxidant and
anti-inflammatory effects of breast milk compared to formula are due to the higher propor-
tion of whey protein in breast milk. Therefore, changing the protein ratio and increasing
the proportion of whey protein over casein protein may strengthen the antioxidant and
anti-inflammatory effects. Oxidative stress is a contributing factor to cell damage and the
exacerbation of several chronic diseases. Dietary antioxidants aid in fighting against free
radicals and thereby prevent or reduce oxidative stress. Corrochano et al. reported that
oxidative stress contributes to cell injury and aggravates several chronic diseases, and
compared whey from different milk sources and contextualized whey proteins within the
broader spectrum of known food antioxidants [45]. However, for whey proteins to be
effective in boosting antioxidant levels in target organs, their antioxidant activity must
survive not only processing, but also upper gut transit and arrival in the bloodstream. In
this study, it was shown that direct cell exposure to whey samples can increase intracellular
antioxidants such as glutathione. The physiological relevance of these in vitro assays is
questionable, and there is conflicting evidence from dietary intervention trials involving
rats and humans that whey products can boost cellular antioxidant biomarkers.

5. Future Directions

We will continue to test whey protein interventions in an LBW, non-obese, hyper-
glycemic mouse model and obese animal models with high-fat diet challenge to examine
its effects on fat weight and insulin resistance. Furthermore, since mice were reared ex-
clusively on either whey protein or casein protein in these experiments, examining mixed
interventions in which whey and casein are administered together at different ratios will
be necessary. Such mixed formulations must be investigated to apply the interventions in
clinical practice.

6. Conclusions

Whey protein intervention started in the fetal period seems to increase the levels of
several metabolites with anti-inflammatory and antioxidant effects, leading to reduced fat
weight and improved insulin resistance.
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2L, IR, ML & FFM, FM ICHEZ X d o7z, (W B 67.9 vs C #f 64.7%.
p=0.63). (W £ 32.0vs C £ 35.3%., p=0.63) (£2),

3.4. IfiEs X ORY Cr
Iy Cr iz, CH LY WG ThT »ICEER > 72(W # 0.14 vs C # 0.11mg/dL,



p=0.06), E7z/RkH Cr BEEIX CHEX VD W HECHEICEME? - 72(W #f 54.6 vs C #f
35.8mg/dL. p=0.02) (5% 3),

3.5. IMiE Y A HE EHE

MiFaLr 27 e = HIconTiE, (a1 27 v —i, VLDL(very low density lipoprotein)
a1 27 1 —)b, LDL(low density lipoprotein) 2 L 2 7 17 —/b_ ¥ X U8 HDL(high density
lipoprotein) 2 L 2 7 0 — V) W3 b WFFE CHERZ RO bk d o7z, (W #F
173.51 vs C # 153.46mg/dL, p=0.63; W £ 10.85 vs C # 10.94 mg/dL. p=0.94; W #
25.16 vs C B 23.38 mg/dL. p=0.52; W B 136.44vs C # 116.16 mg/dL. p=0.26). —4.
HPERENG 1. HIE S e Cosrmic, CHXY S WHCHREICKEZ >7 (W HE51.47
vs C#£ 119.2 mg/dL, p=0.01) (& 4),

3.6. Il Mg E (A BEE R 1 FE BT

PPARa ODFIHIF CHEL VD WECTOI2ICEHEZ -7 (p=0.08), L2 L. #FfiL 7=tk
D & R HESEE (S T-(PPAR v, SREBP1c ,HSL, LPL)IC oW T, HEEIRFD LN H
57 (PPARy : p=0.27. SREBPIc: p=0.73. HSL : p=0.58, LPL : p=0.25) (%5).

3.7. NEWGRAR D 2 2 R v — LfgkT

ELERZ b o254 v IRGEFHZ b D 1-AFr=aF v 7 I F, FEGEICE
HEZIAA4 7 b= ) Vg (1-) Vg - 3-V VR 13, SAWHTCHIVAERELS
E72 o7 (UrzxF4+v ip<00l, 1-AFAr=aF T IF :1p=004, AL/ F—n
Y Vg p=0.01) (%6),

4. 5%

AL TIE, vV RAETAIICEWT, FT A4 X v o7 OB EEREZEE L. BIFE
A EE, A VR VIRYIER KT X85 2 BRI T,

IO DFERIT, AT A X v o7 OEHUC XY BIELOIEE L | FIRIEMEH & FURBR{LIEH 23
RooniizdLitiml T2 (K3ab),

4.1. K&

Mgkt V702 ) MElZ CEICHARTWRTAREICKETH Y, gPCRICHWT W
X CHHCH~TPPARa @ RNA OFHED S WHRTH 5 2 & AR S Nz,

LIRT oG TlE, AT 4 X 32723 PPARa OFBZINX 43 2L 1V, PPARa 23
WoItav Y7 B Etaims e, IBERMZEEAT 2 2L 2AWRINTnD, it
5T, FT A X7 OEEUL, PPARa OFHZEME ¥ 22TtV kY FOFH
T 2 L TN B,

oI WHOIENM#EIEZ, =aF7vT7Ivoff@EPcds 1-2Fr=aFvT I FBA¥



A VB HAREEICEETH o7, 1-AFA=aF v T 2 FIIPIAIEEA %25 b, ¥ 727k
D BIEILICEIS T 3 SIRT1 & v <52 2 iEfbx ¢, B BIURERRZ2HET 257292, T
Az vy OERUT B L EZHEIT 22 & CIRERBZAES L EREI NS (K 3a),
AWFFETIE, 2 LR T —VIdlHECHEREZEIIGED o728 ) 7Y 2 ) FCIAEE
ERRODT, RTABETIZ I Y 7Y% ) FORMD BEEILTTHETITEL 72720, KT L 7=,
AW TlE, aL 270 — W BIZELERD Do 7,

4.2, FEAEH

AifFZECld. HOMA-IR 28WH# T CREICHERTIKETH o 72, 7 2 TD HOMA-IR D
I 720720, RENATHEICIZZR>TLE 525, MiEA v &) vk LTh WEETK
WA Z RS T b, Stk RO 7 F U iEAMRE L & CoBMBET 23 BE T d 223, &
IA R RG22 80F, A vARY vawifle A v R ) vIRPIEEZIIZ S L wvwS T
EWEZLBNTz,

TR ClE. 77 4 A + A4 v OFIFAIRRE S IR S 4, SIEMES A P A A4 v a5&H I
FEAEIND Z L TA v RY VISR ERT 2 2 e G s hTng 2,

Tz, BLR b L RiE, BB 4 v 2 ) v EREED - REELE ¢ BT ORI
RCOMEART X8 5 2527,

A ZRu— LETOREER, BT D 1-2Fr=aF v 7 I P2 F4 v Dffid,
CHEIDH WHTHERILEHWI LRI N,

RIA XV AIHICEETNTWE T2 72 VHABNBREREICHS T2 2 L3
NTw3 2, GHBEEOWESKEEE 2 I volELzm st =aFv7 I Fofd
#YICTHD 1-AFr=aF T IFNOMMEENAHEEEIH L, 1-AFL=aF VT 3
F ¥, B OBEREEZIHI L, 4 v 2 ) vIRPiE2SES w2 Ll g,
T/, FIARVYANIEFINRFFVDFRTH B 2T 4 VEBELRS WO REED
BT 2 L WO MERDH B 20, FSARF AV IIHBBUERZ S D720 230 ko 4 &y o8
ZEPUC X 2 70 2 F 4 v o, B OBEA P L AR T S, 4 v 2 ) VL
HrdESE 2 LM SN2 (K3b),

4.3. iffkic X 24 v R ) VIR o U

SRIOMIETIR, FT A XV I PPRIE~Y—H—TH 2 1-AFr=aF V7 I FEHEN
TEBT Db,

FITA R VN7 E, REBEEICH 2HEPMESR v o7 D v 4 2 v o) 7T~ C, M #AE
~—N—Th 25 IL-6 £ TNF-a EZKT ¢, Hfl#cEEL 52 5 L& I nTn
% 30, HiREORD & HEEA v 2 ) VRGO BLEE IC oW ikl I TEB Y D i
WEOHMEA v 2 ) VIR OSE L KT rREErH 5,

RIA RV AZE, ZLTFovEBNEE 2 &L ICHARZBINE & 2 KEGBIE
LTI INT WS 3, XoT, AT 2V RMiE7LT7F=vo LRIC



W L7 vBEMEDS & 5, ARTFETIIAIARDHEIE IR L Tz w23, fiNE O S 2 T
nix, Zhdb [ v 2 ) ViRt zdE S ¢ 2 EHRDO—>Th 3 AlRelE s H 2,

4.4. IF4 7 b—=nY VB

A xR — LfETicE T B T A4 7> b= 1) vEEBS X U3 ) VgD, CH#E
DY WHTEREICEWIEPHIHLZ, IA4 /7 b= 1-VviEsXOrIA L/}
= 3V VEIZ, IAA4 0P ARBBEEICELTW5, 144 7 v b=, M
U VIEE O TH Y, v T FAMECEG L Twd, 3447 v P LOREBMET
L7227y FTld, D TG B@EFBREWI EXHEINTWE W, 34472 F—
MIA V2 ) VP2 WET R ME IR TWE P, I 47— 1-) VBB LY
3-V VEBATERINICHERIRE ORB A2 SE L 72 & v oW iZ v, S o F Rz Z oBE#
a2 BT E2HDTH D EHWIL 7=,

4.5. FLR LWL A F LA

Matsubasa o 1%, HARDBKH AR 50 NOERBHBOR 2L, LA L X<
—H—ThH2% 8 FuxoFFFL 77 v vEELRE, OE, BEREAFERD
Refpp 8-e Fu ko 7A%o 27 7 o vIidmiER L Y & (L HEROREINICH > T
W5 LRI T30,

¥ 7z, Piyush &%, KREAROREH 2 &4 F 1172 small for gestational age (SGA) DFLVE 43,
LA P L A== —THE=u v ITATE FORKEREH, A== FF T PR L4
R—X, HRT—X, FARFFY2NFF L X=X L YRR OMRMEL, A
B b4 F 7z appropriate for gestational age (ASA)DFR X D DKW L ZHEL T 3
37)

IO OfERIT, RHEAEARERCHAR R ML ABREWIELIRIZ, LA LR E L, P
LRSI MBS T & 2RI L T B,

SEIOWFETIE, lEM» O R A X o3y 2B I 5 2 & T, YiEE(LEE & PLATERE 2 [
E3 22 EBWO IR0 7z, Letd > T HAERTA b L ABEWEHAKER IR A £
v BT 5L T LA N L RZEEL ., YR 2R X5 e TE BA]
e H %,

4.6. BEFLE W T v 7 DPURICIER & PURIESEH @ Hog
BALIE, 2 DETHRICE > TREDKBF L EZ 5N TWw5b, BRI, RAKIEY., %
VSEL IR, B XY, TAT A, LR, R BEEATHS,

AL D& v o5 7R, BRoE e & HI1cZBbd 23 o EICHEG L., AT f & v
s ehEA YRy y DRETEIT B W,



¥ 7o, BREFLIITTRRALIER P RIEFRH O R Tcd . ATAH I VEA TV EEZ LN TS,
Aycicek 513, 54 ADEFEAFLICRILE M I L2 252 CLBILA b L R~ —7 — 23R
BCTETLTWEZEZHL2ITLTE Y,

¥ 7z, Allan S IZADHEET A ZHWAIRIC T, BILAGE LD IL-8 % X &,
TLR-4 OFHEMHT 2 2 & ©, BIERISE T 2 2 & W5 A L1z 0,
INoDOWED D, BFLOENHIRIER PRI R, BFLICEEN IR [ & o
7 DEIGBENTOTH S LHEHEING, Lo T, RV 0 EOWEEREZ, hEA vV
BRI YN U RIA R YA DR R ED B - L. FELIERCH RV 25l
hae&Ezons,

BEAE R b LR i D0\ < D2 DRSO B O & % 5, A LR 5
Pl P E X, WEHERER TPl B A L 2% PRy - 87 %, Corrochano &, &
b2 P L ZABHIIUEE D —F L 720 . W O DEBIERE AT X423 2 L AE L, X
AT AL 2R, R [ & Vo7 B LE D —oIchiE DT 72, 1D,

5. S0

FIA XV AT OIEERE LA v A ) YGRS T 38R 2T~ 5 oI, K ERKE
ReT A~y R EENREEZEZZEHET AT AT, v 4 7074 vOhAE %
(I

IHIC, SHOERTIIA VY NIEORTE LTHRIA R YRR FZIFHEAL v RV NS
DELLP—TTOATHEINT W72, 5%, BKIOCHT 27201k f 2 v sl
NEA VRN TR 5 HRTHMRG T 2N AERZRETT 5,

6. s
MRAM TR L 72k o4 2 v o7 o Nk, IRIES L UCTRILIEF-ZH 5 w25 D
REED 2N €7z, 2 X JEIERIZEAD L, 4 v 2 ) VIRPUESE S n i,
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#1

%y %
aa-HE¥A Vv 38
BwA agp-HEAL Vv 10
B-71€A v 38
K-N1¥A4 v 13
B2/ a7y v 50
a7 bTAT IV 23
AT A v UIMET T IV 8
Z Dfth 19
A RNE & v o3 7 (MBP) 1
2
& (g/100 - &HE)
VA :
b R A
FUT TV 1.4 2.1
TNV T 7=V 5.1 3.8
oAy 10.4 11.1
Avafvyv 5.7 6.8
AL A=V 4.6 8
AFF=v 2.8 2.4
Vv 8.3 9.9
Ny v 6.8 6.8
EAFTV 2.9 2.2
TAF=v 4 3
VRATA YV 0.3 2.4
7aly v 11.2 5.2
7=V 3.1 5
T ARG X VR 7.3 11.3
) v 5.8 5.2
TNR VB 23 19.2
7y v 2.1 2.2
Fuo v 6 3.5




# 3 IPEHE. IR, HOMA-IR

W #(n=6) C #(n=6) p-Value
IMFEE  (mg/dL) 177.5.0£19.0 184.7+15.9 0.75
IRT (uIU/mL) 22.0%£11.7 47.0t17.4 0.07
HOMA-IR 7.9%3.1 19.2+55 0.02
Data are shown as the mean * standard error of the mean (n = 6 per group)
HOMA-IR: homeostasis model assessment of insulin resistance,
IRI: immunoreactive insulin
#4 RELIEMER & ARHEK
W #(n=6) C #(n=6) p-Value
RE(g) 48.3+1.7 61.0+1.4 <0.01
NEERE (g) 2.4%0.2 3.8+0.4 <0.01
FFM (%) 67.9+£2.9 64.7£3.9 0.63
FM (%) 32.0+2.9 35.26+3.9 0.63
Data are shown as the mean =+ standard error of the mean (n = 6 per group)
FFM: Fat free mass, FM: Fat mass
#5 s X OIRF Cr
W £ (n=6) C #(n=6) p-Value
I3 Cr (mg/dL) 0.14£0.01 0.11£0.01 0.06
JRH# Cr (mg/dL) 54.6£5.7 35.8+£2.9 0.02
Data are shown as the mean =+ standard error of the mean (n = 6 per group)
Ko IMIF Y FEEAE M
W #(n=6) C #(n=6) p-Value
arz7u—n (mg/dL) 173.51+15.6 153.46+11.9 0.63
VLDL 2L 27 u—/ (mg/dL) 10.85%0.6 10.94£2.2 0.94
LDL 2L 27 u—/ (mg/dL) 25.16%£3.1 23.38+4.8 0.52
HDL =L %272 — (mg/dL) 136.44+t13.3 116.16+£9.2 0.26
hPERERG (mg/dL) 51.47+5.5 119.2£35.0 0.01

Data are shown as the mean =+ standard error of the mean (n = 6 per group)

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

lipoprotein




x 7RO NEE A BREE R T A BT

W #f vs. CH#f
ke p-Value
PPARa 2.3 0.08
PPARy 0.17 0.27
SREBPI1c 0.9 0.73
HSL 0.9 0.58
LPL 0.6 0.25

(n=6pergroup)  *2 D FIfED

PPAR a : Peroxisome proliferator-activating receptor a (fifldiN® I F =2~ F V7 B L
ZHOmE 2, IFEERHZiEM{L T 2). PPARy : Peroxisome proliferator-activating
receptor y (EHARTEXANAE 2> H AgHAfMHIAE~ & 53{k & %), SREBPIc : Sterol Regulatory
Element-Binding Protein-1c(Jgfiiig + ) 70 vV Fo &K 2 g3 %), HSL :
Hormone sensitive lipase N @ TG ZfEHiE L 7'V v v — gL, L% i
$). LPL : Lipoprotein lipase(IiEH D V & & v X7 & % iR L. FEHGE %2 MIREPN ICHL D
iAp)

£ 8 NEWIHHARD £ & K v — LT

W # vs. C
tex p-Value
iandle T A AN VEE 1.1 0.775
NIV 22 0.323
TNRFF 7.1 0.004
ERZYY v 29 0.286
P RY L3 0.6 0.458
PURNE 1-AFL=aFvy73IF 2 0.044
ERFTV 1.6 0.243
AN AL =1 Y VB3 ) Vg 3.1 0.013

(n =5 pergroup)  *2 B0 FIgfEDH
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1.

Supplementary Table 51. Principal component zcore

rate K Whay Casain

whay?  whepd  whard  whey® whegll | sewse?  sssmed sessed  ssssnd ssssnd
PC1 B4 1131 1038 -366) FX] .2 1.1l A0 rik (5T &9
PC2 1182 1018 08 706 m e L I & B 1%
PC3 84 -320 910 244 4 812 L] -1.20 -8 -l -0.46
PC4 L 118 003 -1 -1 -B.56 1182 088 1% -] -0 182
PCE 448 02 411 114 -1 A T &1 107
PCE 403 .06 4.5 - -0.58 .10 L -286 -lLET 184 10,04
PCT EL -2.00 B4 i L . SL] 412 -210 - 18 -256
PCE 24 036 L] 028 -213 AL (o -347 B.ER -n -1481
PC3 27 -1.03 -112 -4 647 42T -1 -1.06 ] e -0.08

#

prinoipal component



2.

Supplementary Table S2. Metabolites and principal component score

Compound name: PubChem CID HMDE 10 me  MTRT PC1 PCz
A_0003  Crotorsc acid SN0 BEOZS 818 LTEN 4DE-M
acid 264 HMOBO000O3S
A_o0os ?"‘"““ i bt e —— 87045 BA3  AZEO  2BE.02
A_0006  Lactic acid 612 HMOBO000 190, HMOB00G131 1 85024 894 GTEM 22380
|screalenic acid 10430 HMOBO00OT1S
A_0007  DL-2-Methylbutyric Acid a314 HMOBOO0E 76 101,061 786 BEEM 30EM
“aleric acid N HMOEO0008
A_008  3-Hydrobutyric acid 41 HMDEO000O11, HMDBODOIAST HMDBOOD0442 103040  BA6  -Z4ED1  -14E-D
A_O00S 2. Hycroobutyric acid 440864 HMDBO000O0S 103,040 836 ZBEH -3EEAN
A_00M0  2-Hydroisobutyric acid 11671 HMOBOO0OTES 103,040 848 BTEM 13BN
A_0011  Glyoeric acid 43194 HMDBO00013 HMDBOOOEYT2 108018 BB1  TTEM ATEN
A_00M2  Fumaric acd 444872 HMDBO000134 115000 1783 BSEH 16EM
A_0014  Hexanoic acid R HMOBO000S3S 118076 TS -BBEM 18600
A_0015  N-Acetylghine e HMOBOO0OST 116036 814 T4EM 49BN
A_0016  Sucdnic acid 1110 HMOBOOOOSS M08 1874 BAEM 32BN
A_O0T  PHydeoyisovalenc acid GNP HMOBO000 TS 117.085 TB4  BBEMN 1.3E-01
A_DOE 2. Hydrogpalenic acid B0 HMDEOO01 863 117,086 TH4 BTEM 14EM
A_0018  Isethionic acd i HMDBOOOASTE 124,981 970 -BBEM  1.0E-0
A_00CD  S-Cmopeoline 1408 HMOBOOOORET 120036 B0 B4EH 1BEAN
A_0021  S-Ouchesancic acd 18407 126,086 T8 LTEM 1Em
4-Methyl-2-comvaleric acid a HMDBO000ESS
A_00ZE  3-Methryl-2-comvalenic acid 47 HMDBOO004S1 120086  B18  TOEM -3BEAN
2.Cmohesancic acd 15664 HMDBO0001 864
A_0023  Heptanoks acid e HMOBI0000E; 129,062 T4 4B 1.3E-01
A_0024  N-Acetylalanine 88054 HMDBOO0O 65 130.081 TE 1BEM B4EM
A_D0Z%  fHydrogheanoic ackd 480 131.011 T2 BIEM ABEM
A_Q02E  2-Hydroy-4-methyivalenc acid L] HMOBOON0ERL 131072 THS  LBBEMM 2DEM
A_002T  Mabc acid -} HMOEON00 1 55 HMDBOOOTLS 133074 1557  -B4EM 2.BE.M
A_0028  Theeonic acid 5460407 HMDBO000S43 138,030 TH0 GRBEMM 25601
A_O0ZS  §-Hycrony acid pr=r1% HMOBOO0EESS 130018 B04  33EM 22E01
A_0030  Ethanciamine phosphate 018 HMOBOO0OES 140012 GBS BSEH 11BN
A_0031  N-Ethymaleimide +H4:0 P 142,081 747 242 3SEM
A_0032  Octancic acd ama HMDBO0004E2 143,107 A BB G3E-M
A_0033  XAD0O4 144,081 TET B3EM AIEM
A_0034  4-Acetamidobutancic acid 8189 HMOBOO0RGE] 144,066 138  -2BEM 2264
A_0038  2.Owoglutanc ackd i HMOBOO00S08 145013 1582 BUEH ATEM
A_0036  2-Hydroglutaric acid 4 HMDBOOO0S0E HMOBOOOMESS 147028 1381 T4EM 34BN
A_0037  Tartaric acid 444308 HMDBODO0ESS 148006 1635 EZTEM -223E1
A_0038  3-Phenyipropionic acid 0r HMOBOOOOTEL 148,060 TEE 14BN TIEM
A_0008  Cystsinesuffinic acid 1548088 HMOBOOO0SS 152000 815 B4E02  GIEN
A_0040  Orotic acid 6T HMOBO000EN 1565010 841 BTEM ATED
A_0041  Ditydroorotic acid 4316 HMDB0000 528 157,028 800 -SNEMM ATEM
A_0042  2-Owooctancic acid EIG00 157,087 733 LTEAM 2BEa2
A_0043  Pelargonic acid 2158 HMOBO0008T 167123 702 BAEMM 1BE-M
A_0044  B-Hydrooctancic acid a0 15100 G54 43801 H0E02
A_O048 2. Hycrooyoctancic acid 4180 HMDBOO0OT11 154.100 00 -BZEM AIEM
A_0046  3-Hydro-3-methyiglutaric acd A2 161048 1260  -ZBEM  SIEN
A_0047  N-Acstyloysteine 1038 HMOBOO0 830 162,024 TE4 LZDEM GSE0
HMOBOO0GE]
A_0048 :mﬂ L . =3 163038 746 1BE0N  BEE.02
A_0048  4-Hydrogphenyighyoeydc acid 58 166018 1108 SIEM ATEAM
A_0080 Terephthabc acid Tam HMDBO00Z4s 168018 13,29 TAEMM <1381
A_0081  Perilic acid fFc) HMOBOO04 505 165,081 T2 -4DEMM  2EEM
A_Q0S2  XADDNZ 166018 B0Z  B4EH1 H3E02
A_0083  Phosphoenclpyruvc ackd 1008 HMDBO000RES 166874 1583 B4EH BSEN
A_0084  Uric acid 1118 HMOBOOOOES 167,021 T STAEM ATE02
A_008s :""“‘D""':"j; et ﬁ — 167038 738 .BTE1 20601
A_O0BE Dihydrosyacetone phosphale 658 HMDBOO014T3 168,950 MW.E1  -SBEM 6.5E02
A_0088 Giyceol 2-phosphate 200 171006 1044 SIEMM ATE-M
A_0085  Giycerol 3-phosphate Fxilo HMOBOO00 126 171006 1096 B8EM 3IE0
A_0060 Decanoc acid 2068 HMDBOO00S 11 171138 GBT  ATEM ATEN
scrvaberylalanine HMDBOOCOT4T
Agosr |3 iroer i Eﬁ e 172088 682 2360 32640
A_0062  cis-Aconitic acid SAATNT HMOBOO00AT2 172006 1872 B3EM 29BN
A_0063  Suberic acd 10487 HMDBO000SSS 172082 10.74 B3EH 24BN
A_D0B4 N -Acetylaspartic acid G068 HMOBO000812 174041 1186  EZEM AIEN
A_0065  Ascortc acid SUT006T HMOBOO0O04S 178,024 T ZZEM 1LEEM




A_ODEE  N-Carbamoylasparsc ackd asarz HMDBOCCORZS 175028 1280 BIE01  ATEM
A_O0ET ""‘“""‘;‘;w i % % 181080 A1 .BEEO  ABE.02
A_0DEE  Homecysteic acd Arram HMDEOO0Z08 W01 B0Z  ZEEM1  ATEAR
A_006S  O-Phosphosarine san41 HMDBOOCOZT2 14001 1030 BTEQ?  GEEM
A_OOTD  3.Erumphogiycenic acid azazrn HMOBOOCAH 184988 1476 BEED1  BAEDM
A_007T1  3-Phosphoghycenc acd e HMpECCoONTT 184986 1504 B4E01  SSE0M
A_0072  Undecanoic acid 2180 HMOEO000S4T 185184 673 18EM 13601
AODTE  XADDIT 16114 GBS ABED  AEE0M
A_DOTA N -Acetyighitamine preett HMDBOOOB02S 1WI0TE 686 BIEM  ATEM
A_007S  Azslaic acid o HMDBO000TSL 1700 1023 ATEQ 1360
A_ODTE  10-Hydeaodecancic acid 500 WM 667  BOED  42E0
A_ODTT  Kymurenic acid anas HMDBOOCOT1S 180036 738 GTEQ  EE0
A_OO7E N .Acetyighutamic acid 14 HMDBOCO1 138 18008 1086 BIE01 20601
AODTE  N-Acstimethicnine e HMDB0011745 190084 688 ATED  AEE0M
A_0DB0  Isocitric ackd 1198 HMpBO0O 193 191018 1908 ABE01  S0E0M
A_0081  Citric acid A HMDE0000T 191020 1816 B7E01  EE0
AODEZ  XADDTS 10 7B BBEM  2ME2
A_ODE}  QOuiric ackd 508 HMDBOOCROT2 19108 65T 1BE0T 2360
A_0DB4  Phenaceturic acid 144 HMDBO000RD) 192086 706 83601 22601
A goes  Secturenic acd ﬂ ———— 193026 687 BDEH  10ED1
A_ODEE  (uconic acid 10830 HMDBOOCOS2S 195081 708 83E01  17E02
A_0DEE  Lauric add am3y HMDBO000s3 199471 GEZ  AZEM  41E0
A_0DES  Sebacic ackd a2 HMpBOO0oTE: 201012 8B1 ITEM 1E0
A_0DSO  Xanthureric ackd w39 HMDBOO00SAT 204020 1028 1360 G0E02
Agosr jrcledlacteadd — _ 204086  TO6 .BRED  47E.02
A_00SZ Mucic acid FoTE2 | HMOBOOOOET) 209000 160 BEEM 12600
A_0DS3  Phosphocreatine asus02 HMOBOOO1511 200028 1025 ABEM  2BEN
A_D0S4  3indomyisutiuric acid 10258 HMDBOOCOSE? 212002 814 BSEM2 12640
A_008%  Tridecancic acid 12530 HMDBO000S1D 213188 650 BRED  24E-01
AGDSe P acid 13 HMDBO000210 218000 651 BIEM 13600
A_0DST  Mymstolec acd 281118 HMDEC00Z000 25186 G4 44ED 28601
A_O0SE  Myristic acd 11008 HMDBOOCO8DS 27201 644 BAEM 90602
A_00SS  Ribulose &-phosphate wxnms HMDBO000s1S 220011 920 .ASEM  TOE
A_0100  Riboss S-phosphate PTTe HMDBO001 548 20011 886 2I2EM 4SE0
A_OT01 XADDSD 242080 657 B4ED 43800
AOI0Z xAODED e 203027 A6 BOEM  ATEDN
AOI03  y-Gi Taurine P HMpEnoo a8 263081 658 GTEM 15600
A_004  Ascorbate 2-subate SAETERGS 254982 1179 GBEM 5.BE-02
AOT08  XADCS 264982 128 ATEQ2  11E0
A_106  Giscose 1-phomp 65533 HMDBOCO1 585 20002 BE2  BIEM 1AED
A_0M07  Fruciose B-phosphate £ HMOB0000124 250022 848  BEEN A5EAM
A_0108 m‘“""""""""‘ e m““ 268022 ATE  44ED LAE
A_0T08  myo-incsiol 2-phosphate 160886 /6022 854 ABED  HAEDN
A0 Ehucose 6-phosphate sany HMOB00O1401 268902 828 .TAEM  GTE
A011 2200 ackd 185004 HMDB0001 298 264980 1441 22642 15600
A_011Z  G-Prosphoghiconic ack FIres) HMDB000T31E 2006 1202 BEEM  TEEN
A_0113  Xanthosine saata HMDBOOO2 283086 686 TEEM  BAEAD
AO1 Crotidine preent HMDBOCCOTES 207081 6B BTEM  -1BE
A_O1E  Sedoheptuiose T.phosphate 165007 HMDB0001068 288032 B BSEM T4
A_O1E  Retinoic acid sas7ag HMpBOOo 85 2002020 624 TTEA2  T2E0
AQTT  N-Aoety 1 w2 HMDBOCO1357 00048 816 BIEM 32600
ADVIE N Acetylg ine 65 440996 HMDBOOO1052 300048 TB4  BSEM GEEDN
cCMp 19235
A0 ZUC i ; 4038 GE6  TEEAD  2EE00
A_(MN20  N-Acetyineuraminic acid 43197 HMOBO000Z3) 308086 622 GSEL 8EA02
A_O121_ Rituikse 1,8-diphasphate 123658 JHGE0  12E8  AEM  TEEON
A0 TCMP P 22044 834 1TEM 28600
A0IZ4 CMP £131 HMDE00o0aE 32044 BAT  TEED BEE
A0 UMP e HMOBOCCO28M A0 B3 ASEM TOEN
A28 N Ciyooyineuraminic acid 440001 HMDBOOCOSTY 24083 620 2IEM 2360
AOIZT cAMP s HMDBO000058 AW04E GAE  BIEM  ATED
A_0128 Fruciose 1 6-diphasphate Tz HMDB0001058 aWesc 1183 BEEM 92602
AOTI0 AMP eon3 HMDBOOCO04S 286084 781 TOEM  L0E01
ADIH FaAMP 41211 HMDBOOCIS40 GOS8 LEEM SEE03
AO1Z IMP a5a2 HMDBO0001TS a0 812 BAEM AEE
A1 f E: 060 HMDBOOO1ZN W28 602 BEEM  ALED
A_0134  Prostagiandin Fz, 5280363 HMOBOCOT 138 3/A2M 688 BIEM  BEEOD



A0135 GMP ey HMDE0001 357 32048 BT BDEM1  LSE01
AO136 XADCSS 3BA9EE 1174 BODED  S0E0M
A0137  NADFH_dralent ey HMDBOCOOZ21 A58 948 BREM  -1EEA2
A0138  CoA_divalent e HMDBOCO14ZY 2548 888 LIEM  LIE0
A_0138 PRPP fre) HMDBOCCOZ8) 3AIE 1318 BIEM  ATEDN
A0 FAD_drvalest samars HMDBI0001248 MWD 6T BTEM  AEER
A2 coe @ HMDB0001545 402012 961 BIEM  ATEM
A3 UDP @t HMDBOCOOIS 402084 G758 BAEM  A2E0
A_0744  Acetyl Coh_dwalent sa049y HMOB0001206 w3882 AT BIEM  ATEM
A_0745  Cholic acid Zum HMDECCC0S 1S W072B0 888 A2E41  H2EW
A_0746  Thiamine diphosphate k] HMDBO0O1372 420031 GE3 BBEDT  A4E-1
A_0148  ADP 2 HMDBO0O1341 426022 915 BIEM A0
AOME ¥ 5ADP A6 HMDBOCOOOET 426022 1102 ADEG  14E01
A_0180  GOP st HMDBO001201 422017 886 BEED  -23E01
A_OT81 XADOES 425083 601 BBEGT  LEE@
A_0182  Adenylosuccinic acid 47148 HMDBOC0OSYS 462088 1134 .ZSE01  -ADE0
A58 CTP Qe HMDBOCOOOE? 481878 1027 BIEM ATE0
A8 UTP an HMOBOCOOZ8S 482851 1043 BIEM  A2E01
A_0187 COP-chaine 13804 HMDBO001413 487400 SBE  BAEM G262
A0 ATE saaT HMDBCC00538 508820 982 B2E01 4B
A_0160  Taurocholic acid LGN HMDBOCCONY 514287 583 ZDEMM  BIEAR
A0 GTR P HMOBOCO1ZTY 521888 980 -BEEM1  24E01
A_(HEZ ADP-ribose 445794 HMOBO0001 178 558.064 1.8 28EM <4 1E-M
Ao 0P guiaciose %&“ R SE50S3 7.8 BEEM  .30E-03
A_0164  UDP-ghucronic ackd i HMDBOOO0S3, 579024 930 -BDEGT 18601
HMOBNCO10aS ‘
A_01E8 g"m — Huan S48.078 7.4 BSEDN  40E-0
AOIEE  NAD® s HMDBOC00S 662086 BE7  BAE01  A3E01
AOIET  NADE" 5805 HMOBOC0021T TA2O0B4 788 L0E4D0  44E-2
€_0001 Urea 176 HMDBOOOOZM 61040 1800 -BIEM  ATEAR
C_0002 Ethanciamine ™ HMDBC000128 62060 518 -B1E0T 18603
C_0003 3 Amincgenpinitrile 1647 HMDBOCO4101 MO AM ZEEM  ATEAR
€000 XCooo! 72081 822 ZBEM  GE0
C_m Aminoacstions 218 HMDBOOOZ 134 74,060 .81 B1EM A.TE-M
C_000s Gy % HMDBOCCO123 MO8 GAS  -BREM  20E0
€_0007 Trimethylamine N-cride 1128 HMDBCC00S25 TOTE 54D BEEQT 28601
€_0008 Morpholine 8083 HMDBOO31 581 BHOTE 543 T2E0 23601
€000 Purescine 1045 HMDBROO141E BOADT 384 B3EM 2EE0
€000 phia m HMDBO000OSS 20088 601 BTEG 18601
€001 Ala o HMDEOO00161 HMDBOOA1310 S0085 742 TAEM  A2E.2
€002 Sarcosne 1088 HMDBOC00ZT1 B0086 781 G4BT ZBET
£_0013  Dimethylaminosthancl e HMpBOOGTI 20081  BEE  -BBEM 2401
C_0014 Giyoeal ™ HMDBO00O131 93086 1885 ZEE01 28601
€_0015  Phenal o6 HMDBCC00Z28 95047 441 .B2E01 18601
£_0016  Cycich 968 100012 625 AEEM  2EE2
C_001T  Acetoacetamide BO0TT 102085 1887  1LBEDT 12801
£_0018  Homeserinelactone rasm 02086 TR BIEM  ATEM
£_0019 Cadavesine m HMDB000Z 122 103123 406 -BEEMT  BAE0N
C_0020 N N.Dimethyighycine 613 HMOBO000? 104071 803 .TBEH  4BE-02
€001 GABA 18 HMDBO000112 104071 630 -B2E01  AEE01
€ ooz 5o i ;—;: —””mi 160 104071 781 B2EL2  4SEM
€023 SAmincbutyric acid preeny 108071 6E0  ZDEMM  1EE01
€003 Choline 208 HMDBOC0OGST 105410 BB1  -BBEST 4B
€025 Ser ar HMDBO000187 HMDBOOIMOG 106080 826 BREM  1EE01
C_oo% O 8113 HMDB00O443T 106086 625 13E01 G262
C_00Z7  Hypataurine 1ara1z HMDBCC0035S 10027 1488 BEENT 23601
€002 Histamine I HMDBOC00HTO 12086 380 -REED1  -TEE-03
C_m Urascil 1174 HMDBOO0000 113.034 18.85 BAEM 1.7E-1
€001 Creatinine s HMOBOCOOSE? 14066 587 TAEM  -1BE0
C_00% 3Aminod 5200228 HMDBC0002Y 15086 B2 LTEM 28R
€003 pro 6 HMDE0000 162 HMDBCOI31 1 600 BE0  BRENT  BSER
€003 Guaridoacetic acid ™ HMDBO000128 18081 678 22642 ABE0
€_po3s val 1 HMpBOCOOREY 18086 B2 BTENT  1SE01
C_00% Betane 247 HMDBO000GEY 18086 929 GSEL1  44E-02
€_0037  B-Aminvalesis acid 138 HMDBOOCA35S 18086 G58  ASE01  BAE01
C_00% T 288 HMDBOC0O 167 120065 868 88601 TAE02
€003  Homaserine 12647 HMDBOCOT1S 120085 31 BDEM  AIE2
C_0040  Betaine aldehyde_+H;0 8 HMDBO0O1 252 120402 608 -42E01  GAE01
£_0041  4-Hydragphensy alcohol_H,0 103 HMDB0004 284 121086 1881 BIEM 1B



€_0042  Anserine_dwalent 112072 HMDBOC00184 121088 58T BEES  28EdH
C_0043 Cys S84 HMDBO0005TS HMOBOOO341 7 122.028 9.38 <B3EM 2BE-
C_0044  2-Amino2.{hydroymethyl}1, 3-propanedicl 5501 122081 677 13801 A0Ea2
€_0045  Micosnamide Fey HMDE0001406 12088 GOB  BAEDT  42EaM
€_D048  Nicotinic acid am HMDBO00T 488 126008 827 1BE01  BEEaR
€_0047 Taurine 1123 HMDBOOCOES1 126022 1884 BEELT  BTER
€_0048  1-Methyihistamine ) HMOEOCOOsSY 126108 401 BAE01  BIEM
€_0048  3-Hydro-2.methyi-4- pyrone o] HMOBOCANTT 127038 1882 LIE0 S5
€_0051  |midazole-4-aoetic acikd Fraly HMDBOOO024 127080 657 40E  BIEM
€_0052 XCo016 128088 747 TEES1  LBEdN
€_0053  4-Cmopyrridine-2-carbonyilc acid 107541 130080 808 BBEH  H2E.03
€_005  Pipecclic acid T 130087 843 B3E01  A4EAM
€_00SS  trans -Ghaaconic acid 5280408 13034 1962 BIE01  AZEM
C_m Nwm 122356 131118 6.50 ABE0M 4.88.01
€_00ST  Hydrosyproline 810 132088 9584 BEEST  12EdM
€_00%8  3.Guanidinopropionic acd arro1 132076 685 BAE01  2IEM
€_00% G-Aminchexancic ackl e 132102 677 BEEDT  13EaM
€_0080 Leu a5y 132102 847 LSE01  ADEMM
€_0081 ie fy 132102 837 LEES1  2TEMM
€ 062  GiyGly 11163 133080 688 44E01  -25€.02
C_0063  Asn ey 133,060 BB BSE0 4.1E-03
C_0064 Creatine 585 HMDBOCO006: 133078 724 BTE01  ABEON
C_0065  Ornithine 3 HMOBOO0OZ 14, HMDBOOOIAT4 132,067 5ET  4BEM  BAEDM
€_0086  Thiaproline Frer) 138027 182 BIE01  LIEM
C_008T Asp 24 HMOE0000191 HIMDEOOOSASY 138044 080 TAEO1  1SEM
€_006%  Adenine 190 HMDBOOOO034 136062 624 BE01 22640
C_DoeEg WM =a HMOED000 157 137.046 8.4z EAE T.BE-M
€_0070  1-Metiyinicotinamide 457 HMOB0000%I 137071 602 L2E01 18N
€_0072 Trgoneline S50 HMOBO000KTS 130088 862 BBEST  44EM
€_0073 Tyramine 10 HMDBOCO0304 138061 68D BSEOT  LBEN
C_0074  yGhLys_dwalent ety HMOBO00S1 54 138502 o2 IR 2B
€_0O78  Urocanic acid frmrany HMDBOO0O1 130080 679 10E01  TIEaR
€_0OTE  1H-imidazoie-4-propionic acid 10105287 141088 684 12602 44E02
€_0O7T  1-Metiyld-imidaroleacetic acid 5810 HMDBOOOEE2Y 141086 675 GBE0?  -ADE.2
¢ pora EE002 8 s - ; 182101 844 BIEM 1360
€_0079  8-Guanidinobutyric ack] 0 HMOBOOCAEL 146062 675 B2E01  BBEAD
€_0080 y-Butyrcbetaine 13 HMDBO001 161 186118 663 BBENT  23Ea0
C_00#1  Acetyicholine 187 HMDBOCOOSES 46118 62 BTEGT 156
C_00E2  Spermidne 1w HMDEOO01257 146188 470 SEEQT  9.0E.
C_m Lys - HMDB0000 182 HIMDBOOO340S 147.113 582 <BREO1 <1.BE-01
C_0084  2Methy 4-carbondic acd 160736 148042 1183 .GREM  TOE.0
€_008% |sogutamic acid 73064 148080 782 BTEQ1  SEE.R
C_0085  N-Acetylserine e HMDBOOE 148080 1978 BEE0T  3SE
€_0O8T  threo--Meshylaspartic acid 440064 148080  10.22 .TBE2  GDEM
C_008E N -Methylaspartic acid Zemm0 HMOBOO0ETY 148060 1134 BIAE  ATEM
€_0089 Gin =71 HMDBOO00S41 HMBBOOA342 148075 888 BEEO  14EM
C_ 0090 (Gu a611 HMOE0000 148 HMOBE0OOII3S 149,063 5.04 =BBEA1 =1.0E-1
C_00a1 Met ams HMDEOOOOS 150088 884 .GEEST  TIE.2
€_00%2 Triemanclamine 618 150112 674 2801 ASEaM
€_0053  Guanine 5 HMDBO00O 132 152087  GE3  44E01  2BEM
€ 0094 y.Giu-Arg_dvalent 20719180 HMDBOOZS14 152588 TA3  BAEQT  A2EaM
€_00as  Xanthine 118 HMBEOCoo2 153041 1684 BSE0  TTEM
C_0086 N ety Acarb ich 440810 HMOE0004 194 183,088 1588  -BAEM B4E02
€_poar c"‘“"'m“"' ﬂi‘mﬁ Wmmr] 188087 71 BBES 2EEaM
€_00a8  His m HMOBO0001TT 186077 588 .LSE01  ADE42
©_toas aci s 157081 722 ABES  45EdM
€_o100 ﬁﬂ“: Zpere — 161081 TET  AZE0 A0E01
€.0101 N Mesmyilysine 164798 HMDEOOOCEs 1128 BED  B4EDT  24EM
€ o f_‘_‘ e ﬁ 162076 604 BAED1  3E0
€_0103  f-Hydrontysine 3032848 HMDBO00O450 163107 B4 BSEL  TEEM
€ 0104 Camitine a HMOEOOOO0 WANE 6SS  LBEL  2IEaM
€_0108  Lumazne 10250 16041 1877 Z1E01 44BN
€_0106  Methionine suioxide 158380 HMDBOOCZ00% 66082 684 ABEST BB
C_0107  T.Methylguanine 11361 HMDBOCCONST 16072 GTS  BTEQT  34EaM
C_0M08  Nommetanephrine_HyO G89100 HMOBO00081S 166,086 748 ATEMN  TEE
€_0109 Phe Fory HMDEOO0015 BG0BE 942 BIE01  3SEaM
€010 Tauocyamine 68340 HMDBOOCaSA 18042 1888 BEEDT  ATEAM



€ 0111 Pyridoal 1059 HMDBO001545 168068  TAE  ZDEMM  14E
€011z ‘W‘"‘ﬁ:& e 16B06E 887 18801 G7E-02
C_0113 TyrArg_dwalent 1z3m0a 169564 629 1IE0  ASEHM
HMDBO0002 18
€ ong pordemdine gﬂ it 170082 T8 .83E0M 330
£ o118 mm_"“?‘“ % W‘“‘—D“m 170082 613 FAED 4B
C_0116  XC0040 174067 953 .BSE01  40E4M
€017 N-Acstylomithine s HMDBOOOAA5T 175108 TEO  GOE02  -ABE
C_0118  N°Ethyighitamine AT 178,108 907  -B0EM  -10E-0
CoMe Ag ey HMDBOOOO%1T HMDBOOIM 16 175418 BB .GBEMM  GAE.02
C_0120 Guandinosuccinic acid eI HMDBOO0R 157 176067 832 BIE01 23602
021 Citndline arsn HMDBOO0OS04 1408 842 BB 2TEAM
€012 Semionin Frry HMDBOOOOESS ATTAGE 74T TEEM 30
C 0z Afin arma 170063 1285 ATEM  TEAM
€ 0124  Gluconolactone puirid HMOE000015) 179058 1961 G0E01  4BE.02
C 0125 Gucosamine FEeIE] HMDBOOO1514 180088 T8 .BAE01  ASEN
COI Ty 1153 HMDBO000158 12081 935 .BTEM  14E41
€027 Phosphoryicholine 1014 HMOBO001 558 184074 1TZ8  .BTEM 2260
C_0128  Adrenaline sa16 HMDBO0OOO% 184067 749 .2BEM 91
€012 N'Acehyix 495 HMDBOOO1 276 1BBATE 645 .BBEQM  -206.02
C_0130 N -Acstylysine azany HMDBO00O446 189123 801 ABE01  24E01
€031 Giyles 189423 T80 12E01  2EE
€01 N Acetyliysine rrrer] HMDBO0OOR0R 189123 942 .BREM 12640
€013 N Methylargnine 132862 189134 606 .BSEM  AAE0
C_0134 N NE NET 440120 HMDBOOO1 125 189160 GBS .BSEQ1 2B
€_013%  Homecitraline e HMOB000OGTS 190118 920 .BIE01  2BE0
€013 Giyhsp ars 19067 B2 .88EM1  A1E02
€037 &-Amincippuric acid 2148 HMDBEOO01857 195078 B8 ZBEGT  GIE0
€013 Tyrosine methyl ester 70552 196067 TED  ATEM 110
€013 N-Acsty 8618 190087 B04  .BIEL 206.02
C_0140 ADMA 1z HMDB000 5w 203180 626 BEE01 13601
€141 SDMA 163148 HMDBOOCA33 200180 636 SIE01  AGE2
€042 Spermine 1103 HMDBO001265 20327 A6 .24E0  AAE02
C.0143 O-Acetyicamitine TG HMOBOOO0 204122 740 .B5E01  H2E.02
C 0144 yGhueGly 16527 HMDBO01165T 205082 856 .TBE01  SEEAN
Cows T a8 HMDBO000E2S 205087 807 BEE01 90602
C_0ME  Carbarymethylysine 123800 206416 TS .GTEM 106
€_0147  Lipoamide a5 HMOB00O0N2 206068 1998 ZBES1  SIE0
C_0148  Kymrenine 846 HMDBOOOOGH 208082 B2 GEEM  24E01
g Lrrem s ém —_— 218138 TE3 B3SO0 HIE2
€050 palys 206 218180 683 BE01  AGEM
€081 yGhbla w4003 HMOBOOOE24A 219088 1008 TAEM  2EEM
C_0162  XCDOGS 21081 1084 BTEM  1BEAH
€_0153 N -Aoetylghicosylamine 430454 HMDBO001 104 21412 842 S4B 27EM
N-Acetyigalactosamine FrTard HMDBO0OOSSY
€015 N-Acstyighioosamine LT HMOBOOOO21% 222067 BT BB 1BE0M
N -Acetyimanncsamine 43281 HMDBO00 129
C_0155 Cystationine [ HMDBEOO0O0 223076 86 BEE01  27EM
C_01%  Necsigmine 4456 223148 720 TEEN?  2BEM
€087 3Hysromykynurenine 11811 HMOBOO1163 26088 B BIEM  ATEMM
C_0158 Camosine sz HMDBOO0OOTY 244 BS1 B4EM 28601
€_01%8  .Deaxycytidine 13711 HMDBO000014 228088 773 4BEMM 18601
€_0160 Butyryicamitine axanzg HMDBO00Z013 212164 783 .BOE01 A0
€061 |sobutyryicamitine 168379 HMOBOOOOT S 232484 1T ADEM  AEEM
€062 y.GhSer ZA4TaR  HMDBOOCS1SH 23068 1042 BIEM 2EEMM
C 0163 TheAsp 1280446 235088 BT B2E01 5602
C 0164 SerGiu 236068 BE4 .BBEL 1001
C_0165 N -Formyllgnurenine 210 HMOB0001200 ZIT0BT 1006  BAE0M  ATED
€065 Cyssne san HMDBOOOO1a2 241032 908 AZEM  2BE.M
C_0167  Homecamasine 10243361 HMDBOOCOT4S 2841420 667 BEE01 22640
€_DI6H  Thymicine srHa HMDBOO0OZTS 243088 8BS .21E01  2EE0
C 0163 Cytidne a1rs HMDBO00OON 244088 T80 BAE01  SIEAM
C 0170 Unaine e HMDBOO00R 235077 1888 TBE0T  BAED
C_0M71 N'.Acstylspermine L HMOBOOO1 186 245233 481 BIEM ATEMN
€ 072 |sovaeryicamitin E6851 HMDEO00OG8S 286470 B0 .TOE0 9002
COMT3 yGhval I01%E3  HMDBOO119T2 247428 1081 BTEM  .TSE
£ 0174 Malonylcamisne ZBEAI  HMDBOOOROS 288112 BAT  .BZEM  1BEH
C_0175  Pyndaamine §-phosphate 1053 HMDBO00 1555 289063 861 .BEE01  4BE.02



C_0MT6  yeGiuThe 53661142 HMOBO0S 159 240108 1052 -GBEM 23E.01
C_07T  yuGh-Cys 123338 HMOBO001048 281.068 1060 -T.5EM 1.8E-01
C_ 78 r-Deagnosine 135330893 HMDE00000T] 253,054 15.41 1.BE-N A.BE-02
C e xXCooss 255.058 TBD -B8EH1 A3EA02
C_ 0180 XCO1S4 eil-r 285107 18.50 BAELM -4 BEM
C_M81  Glycerophosphocholine 43285 HMOBO0000SS 258.108 1843 -B5EM =3.0E-02
& o :E::"L; e M””"” 260043 WEE  GEED  28E03
C_0183  y-GheAsn 131801686  HMDBOOZS 144 262108 1086 -BBEN 49E-0M
C_0M84  y.Ghu-Omitine 189156 HMDBO00Z248 262.140 698  ATED  34EA02
€085 y-Gluhsp e HMDBOCAN41S 263088 1076 BB H5E-02
C_0M85  Triamine 1130 HMOENO00TRS 265111 538 GEEM 2.7E-n
C_0M&7  Adenosine OE1 HMDEO00GS) 268100 BN BAEM A3EM
C_0M88  |nosine sa21 HMDBO000 185 260088  6E0  ATEM  44E.
C 0188 y.GluGin 150914 HMDB001 1738 26118 07T ATED 1.2E.01
C 090 Gu-Gu 439500 277104 856 -BBEMN -4.TE-02
C_09  yGheGi ey HMOBOO11737 277408 1086 BSEMM  BAE-0
C_0ME2  Saccharopine 150556 HMDBO0002TS 2T7.13 884 B4EM «2.8E-01
C 093y Met TOOasET HMOBO0A4 36T 2ra.am 1073 -81EMN =A.7E-M
C_0134  1-Methyladenosine 21406 HMDBOOOAAI 282117 BAT  BTE 1.7E-01
C_0195 Guanosine (-] HMDEO000133 284058 10.81 -SBEEM 2264
C_0196  yGhuHs Ta17196 HMDBO02S 151 285.120 T3 BBE0 1.2601
C_0MS7  Octanoylcarnitine 11953814 HMDBO000TS 1 288217 852 BEEL 1BE-0M
C_0198  Ophthalmic acid osr HMDEI0008 Péh 290.134 1056 1881 =1.BE-(M
L0 A acid 650 HMDBOOOOOSZ 281130 .78 <TREM 31.7E-N
C_ 0200 y-Ghu-Phe 111298 HMOBO000534 285,130 1078 -B4EM <1.7E02
C_0201  §.Deaxy-S-metyithicadencsine AFNTH HMDB0001173 200,067 828 B4EM  AIEM
€ 0202 N Meshyiguancsine B3T3 HMDBO001 553 298118 987 B4EM 27E0
C_0203  Arg-Giu 304161 642 AIEM 11EM
C_0204  Glutathione (GSSG)_dwalent 65353 HMDB0O0AIIT 307084 1007 -B8EMN 1B
C_0205  Glutatione (G5H) 124886 HMDB0000125 308082 1087 -BSEAM 2.BE-n
C_ 0205 XCO0N2s 30118 1248 -BEEM 4.TE-N
€_0ea7  Tyr-Giu INMAZ 898 AZEM 24EM
C_0008  y-GiuTyr 94340 HMDEO011741 ANMAZ 088 TEEN2  B2E.M
C_0N08 & Mesig 115260 3AOT 08 BEEH G4E02
C_o@10  xconaz 325981 TAD  -BEET -1.BE-DN
C_ 0211 NMMN 14180 HMDE0000P2S 335.088 1741 -BSEM =3.8E4M1
€_0212  Laurcyicamitine 168381 HMOBO00E50 344280 914  B2EM 223EM
€_0213  Thiamine phosphate na HMOBOO0EGES 3a50m AT BREM 1.8E-02
C_ 0214 XCoar 350.059 1118 8480 =1.5E-(1
€ p21s O 5 ¥ AXMNE HMOENOO0ARE 85167 488  1TEAM 1.7EL0M
C_0216  Ribofiavin 493570 HMOBOO00R4Y ATT.A4T 1876 -82EM 2.BE-M
C_02T & dactoyigutathione 440018 HMOB0001 066 380.114 1148  BUEM ATEAM
C_0218 & -Ademomyhomocysieine 43155 HMOBOOO0ATS 388428 TA7  TOEMM T.0EM
C_ 0219 S v JATHE HMDE0001 185 359.144 583 -BTEM =2.DE-M
L 0220 Cysteine i 10455148 HMOBOOOCKSE 427058 963 -35E01 2.3E-01

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




Table 53. Results of comparative analysis
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