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Few studies have comprehensively screened for ionic
small molecules with high water-solubility in the traditional
Japanese mandarin orange Citrus unshiu Marc. Here, we per-
formed metabolomic analysis with capillary electrophoresis-
mass spectrometry (CE-MS) to comprehensively identify and
accumulate gross quantitative data for water-soluble com-
ponents in the different varieties of ‘Aoshima’ and ‘Okitsu/
Miyagawa Wase’, according to grade and processing method.
In this analysis, we focused on 151 components and showed
the characteristic components related to each different
variety and processing method, e.g., Met, Gly, and Asp in var.
Wase; ornithine, putrescine, synephrine, and Gln in var.
Aoshima; and pyroglutamate, GABA (y-aminobutyric acid),
and malonate in the juice of var. Aoshima. Furthermore, we
conducted processing tests and identified components that
were affected by squeezing or heating. These data represent
basic data for further investigation of the metabolism of C.
unshiu Marc. or chemical changes in their components due to
external factors such as processing.
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00387 Guanosine 18.61 C00051 Glutathione (red) 113.73
C01879 5-Oxoproline 418.41 C00097 Cys —(. 83 45.87
C00153 Nicotinamide 5.49 C00003 NAD+ 7.62
C00329 Glucosamine 5.64 C00197 3PG (.8 10.27
C03795 N6-Methyl-2" -deoxyadenosine 7.34 C00025 Glu 783.24
C01494 trans-4-Hydroxy-3-methoxycinnamate 13.77 C00956 alpha-Aminoadipate (0.8 | 2.38
C00170 5-Methylthioadenosine 5.78 C00043 UDP-N-acetylglucosamine —0.8} 3.67
C02273 Digalacturonate 3.84 C00588 Phosphorylcholine (lecithin) 24 .49
00147 Adenine 1.42  C00864 Pantothenate -(0.78 5.95
C00334 GABA 5831.18 C00357 N-Acetylglucosamine 6-phosphate [EEUNi4 5.62
C01546 2-Furoate 29.90 C01678 Cysteamine | -0. 78 13.81
C00383 Malonate 154.46 C00019 SAM+ [ 0. (0] 2.58
C00160 Glycolate 125.04 C01029 N8-Acetylspermidine B 0.17
C00212 Adenosine 42.22  C00085 F6P B4 52.50
C00140 N-Acetylglucosamine 48.15 C00092 G6P B3 177.76
C00186 Lactate 0.93 193.30 C00064 Gln El3 1880.99
C00106 Uracil 10.61 C00179 Agmatine | 0. 0.70
C00191 Glucuronate 38.26  C00689 Trehalose 6-phosphate EW60 21.25
C00099 beta-Ala 53.78 C00346 Ethanolamine phosphate EW60 25.21
C01620 Threonate 117.76 C03406 Argininosuccinate E57 1.67
C00021 SAH 0.32 C00074 PEP 55 2.34
C00670 Glycerophosphorylcholine 80.32  C00078 Trp 54 45.43
C08269 Betonicine 5.63 C00029 UDP-glucose 53 42.68
C00475 Cytidine 17.94 C00296 Quinate 53 727.11
C00082 Tyr 0.87 198.27 = Cysteine-glutathione disulphide 0. 48 7.79
C00299 Uridine 55.87  C00612 N1-Acetylspermidine 47 0.22
C00417 cis-Aconitate 0.85 84.75 C00491 Cystine .45 0.86
00263 Homoserine 13.46  C01046 N-Methylglutamate 44 2.31
C00183 Val 279.92 C00711 Malate B .38 3334.53
C03761 3-Hydroxy-3-methylglutarate 7.23 C03758 Dopamine B.37 3.32
C00047 Lys 463.85 C01419 Cys-Gly IE0.33 1.92
C08261 Azelate 1.41  C00096 GDP-mannose B0.32 2.40
C00122 Fumarate 9.28 C00015 UDP Eo0.31 6.11
C00380 Cytosine 3.94 C00008 ADP E0.30 2.59
C00257 Gluconate 63.01 C05382 S7P B0.28 30.56
C00407 Ile 0.71 127.11 C00199 Ru5P B0.26 10.60
C10172 Stachydrine 6156.91 C02630 2-Hydroxyglutarate B0.26 8.28
C02115 Alpha-Methylserine 4.19  C03752 Glucosaminate B0.26 3.12
C02727 N-epsilon-Acetyllysine 1.07 C00315 Spermidine Bo0.25 2.95
C02494 1-Methyladenosine 0.34 C00049 Asp B0.20 1612.52
00490 Itaconate 3.12  C00311 Isocitrate B-0.20 498.41
00042 Succinate 79.51  C00250 Pyridoxal B0.19 0.44
C00954 Indole-3-acetate | 0.6 6.45 = 2-Hydroxypentanoate B-0.19 2.69
C00123 Leu | 0.68 196.10 C00493 Shikimate B-0.17 102.59
C00624 N-Acetylglutamate G 1.74 C00158 Citrate B-0.16 23966.03
C00719 Betaine | 0.6/ 7.94  C00780 Serotonin 0-0.16 0.86
C01234  1-Aminocyclopropane-l-carboxylate [HINE7 0.81 C03172 S-Methylmethionine 0-0.16 34.20
C00079 Phe | 0.4 298 .48 C04548 Synephrine B-0.15 798.44
C02356 2AB | 063 23.74 C00134 Putrescine B-0.15 1591.50
- SDMA | 0.0 0.45 C00354 F1,6P B-0.14 4.92
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C00135 His | 0. B 140.80 C03626 ADMA 1-0.13 9.25
C00037 Gly 3 255.61 C00637 Indole-3-acetaldehyde 1-0.11 28.10
C00065 Ser O3 2086.21 C00093 Glycerophosphate | -0.04 8.65
C00993 Ala-Ala [ 0. ¥ 2.63 C00979 O-Acetylserine | -0.04 3.35
= Phe-Phe [ 0. ¥ 0.21 C00483 Tyramine | -0.03 2.19
C00408 Pipecolate 2 5.93 C00300 Creatine [ -0.02 0.99
C00489 Glutarate 2 5.42 C01425 Glu-Glu | -0.02 2.39
C00818 Saccharate 60 68.90
C00314 Pyridoxine [ 0.} 0.50
C02835 Imidazole-4-acetate 7 1.07
C00148 Pro 7 7262.07
C04137 Octopine 6 6.78
C00041 Ala -4 2172.78
C05771 Isopropanolamine | 0.5% 0.39
C00879 Mucate HW53 41.73
C00062 Arg [ 0.} 5130.20
C00188 Thr | 0.3 326.31
C01152 3-Methylhistidine 50 2.30
C00103 Gl1P 50 26.79
C02155 Gly-Leu 49 0.88
C00086 Urea 48 49.85
C00214 Thymidine 46 5.56
C00534 Pyridoxamine 0 44 0.45
C00073 Met .42 66.32
C04501 N-Acetylglucosamine 1-phosphate .41 4.71
C01035 gamma-Guanidinobutyrate .41 2.60
C01004 Trigonelline .39 225.24
C00327 Citrulline .37 7.49
C00519 Hypotaurine .36 3.05
C00152 Asn M3 3939.19
C00986 1,3-Diaminopropane .35 0.84
(trimethylenediamine)

C03793 N6,N6,N6-Trimethyllysine .34 4.15
C00437 N-Acetylornithine .31 8.09
C06213 N-omega-Methyltryptamine .31 0.57
C00114 Choline .31 391.46
C00788 Epinephrine .29 0.90
C02640 Isoamylamine o .26 0.40
C01015 Hydroxyproline W0 .26 10.18
C00378 Thiamine H0.18 9.52
C02714 N-Acetylputrescine B0.17 7.89
C00077 Ornithine I 0.07 275.49
C02504 2-Isopropylmalate | 0.05 0.93
C02341 trans-Aconitate | 0.04 238.75
C00127 Glutathione (ox) [ 0.02 10.09
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C00534 Pyridoxamine 0.45 C00354 F1.6P 4.92
C01015 Hydroxyproline 10.18 C00077 Ornithine =0R93 275.49
C00073 Met 66.32 C00327 Citrulline (0.8 7.49
C00612 N1-Acetylspermidine | 0.6 0.22 C05771 Isopropanolamine -0 .80 0.39
C00037 Gly [ 0. B 255.61 C00979 O-Acetylserine 3.35
C03752 Glucosaminate | 0. 2 3.12 C00029 UDP-glucose —(0.7 42.68
C00049 Asp s 1612.52 C00378 Thiamine | 0. K 9.52
C04137 Octopine 7 6.78 C00086 Urea Bl 1 49.85
C00123 Leu 7 196.10 C00092 G6P [ -0. (¢ 177.76
C00188 Thr W54 326.31 C00250 Pyridoxal | 0. ¥ 0.44
C01425 Glu-Glu 50 2.39 C05382 S7P Eo 30.56
C00437 N-Acetylornithine 46 8.09 C00519 Hypotaurine BN 3.05
C00314 Pyridoxine 9 43 0.50 C00134 Putrescine Els 1591.50
C06213 N-omega-Methyltryptamine 9 43 0.57 C04548 Synephrine B4 798.44
C00407 Ile Y 43 127.11 C00954 Indole-3-acetate B4 6.45
C03626 ADMA .42 9.25 C03406 Argininosuccinate | -0. $%] 1.67
C00993 Ala-Ala .39 2.63 C00064 Gln Bl 1880.99
C00079 Phe .37 298.48 C00408 Pipecolate Ec1 5.93
C00257 Gluconate .36 63.01 C00019 SAM+ [ -0.[) 2.58
C00491 Cystine .34 0.86 C00818 Saccharate E60 68.90
C00179 Agmatine .34 0.70 C00158 Citrate EWM60 23966.03
C00315 Spermidine .33 2.95 C00493 Shikimate EW59 102.59
C03172 S-Methylmethionine .32 34.20 C00103 GlP 58 26.79
C00183 Val .30 279.92 C01004 Trigonelline 58 225.24
C00986 1,3-Diaminopropane M0 .26 0.84 C01046 N-Methylglutamate | -0 B 2.31

(trimethylenediamine)

C00637 Indole-3-acetaldehyde Mo.24 28.10  C00015 UDP 57 6.11
C00135 His Mo.24 140.80 C00199 Ru5P EW57 10.60

= Phe-Phe H0.21 0.21 C02640 Isoamylamine 54 0.40
C00047 Lys H0.19 463 .85 C02504 2-Isopropylmalate 53 0.93

= Cysteine-glutathione disulphide  H0.18 7.79 C00148 Pro 53 7262.07
C01029 N8-Acetylspermidine H0.17 0.17 C00300 Creatine 52 0.99
C03758 Dopamine B00.15 3.32 C10172 Stachydrine Ei51 6156.91
C02714 N-Acetylputrescine B0.15 7.89 C00008 ADP .49 2.59
C00383 Malonate 00.14 154.46 C00296 Quinate B 48 727.11
C00588 Phosphorylcholine (lecithin) 10.12 24.49  C03761 3-Hydroxy-3-methylglutarate A7 7.23
C00074 PEP 10.12 2.34 C00114 Choline A7 391.46
C00864 Pantothenate 10.10 5.95  C00879 Mucate 47 41.73
C02273 Digalacturonate 1 0.09 3.84 C00043 UDP-N-acetylglucosamine B .45 3.67
C00078 Trp 1 0.09 45.43 C00380 Cytosine Bl 45 3.94
C00711 Malate 1 0.09 3334.53 C00299 Uridine B 43 55.87
C00160 Glycolate 10.08 125.04 C00003 NAD+ B 43 7.62
C01494 trans-4-Hydroxy-3-methoxycinnamate | 0.08 13.77 = SDMA B 43 0.45
C00329 Glucosamine 10.08 5.64 C02341 trans-Aconitate B 42 238.75
C00153 Nicotinamide 1 0.08 5.49 C00085 F6P B .39 52.50
C03795 N6-Methyl-2" -deoxyadenosine 1 0.08 7.34 C00311 Isocitrate B.38 498.41
C00170 5-Methylthioadenosine 1 0.08 5.78 C00051 Glutathione (red) B .38 113.73
C00147 Adenine 10.08 1.42 C01152 3-Methylhistidine B .35 2.30
C01546 2-Furoate 1 0.08 29.90 C00127 Glutathione (ox) B .35 10.09
C00122 Fumarate I 0.07 9.28 C00097 Cys B .35 45.87




506 HARMBFATSAEE B674 H12%5 2020412 H (48 )
% 2 ERFMIORAFARTESLURSFO—E (X)
B
PC2

B A IRR B 72 15 H B IR 2 Ly
C00956 alpha-Aminoadipate 1 0.07 2.38 C00719 Betaine B0.33 7.94
C00788 Epinephrine I 0.07 0.90 C01234 1-Aminocyclopropane-1-carboxylate 0. 32 0.81
C01879 5-Oxoproline | 0.06 418.41 C00096 GDP-mannose E0.31 2.40
C01419 Cys-Gly | 0.02 1.92 C02356 2AB E0.31 23.74
C00191 Glucuronate | 0.02 38.26 C00624 N-Acetylglutamate E0.29 1.74
C00186 Lactate |0.28 193.30
00263 Homoserine B0.28 13.46
C00357 N-Acetylglucosamine 6-phosphate IR0.28 5.62
C01678 Cysteamine Bo0.27 13.81
C00042 Succinate |o.27 79.51
C02115 Alpha-Methylserine B0.26 4.19
C08261 Azelate B0.26 1.41
C04501 N-Acetylglucosamine 1-phosphate I0.25 4.71
C00417 cis-Aconitate B0.25 84.75
C00082 Tyr B0.24 198.27
01620 Threonate B0.22 117.76
C00140 N-Acetylglucosamine Bo0.22 48.15
C08269 Betonicine B0.22 5.63
C00041 Ala B0.21 2172.78
C00093 Glycerophosphate B0.21 8.65
C00689 Trehalose 6-phosphate B0.20 21.25
— 2-Hydroxypentanoate B-0.20 2.69
C02835 Imidazole-4-acetate B0.19 1.07
C00780 Serotonin B0.18 0.86
C00065 Ser B-0.18 2086.21
C00334 GABA B-0.18 5831.18
C00062 Arg B-0.16 5130.20
C00212 Adenosine 0-0.16 42.22
C01035 gamma-Guanidinobutyrate B-0.16 2.60
C00099 beta-Ala B-0.15 53.78
C00152 Asn B-0.15 3939.19
C00025 Glu 0-0.14 783.24
C00197 3PG 1-0.12 10.27
C00483 Tyramine 1-0.11 2.19
C02630 2-Hydroxyglutarate 1-0.11 8.28
C00346 Ethanolamine phosphate 1-0.11 25.21
C00489 Glutarate 1-0.10 5.42
C00214 Thymidine 1 -0.06 5.56
C02727 N-epsilon-Acetyllysine | -0.06 1.07
C00021 SAH | -0.05 0.32
00387 Guanosine |1 -0.05 18.61
02494 1-Methyladenosine | -0.04 0.34
C03793 N6,N6,N6-Trimethyllysine | -0.04 4.15
C00670 Glycerophosphorylcholine | -0.03 80.32
C00106 Uracil | -0.03 10.61
00490 Ttaconate | -0.03 3.12
C00475 Cytidine | -0.03 17.94
C02155 Gly-Leu 0.00 0.88

ERG AT S HBONIZE - (A) EEZTHS B) ORFAFED) X M. RFAFEE1256-1DEEHY, 141138
WEZFFORTIE L, KENFANO5A & OMBE, BEE Y Y22y Ih Y 4FBXEA ML — Y a— 2 1B 587

15 BAE D39l %2 R L7z,

IR IR LAY 50 uM PR 1d T, 100 pM DL IdR s ThREH L 72,



(49)

JE - o X 2 DK O R RE R AT 507

IO X etk SR S N s e LTEH LT
CAMEDHH7E5 9

(2) 722 Ih Y OERBRGINLIIC LY =2 %585

VT2 I N IERELE L TEETAM, Va2
BT MTREDLBELTYS, IMTAERIIBVTD,
ARIZE TN DT ORISR RS C&E 5 2 LAY
BElLw 200, REZMLLAEE, SHESIZED
B AL A U % O % IEREICHIRES 5 2 &%, LTk
LM LAOBRMNEZ T2 L CEETHL. $/2, K
MFRIZBVTD, AFREA L — bV a— ADRGEH 6
MIZEERDS A SN0 (M1 £2), ZoERZEDE
K ZBHEIZT D0LEDR D -7z, Z T TARIZETIE, T 2—
AaE, ZLOMTEMOTRIZE TN, REOHIR
MBFEICED L, ZOTRIGRORSEEEZNE - I
L7,

T3, REOWWY LT R KT 22 LT, #HT
& BB RGN L7z, NI X B8 ZIRE LTy
5720, HE 1RO ERE 255 L, FEEHEEOB
ek FERt 25, 20T, EROFETAELD S
PR, B X OEHERT 2 2 E0E L TR L
bRV ELTAY Ra— oL (F1 T
VD). VETRIBR CRBEEEERT 2 K L7225, T
IZ& D) 39 WA DEREIEAT B Eavbhoiz ML
72 DA 2 WA, AL L IFEI L b AT 37 1) (F
3. T IVIcBLTRA D L IETERT DS
WD otz RERVRM TOEHEBENL VIS SET S
L, AZFRY Y, GABA, 7MLy Y, T E I SN
TERELEZETHTHRFETH LTV, —F, TvF=r
EFIIVO2HAIConTRIEC L T L 72 (3
3). F 3R L2 DTS & o THER L 725K 2w
T, RO R ML A2 L) RN TOE R 50 A3
HEXNALFERR, B 5 VIE 7 VR REEOMHE R 5 H
W EINLEICL LN - B, MR~ 05
WM EOWIERZ EPRRE LTEZONL. U F
VREIZBITDT IR A FTIE, BEBXOHMIEE
7 UVREPRDE L, RHIIBW ISR W T EA%55
NTW2Y I L o TR A % R 7585 122w
T, HHEEEIC DL EEN BT, T NUHRIFNT
TIEBRE LI LT b e EzoNnb. 4
%, WO E IR E L X0 5 04T 2475 T
W LERH .

WIS, [ v TV RO LR & IR TS %
Z LT, MBUC X BRGEACE AT L7 JRASEE 0%
D B FEVET OB AW O FLHEY, 7 6 N — I
ARG TITON TV DR EME T B F 2, AEBCI3m
Bt %, 65T, 85T, 100C T30, 10474 L, 2hb
DB FE 72 R L BB O 2 & RO — LRI O H
L7z MBI E WY 5 L, 2 Ty ue o

HENICB W THBER RS OMEA R SNz (K24, B).
B X ) BN d B VI H 2 1A S 2 b o, 20 s>
Hosz (K2A). BmoRsLA LT 3EEBlg s,
MBS B EBINL200 (Eayy I Ul <o
W —aFy73IF(E¥3I2BH) %), 85T OREHT
WML 0 (VAFA v, FNV=F 5, 65T DR
THIL2b (FLVF=y, FykakAsayy) 38
HAELZ, MBUCX DA Lzb ok, 1200 dH -7 (K
2B). Wmowa LR, BAEOREAE <, MR
B EVITIERDT 2RO ETH -7z S Cldzs
R L7280, SEAB CREIGRAEATE L o720
DX 6RTH Y, ZNHIFHBREE Lz (K20). &k
RIFREEH AR VT EBEIN, & D WA L7z iz ow
T, ALFRNZEAZES SNLE TofE, ZILLR 3w o
ThrrEZ6N5. Fle LT, ¥arZigy 3 rERISms
WX DB LRI AR SN, Yasvy 3 VR
TN E IR TNY I VBOIFRRNICE L RN
SIS E AT 50 FRBELUSICE > TE L 52, 2ot
SUCMEE RN % & OB GMIC L > ThEES 5™
WS COIRMEMRIBIC L 2T 7V 8 I U EEO A
XNV IVBEDL TNV I VOF[/REINDR TV
EBCF BN X D IV I VAL CER LY 3
VWAL A ENHIE SN TN DE D WD &S AR
TV I VERREIIINBW L D BL L e ozl b
EMD, R OFERETOET 7V E I VEEOBEINLEC
TNY IV DLFEE LR LD EZ NS
FK2IIRLEKGDH) B, FEIITRENTW W O
TIZE D BEAR SN o7z, SNSRI
B L OB I Wb DL LT, ¥ a—A{LEo
THOLEEZZZLNEEZRNTHA ).

WIS, TR CTR S NA-ZsEm, B OFBOL
WA ML= Y 2—ADRX T R0 — LENTE % i L
TBORSEREEDEVIEAZITTIZLT, vy av g
YERBSOELETII OV L £, Ya—X
MLT 5RNFERHI BV TEALT A2 L EXONL R
T2V ANT v T L7z (F4A). 2DHH, Y a— Al
2 B SN B DN LRER T MR S e h o 72 51
B, EEHMRAFR ST 2 LB 2 A (3R A4A,
#1-51). Y a—ATAL RIS NG, INLHER TR
VHRER S N o 72 21 Bior L, FOEMEEISRA§ %
Wy b E AN D (FA4A, #52-72). 4l A & K — LfE
MLAEROFEE, Ja—ARRICEB SN TFEOE
METIE, WV FHERTHOFENZRE L ThHhD. £
D72, LR 72 W~ OV F R BRI o T
HLOEHERENG, B, IWES AR HER T R
L7237 2 — A2 GABA 3% L & F 1, [ERC GABA &K
TCRTTHA TN I VEEIEY 2 — A Th o2 hs (5
4A#252), THIUET v 2 3 128 WT GABA 73
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125 20204 12 A (50)

x 3 BEHICKVERL KRS

RIEW R [uM] | EREFRTRE [uM]
3% Rt/ 7RI
Py +SD g +SD

Stachydrine 7229.94  755.93 | 5101.25  441.33 :
GABA 5213.78  556.10 | 4151.20  595.95 i
Arg 4628.95  527.42 | 5639.14 179.78
Ala 2606.80  171.41 | 2504.91 178.02 [N
Putrescine 1606.19 64.75 | 1234.41  32.39 :
Gln 1040.02  107.08 811.00  38.94 :
Synephrine 965.45  107.30 538.16  36.82
Choline 358.30 23.46 179.83  13.22 §
Lys 316.27 7.84 293.48 4.62 [FEEEM
Trigonelline 218.73 13.17 111.40  12.13 :
Val 194.99 5.04 178.06 5.13 [ET
Glutathione (red.) 179.73 11.68 136.83 4.41
Gly 159.30 7.47 138.39 5.42 [FyA :
Tyr 132.05 4.17 119.73 5.34 (R
His 69.63 2.87 51.76 0.99 [
F6P 61.56 4.49 42.95 4.67
beta-Ala 53.78 3.08 46.90 2.65 §
N-Acetylglucosamine 41.12 2.69 31.90 1.92 :
Gluconate 39.88 1.37 27.61 2.02 [0
Trp 2148 1.83 1124 0.76
Glucuronate 15.20 2.08 13.55 1.79 [EE
Phosphorylcholine 10.21 1.21 4.83 0.02
Hydroxyproline 9.95 0.69 6.38 0.40 T
N-Acetylputrescine 8.94 0.24 4.34 0.56
Betaine 8.24 0.24 5.33 0.35 8 §
3-Hydroxy-3-methylglutarate 6.89 0.36 5.14 0.29 §
Alpha-Methylserine 4.81 0.18 4.19 0.25 §
5-Aminovalerate 3.50 0.32 2.25 0.06 §
Thiamine 3.21 0.13 2.50 0.15 [N
ADMA 318  0.33 2.25  0.18
gamma-Guanidinobutyrate 2.47 0.09 1.58 (VR%Vl 0.64
N-Acetylornithine 2.18 0.13 1.61 0.03 :
Dopamine 1.81 0.10 1.35 0.07 i
Tyramine 1.26 0.12 1.61 K712 |
Epinephrine 0.90 0.14 N.D. NA
Agmatine 0.89 0.10 0.37 0.02 [F :
SDMA 0.53 0.07 0.10 0.17 17
1-Methyladenosine 0.41 0.03 0.33 0.03 i
NB8-Acetylspermidine 0.26 0.08 N.D. N.A. 3

RFENNE, REOHHY) &Vt L7z Rt oOllEfE % Student’s t-test THEXL, p<0.05 THeat

HINCHE R ED R SN2 OB & 2T 7.

BOSEMZ L > TIN5 & LRl & —3+ 5%
LR T2, SR 2 AT T, TVF = VAR,
W)y -uaA Ty -AavaL Ty YEER, T2 T A
IRTF W TVE I VERAER, XY b7 VR - CoA A
G, TV FE YRR ENOEERT I N,
TN TREERHFE A NS OB RICE L EE G52,
ZNDERRAFE ) R BN OB EEZ 6N,
WIS, Va—AMLICEVERTLEEZSNL %
WA ANTy T L (F4B)., Y 2a— AL S

M, INLEERT BN L7z 10 s i, Iz X ) #m %
e B2 A (4B, #1-10). Va2 —ATARLIHH S
LB T LA L7z 12 01, s X v a4 5
Bk EZHNA (4B, #11-22). ML TIE, SEEHD
R EANOEEOFMPSEEENDLHTH D, FFITHKIC
DV, SROBEREBEFZDE, Y avIh o
T BERBGEEZONL 7 TV, ) T, Oy
Be, TANTEUER, TANTEY FVy I VB SR,
MBSO L BHEIZITIEAEZT TRV EWEE



(51) JE -l X 2 DRI O RERER AT 509

A 100 F6P 15 3PG 400 cis-Aconitate 100 Malonate 300 Pyroglutamate
.t 10 4 " < 200-
50 : H]] 200 . ] 50 1 [ .
OH"I” ) OH] ] NIl Jrill
40 UDP 15 Homoserine 30 Cysteamine 3000 — Ser 100 Cys
> + e
10 L 20 Fans 2000 171 3
20 LA, <11 1 50
[ LU
0 i i i 0 0 I 0 0 N6-Methyl
_Methyl-
240 OrnithiEe 3 3-Methylhistidine 10000 Arg 100 Glycerophosphorylcholine 9 __2-deoxyadenosine
_ « tow . x
230 281 T s 90 .
30 5000 14 i
g 1111 I H Wil
210 2.4 0 70 0 ND ND ND ND ND I
5 5-Methylthioadenosine 10 UMP 10 ADP-ribose 6 Nicotinamide 15 Glucosamine
. 1 . 4 | ' 11
*I 5 5 ] ) . 05 I
0 ND ND ND ND I i 0 ND ND ND ND I ND 0 ND ND ND ND ND ND O ND ND ND ND i I O ND ND ND ND ND
B 1500 Gln 4 SAM+ 60 UDP-glucose 40 S-Methylmethionine 200 Glutathione(red)
1000 Al 40 . = >
. 2 : 20 100 4
500- ] i ] i 20
0 0 : 0 0 0
3( . Adenosine 150 Eaccharate 100 Trehalose 6-phosphate | Argininosuccinate 1 Hf"ﬂ"fﬁ&fii?ﬁ??"e
20 <ol 1004 BRI 1 1
50 - T 0.5
10- 50 ] 0.5 T
0 0 0 0 ND ND_ND ND 0 D
1 Glu-Glu 15 Ala-Ala
= 1 B
0.54
T 0.51
Pt I + t
O ND_ND _ND 0 ND ND
C 60 — Mucate 10000 Pro 10 Hydroxyproline 10000 Stachydrine 4 Spermidine
40 4
0 0 0 0 0

5 Glutathione(ox.)

4.5 4 T
4 1 e W 65C, 307 W 85C, 307 W100C, 30F || Tp<0.1
55 | i i W mesc, 600 M S5C, 600F M100C, 600F || *p<0.05

3

2 MBICK BHADEL
FEME L X B X UHNE 6 XDOZFNZNDRST OE2Al, #X oMt 3 [0 AERER O % P39 £SD TR L 7.
HWEMEE ANOVA AT L, p<0.05 THETHo72b DRI L2, SSIZIEMBX E ZNRZNONEIX % 54 v
FMREICE D ZELEL, p<O0lUTOL 022 LEMICH LD L Lz, BIMERIZH 250 (A), BAERIZSH
5250 B), €L CELEMTCIEEIHRBSNTHBRE L L2 o (C) 2R L7 ND IEFEwH RS,

AbNA. MAFIZL)RE CERPELT S LTI, VE I VERIZOWTIE, A AR 2 BB O EE
A F PG F LI DI DEAT B 2 L2 L BEEPR FOERBT A= —Hos LTOHONDLEERD
EVEHENES NG, ALY EPBIMICELT Y0y b 72720, REBITTIE, 25 22 B DS ERHMRAR 112



510 HARMBFATSAEE B674 H12%5 2020412 H (52)
%k 4 HESHNIZLEERICLIRTDOPER
A
Bl va—x AVEICABITO e p 2
W54 g pagm  MBUCEREL T LEHER
[uM] MI g va—x b s
1 Stachydrine 6546.22  8089.80 O i HI WP
2 GABA 5628.37  9117.64 O 4
3 Ala 2111.35 2806.13 O 4
4 Lys 440.21 565.02 O A
) Thr 296.24 373.73 O
6 Phe 275.52 360.86 O
7 Val 258.44 353.23 O 3
8 Gly 201.04 335.05 O 4
9 Tyr 200.09 335.32 O 4
10 Lactate 193.75 454.30 O
11 Leu 147.77 284.51 O
12 His 134.05 162.99 O 3
13 Threonate 115.97 172.82 O
14 Ile 109.43 173.08 O
15 Succinate 84.83 114.67 O
16 Uridine 63.91 104.68 O
17 beta-Ala 51.29 82.27 O 3
18 Met 49.72 81.79 O
19 N-Acetylglucosamine 48.19 78.36 O s
20 Adenosine 41.29 78.08 O W
21 Glucuronate 31.09 68.36 O e
22 Gluconate 29.34 99.37 O b
23 2AB 23.73 29.77 O
24 Cytidine 16.67 31.39 O
25 Guanosine 16.64 35.76 @) - R
26 3Hydroxy-3-methylglutarate 8.52 13.88 O i )E‘ﬂg; i
27 Hydroxyproline 7.22 12.26 O 3 FIWr PR "
28 N-Acetylornithine 6.67 9.50 O s
29 Indole-3-acetate 5.42 8.52 O
30 Betonicine 5.38 9.93 O
31 Glutarate 4.74 6.84 O
32 Cytosine 4.24 5.00 O
33 Octopine 4.23 10.50 O
34 Alpha-Methylserine 4.06 6.41 O 4
35 Ala-Ala 2.05 4.02 O A
36 Uracil 1.35 11.44 @)
37 Imidazole-4-acetate 1.05 1.39 O
38 N-epsilon-Acetyllysine 0.98 1.67 O
39 Epinephrine 0.80 1.07 O 22k
40 N-Acetylglutamate 0.54 1.81 O
41 Pyridoxine 0.45 0.59 O
42 N-omega-Methyltryptamine 0.37 0.69 O
43 1-Methyladenosine 0.34 0.42 O 4
44 Pyridoxamine 0.33 0.55 O
45 Digalacturonate 0.22 5.50 O
46 Phe-Phe 0.09 0.24 O
47 SAH 0.04 0.35 O
48 Glycolate N.D. 125.04 O
49 2-Furoate N.D. 29.90 O
50  trans-4-Hydroxy-3-methoxycinnamate N.D. 13.77 O
51 Adenine ND. 1.42 O




(153) JE - Al 3 2 DIREEERY O MR IRAT 511

x4 HEShIZEHERICEZHRPOPE (H#E)

A
Bl vaox AVERCABINO e ko
W54 g P WBICLRED LEHER
Ml M) wage va-2 Wb s
52 Glu 895.38 253.76 O
53 Quinate 825.73 571.93 O
54 Ornithine 452 .52 267 .46 O b
55 G6P 257.02 73.46 O
56 Cys 51.06 N.D. O b
57 S7P 20.37 N.D. O
58 Cysteamine 12.15 N.D. O b
59 3PG 10.23 1.04 O b
60 Cysteine-glutathione disulphide 8.97 2.88 O
61 NAD+ 8.57 N.D. O -
62 N-Acetylglucosamine 6-phosphate 6.32 3.27 O Eﬂz;ﬁEGL
63 F1.6P 5.25 098 O "
64 O-Acetylserine 4.98 2.54 O
65 UDP-N-acetylglucosamine 4.28 N.D. O
66 Hypotaurine 3.59 3.14 O
67 N-Methylglutamate 3.24 1.04 O
68 ADP 2.62 N.D. O
69 alpha-Aminoadipate 2.24 N.D. O
70 PEP 1.37 N.D. O
71 Cys-Gly 1.28 N.D. O
72 Pyridoxal 0.47 N.D. O
B
Wi va—a ATRECABEND - 2t
R4 Ty Tagmy | HHICL2ED TR
[uM] Ml e va—x b
1 Ser 2060.86  2549.38 O b
2 5-Oxoproline 98.46  1771.39 O b
3 cis-Aconitate 82.54 145.90 O I
4 Glycerophosphorylcholine 75.05 120.82 @) b
5 Homoserine 12.39 32.41 O b ~ .
6 Malonate ND.  235.08 @) - UL £ D
7 N6-Methyl-2” -deoxyadenosine ND. 7.34 O HELT
8 5-Methylthioadenosine ND. 5.78 O T
9 Glucosamine N.D. 5.64 @) HELS
10 Nicotinamide N.D. 5.49 O TELS
11 Gln 2531.85 N.D. O I W
12 Synephrine 905.10 740.10 O b
13 Glutathione (red.) 155.34 2.86 O W s
14 UDP-glucose 72.43 10.82 O 4
15 F6P 55.21 N.D. O b b
16 Trp 49.56 28.10 O W . .
17 Phosphorylcholine 25.67 14.23 O I DL &0 32
18 Trehalose 6-phosphate 22.56 15.47 O 4
19 SAM+ SR33) N.D. O 4
20 Dopamine 3.12 2.53 O A
21 Argininosuccinate 2.37 N.D. O PN
22 N8-Acetylspermidine 0.12 N.D. @) PN

FERE QHBX 6 ME) LA PLb— Y a—2 (1HEBX 3 M) OfllEfH% Student’s t-test THEL, p<0.05 THEEMHIIZHE A%
DWROENZZHFIZOWT, MERBROFER L GhE CEBER 2 HEW L7z BRKAEI 228 (A) IR 228 (B) (20 L 72
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ZALL T ozl EIERETE L \W2O, YV T35
RLEHESEO RN T IV R E RE LB S R
ERBIEA.

RIFFEClE, BEE=r HEOY ¥ a2y I v & T
EFNEL, v avIArORENTETHILHEE
BAE BIOHESOMLHTHLA ML =Y a—A2H
H SN DKREER D 2 AAIZEIE L, SESLM LI &1
R ey 2 BE L2 3512, TS X a2 bic
DT B D 2 HEEO TR0 TR L
RIS, VT EERHE A SISV BT AL ERS
NLWG BT LICES72. INOLDOT—51%, BaE
ARBICEDSWCHEERESCEGREMIEA LY, fE
WO EREIER L TEMEARDPADT T VT4 2 7
ISHTELTHA ). EBIZ, KWIEOMITT— 5 ZICIC
= HETEER AL A ClEAFER S & 2 TRk ae e
FREOR ) MANBIEHED STV, X512 HfER
FeE g NS MR 2R 7 B AT T — & AR
FEENTWIHE, B L VOB B2 5 DERP, 4
BFiM %R &% Uiz — & BRE R oxh RN 2 EE - 8T
BB R ELBENE LD, Stk ) v IR
EFEEBECIZESRHAL, T= BT~ 7)) &~
THILRZITH) T LT, vy IhyOSHEKREMER
GORKIGHT T — 5 & L TO—ffbE Hig L 72w,

3. B

T YA I N YOG T, EKEEO A F
5 F % HERER ICERR L 72 FR1ZIZ & A L. RRFZE T
i, BREE= s HEY Y2 I 0 FERN PR
- EIRA AR, BAREERSE X ET ) —F
RIKB-HEIHEIZ L D A 5 R0 — LN %2 VA
L, Wi, Z7L—F, WEEZ L OfRET— 5 b EH
Bz ZOGHTIE, HHELZIBI ORGS0 ) H, F
HETEATFE=, Uy, TANSTFEUVEED, FET
A N=F, Ty, YR TY Y, TF I U,
FEBORITTIEET 7 vy I VB, GABA (-7 3 /B
fR), ~u YA, HREICE Mz, 612, ERE
ITE, BXOMTRIBZ COILEREZHA L, HS
BOBICHEGTHEHMEINLBEROEH L2, b
DAL, ZrAEY Y2y IH U IE T NS EKENE
B OET—5 L LT, 4%, RBeLIc X 28s%
IEDE SR BEENCDR DD Z e sNG,. F72, K
WHEloB\WT, 7 T ViEXR GABA 7 Y ORREME FR B 8%
DT TIZH HEAITMA T, FEBEEATRIE S L5 o b i
N7z BEVOHHFEREM RS FROMEFIZBNT
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