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Abstract: Flavan-3-ols are important dietary polyphenol, their bioavailability are not

only limited to the parent compound, but also the metabolites after the intestinal micro-
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bial metabolism in vivo. Aimed to identify the in vivo metabolism and the contribution
of metabolites to bioavailability, the quantitative analysis methods of dietary flavan-3-ols
and their metabolites were researched. According to the difference response values of
the product ions of each compound, the appropriate concentration in the mixed standard
was determined, and the quantitative analysis method of ultra-high performance liquid
chromatography-triple quadrupole tandem mass spectrometry (UHPLC-QQQ-MS) was
established. All compounds had good resolution and appropriate response values within
analysis time of 15 min. The method validation results showed that most of the quanti-
tative compounds had good linearity. Urine, feces and plasma were used as samples to
investigate the intra-day and inter-day precision of the method. The RSD value of the
method was below 15% ., the matrix effect was within = 20% ., and the recovery was
mainly between 70% and 120%. The method is fast, sensitive, accurate and stable,
which can be used as a method for targeted quantitative research of flavan-3-ol com-
pounds in vivo.
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A H5- - B EFRF R (4l 98.13%0) -
H 24 BA 3 18 2 JF A B W45 180 R A R
B o s v N 2 R A ) BB A BR A WD
i JRAE T AL 95.23%0) JRAEH R A
T = BEAK (Al B 97. 34 %) « NAE A 40 R L AL 5
F oA 8 HAR bR S o LR A )
LA B W 7= . 6 R R GO (R
10 KU) 7 45 i 15 1R 8t (5 0 {4 100 kUD -
KT 2004, [E Sigma 240 w6 77 5 L
R 35 Ry 38 9%, 55 [ Fisher 20 &) 77 5 B R
(A RE) 8 1E Merck 2% 6] 7™ s M3 L R
Jeffi L CS7BL/6 fg@ /N W B A2kl
RISl

1.3 &4

1.3.1 % &M (4i% 45 : Thermo Hypersil
GOLD C18 #: (100 mm X 2.1 mm X 1.9 pm);
WEhAH A KR 0. 1% HER . B A1 & 0. 1% H
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Table 1 Concentration and dilution gradient of each group of mixed standards
AR R ¢ B Concentration/ (mg/L)
Number of Dilution A2 B4 C2 D 41

mixed standard gradient A Group B Group C Group D Group
S1 1:1 25 50 100 200
S2 1:2 12.5 25 50 100
S3 1:5 5 10 20 40
S4 1:10 2.5 5 10 20
S5 1:20 1.25 2.5 5 10
S6 1:50 0.5 1 2 4
S7 1:100 0. 25 0.5 1 2
S8 1: 500 0. 005 0.1 0.2 0.4
S9 1: 1000 0.0025 0. 05 0.1 0.2

r/min .0 10 min, I &, 3 0. 22 pm JE
% FH AR ™ o
1.5.2 ZEMEHA FREC 100 mg ZE4E, fin A
200 mg B IS MEEFI 1 mL 50 % B BE R 4T 10 e
WREWAS )5, L 10 000 r/min &0 10 min, B
AEW A AT E HT I 0. 22 pm PR AR .
1.5.3 I3RS SRIL TR MPCEEE . L
10 000 r/min B0 10 min, B FE R . & #, %
FEF—80 “C, FF A AT AL I 8 LS 5T vk
I 30~60 min, % F£ i 58 & W J5 - B 100 L
M A 100 pL A B . 76 37 “C/KfE 3 hook
fREE R G A 500 L & 2% H Rl 2 B %
W, 10 min, L 10 000 r/min &> 10 min,
AT IO H s I EE W SR TS R
Ff o T IO R A 100 L &5 0. 100
R 1) PR R IS e 5 SR )5 A 12 000 r/min
B0 10 min, W F Y W, HF UPLC-MS/MS
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Fig.1 Processing schemes

of optimized different matrixes
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Table 2 Mass spectrometric parameters of 33 metabolites
BT FHETF
%5 k& R BRI Parent ion Daughter LSS i
o, Compound Retention QIIM—H] fon Q3 Cone Collision
time/min voltage/V energy/V
(m/2) (m/2)
1 L E 4.35 289 245 30 16
2 KILE#H 5.57 289 245 30 16
3 JFIET % Bl 3.54 577 289 20 18
4 AL FE Al 6.43 575 285 20 22
5 A B = Bk 6.34 836 575 30 22
6 LA Z CHRIFH =Y 5.75 291 247 40 16
7 5-(3,4- B A -1 P g 7.49 207 163 40 16
8 5-(3-JR H R H - [N BR 7.56 191 147 20 18
9 A-FRHE-5-(3- R H A S - R 6.09 209 101 20 14
10 MR 7.54 121 77 20 12
11 3RS R 5.32 137 93 20 12
12 4-FR L H R 3.78 137 93 20 12
13 FOULA R 2.24 153 109 30 14
14 3-¥A K4 A R H R 5. 40 167 108 30 20
15 HHR 5.05 167 152 30 12
16 REEZE % 5.47 151 107 40 8
17 LB IETR LR 4.75 151 107 24 14
18 3. 4-T BRI OIR 3.10 167 123 24 10
19 1o LR 6.18 181 122 20 15
20 S EEER 5.59 181 137 30 10
21 RN 9.08 149 105 30 10
22 3-BRILR MR 6.72 165 121 32 12
23 IR IEEN R 6.12 165 121 33 12
24 3. 4-THREERINR 4. 85 181 137 32 12
25 A-¥RJE-3-HUA -V R 6.62 195 136 30 10
26 3R HL-4- WA RN R 7.04 195 151 30 16
27 R 9.37 147 103 20 12
28 i 5.05 179 135 35 16
29 ] 5 iR 6.77 193 134 30 16
30 5 BB R 7.11 193 178 30 12
31 ] 5 & iR 7.05 163 119 30 18
32 X 7 R 6. 30 163 119 30 14
33 R R 4. 89 178 134 30 10
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Table 3 Regression equation, linearity, LOD and LOQ of 33 metabolites

LM RE L .

o Lt s EEE Comclaton  Linear o EHR
No. Compound Group Regression equation coefficient range/ LoD/ LoQ/
) (mg/L) (me/1) (me/L)

1 LA #E A y=106692. 0x—681. 4 0.998 0.025~12.5 0.0078 0.0156
2 FILKHE A y=134830. 0x+3010.1  0.993 0.025~12.5 0.0063 0.0125
3 JFAE#H K Bl B y=104651. 0x—2478.5  0.999 0.05~25 0. 0063 0. 0063
4 JEHFE Al B y=121716. 0x+6262.2 0. 983 0.05~25 0.0063 0.0063
5 A T =R AR B y=355180.0x+21177.3  0.984 0.05~25 0.0063 0.0063
6 LK & C-IIF R =8 B y=16959. 8x—553. 2 1.000 0.125~25 0. 0625 0. 1250
7 5-(3-FF AR F -1 M Bs A y=0512405. 0x+8569.8  0.995 0.025~25 0.0125 0. 0250
8 5-(3,4- R AR FD N R A y=41394. 4x—404. 9 0. 999 0.031~12.5 0.0078 0.0313
9 42 H-5-(3- ¥ H IR ) - IR A y=22295. 0x—373. 1 0.998 0.025~12.5 0. 0250 0. 0250
10 R D y=23164.52—771. 1 0. 987 1. 25~100 0. 6250 1. 2500
11 3-8 B AL R B y=50478. 8x+748. 1 0. 996 0.125~10 0.0313 0. 1250
12 4-FR LA R A y=82183. 0x—1333. 7 0.999  0.0625~12.5 0.0078 0. 0625
13 JE LK R A y=120709. 0x+1207.8  0.991 0.025~5 0. 0063 0.0156
14 3-F2 -4 H AR LR B iR C y=247. 22+1048. 4 0. 994 2.5~50 0. 2000 1. 0000
15 R B y=10268. 5x+619. 4 0.979 0.1~10 0. 0500 0. 1000
16 3-FRITR R D y=2390. 8x—1921. 4 0.991 2.5~100 0. 6250 2.5000
17 IS S Y| C y=2749. 12+229. 0 0. 991 1~100 0. 2000 1. 0000
18 3. 4-T R IH LR C y=1480. 50 —30.7 0. 988 10~50 2. 5000 10. 0000
19 R D y=251.12—409.7 0. 994 5~100 1. 2500 5. 0000
20 S AR C y=136477. 12+3080. 9 0. 981 2~12.5 0. 2500 2. 0000
21 KN R C y=1876.82—536.5 0. 996 2~100 1. 0000 2. 0000
22 - IR N R B y=143935. 0x+4127.9 0. 990 0.1~12.5 0.0312 0.0625
23 - IR N IR D y=3122. 22x+961. 8 0.976 2.5~100 0. 6250 2. 5000
24 3, 4- TR AN R B y=124365. 0x+4034.7  0.991 0.1~12.5 0.0313 0. 0625
25 4 H-3- AR R T R A y=117801. 0x+2297.3 0. 991 0.025~5 0.0125 0. 0250
26 3R IE-4-H A LRIV R C y=16008. 4x+291.7 0.993 0.5~50 0. 2500 1. 0000
27 TR R C y=05252.82x—108. 8 0.991 2.5~50 0. 2000 1. 0000
28 i HE A y=591337.0x+17393.0  0.990 0.025~5 0.0031 0.0156
29 [5hT 8 1 B y=281051. 0x+2457. 2 0.996 0.05~25 0. 0250 0. 0500
30 S5 b B 1R C y=13562. 7x—163. 1 0. 999 0.1~12.5 0. 0500 0. 1000
31 5] A R A y=172015. 02 —277. 2 0. 999 0.031~12.5 0.0078 0.0313
32 X 7 HLR A y=199754. 0x+267. 4 0. 998 0.025~5 0. 0063 0.0156
33 R R A y=102364. 0x+1552.3  0.995 0.063~12.5 0.0078 0. 0625
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5525 FURE 1 I 35 5 R AT 3R 1 A
Py A BR (LOD) 2y 3 4% 15 M B b 1)k B2
E R (LOQ) 2y 8 A5 15 M L X iy 1y ok B2, 45 2R
FIFF 3. A UL, KRR A B/ fE A 0. 006 3
mg/ L, X b & A 2L R JRIEH R Bl
JFAEH F AL R E R =B R X ER . X st
A LT B A W 140 s At B de KK
2.5 mg/ L, X AL A AL 3. 4R IEHK 2
1% A A W0 1 R I - 35 W g R X A 22 5 33 o
bW 9 5 T BRAE0. 015 6~10 mg/L 2z [A], &
KAERT RL A A 3. 4- IR W
2.3.3 [ RE S TE AL B AR R S AR —
SE A5 S DRI o 2 o 43 A v D236 1 DA G Sy
FEE, [SCRVEA 3 RE AR A v S AR
G5 R I TR A rp 45 IR LL 5 Y vk Ak B
B ity o ) B 7 28 5k AT A B A 4% SRR A R A
B i s o3 BT 28 EIREAR & A0 0 10 2 (LA 0
(IR AT T NI i % Sl /= v o o i 1 -9

[ g 238 = CFF AR 2 I 1 e T AR — 28 1 A

il (1 U 1T AR/ CRE A 2 HOR 1oy e v AR — 28 AR
i U TR B > 10004 . 33 Rk 5 W 7E 1ML 3% L R
WP IR E) TR 4, 4R ERYL A
FLI I TSGR K ZAE 7096 ~ 12000 Z i) Hodr
FEAHRE dh 190 18] S0 R B i I R A IR Z
Quifer %121 BiF 5 F W1 . i A Ak 20 0097 75 3o 2 %f
R R T P 2 Y 22 I R I TR A [ Wi SR T T AT 1
TET 52 M) » il /KA AT BE i 5 B0X — B B A
2.3.4 FEJRBOUY R PRIE AR 2O AR AR
FEAR SR IBUG » T A HE il 185 980 50 B 5 1 6 A E
it 25 I T PR o) 2 s o ok 9 SRR AT s oA o 2
R E A AL B A RORIEAN SE BN . &
SRLL 100 06 0y BEEDEAT LA L B BT80N o AE ]I
Ay IR AN+ e BB A s U A 5 2
33 FhALA W AE ML 3K L PRI 28 AR 3 RN
FIFF 4. AW, LG P A 2% (8 MR A dh o
P14 S Joi 2350 2 B Ay A ARl 4 S 1 A0 AR T A
LS A U 2 B B T R A . AR L
5 1 19 2 Jor sk o ey« (FL R 22 5k 45 0 11 2
JR LN A F £ 20 %6 Z 8] ] B HE 7 .
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Table 4 Recovery and matrix effect of 33 compounds in feces, urine and plasma

FEff Feces R Urine I 3%¥ Plasma

G fe& [a] i % I TR [a] g 2% FE IO Il i R F TR

No. Compound Recovery/ Matrix Recovery/ Matrix Recovery/ Matrix

% effect/ % % effect/ % % effect/ %
1 LA 78.6 —6.2 60. 1 —16.0 77.8 15.9
2 FKILEFH 64. 1 —4.0 61.2 —12.3 90. 8 10. 6
3 A6 % Bl 58.7 —10.2 56. 2 22.8 83. 4 20. 1
4 FAEHZE Al 94. 2 —3.8 69.9 —2.4 102.1 19.3
5 A R =Rk 71. 8 1.8 42.5 —8.3 75.8 11.6
6 LK #E CHRITH =) 61.1 —21.9 35.9 37.7 56. 2 1.7
7 5-(3-FRFEH) - LM R 77.5 2.1 76. 2 —11.8 72.2 18.1
8 5-(3,4- TR LA IR 4 g 86. 2 1.1 87.7 13.2 81.5 19.7
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%1 X 5 A L B e 3-FE 2R AR G W B AR ™ A 1 B 1) T IR O 75
gk 4
344 Feces JR¥ Urine L% Plasma
EiR=s atg?] [l i e SRR mEs B IR R Il i 2% B3O
No. Compound Recovery/ Matrix Recovery/ Matrix Recovery/ Matrix
% effect/ % % effect/ % % effect/ %
16 REE LR 77. 4 —1.5 38.9 —31.3 51. 6 22.7
17 LB 55. 1 —9.4 99.6 —17.7 97.5 17.7
18 3.4 R ] 125.7 14.7 72.6 16. 8 69. 4 1.0
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