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Metabolites of Tannins from Sanguisorba officinalis L. in Rat Urine
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[Abstract]  Objective: To investigate the metabolites in urine of rats administrated with tannins extracted from San-
guisorba officinalis L. (STE) by gavage, liquid chromatography time of flight mass spectrometry ( HPLC-TOF-MS) was em-
ployed. Methods: Rat’s urine samples were collected and analyze by liquid chromatography time of flight mass spectrometry
(HPLC-TOF-MS). The analysis was performed on a ZORBAX Eclipse XDB-C ; column with an acetonitrile-water gradient elu-
tion. Time of flight mass spectrometer ( TOF/MS) was applied for qualitative analysis under negative ion mode. Based on the ac-
curate molecular weight, MS and MS’ information of TOF/MS detection and the compound list established previously, the pos-
sible metabolites of STE were identified. Results: Nine metabolites were detected in the rat urine: pyrogallol (M1), urolithin
B (M2), methyl-urolithin C (M3), urolithin A (M4), methyl-urolithin A (M5), urolithin C-clucuronidation (M6) , dim-
ethy-EA (M7), urolithin M5 (M8), gallic acid (M9 ). M9 was the prototype drug. Conclusion: Tannins from S. officinalis
set off 1 phase metabolic reactions first to generate weak polarity metabolites such as urolithins after entering in vivo, then the 11
phase reaction were happened to combined with glucuronide to increase its polarity, so as to excrete out through urine, which
further clarifies the function mechanism of tannins from S. officinalis.
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B 455.038 66 Xf [, )4 HE W H A Uro-C-Glur;
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FRIERE; D. BER BT m/241 199 (MS/MS) it

15 fRigtF=4 M5 (i E

169.014 06, SHHIMACHS ™ PIAH NN 53 H 169. 014 25
XHEE, WIS Gallic acid (LA 17 ~21) .
- 789 -



20076 H 219% ol FEICH2ZE  Mod Chin Med Jun. 2017 Vol.19 No.6
0
o HO o4
HO
o Y 109 y-on
Y HO
‘ o oot HO OH
ocn, 0% 0 N 0/ on
HO OH M7
M6
€00 miz 211 o
COOH HQ O
w0 S Yocn,
miz 197 HO OH g  OCH;
16 fRigiF=9 M5 RRiEE OH
3 M8 M9
x10°| -ESI EIC (455.038 66) Scan Frag=125.0V 20151124-k-0.2.d
2 17 K79 M6, M7, M8, M9 Zig=t
OF A
1.8}
1.6 x103
Lal .y -ESI EIC (329.030 29) Scan Frag=125.0V 20151124-k-02.d
1.2 2.0F
1.0F 1.8+
0.8 1.6+ A
0.6 141
04 Lt 121
02+ Ll VY 1.0r
o 1 - PR L ! 1 1 i 82:
0 10 20 30 40 50 60 70 80 90 0.4F
t/min 0.2_ / i ;
- ! A A
Ow,wmmwmwwwmw W’“‘WW " W““MWMWW.
103 _ESI EIC (455.038 66) Scan Frag=125.0V 20151124-k-0.1.d 0 10 20 30 40 50 60 70 80 90
22F t/min
2.0t .
1.8F B x107 | -ESI EIC (329.030 29) Scan Frag=125.0V 20151124-G-01.d
L6 2.0¢ B
1.4 1.8-
1.2+ 1.6-
1.0 14F
0.8} 12
0.6F ‘ i 1.0f J
0.4r i 0.85 Wil
02t Ll l . MWMM ’01 L
o bbbt bt MW oo n\
0 10 20 30 40 50 60 70 80 90 020
t/min 0 it )
0 10 90
%103 ; - t/min
-ESI Scan (32.439 min) Frag=125.0V 20151124-G-0.1.d Subtract
351 455,038 15 3 :
i x10” | -ESI Scan (38.876 min) Frag=125.0V 20151124-G-01.d Subtract
3.0k 3500
C 1.41 C
25 ol 329.029 08
2.0 ‘ 1069
1.0
1.5+ o8
Lor 0'6
0.5F :
AT 1 i 0.4
350 400 450 500 550 600 650 0.2
m/z 0 )
290 300 310 320 330 340 350 350
e A ZERAELE m/z 455. 038 66 HHRIE Tk (4% & (EIC) ; mlz

B. 254 FRAELE m/z 455.038 66 Y4 B T €% & (EIC) 5
C. [REEHFE ¢y =39. 534 min I}, 252540 JRAE EIC E B — 2 (MS)

B o

- 790 -

18 R4 M6 i Fuik B

T A 2 HIRFELE m/z 329. 030 29 (4R HCE 73 (431 € (EIC) 5 B.
S LG IRAEAE m/z 329. 030 29 (4R HOE T (43I K (EIC) 5 C. fRHH
W) 1 =39. 534 min B, Z5 254K EIC B — 2 (MS) Bkl

19 RE7F=4 M7 5L E



20176 A H19% Holy

FEI T2 Mod Chin Med

Jun. 2017 Vol. 19 No. 6

%103 | -ESI EIC (275.019 73) Scan Frag=125.0V 20151124-k-02.d
35+

3 L
2.5F
2 L
1.5F
1 .
0.5F
0 I n '1 Aull “I [uu 1u1 r MI
0 10 20 30 40 50 60 70 80 90
t/min

A

T

3r ‘ B
|
™
il " PPRPTTARTTY L YT TR T u"mM“ M

3
1071 _ESI EIC (275.019 73) Scan Frag=125.0V 20151124-G-01.d
25}
0 10 20 30 40 50 60 70 80 90

"
i M

%10 |-ESI Scan (62.793 min) Frag=125.0V 20151124-G-01.d Subtract

22+

2.0+

1.8} C

1.6

14+

1.2+

1.0}

0.8

0.6 |-

0.4t

0.2 | i

0 fiin sl [ FRPR L PO W L L LTI 1| ST 1 Wit cni A )
270272 273 274 275 276 277 278 279 280 281 282

mlz
TE: A 2 FURFETE m/z 275,019 73 W3R IRE T I i & (EIC) ;
B. 42520 FRAETE m/z 275.01973 B4R IR 35 7 (0 3% & (EIC) ;
C. {RERIE] 1g =39. 534 min I, 2541 RAE EIC EIAY—K (MS)
i
E20 K= M8 Bk E

4 iTFig

PO ETE-FOE BT HOR (HPLC-MS) S 264 4
JERAH — R BT HA, B LR OB 35
orEFB, DIBGE SRR, BEEAT B 03 = 2y
BSREIRUAETE, SCRA B & REUE . | LR IEr
Pt o eI ST b, AR RE S P 2y
Py Ry o B alidl . oA A E AR R 2
G 3 B A4 TAEH 5 6 R ALM I . BEICAE
il T FE S A L EOA R B AT, TARR K. #E
I, AR dh i AR PIAE i rp 259 b A
PR BERLIR, i BN IR 2R B T, A
B 7R 715057 SN 1 5" | I/ NN TR B T R e L)
FRAGUERRE PR R BOR . R HOR

x103| -ESI EIC (169.014 25) Scan Frag=125.0V 20151124-k--02.d
or A
5L
4L
5L
5L
(L
0 ! y : . . ; ; : .

0 10 20 30 40 50 60 70 80 90
t/min

-ESI EIC (169.014 25) Scan Frag=125.0V 20151124-k--01.d

X
—_
(=

T

O IWDLIA R NN
S LoLouhounohouo
e e e e e L

(=)
—_
(=)
[33
[=]
W
(=)

40 50 60 70 80 90
t/min

x103| -ESI EIC (84.302 min) Scan Frag=125.0V
g:g: 20151124-G-01.d Subtract
550 c
o e
Mol 169.014 06
19 > 053 004 4683022 82502
%'8: Togs o 4348
3.5F
2.0f
1.5¢
o3 Ll L]
Oh[ TR e ”5,,5, [ | L Ll ‘ 1 WH e ,,Lll |

150 160 170 180 190 200 210 220
mlz

e A ZSFURFELE m/z 169. 014 25 [HLECES T @ 1% [ (EIC) ;
B. Z54RFELE m/z 169. 014 25 (4R U F 7 (3% & (EIC) ;
C. PREABTIA] 1z =39. 534 min B}, AZLIRFE EIC K1) —Z(MS)
B

B 21 KB~ M9 Bk

YR B S SR T SR A i F-BE, H AT HPLC-Q-
TOF-MS ok il 22 Hu gl FH T P 26 103 AR 7= 1 g e
R
LIRS B Y R A TR L B &
R R 5, T L T A U RE AT A BT R,
PEAT— B AL R, [FIAHACH(SPE) ' 2 [ 1 4 B
R 31 AR 25 4 00— P UL B AR, BT
RERRAOAY BT . AlfC R4, 545 8 A UM L AT 4 5
TRy g [ A, O A RO B A R, LR A R
BIAE ST 0 o T R 22 RRURE & v 8 5T S Ak
AT, ASLH R Cog [ HIAE O NEE T PR RS
i FEAT T SR B AL B
B R, R LR R HUAR R A UAH-
TR HLAG I FE P R 0, 8 VA (i R S A A
- 791 -



201746 H #19% o6l

FEI T2 Mod Chin Med

Jun. 2017 Vol. 19 No. 6

o171 O 1 s N B PR D A Y] NN R e e ol A DPHH {ﬁ
FTUNFEIEREH , PR B T, X
SR R SRR E R G,

REGES & T s o 5, 4 HPLC-Q-
TOF/MS 3, M HBREE H A 2] 9 A9,
o3 FEAE BB TR (Pyrogallol) (M1) | JRATER B
( Urolithin B) (M2) . H 34k JR 47 & C ( Methyl-Uro-
lithin C) (M3) . JRA ZE A(Urolithin A) (M4) . I3t
LR % A( Methyl-Urolithin A) (M5) | %5 75 BE s 12
b Z C(Urolithin C-Glucuronidation) (M6) . —H
SEACBEAE TR ( Dimethy-EA) (M7) | JR A1 % M5 ( Uro-

O
(0]

TR

M7

BRI

a8 gst

lithin M5) (M8) . & TR ( Gallic acid) (M9), Hrp
MO Sy J5 U258 . HURTRR BT R BRI, — 5 ik
B F IR FUK R BB F iR (Gallic acid) , &
TRRAE B RERYVE T 2t — 22 A B 1
fiz (Pyrogallol) , 55— 75 THi B A6 R ot 22 /K it B )R 4K
MR (EA) , BRAERRAENA B WRERIVE AT i — 2B AR
PRATVER A AW (urolithins ) o HEM AR BT 15 528 1
AHACIEHE BUPR A7 28 S A s /) 1 A7 1 I s i A
RN, FERAE TEARSS G ROV, 5 MM IR G 45 &
s AR, T SRIBHERR (A AR L i A A A
Pl REAFCSE R IR 22,

COOR,

AR
R4O/©\ OR,

Y, fir
OH
/ d \ ellagitannins ORy
oLy Yo o
o 18 AT A UN i
% OCH,8 l o) COOH
HO O 4 UrolithinM5 BT
M8 M9
S I
HO  OH OoH
N T A
Hﬁﬁa“ﬁfﬁﬁﬂ
RA#C 0 ,’E,E%iﬁiﬁfﬁi
Ml
oow o
OH Vﬁj%‘ THERERRAL
B
0
QOMW%
HO O COOH
IR FRC o JM:‘%EA Ow
wo{ ) Q on T—

S oSV

LR A
M5

M6

HO

JRAZB
M2

22 B RECHHREER

BRI — AT LR S R 2002 58, 1%
M 2CAT 43 R K SRR I A R R AL A R
BRAE I it ( Ellagitannins ) J2 /K AR S5 B — Bk, 7Kk
Ja A=A AR (W TR, Ellagic acid) , J732A7
TETARE . WA, Ay, R AT
IAWTRA, ABHAADUR. PURRE, TIR. HE
WR ARSI 2 PTEE S, AT — 2B 3
TERN B EF AL TR, R B B P IR

- 792 -

1% (urolithins ) [RJREEAT BB AL PpIm £, Sl
PRATER I RE S R AL R TR 1A PN A4 A P A 00 o i i
Mot b S A KRRy, T B KRR T A
ERT, HOKAR B R R A BB T R TR AL BE
JE o S RHACH Fﬁ%ﬁﬁﬁﬁﬁ, ) e A e o
TERN BRI is e, BE—L W] T HOREAE TR
HLERL. 35 B RoR X FA ™= My A7 ok — 2B i PR AT,
TR R A PR A o



20076 H 219% ol FEICH2ZE  Mod Chin Med Jun. 2017 Vol.19 No.6
528 [16] &k, ok, T 71 . FURICAH AL 35 8 5 4 0 o

(1]

(2]

(3]

[4]

(5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

RS, I E Z R ARARARE[T]. FEPESE
B2 E,2007,14(3) :90-92.

e M P AR ERRS R T LARE WA [D].
i R R Ak ARk K #2005,

R, AR, AR AT B BT 4e e SMMC-7721
& MTT % FCM 5-#7[J]. £ W R E X 5 54,1998(5) :
550-552.

BEZ RAKRE ORI, BRI 3T TGF-3,#
FAR DR L miasg s Heall]. v B %F,2015,
18(10) :1668-1670.

REARE SRR, M P M 3R BT X ER AR B B0 OB AR
IR GR P AER B RLT]. RR F AR5 I &,2014
(4) :499-503.

BUARRRE, 8, & RILE KA 4 sty & & %
Fr#g AL J]. B 25)7,2011,14(5) :685-688.
TEARKH BEM,F. H 3K H 31 FaRB Ak
BT BAEX R Ao ot P R BRI FEF
254 %,2012,37(3) :366-372.

W F 0k, FRR4R, %, HPLC-ESI-ITMS" i % € k%
BEEK BN R ZH[]]. 255 5 4R,2005,40
(9) :838-841.

RFEW, R A, Ik, 5. LC/MSn %52 T &8 A 7% 55 85
BRI FHEZRBZHT]. F B %55 E,2005,
40(21) :1662-1665.

Bk, W 25 kLT E R R 5 FRA29 6 R4 A2 AT
% [D]. % b w A B F1%,2013.

Ouyang H, Zhou M, Guo Y, et al. Metabolites profiling of
Pulsatilla saponin D in rat by ultra performance liquid chro-
matography-quadrupole  time-of-flight
(UPLC/Q-TOF-MS/MS) [ J]. Fitoterapia, 2014 ,96 (47 ) :
152-158.

FPLbL, £ E, AR, F. RRLC-TOF/MS % 3| By K 3 |
Fik T Ry BARH M [T]. 5% =F ERFFR,2010,
31(7) :760-763.

Bueno F G, Panizzon G P,Mello E V, et al. Hydrolyzable

tannins from hydroalcoholic extract from Poincianella pluviosa

mass spectrometry

stem bark and its wound-healing properties ; phytochemical in-
vestigations and influence on in vitro cell physiology of human
keratinocytes and dermal fibroblasts [ J ]. Fitoterapia, 2014,
99.252-260.

Nunez-Sanchez M A, Garcia-Villalba R, Monedero-Saiz T, et
al. Targeted metabolic profiling of pomegranate polyphenols
and urolithins in plasma,urine and colon tissues from color-
ectal cancer patients[ J]. Mol Nutr Food Res,2014,58(6) :
1199-1211.

Espin J C, Gonzalez-Barrio R, Cerda B, et al. Iberian pig as
a model to clarify obscure points in the bioavailability and
metabolism of ellagitannins in humans [ J]. J Agric Food

Chem,2007,55(25) :10476-10485.

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

A () [T]. P E250F,2010,13(5) :645-647.
Yi T,Leung K S,Lu G H,et al. Identification and determi-
nation of the major constituents in traditional Chinese me-
dicinal plant Polygonum multiflorum thunb by HPLC cou-
pled with PAD and ESI/MS[ J]. Phytochem Anal,2007,18
(3).181-187.
Jaiswal R, Jayasinghe L,Kuhnert N. Identification and char-
acterization of proanthocyanidins of 16 members of the Rho-
dodendron genus ( Ericaceae) by tandem LC-MS[]J]. ]
Mass Spectrom,2012,47(4) :502-515.
FMM, A, XK, F AR A B AT T ST
s H R[], 53k ,2001,25(1) :24-27.
BIAR ,BA,BL,F. BB EEF AR AN GRS
Fiaarll]. F B2 F 4 &,2014,49(10) :821-824.
. B R[] AR EF,2004,17 (1)
113-115.
Larrosa M, Tomas-Barberan F A Espin J C. Grape polyphe-
nol resveratrol and the related molecule 4-hydroxystilbene
induce growth inhibition, apoptosis, S-phase arrest, and up-
regulation of cyclins A, E, and Bl in human SK-Mel-28
melanoma cells[ J]. J Agric Food Chem,2003,51(16):
4576-4584.
Moosmann B, Behl C. The antioxidant neuroprotective
effects of estrogens and phenolic compounds are independ-
ent from their estrogenic properties[ J]. Proc Natl Acad Sci
U S A,1999,96(16) :8867-8872.
Adams L S, Seeram N P, Aggarwal B B, et al. Pomegranate
juice , total pomegranate ellagitannins ,and punicalagin suppress
inflammatory cell signaling in colon cancer cells[J].J Agric
Food Chem,2006,54(3) :980-985.
Ross H A, McDougall G J,Stewart D. Antiproliferative activ-
ity is predominantly associated with ellagitannins in raspber-
1y extracts[ J |. Phytochemistry,2007 ,68(2) :218-228.
Vicinanza R, Zhang Y, Henning S M, et al. Pomegranate
Juice Metabolites, Ellagic Acid and Urolithin A, Synergisti-
cally Inhibit Androgen-Independent Prostate Cancer Cell
Growth via Distinct Effects on Cell Cycle Control and Apop-
tosis[ J]. Evid Based Complement Alternat Med,2013 (1) ;
70-75.
Larrosa M, Gonzalez-Sarrias A, Garcia-Conesa M T, et al.
Urolithins, ellagic acid-derived metabolites produced by hu-
man colonic microflora, exhibit estrogenic and antiestrogenic
activities[ J]. J Agric Food Chem, 2006, 54(5):
1611-1620.
Qiu Z,Zhou B,Jin L,et al. In vitro antioxidant and antiprolif-
erative effects of ellagic acid and its colonic metabolite , uro-
lithins,on human bladder cancer T24 cells[ J]. Food Chem
Toxicol ,2013,59(6) :878-889.

(%45 B H  2016-08-20)

- 793 -





