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Abstract: The fragmentive products of pine bark proanthocyanidins were analyzed by LC-ESI-MS technique. Three new products
were formed from the fragmentive reaction with tea polyphenols as a nucleophile. Their structures were deduced as ( epi) catechin-
(4 B -8)-(—) -epigallocatechin-3-O-gallate (2), (epi) catechin-(48-8)-(-) -epicatechin-3-O-gallate (1), and (epi) catechin-
(4B-8) -(+) -gallocatechin-3-O-gallate (3).

Key words: pine bark proanthocyanidins ;fragmentive products ; LC-ESI-MS

JFRAETH 2R (PC) RPN — KRR AW EFR, A RECH (9 80k 3-BE LA xR (C) &
JUZEF (EC) S g socil g R AT A RA AL o IR G B IR/, PC AT 4 MR R JFAE T %
(OPC) FIZRIFAET F (PPC) , HPT AU I Pk 2 54 BE (O RS RT ) | R 27, OPC W 4t %84k Bl
TR0 AL BT S5 7 T AT 035 (00 A 6 e, S B R 38 R0 T Al ™ 2 62
HEAL R 2 PC BB SOV 2 —  FEIE Y B RRIE A% P T LG5 B0 22 8] 19 8 FE B 2 5 e A 3R, P
JIT BB A B B TC 73R P A A B TT R T B T, 1Bk AE B T 5 5 H R A A 1R 25 5 T8 R
W1V IR SRR B, I R T 2 A R IR PPC 1 BE Ak, 4% PPC A5 &l % 1k
S OPCH AL ISR, 36T G ISR A0 437 T Be A PC G540 20 W IS5 & FE I 1 & 45 T
B AR WA B AR R B B L AT T — Sl R B I ETR | F DR 55 n] 1

5 B #7:2012 - 07 -04
EETB : 2mA B E TRARIE I 4 EARL W ZD2010006 ) 5 [E 5 [ SARk 2= I 4 ¥e BhIwi H (31260163 )
BB A (1988 — ), B b A Z BN iR, 8 N KR =P b= 5%

# WIER B 7, P55 Tl 2 0, 0 5 U8R AR =4k 2% ; E-mail : hypzhao@ yahoo. com,



118 Mo e o 5Tk 3B &

THIEHE PPC 200 Befbrh R BeAk 7 Wy AT B A0S AL B0 IR A 22 (b S i 50,
JFAETE R AR I RE A R B PR B i S5 Uk B T, A E T 21 il kB A R IR 2R 2
-t T4y BRI T B ARSI PPC i A Bedk ™ o SR TR [l R R UR PPC 74k 241
RS R CsE & T X AP ROR 22 57, R Z B il T ALY K U PPC i Fr BoAl, 5 2tk — 2
IMEABEGE . By AR ( Pinus massoniana Lamb. ) 4 Bz 753 [E HAT F 5 AU, PC 5, {HE L)L PPC Y
AR, AR 1 B 290 2 800, IG5 1% 9~10, 1 C 5l EC i HionE] C,—Cy 4
F EHER BT o TR A B AL A 22 R IR R L . DR, AR S
PEAT T I TR W00 S R A K AR T 2 BUR S, I AT LC-ESI-MS £ AR 504 B 45 5 AR 731
AR B TR B R BeAl - Wy AT 1 A5

1 L5

1.1 MHREEH

I AR B2 AT 3R EEMOR B E MR FRA R 28 2 W, 5/ 4 L0 N RHBOR AT IR
fl, EYELA N-1100 jig§4 28 K AU (K4l , HZA<) , Agilent Technologies 1200 HPLC {¥ , BRUKER HCT
Esquire 3000 LC/MS B () o
1.2 REARREM=YHE &

TERCHI 154 10 mmol/T Ve 1) 1 % HCI /KWK 10 mL oy, & A T AR B2 A6 R 28 2 1 45
10 mg FE50¥ M, 76 70 CoRIEH N 1 h J5 8 FREIBRE AL L OV o OV R i Diaion HP-20 4 i
ANFEWZ B, 28 30 mL ZEIB/K R 2 Ve Al HCL 5 H 50 mL Y B3k 0, R st J00 o 2 TR 400 T M2 J A S o ™
Yo Bel BTtk B 1 g/ L SO 7= ) B, 0. 45 wm it I8 f5 it HPLC 1 LC-ESI-MS 34 H] .
1.3 HPLC 70 LC-ESI-MS £
1.3.1 HPLC &4 ishtH,A: H,0-0.34% H,PO,,B: CH,CN -0.34% H,PO,; JELELE ,0~15 min
(4 %~25 % B), 15~18 min(25 % ~90 % B), 18~20 min(90 % ~95 % B) ,20~24 min(95 % B) ;fii#,
1 mL/min ; H:35 30 °C 5 &0 % 1, 280 nm; {635 44, Agilent Analytical Eclipse XDB-C , {44 (4. 6 mm x
150 mm, 5 pm) ;FEEE,5 pl,
1.3.2 LC-ESI-MS &4 J#izhtH,A: H,0-0.1% HCl,B; CH,CN -0.1 % HCI; % ,0.3 mL/min; {5,
T4, ZORBAX SB-C 4 (50 mm x4.6 mm, 5 wm) ; IEF B 744 (ESI T /ESI ™, m/z 100 ~1 500) , 40145
HU 4 kV; BATEHER 400 C

2GR0

XL AL R KB A BALR B ‘h I’
F77 HPLC HHAMAT, (PR ILFE 1 S 5H7 Lo, M

1 AT B PE AEE 3 R RN R 1~3, 1S
L2 2 B LA A 2 5 i (T ) 40 T i S B . |
T 2250 T R Bk =9 ‘ ‘ | ) ) ‘

HE—uE TR AN B2 AR T E A B eAs T S 7S 1000 s 150 17

2 RS ) ' I 8] /min
LC-ESI-MS 6}1:)? ’ %ﬁﬁjﬁ‘z'ﬁg 3 ﬁﬁm;‘ﬂ%l~3 E@ﬁﬁﬁ%@ J[—Ll‘ a b & proanthocyanidins ; b. Z5Z W tea polyphenols;
K2, MK 2 T4 , KN 1 IE MBS TB i o Jr BeAk =) fragmentive products
IR RS AR m/z 747 1 [ M+ H]" fl m/z 745. 1[ M - E1 S¥miEeitE
H™ R 1 Ao B oy 746 5 RBP4 2 I IE Fig.1 HPLC

TR TS T B I R B B0 m/z 731 1M+ H " Flm/z 729.0L M — H ™, W] 2 AYAHXS 70t



a4 LT, A A B IFAETT 3R 7 BUE ™= 9 LC-ESI-MS 734 119

N 7305 ROV 3 R IE GRS U ST S U S B i R
m/z T47.00 M + H]* Fl m/z 744. 90 M — H1™ , 38 3 (AR 40 TR
ity 746, 15 I

REWMEEM(-)-REEBTFILKRE3-0-KE FIHRMA

la 2a 3a
(EGCG) | (-)-FILHH 3-0- W FRAR (ECC) | (+) WA T
JLAERR 3-0-BE FRRE(GCG) | () -FILKR(EC) . (+)-)L
HF(C) . (-)-FRW A TILEE (BGC) M (+) - A TILK R " e .
(GC)SBILAEH KA A WAL, AR ISAE TS 3 4 BAL SR B, i 2 3

LA 2 ORI TR R M 13 6% ) o e
BRI (20 U (4-8) - () R TILAH D08 pol o
BRI, (%) JL%‘%%—(%%—S )= (=) -RILEH-3-0- & Fig. 2  Quasi-molecular ion profiles of

TIRWR (2) FI(R) LA R -(48-8) - (+) - B T ILAK R -3-0-& fragmentive products 1 —3 in
BFIREE(3) (K 3) , N5l l EGCG ECG F1 GCG K n7r # ESI™ (a)/ESI* (b)-MS
foe 3-BEHEAR FALIC (%) JLAS R TR B o

OH

OH
OH
/()H OH
OH OH
OH Y, OH
(0] (0)
OH OH OH
OH OH OH
1 2 3

3 RBWFY1-3 B REEH

Fig.3 Chemical structures of fragmentive products 1-3

3 45

RIS Z W S AN B AETE BT i BUROSE, R T 3 ANHr i A Befe 7=y, il i LC-ESI-MS Kk
FEARD AT T eI 05 B AR B N EA TR AL 245k 250 o () LR - (48-8) -
(=) -REETILRR 3-0-BETMM . (%) ILER-(48-8)-(-) -FRILKR 3-0- BB TIRE M (F)
JLZRER-(4B-8) - (+) - B TILAREK 3-0- W TG 45 R R MR IR Z 0 nl AT 5 B
W B BT 2R 0 R BeAL S, BoA R A RO AR5

% 30k :

[1]COS P,DE BRUYNE T, HERMANS N, et al. Proanthocyanidins in health care: Current and new trends[ J]. Current Medicinal Chemistry,
2004,11(10) :1345-1359.

[2]LOTITO S B,ACTIS-GORETTA L,RENART M L, et al. Influence of oligomer chain length on the antioxidant activity of procyanidins[ J]. Bio-
chemical and Biophysical Research Communications,2000,276(3) :945-951.

(3]0 ARFEA, A 3008, 45 MAFFIFAE T RIVR S E S HUEMm MR )] il 5K BT, 2006,32(10) :41-46.

[4]ERLEJMAN A G,VERSTRAETEN S V,FRAGA C G,et al. The interaction of flavonoids with membranes: Potential determinant of flavonoid



120 Mo e o 5Tk 3B &

antioxidant effects[ J]. Free Radical Research,2004,38(12) :1311-1320.
(5] 8kil, BXCSC%E, B RdA , 45 JFAETE 2R b BT Zhee AL AR [T ], 2Rk =i 4Rk ,2009,15 (1) :35-39,49.
[6 JHEMINGWAY R W. Reactions at the interflavonoid bond of proanthocyanidins[ M ]/HEMINGWAY R W,KARCHESY J. Chemistry and Sig-
nificance of Condensed Tannins. New York ; Plenum Press, 1989 :265.
[7]TANAKA T,YOSHITAKE N,ZHAO Ping,et al. Production of oligomeric proanthocyanidins by fragmentation of polymers[ J]. Japanese Journal
of Food Chemistry,2007,14(3) :134-139.
[8]TORRES J L,LOZANO C,JULIA L, et al. Cysteinyl-flavan-3-ol conjugates from grape procyanidins: Antioxidant and antiproliferative properties
[J]. Bioorganic and Medicinal Chemistry,2002,10(8) :2497-2509.
[9]SELGA A,TORRES ] L. Efficient preparation of catechin thio conjugates by one step extraction/depolymerization of pine ( Pinus pinaster) bark
procyanidins[ J]. Journal of Agricultural and Food Chemistry,2005,53(20) :7760-7765.
[10]NONAKA G I,SUN B X,YUAN L, et al. Sulfur-containing proanthocyanidin oligomer composition and process for producing the same; WO,
PCT WO 2004/103988 A1[P],2004.
[ 11 JMITJANS M, Del CAMPO J,ABAJO C,et al. Inmunomodulatory activity of a new family of antioxidants obtained from grape polyphenols[ J].
Journal of Agricultural and Food Chemistry,2004,52(24) :7297-7299.
[12]TORRES J L,LOZANO C,MAHER P. Conjugation of catechins with cysteine generates antioxidant compounds with enhanced neuroprotective
activity[ J ]. Phytochemistry,2005 ,66 (17) :2032-2037.
[13]TOMOBE K, FUJII H,SUN Bu-xiang, et al. Modulation of infection-induced inflammation and locomotive deficit and longevity in senescence-

accelerated mice-prone (SAMP8) model by the oligomerized polyphenol oligonol[ J]. Biomedicine and Pharmacotherapy,2007 ,61(7) :427-

434.
(141207 REW, THER, & AR NZRIFIETE 2 =0 00 0 3% LIS 55 S AT [ ) ). R 4% ,2012,40 (31) 1 15095
15096 ,15099.

(IS PMKRE. AT A2 M. Jbat: s AR e, 1992 :149.

R a7 )7 2014 =T 30 #AFY

CERMAL TN 2 5% M o RACLE B A PR ST AR 8) Fo % 18 AL TR AL N AT PN 8] 2 90, % K 845, 2 B R 47 I ik
Ao B FATHR M B0 B W ShATZ AT DA R AP B F AR A LR ) (PR FE R T HE) (P
AP B B ) B T 5 B FBERIE R ) F 5 RRA P IR,

FEREH RXFHLLT A DA m TOARE L, XA SHF T ML LA, BA SRS 5,
AL it oA S MR KBRS AT LR XA SLEE KIHA NMIES FREEFERE, NEHA, LT
X, ALBLH AIFLEFR, ETARNFRFI AT %8 5 AS L HFOAR M A% LT 44
EAT N AR B A A ST AR TR A R AE,

A A, B P F 5 CN 52 - 1090/TQ, B FRF| 5 % ISSN 1008 - 9411, 5~ 4 2 %4 TiE 5 % L7 0099 %, k 16 7,64
Ao ITRAME (AT AANR T ) :8.0 /M ,48 /4, TRABHIT A, 3T P T8 o By iC 2k £ 55 M 4 35 M8 7 #7R Kad
310 5 (M Rk RALEAL PO R A ) (SEMAL L) Zh 33K, ¥ 45 : 550018,

itk :550018 3¢90 5 ST Fe i #k K i 310 5 (M R RALBAPR SRR )BERAN ALK, A A BEIE.0851-
6317518 ; http : // gzhg. chiajournal. net. cn; E-mail ; gzhghjb@ sohu. com,,

CEBRIELRY) (£ % CN11 -3573/TS,ISSN 1006 —2599 , 5L A ] ) t b E i 4k F 2 B 4 LB XI5 £ A, 8
PEARARBR T LRI AE PHR RBREELE FRBER BENLF RO EHR ARRIHERDESF LA NI
ANFFEATHE S B, BIRATE c RSB RS T LA O E AT R ARE, (BFRER)EL SHFEAN
O E R A HAERT P A B () BIEA A T B R R RN EIREE, &5 5 R s b
B AREZT 2R E, RABPIMLBR BFE X HGOHELEAF AT HBERKLG T, E5EHRLLH
230 AR AT ARA T AL R R AT BRIRFAR AT LW 28 TR A ARAR ik,

T3] % 3R B 3T, 10 /M, 44 60 T3 B SR BRIR S WK 10 £ 4/ H, A4 60 £ 70 desbid iR BT, T AL
GREATHIE R, FFREER: F B4 23 55 1 % 7 K-S 802009444208091001 ; FF 4T : F 47 4b W L £ % % 47
FEiE:010-64778173 ( £ 473 ) ,64778162( % 4531 ) ;£ E :010-64778174 ; E-mail : wpp@ vip. 163. com; #13k: 100102 4L % 7
PR B4 5HR2 5H607 £,





