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Intestine absorption Kinetics for five constituents in Polygonum orientale flower
extract in rats
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ABSTRACT: AIM To study the intestinal absorption kinetic characteristics of protocatechuic acid, taxifolin,
kaempferol-3-0-B-D-glucosid, quercitrin and kaempferol-3-0-a-L-rthamnosid in Polygonum orientale flower extract
in rats. METHODS Based on the in situ intestinal perfusion model, the concentrations of these five constituents
were determined by ultra-performance liquid chromatography electrospray ionization-tandem mass ( UPLC-MS/
MS). RESULTS Being insensitive to pH, these constituents might not be the P-gp substrates. Saturation phe-
nomenon occurred in protocatechuic acid, kaempferol-3-0-B-D-glucosid, quercitrin and kaempferol-3-0-a-L-rh-
amnosid at high concentration. The bile inhibited the absorption of protocatechuic acid and promoted that of
kaempferol-3-0-B-D-glucosid. CONCLUSION These five constituents in Polygonum orientale flower extract can
be absorbed in the whole intestinal segments and they are absorbed more in small intestine than those in the colon,
which accords with first-order absorption kinetics.
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21 RO R W) 28 B Polygonum orientale L. 2.1 1 SR BARMERS WA BCH] R S AR UL

T BT, FEBCMA Iz a0 A0, O 2 = 24
M, BAERARE ., W&, EAR. bmEihe, RIE
W TR M, L th XU (M
B L RGP S iy A TR A R
FEHE 2T F AR 25 BIVE PERT R B, fELL A&
PR ABLO NS INAE R, i g 322 HIF
(AR o DR R IR AN IR, A R AR B —
HATE o PEVRIA RE A AL — PR R h 259
() A e R PPN L SGHCR AR i, )2 FH TR
FEPIIR S, FEREAN L R T, E N i BURR
A A, T A A B S BRE T, a] o B
ET . TR HET AR S RE LA 2R A, ARSI A
8 e O £ - FRL IS 55 - FRBC B (UPLC-ESI-MS/
MS) ik, [RIBHE f v v B LA R . AR AL
.S R-EAREE. W, LR R-RE
1, SGTERGRERBA, Bk E . pH (H.
P-WEEE UM L I B A R Z R 20 B AR AR ) X
5 F B3 W) 5

1 {XE5HH#

L1 s R (s — 3 DR 5 B T 1%
BHAL (£E Waters /4 F]) 3 HL2S 304 (L
FHPTEIAS) ) s EL204 B 7 RFE (Hr=z2—,
MEFF - R 208 LA AR 3 ZH2 IniEilR
G (REZYMAREART ) 5 Allegrab4R IR =
BB AL (3£ [ Beckman Coulter 2 &] ) ; MTN-
2800D Wk v 4 e (R ZE IR A FD )
CQ250A-TS P P VE VEHL (b BRE B2 HI DG 2 4%
W) s EBAiKHL (IR KRR B R A TR A
A]); DK-98- 11 A fHIR /KM (REFEITRHUE A
FRAT) o

1.2 ## ERR4Ehiihck (45 29940, BIHLT
WA A RAR); HRE (5 0752-9605) |
JFILZSIR (Hit%5 809-200102) X Ml dh ([ & i
R E BT ) s fEHEAN R . USRI A
Wit AR - X A (AW, SRR
=98% )., ZEHLIEIRIY (it 20140815, Hifl) .
CHER A (FEE Merck 2] )5 KB EEK;
HoAth 12300 141 4 73 Hr 2k

1.3 XExshdy (@B SD R, HEtE, (KFi&E A
(250 £20) g, HMBEPHEE2EBEshY) oL, fitS
SCXK (¥4) 2012-0001,

2 FHik

2.1 AR R A B

AR, AEWEANER . AR ALY . A AL
RR-MARETE R, WEER R 10 mL, 3351
Z5ME (1.202 mg/mL) | fEHEANZE (1.208 mg/mL) |
2% - & W (1216 mg/mL ). # F 1F
(1.200 mg/mL) F1 1L 25 - 25T (1. 210 mg/mL)
N2

21,2 MR WM ECH KBRS R R
10.33 mg, H B & & £ 25 mL, 15 3] &M K
(0.413 2 mg/mL) (WM, BGE &% T 10 mL &
e, WEEERBZIE, B 9. 999 4 pg/mL 1Y
WFREI, 20 CukFEIRES T, RIS,

2.1.3 Krebs-Ringer’s (K-R) EIFEWRAIBECH R
I CaCl, 0.37 g, Hj%ghE 1.4 g, S35/ Z8 1K
Vi, TFREL NaCl 7.8 ¢, KCl 0.35 g, NaHCO,
1.37 ¢, NaH,PO, 0.32 g, MgCl, 0.02 g, ZEM/KIAE
it 5 CaCl, I & MR 5], ZBIBKERZE 1 L,
HIEE

2. 1.4 ZimERIBIHI s BEZERAE 1S ke, 0
10 fERK R 3 W, IRWRE T k4n, IOl 2
R HBGR 65% , FrE IR, I CBE, FREY
FH 172 A5 R KURINE T 2R 4 W, mIGE R, 3%
MY Clfe, FERBAE, 80% LB,
BV, W], RIS

2.1.5 e B 2. 147 TR R
F K-R EFWaE R, @/ 10 min, 5 000 r/min &
L5 min, BCEVE WA, 53 2.5, 5.0,
10. 0 mg/mLA AL

2.2 &35 Waters BEH C o854 (2. 1 mm x
100 mm, 1.7 um); Waters Van Guard BEH C, {4
(2.1 mm x5 mm, 1.7 wm); FiE 45 C; Hsh
0. 1% HER AN (A) 0.1% HEK (B); &
L 0. 35 mL/ming SFAERFR 1 wl; 6 B2 VRN
(0~0.5 min, 12% A; 0.5 ~0.8 min, 12% ~20%
A; 0.8~3.0 min, 20% ~25% A; 3.0 ~4.0 min,
25% ~90% A; 4.0 ~5.0 min, 12% A),

2.3 kA B EE (ES; BAE
HLE R R 3 kV; B R EE 120 C; RE AR
N,, B 650 L/h, R 350 C; R N,,
R & 50 L/hg il 48 <R R, R &
0. 16 mL/min; Ui K 4 KAk B Mass-
Lynx V4. 1 TTAEwG, 9485 200 2 500 85 5 e
(MRM) , BFXFRM IR 1,
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Tab.1 Mass spectrometric conditions

. Jis A
oy ESI Parent(m/z) Daughter(m/z) Cone(V) collision( V)
JEILZR IR - 153.0 109.0 30 15
AETEANZ - 303. 1 284.9 35 10
25 2 -4 20 + 449.2 287. 1 20 15
ik B + 449.2 303. 1 20 10
12 & - 2T + 433.2 287. 1 20 10
ERE(HNPR) + 417.0 267.0 40 30
2.4 HmaEix BWBEAMSRGE R, with 3 HR
TS AR 3 A e R s . 100 wL BT 301 FREFAR
LS mLE RS LA, 10 pe/mL AirE® 3.1.1 LEMERK RS m@Esmm. wmaxt

20 wL, HIA 400 wL WItGshAH, #WHER G 1 min,
15 000 r/min B.0> 5 min, B FiEW, % UPLC-
MS/MS 5317

2.5 KRAERBHRARER SHICH [8-11],
FARBARREER 12 h (AWPOK), BEEL 30%
GRHER (1.4 g/kg) WRBE, BEESHY), By
&yin, fTHEE, ThEmMmYl/NG, 2nlEA
RERCE TGRS . SEgRmt, SEMISRB A MK
BNEY, BAPEmge s, R AR G WA
L, S HS0 mL I JEFR M, 5 mL/min 3 2P £
10 min 5 57 P32 (AR R, AP BCHs 1 omL, %R0
I mL K-R b, 12k 0 BF, P95, MU
2.5 mL/minf& F 3 & 4k S2 96 26, 45 F 30, 60,
90, 120, 150, 180 min [a]y&5E%, BURE, #Mim K-
R B, fEFR 180 min 2811, M35 A i 4 ) A
AR R M K &, ST 5545 I [A] L 25 ) &
Bl 2t (P,), DLHAKRXNE In(P, ) X
IFR] ¢ MR, SR WS R R K, . 3 h B 47
WAL R A S8 RRIEIAE T L, 3 55 48
T A, S, M. 4k

2.6 #HFEHH

2.6.1 27 FAE AR Y TE K I WIS i ) 4 24 6 1Y)
E:!

=C, xV, +1.0x Y C,
i=1

e P, IR R C OB V, N
TEIR AR o, AR RHE L o fi]

2.6.2 WS ISR LN NRIRZ
HEAXEL In (X)X HOREFE] ¢ fE R, il ELARRER
AR HRK, (b)), AKX N3 h

i 2 4 _ O hFIRZGHE -3 h FRZGH
SRR A = Ssos

P

x 100%
772

FE T VR VR N 2 B A B R R it VS VR (L A TR
fE“2.27 WEGE &M N BRI GEIE, 458, 5
s 53 Ko TN s 1 O B B RD 43 ) R 1,26 1,72
2.55,2.71, 2.79 F13.44 min, 2544k,
WE,

3.1.2 pruEMhZ s s RIS Bl IR
AU EBGE B, 3 AR RS 1Y 25 I 1R R
file, BB BEAE BE, 19 BR G R bS MW W, &
“2.47 TR ACER, MEREMIGE . LA I A B 0k
A AARIETE R Z L (A/A) AYVBER (Y),
AR (C) AR AR (X) #EATRIA,
HEEILZERR (Y =0.086X +0.058, r=0.99 2,
2.13~136.2 peg/mL) . HHEMZE (Y =0.061X +
0.008, r=0.999 5, 1.57 ~100.7 pg/mL) . 125
F AR (Y =0.148X - 0.047, r=0.995 1,
1.58 ~ 101.3 pg/mL) . Mt iz 45 (Y = 0.183X +
0.028, r=0.999 0, 6.25 ~399.9 pg/mL) . Il]%s
FoRERETE (Y =0.313X +0.328, r=0.999 3,
6.30 ~403.2 pg/mL) BYEIHFE, FHX S5 L
OYIZRTE R R AT

3013 [MCRAR e % 430127 IR
ik, srplEdE, AR 3 AN BT IR R I,
AT S Gy, BRI S AN AZA AR AR I 7
e, DA S IARZ TR s R, 25
BIRF 90% . [FIELTHE HNE®E, WiE8ae 5
KA H DR B, 255 5 s i B MRS %
RSD 42.2% ~6.7% , HIE4525E RSD 2. 5% ~
6.7% , HFFEER,

3.1.4 Rk ¥ “2.47 W kA E
REVLWEHRESY, 4305170, 1,2, 4, 6, 8, 12 h L
BT G55, 5 RS RSD {H¥5/NF 5% , 3%
BRE SRR E 076 12 h 9 RGE .
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1. protocatechuie acid 2. puerarin 3. taxifolin 4. kaempferol-3-O-B-D-glucosid 5. quercitrin 6. kaempferol-3-0-a-L-rhamnosid

E1 TRMRBER
Fig. 1 Results of specificity tests

3015 EEFUUY BUIER. w3 BRI
XPRE W, A= H B W 100 WL 3 A, %
“2.47 TURNIIERAE, SFAT S Uk, A B AH L 0 1f
o F3HU3 AN B A0 BRI, 45 C AU
FRF, FREYILL 100 pL b I Sh AR I AR, %
“2.47 WURIPIERAE, PAT S K, 1B I I
L, O TR FAEDRTH S B ks, R (]
IEBEENAR SR, S RN L3 R A B Y L (R
£ 85% ~ 115% Z[6], PAREE B 4 101. 1% ,
PYAAFAERE T

3.2 R AL EUM 6 M iE O AT R
3.2. 1 ZEEEREUIAE 37 C K-R ¥ i Fa o 1

5 PLK-R O & B 28 5. 0 mg/mL (2
FACTRUA IR S0 mL, 37 CRK#E, 20500,
3htkE (n=3), MES Filirp& A 224k,
A K-R W (AF pHAH) etk 45
T, X5 Bl AE 37 C K-R AR e By,
HE DR AEH]95.2% ~104.0% , WHE2,

®2 KRBEPREMXBER (%,
Tab. 2 Results of stability tests in K-R solution (% , x +

xxs, n=3)

s, n=3)
% pH=7.4 pH=6.86 pH=6.0 pH=5.0
JE LSRR 101.3 +4.7 100. 1 4.5 104.0 +5.6 101. 6 £6.3
IR 2 100.9 +5.8 99.7+3.6 99.4 5.6 96.7 3.7
INZSR-AENEL  95.224.1 97.224.3 96.1+4.4 99.4+5.7
i B 98.2+1.8 98.7+2.9 97.8+5.0 97.3+6.3

INZRE-BEMH 97.6+3.6 98.6+1.7 102.0+1.0 96.7 £4.8

3.2.2  ZERESEUITEIG SRR s P A4 R
g LLK-R W # BUR kA 5. 0 mg/mL AYZE 4L

PP WL 50 mL, 37 CTRKi, THRIMETEHE

3h, HIFEO0, 3 h BUEIE (n=3), BEHIEE

PRI B0, S5 RFWT, A8 T I ) B R AR

H, BEEOREEH95.4% ~102.3% , WFE3,

*3 ERERRZABERRPHBEEREER (Y=
s, n=3)

Tab.3 Results of stability tests in circuit pipe and blank

intestinal perfusate (x s, n =3)

%y B ME/% 25 BB IE SR I T e P/ %
JRILASTR 95.4+3.3 102.6 3.3
e 2 102.1 2.3 102.2 +5.2
WA R - AT 100.3 5.3 98.5+2.0
iz 1 102.1 +4.6 99.8+3.9
125 22 - RZT 102.3 1.1 100.1 +3.8

3.2.3  ZERLERBUYITE S B I R RO AR E 1
0 W H KRS0 mL, FREM PGS h,
S FUAR . FHATCH & R 5. 0 mg/mL
A2 BRI A W, 37 C R AKIRIER, 43078
0. 3 h BUEEINE (n=3), BEHAEZ AR
T e, SREW], &5 M RErERY, HA
T4 E R 98.5% ~102.6% , WLFE 3,
3.2.4  ZEREHREUYI G pH EX OB EE R
TGP T fESZ SN PA pH 152, AT 4
PaBescs, %%¢5.0 mg/mlL 285 65 Y 16 AN A
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pH (7.4, 6.86, 6.0, 5.0) T 5 Fji s iy M, SpHETERAREEZS (P>0.05), BEHIXS
P 3 h R fb A A, S52RRW], LN R pHEABUR, MY pH 6.0 mf, H 3 h RHitmliht
7E pH 6. 86 W Rl B = T pH 7.4, AABZE  MXIEE. Fik, Ll pH 6.0 AY2E 5 LS U i ik
PEZESR (P <0.05), 07200, X5 Rhliomde  #EATSEs, 4R 4,
*4 pHEMNRKKHM (X+s5, n=4)
Tab.4 Effect of pH values on absorption (x s, n =4)

] pH 7.4 pH 6.86 pH 6.0 pH 5.0
sy
A/% K, A/% K, A/% K, A/% K,
eI 23.9+9.3 0.103+0.041 26.7+3.9 0.097 £0.054 26.8 7.6  0.1120.018 22.3+7.9  0.104 £0.032
TEHERA 2 58.3+5.4 0.303£0.047 69.2 +4.0* 0.385+0.050* 65.8 8.2  0.360+0.069 65.3+2.2  0.359 +0.018
IS LA 66.8+9.8 0.369+0.085 64.3=11.0 0.295+0.097 68.9+11.7 0.394+0.107 49.1+23.2 0.259 +0. 175
R g 19.0£4.3 0.065+0.020 17.7 4.6  0.0530.033 21.4+6.8  0.074+0.023 17.6+7.5 0.072+0.016
IR Z-BZEH 19.124.8 0.068 £0.016 18.8£2.4  0.062+£0.023 22.7+5.3  0.079£0.019 20.3=7.3  0.080 +0.016

H: 5pH7.4 b#g, * P<0.05, P <0.01
3.2.5  ZURLAESEIBCHY Y o v R WO A 5 i) ZHEEYI R E TRBERE (P<0.05), Ht®
BAE R R BN, BH4 B, v B, BRI, I R-Eama . i Bz
S8, REREARREWKE (pH 6.0) 2Rt RH-RABWHE S REKRE T /AR M S,
FRBCY X 5 R g K, 3 h B RE R LA A P R IR AT ATL Tl AS AN 2 B 08 1 4 Bl W g ot 7
Ao R, JFILRRTEANBT | EENT Y 3 h 23t AR Fahe s b ey 8 B E 3 h Rt
WAL R W T, W BEKE (P <0.05);  WALR A SRR LR R 5K, TR E R 2E R
Hh o R L4 3R - 2 W S v TR R R (P>0.05), $EHAEMARNA BB 6824 3h
(P<0.05); ik, T B 1. A R- Wil e, Wks,
x5 REREINREHIFM (x+s, n=4)

Tab. 5 Effect of concertration on absorption (x s, n =4)

B 2.5 mg/mL 5.0 mg/mL 10 mg/mL
A/% K, A% K, A% K,
JLZER 53.0+21.0 0.311£0.224* 26.8 +7. 6™ 0.112 +0.018 20.3 +2. 4% 0.077 £0.015
T 64.4 +4.7 0.351 0. 057 65.8 £8.2 0. 360 =0. 069 62.8+1.8 0.322 0. 025
INZSE- A 54.8£17.9 0.284 +0. 143 68.9 £11.7* 0.394 +0. 107 * 32.6£12.4 0.130 =0. 085
Witz 17 22.2+1.5™ 0. 088 +0. 023 21.4 +6.8™ 0.074 +0.023 * 11.0+1.5 0.039 +0.015
INAFE-RAMT  21.8+1.8™ 0.094 +0.024 * 22.7 +5.3* 0.079 +0. 019 14.2 3.7 0. 050 0. 015

TE: S BERWRE LEL, * P <0.05, "P <0.01; SAUREKE HE,™P <0.01
3.2.6  JHIFXPZERIACSBYIRICA I B4 2 AR AL SRR, IR XS IELRIR . I AR
KREL, % 92.57 BURNTIERAE, S54LIR%, 8 R-AAWEH TR/ A R HA BE R (P <
5.0 mg/mL 2F B AERIUYIEI (pH 6.0) SO mLAE  0.05), X JULARRA WU BAMHIER, Wik6.,
NIBHERIE, AT REN BOIRER S, A3 h Rt
F6 PEiTHR P-gp HIHEIFIREAIZNE (x£s, n=4)
Tab. 6 Effects of bile and P-gp inhibitor on absorption (x s, n =4)

roe NGEN EREN P-gp 15
A/% K, A/% K, A/% K,
5 LZE R 26.8+7.6 0.112 £0.018 54.3 £20.7* 0.296 0. 174 * 41.4+15.2 0.179 0. 077
IR ZE 65.8 +8.2 0.360 =0. 069 65.8 2.1 0. 364 =0. 020 62.2 £5.6 0.325 +0. 037
22 68.9+11.7 0.394 +0. 107 34.2 £10.0* 0.144 £0. 049 * 31.9£5.5™ 0.121 +0.014
Wi e 21.4+6.8 0. 074 +0. 023 19.4£3.0 0. 076 +0. 006 21.3 4.8 0.077 £0.011
INZS 2R 22.7 £5.3 0.079 0. 019 20.7 £2.7 0.079 =0.011 21.5+4.4 0. 082 =0. 006

e SAEEFLA AL, * P <0.05, *P <0.01

3.2.7  P-gp MHIFIZERALSR BRI S G 5.0 mg/mLZE REAGERUIAE R (pH 6.0) 50 mlL fE
AEE KRR, a4 Ho s R, T amBE, BEMA P-gp i
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IS AERIMAKIF X 5 B o A 0, B 2
BB RSN EME A, g 3 h 3l
AL A, B5RFEW, A P-gp MHIFIE, BIL
IR s I, (HE B E 2SR (P >0.05);
LS 2R A 0T AE /N N B TR RIS, LA B
PSR (P<0.05), nffg5 HALA B A/EHA X,
FRERE— 2258 UM 255 F0 T i i TR S
@2s5 (P>0.05), IRzt s el a sl
REIFA RS is B 1 P-gp MKW .

3.2.8  zERACHEEIE R G B R i B
AR MR RBENL A, A4 1, S BaEtT
540, B+ i mEB (HEATT 1.0 em ZbJF LR
AT 10 em b, ZEhHE (AWIT 15 em AT
10 emith) 5 WG E: (B E W LAT 20 em AL JF IR 1E
T 10 em 4b) 5 S5 B (NE W5 s F iR T B
10 em4b) o #E#E 5.0 mg/mL 25 F AL 48 B i W)

(pH 6.0) 50 mL YEA WA RET L, AR W B 4351
PERBEAT M3, 25 22 K R 8 4% DX B A WA+
O, AN I B 45 o0 3 h BRI AR A
ZEREW, WM RET 5. S, B
W s i, TRl 38 B s m s i, A B
EPE2R (P<0.05); IWARR-MAEETE T 48
Wi, 2Bl . s, Giita Bt
25 (P <0.05); Mt 1 7E + 48 b iy g o 45
Wathk, GiitsfABEEZER (P <0.05); HAW
IYTERS I BO WSO A i k255 (P >0.05)

B B AEAN TR B B G SO JROLAS IR, 25
W > Wllg >+ 2460 > 45 (iR, 248
Wi >zl > g > 450 IR R-Eais, +2
1680 > 250 > Wl > 45l W, 2488 > =
W > |l > 450 AR R-RER, =% F >
W > g > &5l BERNET,

®7T BEEAEARBEEREK (x5, n=4)

Tab.7 Absorptions of various constituents in different intestinal segments (x +s, n =4)

W + 45 21 Bl e

A/% K, A/% K, A/% K, A/% K,
LA 7.6+5.5  0.0180.015 11.429.6  0.027+0.025 8523 0.021 £0.010 5.8 2.7 0.014 =0.008
TEHERNE 24.6 £3.2°™ 0.081 £0.016* 21.9+6.9™ 0.079 £0.032* 15.5%2.1* 0.059 £0.008* 8.9 2.8 0.030 +0. 006
ISR 10.7 £1.3 " 0.024 £0. 005 9.4+6.0%0.028 £0.022 4.0+1.9 0.010+0.004 3.81.9 0.013 +0.004
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Simultaneous determination of two constituents in Duyiwei Capsules and their
pharmacokinetic characters in rat plasma

LEI Xu-wei',  WANG Shuang-hu*,  ZHOU Yun-fang® "
(1. Department of Pharmacy, The Second People$ Hospital of Lishui City, Lishui 323000, China; 2. The Laboratory of Clinical Pharmacy, Peoples Hospi-
tal of Lishui City, Lishui 323000, China)

ABSTRACT: AIM To develop an ultra performance liquid chromatography-tandem mass spectrometry ( UPLC-
MS/MS) method for the simultaneous determination of sesamoside and verbascoside in Duyiwei Capsules ( Lamio-
phlomis rotata) and to study their pharmacokinetic characters in rat plasma. METHODS  After the plasma was
treated with protein precipitation method, the analysis was performed on an Acquity UPLC BEH C; column
(50 mm x2. 1 mm, 1.7 pum) , mobile phase was acetonitrile-0. 1% formic acid aqueous solution with gradient elu-

tion, and flow rate was 0.4 mL/min. RESULTS The linear range of verbascoside was 1 —250 ng/mL (r =
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