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Study on Intestinal Absorption Characteristic Differences of 6 Active Constituents of Polygonum orientale
in Normal and Myocardial Ischemia Model Rats

PAN Jie"*, YANG Shuting’, SUN Jia’, LIU Chunhua’, WANG Yonglin®, LU Yuan"’ (1. Engineering Research
Center of Ministry of Education for the Development and Application of Ethnic Medicine and TCM/State Key
Laboratory of Functions and Applications of Medicinal Plants, Guizhou Medical University, Guiyang 550004,
China; 2. Guizhou Provincial Key Laboratory of Pharmaceutics, Guizhou Medical University, Guiyang 550004,
China; 3. School of Pharmacy, Guizhou Medical University, Guiyang 550004, China)

ABSTRACT OBJECTIVE: To study the intestinal absorption differences of 6 kinds of active constituents of Polygonum orientale
(kaempferol, isokaempferol, vitexin, protocatechuic acid, kaempferol-3-O-p-D-glucoside and quercetin) in normal and myocardial
ischemia (MI) model rats. METHODS: UPLC-MS/MS method was adopted to determine the contents of 6 active components in
the intestinal circulatory perfusion fluid. Totally male SD 80 rats were divided into normal group and model group, with 40 rats in
Model
hydrochloride (50 mg/kg) subcutaneously to induce MI

each  group. group was given isoproterenol
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model; normal group was given constant volume of normal
saline, once a day, for consecutive 2 days. 24 h after
successful molding, normal group and model group received
in-situ intestinal circulatory perfusion experiment. The effects

of different concentrations of P orientale extract (5.0, 10.0,
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20.0 mg/mL) , different intestinal segments (duodenum, jejunum, ileum, colon), P-glycoprotein (P-gp) inhibitors (verapamil)
and bile on the intestinal absorption of each constituent were explored. RESULTS: The linear ranges of concentrations of
kaempferol, isokaempferol, vitexin, protocatechuic acid, kaempferol-3-O-f-D-glucoside and quercetin were 3.15-50.40,
3.21-51.31, 1.63-52.43, 1.60-50.94, 1.31-20.97, 8.07-129.25 pg/mL (#>0.999). The lower limits of quantification were 7.86,
8.45, 6.52, 4.00, 3.28, 16.14 ng/mL, respectively. RSDs of precision, matrix effect and stability tests were all lower than 11% ;
the accuracy were 85.64%-107.65% , which were in line with the requirements of biological sample quantification analysis. Except
for there was no statistical significance in the absorption of kaempferol absorption in duodenum of model group at different
concentrations, absorption of other five constituents in duodenum of normal and model rats increased with the increase of the
concentration of active constituents, and absorption of medium- and/or high- concentration active constituents (except quercetin) in
model group was significantly lower than normal group (P<<0.05). In normal group, the absorption of kaempferol was more in
jejunum, ileum and colon, isokaempferol was more in ileum, vitexin and protocatechuic acid were more in jejunum and ileum,
kaempferin-3-O- f-D-glucoside was more in duodenum, jejunum and colon, quercetin was more in colon; in the model group, the
absorption of Polygonum orientale in jejunum and colon was more, the absorption of isokaempferol in 4 intestinal segments was
little different, vitexin was mainly absorbed in ileum, protocatechuic acid and kaempferol-3-O-f-D-glucoside was mainly absorbed
in jejunum, quercetin was mainly absorbed in duodenum and ileum; in the same intestine, the absorption of constituents in the
model group was less than normal group. After adding verapamil, absorption of all constituents in the normal group increased, but
the difference was not statistically significant (P>0.05) ; absorption of kaempferol, isokaempferol, vitexin, protocatechuic acid
and kaempferol-3-O-B-D-glucoside were all increased significantly in model group (P<<0.05) , while there was no statistical
significance in the increase of quercetin (P>0.05). After the bile flowed into the duodenum, absorption of protocatechuic acid was
increased significantly in normal group (P<C0.05) ; absorption of other active constituents were increased significantly in model
group, except for isokaempferol and quercetin (P<<0.05). CONCLUSIONS: Six active constituents of P. orientale were absorbed
in the whole intestine of normal and MI model rats, and the absorption of above constituents may be enhanced more significantly
by P-gp inhibitor and bile under pathological condition.

KEYWORDS Myocardial ischemia; Polygonum orientale; Active constituent; Intestinal absorption; Intestinal perfusion; Rat
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FIATT R ST 58 e a5, FHOCHFSY R, 2E 5
HABT 2O USRI S5 C LI P e 55
PR PEY S AR Ay A X 28 R 2 AL b
BG4 B PR I 3 T ARG R A T IR AR R R B, 2
FK PR A B T O WLSR i A b s S/ A L5
A TG R R R LA 2R R TR
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K IR T A PR A ) 3 WP-UP- 11 -20 %4 4 /K HL (P 1|
IRFFIRBHE R A PR ) ) s ZH-2 B TR & i (R HEZY
HFR IS ) s MTN-2800D 4 4 W e 4 25 & (K e L
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KX EAC RN S e N R B A i 25k, 2P B |
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T R O RE (PO 148 4 sl 25 A BB AT FR A T
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wkq16012105, wkq16022301 , wkq16080402, 4fi i : ] K
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PR ER R 24 (i TR T AR AR A B
A, L5 L1708046, 4l i . =99% ) ; /KA S (L5 -
20150110) 251 (L5 20170923) Y904 [ K HFHB5 R
b 22300 B2 ) 5 JEHLIR R 34 Ry A A i, oAy €335
ali, K kAo .
1.3 i

SPF 2% ft % SD K BR, At , 44051 8k (250 £ 20) g,
VDT R B AE P AR A B RIS, sh A= = F T HIE
5o SCXK (i) 2014-0011, K B4 38 T L (23 +
2) °C HIXHIERE (60 +10) % M FREE | ] S5 45 BREA 4%
Fi BE S0 A ) 1) LR KRN, S 06 i 3 oy PR A 5 1
2 AEEHER
2.1 BRHFIE
2.1.1 XIS AT SRR R R
T HI R JFILRER L4 R -3-0-4-D-F AT M
BT BE S IE L 20 BB T 10 mL A i P s i
I F5 il b A 6 BBk 4 R BE 43 Sk 1.090
1.026.1.048.1.018.0.839,1.034 mg/mL [ Ff— XoJ & j %5
W, F—20 CHEAE,
2.1.2  WIRAWATE KRS A 20 B IS o
BT 10 mL i, B O e 25, il B A 2R i
W o BOZAR A WS 5, P B 8 o) R o & Wk 3o
10.40 pg/mL I NARER , T —20 CL-AF, 5
2.1.3  Krebs-Ringer’s(K-R) & F2 B il % FREUNaCl
7.80 g.KCl1 0.35 g .NaHCO; 1.37 g .NaH,PO, 0.32 g.Mg-
CL, 0.02 g.CaCl, 0.37 g . #j % Hl 1.40 g, B CaCL Fl % %5 b
AR A i) S F D SR TS A L SRS B ff CaCLL 5
BRI BRI A, 230 s e FH K 2
HEIL&H.
2.1.4  ZERRIYIEE AT A BT R M i R
TR ZH FT A9 O 7 A FLRR ) (1958 5.02% ) o
A3 B2E AR BUY)E B, A K-R B FEBOE 7 (2K
300 W, 351% : 20 kHz, T [F]) %A, Uk, 43 5] il s o i e
J&45.0.10.0.,20.0 mg/mL A2 H LB
2.1.5  FABIERBEEIS WS AK-RERE, TK
SN B P 2L 1.0 mL/min B9 3R G EREE A 2 h, i
2 FAEI, BT
2.2 FEmTAbE

BUB G PR BEE 5 300 pL, B F 1.5 mL B0,
AWARE I 13 pL 1% H RIA W 100 uL, I IERA 5 s,
FEFHK AR ANE T % 800 pL A<M 13X, i iEiR 4 1 min, i
75 10 min; A 12 000 r/min & 0> 10 min, B 3 W, T
37 AT N T, 1 509% HI i 300 pL i 75 10 min &
%5, FELL 13 000 r/min 2.0 10 min, BU 3SR AT
2.3 BiESREEY

SR P R AIOROR (03 - R I T T D 2
2.3.1 @i @ik Waters BEH Cjs (50 mm x
2.1 mm, 1.7 um) , f£ #7417 Waters Van Guard BEH Ci
(5.0 mmx2.1 mm, 1.7 pum) ; Ji s Ak 0.1% H R 205
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W (A) - 0.19% H K (B) , 46 BE VE M (0~0.5 min,
10% A; 0.5~3.0 min, 19.0% A; 3.0~3.5 min, 90.0% A;
3.5~4.0 min, 10%A) ; FEIEL 4 30 °C A 0.3 mL/min;
A5 Ul

232 FUEAME B R B (ESD ; BANE Ry
3 KV B PRI O 150 °C 5 KWL D 400 5 &
VN Ny, 38 8 800 L/hs J2 WA Ne, Y 2 g 50
L/h; filf 485 Ar, 3804 0.16 mL/min, [ i% 58 R 42
T AL BB A A MassLynx V4.1 TAER s FHH = h 2
IO 5 MR (MRM) o 44 78020 8 7R B 1

Rl BHABTHER

Tab 1 Ion pair information of each component

g ESU BRI () FEF oz AL,V REEHLE,V
qEE + 490 3290 35 2
FHEE + 44920 299.10 35 25
% + 320 313.00 35 25
)L - 153.00 109.10 3 15
I E3-0-p-D- WA + 49,05 28720 25 10
b + 449.10 303.10 2 10
BIRZ () + 41720 267.10 40 25

24 FHEFER

241 TEME B ABIEA R IR AR IR S T (R
“2.1.17 IR 2% B — X BE SRV TGS IR A L AR R
2R B A G AR (10.0 mg/mL 27 B 2 BUWI I W 1
L h)ad b, #e 2.27 0 R A S B 2.3 I T £
TS BUE AR AT il R ek R . AR 2R R
2R HHHR JRLASIR (145 K -3-0-p-D-H A BT
M R A 28 2 R ) 40 R AT, 28 U O 45
B4 E T, LI 1.

242 ZYEXRICERIREL WETHER TR
M R LR 145 5K -3-0-4-D-Hi T Mk Ez 18
— N R SRV TS B AE 3T CAAE R AN, FHK-R &
TR 5 e 3 R o ) J 2 28 o Rk M 3.15..6.30
12.60.,25.20,50.40 pg/mL, 5 21 B 2% it & v & o0 3.21
6.41,12.83,25.65, 51.31 pg/mL, 4t 3 & JF & ¥ B
3.27.6.55.13.11.26.21 .52.43 pg/mL, Jii J LS BR o vk JiF
4 3.18.6.36,12.73.25.45.50.94 pg/mL, 11 2% % -3-0-4-
D- 4 2 W57 Bt i vk BE R 1.31.2.62.5.24 . 10.48 . 20.97
pg/mL, Hit B2 11 i 5 W B R 8.07, 16.16 ., 32.31, 64.62,
129.25 ng/mL I RANEH ARG+ “2.27 T Jy i kb 33
J& B 2,37 N Ak 5 B SR A BT, AREIN K,
43 W TG R AR I T AR 22 B S AR B () L Fop 0 A 40 o
T R R A AR (o, mg/mL) BEAT A3 . B 46, DI
W Eb A 10 2 1314 AR B A3 ) i R R . 2R 6
TP 3 BT 05 7 P R A i BRI R 2.
2.4.3  MERREEATRG % BAES  HKC2.L T ik
JC i 6 A i M A B A L L BT R MR (2T R R 3015,
12.60.25.20 pg/mL, 527 H % 3.21,12.83,25.65 pg/mL,
$EHR 2 3.27,13.11,26.21 pg/mL, J5JLASHR 3.18.,12.73

iy

25.45 ug/mL, Il 25 & -3-0-p-D- #j % 4 # 1.31.,5.24,

FEZG 20204555 314555 134



‘ 90 3
Ts
gl _ ] bkl
BARAL LMy L e s e nan s s aa s T
05 1.0 15 2.0 25 3.0
90 7
T
=5
== p YN
T T L} T T T L} T s T T
05 1.0 15 2.0 25 3.0
90
I .
™=
fieseced 4
T —10 4
T T L) T T T L] T T T T
0.5 1.0 15 2.0 25 3.0
90
% Wl
>
=
=T -0
1 T L} T T T L} T ¥ T T
05 1.0 15 2.0 25 3.0
90 7
i
=% 3
=i
T —10 4
T T L} T T T L T T T T
05 1.0 15 2.0 25 3.0
‘ 90 3
U "l“
==
i
FH )]
AAAASRARASAASSLanns Ao ns asas anas naaas sanan T
05 1.0 15 2.0 25 3.0
Fs 907 L
i
= 10
L} T L} T T T L} T L} T T
0.5 1.0 15 2.0 25 3.0
HF ], min
AZS TR
% B
s
[ i
=T -1
T T L} T T L T T T L T
05 1.0 15 2.0 25 3.0
w 80 SRR
S
=T -0
T T L} T T L] T T T 1 T
0.5 1.0 15 2.0 25 3.0
R
90
punS]
% 3 n
i
= —10 4
T T T T T Ll L T T L} T
05 1.0 15 2.0 25 3.0
JEL KSR
#e 907
= . E
=
=i
=T 101
05 1.0 15 2.0 25 3.0
11175 %-3-0-B-D- T H T
‘ 90
=5 f\
gl
= 10
T T L} T T L} T T T L T
0.5 1.0 1.5 2.0 25 3.0
o 90 1 Wik
=
10
05 1.0 15 2.0 25 3.0
% B
s n
qu_x E
ST
T L) T T T L} T L) L} L} T
05 1.0 15 2.0 25 3.0
fif ], min

BRA X R A

Bl BRkERIE-RRKREEEE
Fig1 UPLC-MS/MS chromatogram

HEZED; 2020 455 31 5 131

FiiboES
BE, %

[

= 8

0.5 1.0 1.5 2.0 2.5 3.0

X
JE, %

I

S 8

0.5 1.0 1.5 2.0 2.5 3.0
EIRIUES

FiiboES
BE, %

I

= 8

0.5 1.0 1.5 2.0 2.5 3.0

JFULZRE

A
BE, %

I

= 8

T T T T T T T T T T T T 1

0.5 1.0 1.5 2.0 2.5 3.0
IR -3-0-4-D-A AR

FiiboES
BE, %
g

—10
T T T L} L} L] L] L} T T L] T 1
0.5 1.0 15 2.0 25 3.0
itE
90 1
s
o
£
= 10
T T T T T L} L} T L} T L} L} L}
0.5 1.0 15 2.0 25 3.0
B

FIibOES
BE, %
I

= 8

T T T T T T T T T T T T 1

0.5 1.0 1.5 2.0 2.5 3.0
Hif ], min
C.2E FEGRBA RFR L WA R5F 1 )
&ZE1

Continued fig 1
EhoMiEERIMEIIEERE SEEERE
PR

Tab 2 Regression equation, linear range and quantifi-

®2 2

i

il

cation lower limits of 6 active constituents in P,

orientale
PRl ElEygE ro SHER, g/l EE TR, ng/mL
HEZ y=SBS 602647 0999 3.15~5040 7.86
FHEZ y=3801Tx+0.0700 09997 321~5131 845
HHE p=43909r+0.0320 09998 327~5243 6.52
FULR y=48008—0.0020 0992 3.18~5094 400
WZEZS-0p-DATAMES  y=494566—00047 0995 131~2097 38
ik 1 y=02278x+0.0015 0996  8.07~1295 16.14

10.48 pg/mL, #i} 2 1 8.07.32.31.64.62 pg/mL) BT A b
VST, R R R BT 45 5 0y, #2227 30 vk T
ARFR G, P4 2.3 5T 6 5 S A R UERE AT, 8%
H ARS8 5 3 S 5E 3 d, 45 H DRSS B . B rmi 5
F14) o e Y B 5 P T VR A T HO R, B AR . 45
B 2R R 6 H N H [EDRG % Ei5 RSD
INT 9% , WERJE 4 85.64 % ~107.65% , 5 HE WL b2
HATHTER

2.4.4 LRV L HEU2.A3"IR kil i R
25 6 PTG PE BCAMIG P | R Y S R, T
37 CEHAM T ANK T, 5% i F 25 UG 3R 300 pL &
V2.2 TR i AL BR P 2,37 N (A3 5 R
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TS A RE AT, 0 SR TR (A0 5 55 B R T A 43
FRAER L FP g O R VAR B ) SR AR R TR, T 37 C & F R
PINLIRT, 5k W) iR hAH 300 pL 529, 4% “2.27 0
D5 AL RS R 2.37 R (A3 5 R A A AR 4
Mr, e ST (4,) o FERUN, = A41/4:x100% o FEAN 5
R ERE SR AT ERE S R, AR, RN N
87.49% ~108.54% ,RSD 7 1.26% ~10.12% (n=5) , %
B HEYIRE T E R TERR
2.4.5 FUEMIRAL  HETERBYIG IR (10 mg/mL
ZERR YR RAIEIR L h) A BT EIR T E 0.2.4,
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5 TR SRR AT e SR TR R, S5 2R R
25 6 PTG R I T FR Y RSD 29/N T 10% (n=6) , 26 W]
L IR R S e IR TR 12 h N B M R Ao
25 HDHESEE

HUSD K L 80 H, 43 1E & 41 M B 4 | 45 41 40
Ho BRI K UL S b 5 N ' B IR (50 mg/kg,
FIESH MO E ), B H 1R, EELh2h2d, B
il UL I AR 5 T 5 2 A B R) s e S S it AR PR K
2.6 ZIEEMER DX R AR MEINER LI

TR ERUAAR P 1 1 A E I8 S 56 B A 45 B S 2 A 5 S
B . RN 24 hE , BUE B AL AR KRB
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BRI 2T 37 CHIBF ARG b IR h LA E
Ji P2 3~4 em, JebFLR IR S5 $63) B Arin B
(£910 cm) , 76 Bz BERT )5 19 S8 1 6 20 i 45 40 50 87— 4
INTT AR A BAR 29 0.3 om O RE SSRGS, I FH AR [ &
FUE EEERE , (S5 E R R T — A ] ; FRe e
VS R 2 1.0 mL/min, 35 A 37 °C A4 HER K o
VeWmiE , EEITNEYE G HES IE N Ky . B
37 CHEIRAYZE B HR BV IR 50 mL R, IRk
AR AR, DL 2.0 mL/min (7058 8 25 i ik e B
il BE NG IR 10 min J5 , B I 52 09 3 R 55
1.0 mL/min, F£:37 21332 H i1 PN 20 0V AR R
AT FRERORE 1.0 L, A S ZE RS (7] g5 00 22 28 5000 P i oy
VR R 5 ISR b ) FET AN 37 C I K-R
FRW 1.0 mL, kLA A, F N [A] B[] 25 (10,30,60,90
120 min) 4% b 3B 5 P BURE , R S 45 st 1] s A MBS
AT ZE R U R AT . R IKIRE IS , HEG A I N
B FE IR I L SR R AR AR TR R SEAR TR, Wi /4
& ACAR T 5 A5 ) ) i B P 25 R AR B R AR L
R A s [ 05 28 B AR B s R R AR R . SRS T2
G LT T A2 25 1 (P, ng) FIHE AL 2 ho i) SRR
BEALH (4, %), AR Po=cx Vit 1.0XS e, A=
(P,—P.)/P.x100%[ZHT, ¢, R ¢, 5] [B] 5 20 B A5 3 Ml oy
Jo R (pg/mL, AR 4 117 A8 1 3T A €3 - R TG
TEIAE ) 5V, o0 6,15 (6] A5 20 R AR IOV W AR (mL) 5 2,
N2 R B s RO T s 1] (min) |, P, Ry 2B ] 55,45 16
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Fig 2 Intestinal absorption difference of active con-
stituents of P. orientale with different concen-
trations in normal and model rats (x £s,n=5)
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constituents of P. orientale in normal and model
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