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Intestinal absorptive characteristics of andrographolide and dehydroandrographolide
In extract from Andrographis paniculata in rats
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Abstract: Objective To investigate the intestinal absorptive characteristics of andrographolide (A) and dehydroandrographolide
(DDA) in the extract of Andrographis paniculata in rats. Methods The intestine of rat was cannulated for in situ perfusion. UV was
used to determine the concentration of phenol red, and HPLC was used to determine the concentration of A and DDA. The effects of
drug concentration, pH value, and absorption site on the absorption had been studied. Results In 111.22—335.78 pg/mL dose range
of A. paniculata extract, K,and P of A were reduced with the increase of concentration. With the pH value increasing from 5.34 to 6.38,
K, and P were increased slightly. With the pH value increasing from 6.38 to 7.40, K, and P had a downward trend. A was absorbed in
various sections of intestines, and the P descended in the order of duodenum, jejunum, ileum, and colon. In 111.22—222.78 pg/mL
dose range of A. paniculata extract, K, and P were reduced with the increase of concentration. In 222.78—335.78 ug/mL dose range, K,
and P had no change with the increase of concentration. Under the condition of pH 5.34, the absorption was better. With the pH value
increasing from 5.34 to 7.40, K, and P showed a slight downward trend, and P descended in the order of ileum, jejunum, colon, and
duodenum. Conclusion The intestinal absorption mechanism of A and DDA in A. paniculata extract is not just passive transport, but
also including the carrier medium transport which are both affected by pH value. The best absorption site of A is duodenal, and the best
absorption site of DDA is ileumother. Other components may have no significant influence to the intestinal absorption of A, but they
may promote the intestinal absorption of DDA.
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70 YE N B K BHE 4 % 0 3% Andrographis
panniculata (Burm. f. ) Nees {5 365y, 5~
THEfere . ENRE. WP R . RESHGTHHX, &
e RRER, dbnt. VYIS, DL 05 A g
FBE 7K 78 00 3 TR R ARER I i N R R G a2
FOERN FEAA MY, BAEPE. POk, il
i PO AT FIH. BRIHE . PiAEd .
SR R S B U T A 2 B IS, AT T L
2 A P A R AR L I 9 A 3 ),
7O ESR U R DU 4 T BRI 75,
Sy BRI A 0N K OEN
Bey S OENER B OEN TR 14- L5050
NN, ISR ST BLR BRI £
SR T AR, Bonth T 2 8eHm A
IR, AT 2 O ) 11 i 10 R LRI 5
WA L SRR IE o AR SIZH8: 36 FH K AR AR IBE VR 1) 7
HEL T GOV ERR U AR AR SRR, DL O
P BRI 7K 2 03 S R AE A Ferbm i oy, W FUILAE R
FUTRT /N ROBCRE I s DU R 2 Lo SE S U (48 1 )
F R B AL B IS 06 S Al
1 NES5H

LC—2010 =Rl B (5yidt CLASS-VP
B T RS, AN ES, HARH); KQ—
300VDE AUy A A (R A s
ARRATD; HL—2 HFE (R irias)
TRATD; HEF#-FEH 2 DELTA 320 pH il (i
B O R 2 A R ATD; FHE TP RAIHE145
MR (PHIX R IR AR D TGL—16C M miid &5
KEOHL CEMF SRR AF]D; UV1600 4241
AT (RIS A AR AT PR A F]D

ORI, TR R T %, Al
5 20120215, £ HPLC e, Hrhag 0P iE. i
K N R ) Joa 73 28003 70l ok 38.45% 411 12.73%:
FOENE I R G R AR, 5T
H%0>99.8%, fit'5 100804); it /K %054 A BEXT
M Gl KA 25 miE 5 B ifil#%, - #it's 20111126,
L2 IR, UV. MS. "H-NMR i, £ HPLC ¥
MsE, FEsn$>99.6%); Myar ( Ltk 2Eksm e
], it 100324); R Lbzgl (i E 2y Ltk
2ERF AT, S F20100316); HIEE (G ifal, /K
HEHK, AR b4l

SD K, HeME, SPF 4%, f&J5ia (200+20)
g, MFA LKL, S AKIES SCXK

(#) 2010-0002.

2 HESHR

21 AREH

2.1.1 Krebs-Ringer(K-R)¥EW (pH 7.4 Fx
HY NaCl 7.8 g. KCI0.35g. CaCl,0.37 g. NaHCO;
1.37 g. NaH,P0O, 0.32 g. MgCl, 0.02 g. #i%i#i 1.40
g, M/KEZZE 1000 mL, BN,

212 EFMa K-R wmH& R AR 2008
i, H K-R BRI IR B 41 20 pg/mL 11
W, B,

2.1.3 PRSI A 20 0 RS B PRI 2 0
FEHY) 55.61. 111.39. 167.89 mg, HiEE LKL
BEME AR, PTRCHRIAG. Py IR 50
PEPRIU) LIV, %% 500 mL s, 40
H pH 7.40 &Y 4L K-R WS e 2, e, 14
P By SRR AN REIREE S
54 111,22, 222.78. 335.78 pg/mL).

AT K-R O ko A S S A B Y pH
535k 5.34, 6.38. 7.40, KRCHIM 3 o pih:
WRE (222.78 pg/mL) [ % LS4 U LI e
# 42 500 mL S, 230 T ECHI AN [R] pH AR )
T K-R A E S, RS, W12 pH E5
514 534, 6.38. 7.40 (AR SV .

2.2 EpLTHRERM LA LSE

FEEFRIEYZE 10.3 mg, F K-R 52 2%
% 50 mL. &% W% 0.5, 1.0, 2.0, 3.0, 4.0. 5.0 mL,
il K-R BUEZRZE 10 mL, B389 50 0
10.30. 20.60. 41.20. 61.80. 82.40. 103.00 pg/mL
IRy LUARAEAS A . R IR 0.5 mL,
10 mL ZIBERE T, AEAR N 0.2 mol/L A &AL B
W 5mL, 4. L 0.2 mol/lL S N Z T,
7E 558 nm ARG (A) fl, AR ke C
(pg/mL) AREAALR, DL A (A IAARR, 2l bruE ih
2, 735 5 F: A=0.0156 C+0.015 2 (r=0.999 5,
n=5), ZMyul 10.30~103.00 pg/mL.

2.3 FILENEBEMRKFOCENENEENE
231 (ks ik kE Diamonsil Cyg (250 mmX
4.6 mm, 5 pm); JshAHN HEE-ZK (55 :45); A
IR 25 °C; AR E 1.0 mL/min; &l K 248 nm;
iR 20 pbl; BB PSR DL O A R T EAMIK
T2 000; R FLLE OB 1.03; %
A PN RS L JIE 7K 2 03 PN i UG 5 L AR AT U 1) 0 2
FE¥IA/INT 25,
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232 FrfEMIZR ML m]  ORE RIS O N TR
28.35 mg. i /K7 0% MBS 7.26 mg T+ 100 mL &
th, MG oK SBEE, KR BUER . 70 ml i
Hy iRy 0.10. 0.25. 0.50. 1.25. 2.00. 6.25.
10.00 mL F- 10 mL &, A K-R #ER, #
A1, A5 B 2O P IR AN I K 5 00 P IR 1) R B
R ERAEIR . 2 022 pm FALuEnE,
HPLC WllsE, CAEMBCHPALR (YD, KN
BEARKR (XD ZethlbrifE thZe i AT ek B, 128
O EN TR 7R Y=1.700 0X 10" X+76 155,

r=0.996 (n=5), ZVEys[H 2.835~283.5 ug/mL;
it 7K 28 Lo P B K [P 5 FE . Y=3.100 0X 107 X—
15 599, r=0.999 (n=5), i 0.73~72.60
ug/mL.

233 TREYEAE  HOSESEL 2 E I E R
(FLL 20 pg/mL 1) K-R ¥ 95 mL FAf 3R & vk
Uit 6 h BIF3) RIS RN BERE 23 AT, ok A
P 1o 2002 DAY R 7K 0 32 N TG 1 £ B BT 17331
A 12.6 min A1 41.5 min, S5 AR AR 2 06 OR B N
(] 5500 BRI B0 A AR T

A TN B c
/\ Tl 7K 00 P L
HLIE I T 7K 200 P
A
0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45

t/ min

1 WER& (A). EEBERE (B) FF LERIYIMBEIAE (C)HPLC B
Fig. 1 HPLC of reference substance (A), blank intestinal circulation fluid (B), and A. paniculata extract

intestinal circulation fluid (C)

234 REEERE BUH KR BACHIT 20N
BRI RS 433k 3.404 115.10. 226.80 pg/mL, Jfit
KGO E N BRI E 530 0.87. 29.48. 58.08
ng/mL PR s 3 AT IR (R A

28 0.22 pum TR ALIEMEIE T, HEFE 20 L, PE, Lh1
d WIER 5 IRERIHEH AR AL, 830 5 d
THE AR SR . 200 N R RS 2 RSD 43
W4 2.86%. 4.37%. 3.19%; HIEKE RSD 4>
Wk 3.88%. 4.26%. 2.96%. /K% 0E AR H A
FE#%E RSD 439l 4 3.65%-. 4.21%. 4.37%, HI[H]
FE % RSD 4393l 4y 4.16%. 3.77%- 4.52%.

235 [AICREE  HUH S AR E BT G I 1
ZELEN BRI IR E 74 3.40. 115.10.

226.80 pg/mL) HBE /K 200 % N RV R
4394 0.87, 29.48. 58.08 pg/mL), £ 0.22 um i
FLUEREpERL, BEFE 20 pL, 76 LR R 03
Wsg, s, LLGOE N B S TR T OEN
BRI T AR, Fbr it i BRI . LAl
A FA B R IR 0 S 5 RS R R IO R AT
IR o 2 S 20 3 P R IR DSC R 233l Ok 99.76%
99.96%. 100.04%, RSD 45l K 2.72%. 2.86%.

3.65%; it /K 703 N iR [ 22 43 Sl 24 100.03%

99.97%. 100.06%, RSD %%l 2.93%. 3.68%.

3.54%.

236 FoEtEEE Rl LA E B 40 mL
BeG & 3 BT RLIR 1 57 S SR B
RV, FUEIKEE M HICA 111.22, 222.78. 335.78
pg/mL, & (37£05) C/KEGHEE, 70T 0. 1.
2. 4. 6 hHUFE, I e As, SR B EAR AL
G5 HL 2 0 A P TR R I 7K 7 00 3 DA TR L 0 1 B
HK 6 h BUE IR BEHEAAAL, RITE 37 Cokih
JECE 6 h, A g O P IR K 0 P T S
AFRTE, 0 P T R 7K 2 0 pA) I 1 0 T A
RSD {43 >4 0.41%. 0.24%.
2.3.7 K ERIBE T 28 o S FE HU ) 1) ) R B A
Fgd WL SD KR, MEETALAE 5 s BY O BN,
B R R AR AR K v, B TR
FE Ay 222.78 pg/mL, pH 7.40 R v, T
(37+0.5) C/ABHIEE 6h, BULIAE, MWEHT
T PR T A TR 0 A IR I 7K 2 3 PN T
(IR P, 45 R B ) 27 /0 Y R R 7K 2 0 32
DA 4D 1340381 4% %43 531 Ay 92.99% 1 94.08%(n=3),
3 UK IR B X 2 o S PN T R 7K 2 0 S N T T
I S PR B B T
2.4 KEBRIERR RIS

I SD KB, ZEEA2EK 12 h, ip 1% E 2
BRI (40 mglkg), WRIFE, [FE . W AT ITIR
i (213 em), 7ESERIAE WIS —/ A, Eii
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NOEIESEN DR Bk, MEHSE: T
/N SN B AR 0.3 em (IR, IFHZRLE,
I J 7 H 0 A B R K B SV . FT TR B
%, A (37+05) CHIZEFER KNG E, U
W ENEY), TS HA R A G o .
PR S, PRSI R, AR R 5.0
mL/min i3 10 min J5, BHABRET TN 25
mL/min, B AT R 2.0 mL, ARS8 %
I ] RIRE i, 5 A sy b ok (37+£0.5) °C
THIE S A ML R K-R % 3.0 mL, HJ5 5% 15 min
[FVEBURE 3T R4 3.0 mL K-R ¥, Z0AMT1R%:
37 °C, 1B 2 h Jaf5 k525 . ARPEMY 21 i vk vt
S AR AR AR, AR I TR) B 244 ot vk J
AR A AR A AT E 5 LR W 1 R b 1 e 42 24
O OR
25 BRESHEITE

DAV i 8 42 245 IR0 00 CInXD 0 E0CRE I )
(O WE, BHEZ%, HE LRSI BGE R 5L
(Ko, THERALE IR (P,

InNX=InX,—K, Xt

P= (CoXVo—CiX V) (CoXVoXt)
Xo A 0 IR Sd b (K 254, Co bk B B 254
VIR, Vo AR BRI G RRL, CoA t IR 1R R
W I REREE, Vo A t AR
2.6 TAYIREIREN T OERBYIRE RN

PR AT 28025 S B0 45 R ff e ST B 43l
o 111.22, 222.78. 335.78 pg/mL (pH 7.40) i
FOERRIYIA NG, . miflE. SD K
f 15 1, BEMLOY A 3 4. SZEGRTARE 12 h, AT[
K, 4% “2.47 TN 5l B PR REE 715 7% 5%
AN TR 24549 J3H R S o) 2 oS A B MR AL 4
L7l E 2= I e = 7/ W e 17 S

H13% 1 AT, B A 2 oS A IO o ok P 348 o,
FOENRE Ky fl P ¥R RS, &Pk EN
Wb = R B3 (P<<0.05. 0.01), ZFMEFEH
Yy 2 O A R R RSO AE AN G, AR R i
AN eig, s MIs iy i, &f
it — B WA .

*1 FRREBREFUCERRYPFOERBRGKE OZEARNKREEGRKSE (x+s5,n=5)

Table 1 Intestinal absorption parameters of A and DDA in A. paniculata extract with different concentration
insituinrats (x+s,n=5)
o NS A I JI 7K 25 a3 P 1
pl(ugmL™) ” ”
K,/h P/% K,/h P/%
111.22 0.0419+0.004 4 49249 2+54455 0.0252+0.009 3 45482 2+49767
222.78 0.018 6+0.008 1™ 42190245941 7 0.0102+0.002 4 33.4542+6.4940
335.78 0.009 6+0.004 5™ 33.297 8+6.787 4 0.011 00.003 8 34.0727+7.5445

1511122 pgemL G TP<0.01; 5 222.78 pgmL Tt LS *P<<0.05
P <0.01vs 111.22 pgmL™; *P < 0.05 vs 222.78 pg-mL™*

B 2 SR TR IR BN, K 2 O3
WlE Ko f P S REEER, 785 D E e ) i ik
& 222.78 pg/mL BHRIGA BT, K Fl P SEA
ANFEASA o NG 7K 2503 P 15 76 /)N T (R AL ) A
AR IEN 1B
2.7 pHEXF L ERIRER KIS0

1% 222.78 pg/mL AE AW FEANR pH {EX i
WCRE e () . AR I 45 R, 0 5 N R
ool 2 6T 25 o0 AR U i RO RE M 1) pH A 230l A
5.34, 6.38 #11 7.40. SD Kl 15 KX, FttlsrA 3 4.
SCICRTAR ST 12 h, W] HEHUOK, % “2.47 TN
BRI RER AT EAE, B E5AIR pH (X2
o VESEI I I 510 o

M 2 KIN, B pH {HH 5.34 J+% 6.38, %
DVEFEIY) A O N TR Ko AT P OBS TS N pH
M 6.38 T4 7.40, K A1 P HRAL, 29¥msimt
W55, ANE pH L N FOENERN P AR ER
(P<<0.05). [AIth, 2o U 2 003 A TR AE /S
Ja sz pH BN, pH 7.40 FIR O] AR T
pH 5.34 i1 6.38 IN ({5«

B4 pH {H 1 5.34 F+ % 7.40, Z0aEH I
i 7K % 0 2 A T ) Ko T P 341 5 R R, 3Lt pH
{534 5 740 M P& % (P<0.05). Kit,
ZF L HE S I T I 7K 2 0 PN TR AE DN i TR R i
pH 1 K50, {F pH 5.34~7.40 N, pH ik, W
W= .
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#z2 AR pHEATHFOLERIWHEOENEIRKFOENENAREERBRESE (x£s,n=5)
Table 2 Intestinal absorption parameters of A and DDA in different pH values in situ in rats (x +s ,n=5)

5D

K% L P

pH i 1 -1

Ka/h P/% Ka/h P/%
5.34 0.0314£0.0138 47.806 14+1.909 5 0.0153+0.004 7 41.992 943.751 3"
6.38 0.0317£0.0100 48.435041.506 5 0.012 7+0.002 4 38.041642.9818
7.40 0.018 6+0.008 1 42,190 2+5.9417 0.0102+0.002 4 33.454246.494 0

55 pH {H 7.40 LL:: "P<<0.05
“P < 0.05 vs pH value 7.40

2.8 IRUERALXT B E R BN A 18 R A B 2 i

B FH B i B Oy 222.78 pg/mL, pH 6.38 1
R SR AN [R] R S50 7 %) 25 4 2 2 B D W STt 5 1 4%
o SD K 20 H, BNl K 4 4. SEHHTZE R
12 h, AfHMERK. #% “2.4”7 TR, 450+
f6l . Ell . g5 Wb AT o3 W B 2 O 42
W 2% 5%, UL S AR WO R AL o S50 W 5%
HI25 M IE X BB E 10 em, & 7 X B i 3k 4%
+ IR B KAT] 1 em AME IR TR B
FREg1] 15 cm AENIELRE T R B A E W W
120 em AAE MR TR s 45 W BN E W ) i T
BT

e 3 A4, 2 O 5 O Y P R ZE A
[ B %+ — 48l . [Hllg. g5y
IR T, Hrpt+ iR, Bilg. 2 K,
PIE BFEER (P<0.01); +_i8mAnlg. 4
Jalt P e R 2R (P<<0.01). Kk, + 4k
JWr g 5 U SE R IR A Hh 2 0 N R T S WRBCEBAVE

2O EPE I TR K 5 O Y R AEAS R iz B
SOLL e 117 INIY 7/ I <] 7/ I it 59177 115 25V
B, HrhElig i+ 5. =W, S5 K877 E
BE7ER (P<0.0D); M5 48, &hn P
WA REZER (P<0.01). Kk, [BI7 45 03%E
PRI 57K 2 00 32 DA G 1) e PR IR AV

®3 FOERRYPFLERBERGKEOZEARERNRNERRIBALMBRIESE (x+s,n=5)
Table 3 Absorption parameters of A and DDA in different parts of small intestine in rats (x +s ,n=5)

L A I

It 7 2 L 35 PA) il

W AT — —
K./h? P/% K./h? P/%
Q117 0.006 2+0.002 2 26.3303+6.331 2 0.003 5+0.000 6 17.785 0+4.394 5%
817} 0.0035+0.001 1™ 19.828 2+4.047 9 0.004 2+0.000 2% 23.749 6+4.174 4
;7] 0.002 6+0.000 2™ 13.8150+1.002 6™ 0.006 6+0.001 5 28.897 0+3.362 0
17} 0.002 3+0.000 4™ 12.087 1+0.769 0™ 0.004 0+0.000 9% 21.759 0+1.966 1%

Rt TP<0.01; SElfmthE: #P<0.01
P < 0.01 vs duodenum; #P < 0.01 vs ileum

29 FOEIREUWIS SRR AR b

Fie “2.47 TR L SR O N iR (85.56
ug/mlL, 5 222.78 pug/mL % Ly MEFE U 5 03 Y
P (1R A =1 ) B i /K 2 0 3% A TR (28.27 pg/miL,
L5 22278 pg/mL ZF Oy EEFE I B K 28 0 3 N T
(REAH D (R AR oL, I 5 20
HUIAR LA, S5 ILER 4. S5m0, XT3 08N
[LER I S NS o =R WS e 7 Ve [T et
WA T A, P A S O SR UY) h o
DVENTRI K M1 P ¥R EME =R (P>0.05); H
PRSI B K ZE DE N TR Ky R P A7

x4 FOERBYPEFOENRE. RAKFLEARERE
BEAXRERBRESE (x+s,n=5)
Table 4 Intestinal absorption parameters of A and DDA
and monomer insituinrats (x +s,n=5)

254 Ko/h? P/%
FAR ZEOTEN R 0.0302+0.0030 47.5185+0.0134
MK 250 EE 0,010 1+0.0026 31.6046+0.0199
DR FOENR 0.031740.0100 48.4350+15065
B sk 50 A B 0.012 740.002 4° 38.041642.9818"

AR LS. "P<0.05
“P < 0.05 vs monomer
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BEER (P<0.05). Kk, ForsEdmyrh Hib
JC 53 R 2 4O AR PRI ROBSCTIG B R ), T 20 A
E 49 v At 18 43 T B 6T I 7K 2 o 32 P TR PRT IR M AT
—E MR EAE

3 itig

AN 2 ) TRl B 2 oK 43, S8t
IRIBARUR W, DA BE B3 T 52 H I 254
WK AR R 2R, M Ry T8EY,
AR T AL, R P I 20 5 e R 5 (1 AR Ak T LU 52
ANFIZIBERE AR, b E R R 2, S
S ECAR RV E o DR ER I AR TP ALK A I,
SRR, MMM Y 2L R 2
1.0 mL.

AR TR P oA, BiE v pH (I ER
R PR I, FERE R 2 h KRUKIZET:
HTb e DRSS 2 h A4 e 5256 1) A 3.

I pKa (B RE M 25 ) LE )R BE R R 36 2
—, IR BTSSR AR N I AT
AR AT R LR B ks B LA P 8 0 A
o AN U0 g0 Y R I FRAL R FRT ST R A,
JL pKfH N 6.92, FEH PRSI 2 0038 N RS iR P
K S e REFRIR R . AWFFER I pH 6.38 B %
O N BEAE 7 R e e, 3R R AE AT A B v
I, AT AR OCAY B pH R, SN 2 () A
ERRAS, AT S 2

S50 R A AR K U HE B R 5 T 2 0
LU b g0 P T RN B 2K 20 P T ) i
WAT I SHFAE . S5 HRI, O FERR I T O
HE N MR BT IR, e Rl
PO/ AR R S I AN o I FA T ety
JW ] Caco-2 4 ffiA%i7! . MDR1-MDCKII 4 #5754 F1
KR AE AR A B TEAT T %8 00 32 P TR 1) W AT AR A
WS, 2 SRR B 7 0 X Y IR AR R FEAIR S i
ZE . T B A E F S R AR AT G HE— DA
TR I BHPL % 003 P 15 1 A= 0 ) FH R B i i P
B (P-gp) FUEERILEE. ASCHG &5 527 O E L
Wb gE O PN IR LA RSO 22, e
Fa OB, R e A AR R ) i TE A
VERA Ko 28O B v it K 25 o 322 A TR 1) i T
W 2 SRR, B 7K 2 32 P I 2 LA (B R e
TAEA W 4505+ 36 B IR s ) A /b . el
SR Caco-2 4 AR TR RN K B AE A4 I U A AL T
FUIBEIK 28 O3 P B AE R SR N R I A e, 45 R

IR DIENBRE) FIRAEVIFIHFEA 11.92%, © AW
WP RO GE, AT, AN IS S e
P-gp FNFLMEIE B A 2 5 K 2 0 P 15 1) 40
iz,

B, gD EESR I 5 0 I 1
e S 2 s (R, KOs
Bt b e 5+ — 48l i, WEAE
SE RS BN R B, R SR L N
[FESII 2N 4~6 h, 10 45 I I FE I8 I TR
30~40 h, Kk, ZFOEREYICE ST Ge R AT AH
MR, EEE N IR

VPSR KR ig 251 %0 T G I K %0
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