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[ Abstract] Objective: To investigate the pharmacokinetics of berberine in Coptidis Rhizoma extract in rat
intestinal and bile. Method: A simple and accurate high-performance liquid chromatography method was used to
determine the concentration of berberine in the rat intestinal and bile samples. Result: Following the intravenous
administration of Coptidis Rhizoma extract, B/P ( concentration in the bile/concentration in the plasma) of
berberine was determined to be 69. 1 ~497.9 from 0. 25 h to 4 h. Bile excretion was one of the main excretion ways
for rats to eliminate berberine of Coptidis Rhizoma alkaloids. Most of berberine in the intestinal was from the bile.
While bile was discharged from rats, berberine still could be determined in the intestinal. Conclusion: The results
proved that berberine could be transported from blood to intestinal in the animal model with a direction from
basolateral membrane to apical membrane. P-glycoprotein is involved in the transport mechanism.

[ Key words | berberine; intestinal; bile; transport

PR HAT RN TS KRR AR, R O I R AR, AR/ N EL ESTT 2GR R

[WFsBEEI] 2009-04-08
[E&TH] EXKAKREAEITH (90713043 ,30801523)
[{EifMEE] = #1175, Tel: (010)62773630; E-mail :lijundu@ mail. tsinghua. edu. cn

. 46 -



16 BHE 1
2010 4 1

Hh ] SR 7 7 2 2

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 16,No. 1
Jan. ;2010

/INBERRCRN B % B, /D BER Y E R T HEAY
B /INBEG ( berberine ) 2 S5 g b AR A ) T, S —
PRI A IR 2. ITAE R, B BT 1A
A ZINBE B8 K 168 22 1) 36 B AT IT AT s I R
FHrR/INBERR LA IR 5 255 3, 25 24 T /DN B ) 2 i
TR BB AT A R BB AT BE o M/ INBERR )
W ARA BR, /N B i 1k /N I 20 20, R B 35 R
(P,,)} 107" em/s, J@ T SRS A W i 22 A 4 i,
SEUNEERLAE R LR B AR o R, /N BE B
(G B AL DL R ane] £ v /N B sk i 1 il Wz i, 1A
WIS o A S R 5T/ INEE B A K BR/ N g #nJTE
B 2540 8h I SR, SR A5 /N B AR S AR B )
AR A )85 3 e
1 w8
L1 2y 5ulh SEAEYm (A= a6, #ts
031126, /NBERK 75 5 Ky 29. 4% ) 5 35 1R /N BE Gl X IR
i, A A E 25 A ) R E B (AL 5 0713-
9906) ; Z M M A itk 4li, W [ Fisher Scientific ; 7K by 5
ZEIK H e R b4t
1.2 zhYy et Wistar KL 60 H, (202 +7) g; i
PE Wistar K5 H, (306 +30) g; i Wistar K i
15 H, (229 £34) g, Wy [ v [E B2 22 R 22 B 52 50 3 )
WA, S A%IIES : SCXK11-00-0006
1.3 {Y#% Waters 600 =520 i AH (O34 (77251 F-
Shifk A 4%, 996 AU A A B A R I 4%, 515
Millennium32 {4ji% T A/Eu)) ; (6% A Hypersil C (5
pm; 4.6 mm x 150 mm) R34 Kb 5t A as 2
A" Ce (5 pm; 4 mm x 15 mm); 1/100 000
Mettler AE240 ™ T K ¥ ( 35 E Mettler-Toledo
Instruments Co. Ltd) ; KQ3200 #8 75 I i pei ( Bl Tli
AR ) o BB ( LTSRS
7)o
2 ZWHE
2.1 ZHZGHCRFE R 60 HAZ iR FlbL o4, 4%
] 3 12 40, B2 5 Ho 2R AAK 12 h R,
F210 mg - kg~ & ip 10% SRLHREE, #5444
B A LR K B 4, LA 10. 2 mg « kg FE R iv, 4h
WIFELS25)5 0.083, 0.167, 0.25, 0.5, 1, 2, 4, 8,
12, 24, 36 1 48 h K KA+ ZH8m ZHHE 5
PR FLHUE J7E - 20 CI A4 H .

IR S HZREAREE/KI2 b5 ,10% Si3H
ip K. [ AR S5 5 AR, 2088 A W i A=

HRELKACH, LA 10.2 mg - kg™ FIEE B iv 4525, 24
Ji0.25,1,2,4,8, 124 h AR, {0 s iZ I [R) B
PR, 00 BT b/ INBE g Y B 1, TR R
() B R A /N B 2R 8

KRB 1S H L FmE & 3 4, /a5 H,
R A 51 R 425 . 255 0.25,1,4 h
FREWN+ 4810 25 il & g5 LI , 78
=20 CH74&H.

2.2 FEU/NMNBFEMSEISE KR, 12 h 285 A4E
KRR, B iv AR BRER K B /N, AR B AR KT
e/ 3 W R 4 mL SR JE T TR VRN g 3 Ik,
BEK 4 mL, B IFUEHW,56 CARBHET . sRiEHH
Pl B 2 /NP, KT ,200 . F S E 25, B 20
pL A HPLC, e 7B R2s /N R . #6075
2RI 25 /N T 3 I /N BERUR B T
200 plL,

2.3 SRS HS K12 h 25 A%t
K BRI, 4 MRS S AR, B iv A= 33K, ISR IR
T 0.5 mL 25 (UIHYE, ITA 0.5 mL 0.4 M 551
iz (HCIO,) ¥ e, 1R 2], A 0.5 mL 1 mol + L™
KH,PO, %W, 121, i AW BE 4 mL, 4k 35 18 2,
2000 r - min~" B0 10 min, |35 EIFEEL,56 CK
BT VIIEMA 4 mL 205,185, 80, 89
o BRI W BERL R 2/ M, 100 pl 5 25, B 10
pL A HPLC, M€ , /E 2 AR ARG . 070
SEBEL 28 IR A3 A /N BE BT R TR
100 pL,iR%),

2.4 @55 M WM ZNE:0.05 M B — A
PR MR (% 0. 5% = 2, W85 pH 3. 0) (22:
78) ;LA 1.0 mL + min ™" 5 AR R A I A K
9 347 nm,, JEBIAHTEM FHATE L 0. 45 wm Y8 AR
HEAT AL R

2.5 ARiEIRZ  /NEBEREOG REORS SRR, VS AR
B AR BIGE AW . Y RS i 4 VA 31— R
[l 2 1 /N BE BRI Wk 0. 675,1.35,6.75,13.5,67.5
pg - mL™',

22 /AN B a3 S0 A /IS BE O B T TR
0.675,1.35,6.75,13.5,67.5 pg - mL ™' % 200 pL,
il g5/ Mg A A, L HPLC 5 /)N B g e [ A, D /N BE
Tl 49 i X g TR [ 1 22 Wil B o i 2K

25 F R A 0 A /IS BE O R T TR
0.675,1.35,6.75,13.5,67.5 g - mL ™' % 100 pL,

<47 -



516 B 1M Hh S R A2k Vol. 16, No. 1
201041 A Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2010
0.10 0.10 0.10 7
»n 4 &
4 & 5] [ -4
5 005 2 005 M a S oos A
0.00 | 0.00 J\
0.00 1
0 5 o 15 20 25 30 0 5 10 15 20 25 30 T T T T T ,
¢(min) (min) 0 5 10 15 20 25 30
t(min)
a b
c
041 0.4 -
0.06
" ]
4 & 0.04 4
2 021 < < 02 2
0.02 &
@
0.00
0.0 1 0.0

T T T T
15 20 5 10
t(min)

d

T
10

t(min)

T
15

€

T T 1 1
20 25 30 10 15 30

t(min)

f

20 25

TE a2 F/NRE S b 228 FU/NRE I /INBERRAT BR A (13,5 pg - mL™") 5 eo RBUiv 10.2 mg - kg ™' B AMTL 1 h JG/NGFES  d: 254

EITRE & s e 228 R TR SR/ INEERS RS HE S (6. 75 g - mL™") 5f: KB iv 10. 2 mg - kg ™' #3%2E Wy

0.05 M i — S M i (& 0. 5% = [, BsfR 5 pH 3.0)22: 78,
1 HPLC &iL[E

il M4 i, HPLC 005 /N BEfidi e 1 AR, DA /INEE
i P ¢ Ko 06 T L I U 2% T o o T 2%

2.6 [ICRARE®RE RS A /NEEK 0. 675,6.75,
67.5 ng - mL ™ A5 /N RE S FNES FHRRHRR S, 43
)5 R VA 1) P s VR AH LA, 15 B 5 ISR
W54 /INBERK 0. 675,6.75,67.5 pg - mL™ 25 [
ANRE SR ZS FIIRTERE S FERI IR P 5 9k, 155
H NP2 bR i 22 s 20 5 d, 75 30 H R348
2 .

2.7 FdEabRE SCEeEdE A EXCEL 874t
PO BRI L & £5 Fon o ZGEhES U ] 3p97
AFAb P,

3 XWER

3.1 FEmRERYE Ar/NERZE AR T,
FE/INBERR HE W P07 TE A T, DLIRL 1, /NEERR )
PRE B2 4 19 min,

3.2 feifENER AERERAE /NG, NEERL N L
0.013 5 ~1.35 g 7t [l P, /N BEGR i) 5 2t 5 0 1T FR
BRPERR, BIHTFER YV =2.6 x10°X +1.42 x
10° (1 =0.998 7) o /N BE B 7E /) i Hh i R AG: 0 PR Sy
13.5 ng,

FERBRZS IR rf, /N BEGR A v B2 7 0. 675 ~
67.5 wg - mL ™ ST P, /NEERR Gk I g i v A A
PEXZ, TR Y =2.61 x10°X +1.44 x10° (r
=0.999 1) o/INEERK AE R VT S AICAS I PR 0. 675

. 48 .

15 min J5 IRVTRE S TSR 20
pg - mL™'

3.3 ICRAEEE KRB A/NERES T, N
BEBAE 0. 675, 6.75, LIS 67.5 g + mL ™ ¥ JE KT
i, SRS 3R 69. 7% , 76.7% F177. 4% o TEK
FZS IR S, NBERRAE 0. 675, 6.75, DL K&
67.5 wg + mL™ YR EE A, TSR AR 5108 76.7%
83.8% #183.0% .

ER B2 /N b, /N BE B AE 0. 675,
6.75, LUK 67.5 pg - mL™ MBI, B PUAS %
I3k 6. 16% ,3.98% F1 2. 64% , H [A]AE 25 43 5]
4 9.34% ,6.61% F14.52% , 18K FIIHHRE S
o, NBERRLZE 0. 675, 6.75, DL 67.5 ug - mL™' i
FEACE- B, H N K % B 5r 3R 4.72% , 2.70% Fil
2.34% , H 8] &5 %5 B 4y B K 7.31% , 4.32% FiI
3.20% .

3.4 ZRsh it KRELiv 10.2 mg - kg ™' ¥ iE
AR, /INEEBRAE /N AT TR T T e 2 il £k 43 )
LK 2 ~4,

BRI BR 2 = R x AR 25 9k B/ 0
Wb PR EE o VAR b N R R AR P R
HIEBRFILIE S,

4 itig

JEHEHR 25 Y HE 2R AR . AR
Hfk B2 (B) 5 ISR vk B (P) Z LR KT 1,78 10
~ 1000 YE[ , i 25 )8 T IR R 8 S 259,



$16 B 1)

rp [ S I ) 2 A Vol. 16, No. 1
2010 4E 1 H Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2010
16 —e— intestinal 500 2
141 —&— intestinal without bile T
- 2L % 400 + T
St g 300 |
§ i I B0l T
& 6 Z | =
4r 100 | 2)
2 =
0 n 1 1 0
0 2 4 6 8 10 12 0.25 1 2 4
Time (h) Time (h)
Wia: 51 h MHL,P=0.13;54 h #1L,P=0. 18 .5 0.25 h AHIE, 2 P <0.01
B2 KRiv10.2 mg- kg ' EELEWREIT E5 XRiv10.2 mg- ke ' EEEMRE
INBETRTE/NBE N2 I R (n =5) INBERRAR M RETERR R (n =5)
s —=— quantity 170 R MARZE ST T S8 12 AN AR T /N R ) AR £k
~ 40 concentration - N
E 4 concentt 190 IR . FRATTHE B H 25 A T, 51 e
& 0 THE AR v 452y, 22/ AT RE R I 1) /N BE B,
£ 1% I3 —F 53/ INBERR R B T 13 08 /N BER, i
g 30 § 1z 7 ] B2 M JEE % ( basolateral membrane ) [a] T
8 1% 185 (apical membrane ) 5325 5 /N e . 259900 (1)
10 R AN A2 i R, b R AN AR I A
P LA W S R X R, G e 20 B LA 16 5 5 T
fime ®) fig, NG5 M4 & ( Caco2 4UMZ) W F A%
B3 kRiv10.2 mg - kg HEEVEE W A, 25 S TEAR NS & RRE PEAF, DREFE T P-gp
NIRRT R ZS R 2K (n =5) TR 2 3R I RRAE, 32 N T 25 49 7 1 pIL ) o) F
o jz [ —a— plasmax 30 2. A SCHRIRGE, 7E Caco-2 4AR I, P-gp £
‘i" o —A—bile S/NBERR R SMHE , /NBERS I P-gp 19— NG AN Al
Ty T o AT I S 2 AR 2
£ w0 JCANMIA AL NBERR Y P-gp /1 AR ISR, AR5
% 30l U2t I 55 SCHR 4 A8 1 25 AR AT, AR AR Bl 7K - I
) UERH T /INBERRAE 13 vh n] DLt ) iz 2= /N g rh, H
54 — N
210} Heis ML K P-gp.
S
0 N

0 1 2 3 4 5 6 7 8
Time (h)

1 s plasma R = SEPRREE x 30
B4 XRiv10.2 mg - kg ' EiEEMHE/NER
FEIM 3 ) FORB T R AT B 22 (n =5)
ASEG BT AR Y b NBER iv /5 0.25 ~4 h,B/P
9 69. 1 ~497. 9, (R, /NBERR AL - JIE T T B 2R v
Y2454, 3% 5 SCRRARGE B 45 AR AT IR
SRR /N v 2 ER a3 /N BEBROR F IS )
Jr i /NBEBRCZE 4 h B 2 YR, SCHRIRGE' /N BE
FER BRAANAEAE G G IR, A SE g rh 2 h (ki
5 1 hF4 h AL, P (B304 0. 13 F10. 18,47 FEAIK
s Bof WS (W 2) , $ERslE4 h iy
W FEA PN B A (1) A REFEZE I G 265 (2) W]

[ &% 30K ]

(1] WetgE, Vrms, skm, 55 s RKR N EY)
BE AR ZE R )] P2y, 1999, 30(5) : 375-
377.

(2] BRicte, RUEE, & 52, % KRR EES 2
HATTHEAF W A K e AT [J]. BIpTLE 2y,
1996, 9(2) : 115-116.

(31w, =Sk, XN, . B LT s AE
WHsEl)]. WEEZE, 1999, 10(1) : 7-8.

[ 4] Artursson P, Karlsson J. Correlation between oral drug
absorption in humans and apparent drug permeability
coefficients in human intestinal epithelia cells [ J ].
Biochem. Biophys. Acta, 1991, 175, 880-885.

[ 5] Xueli Wang, Rufeng Wang, Dongming Xing, et al.

Kinetic difference of berberine between hippocampus and

. 49 .



16 BHE 1
2010 4 1

Hh ] SR 7 7 2 2 Vol. 16, No. 1
Chinese Journal of Experimental Traditional Medical Formulae Jan. ,2010

[6]

(7]

(8]

plasma in rat after intravenous administration of Coptidis
Rhizoma extract[ J ]. Life Sciences, 2005, 77: 3058-
3067.

RERRAC, Wi, FUS, 2. 3H-/NBETE 5 He [
ANEURAIZ5ARE g 2R 5e [T ] b [ 25 Bz R
1989, 5(5) : 293-296.

Tsai P L, Tsai T H. Simultaneous determination of
berberine in rat blood, liver and bile using microdialysis
coupled to high-performance liquid chromatography[ J].
J. Chromatogra. A, 2002, 961 125-130.

REF, TR, RER, F. Y ENEIMIR-
Caco2 ZMIZR [T]. *fIEl PR 25 B~ 2% 3K, 2003, 19
(3): 230-232.

(9]

[10]

[11]

Pan J F, Yu C, Zhu D Y, et al. Identification of three
sulfate-conjugated metabolites of berberine chloride in
healthy volunteers * urine after oral administration [ J ].
Acta Pharmacol. Sin. , 2002, 23(1) . 77-82.

Maeng H J, Yoo H J, Kim I W, et al. P-glycoprotein-
mediated transport of berberine across Caco-2 cell
monolayers J]. J. Pharm. Sci. , 2002, 91(12) : 2614-
2621.

Chen Y Y, Wang X L, Sun H, et al. Characterization of
the transportation of berberine in Coptidis rhizoma extract
through rat primary cultured cortical neurons [ J ].

Biomed. Chromatogr. , 2008, 22.28-33.





