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[ Abstract | Objective: To determine apparent oil-water partition coefficient of berberine monomer and
berberine in coptis total alkaloids, investigate absorption kinetics of berberine at jejunum and ileum of rats from
berberine monomer and coptis total alkaloids and Qingre Tongfu tablets, then compare correlation between apparent
oil-water partition coefficient and absorption kinetics. Method: Apparent octanol-water partition coefficient of
berberine was determined by shake-flask method, in situ intestinal recirculating perfusion model of berberine was
performed to study its absorption at different intestinal regions. The concentrations of berberine were analyzed by

UPLC. Calculated berberine intestinal absorption rate constant (Ka) and apparent permeability coefficient (P, )
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in different intestinal regions of rats. Result: Oil-water partition coefficient of berberine and coptis total alkaloids
were 0.213 5 and 0. 175 7, respectively. Ka of berberine were 0.046 6 and 0.034 9 in jejunum and ileum,

respectively; While P, were 4. 88 x 10°°, 4.13 x 10 °cm +s ™", respectively. Ka of berberine in coptis total

alkaloids were 0. 035 1 and 0. 026 6 in jejunum and ileum, respectively; While P, were 3.92 x 10 °, 3.21 x

app
10 °cm +s ™', respectively. Ka of berberine in Qingre Tongfu tablets were 0. 028 3 and 0.018 1 in jejunum and
ileum, respectively; While P, were 3. 11 x 10 “%and 2.23 x 10 °cm +s ', respectively (n =6). Conclusion;
Berberine had absorption in jejunum and ileum with slow absorption rate, but the former was greated than the latter
with a significant difference; Absorption rate of berberine was in order of berberine reference standard > coptis total

alkaloids > Qingre Tongfu tablets, the predicted results of oil-water partition coefficient of berberine were basically

the same with intestinal absorption results.
[ Key words |
UPLC; intestinal absorption

B N B KB Y B % Coptis chinensis
Franch. . = f 1 # i% C. deltoidea C. Y. Cheng et
Hsiao 8{ =~ % C. teeta Wall. Eqﬂlﬁi;%*ﬁ%[‘] , 7N BE B
N B B R Y R R, BT RSP B
ofge R Y I A R AR 00 S RIS R 25
WA WAL TS i 2 A R A BB AL, T AR W R A Y
THRNRFRFE 1% 50 B ok 55 5 B s 4> T IR IR e A
KL RIRTEL W) — M 5 o3 26 MR B e, )T I lie
AR T W, H AT, R BN BT Y 25 25 07
A EZ AT MR 3, i/ Wi, HE 101 iR e e A 22
A= )R BE AR o A S 6 4DL 38 o F 5 /N B T S
TE A W ST AIL ) R SR A Sy G T IR R A A T B AR
B, R4 R 000 2 9 K 43 T AR, R K BUTE A4 i
PEPARE AL RL , UPLC 0 5 FE Ui s v/ Bl &5 o, WF
GE/INBER B AR W R T RGE I N BE RN
[ i B A ) 52 J7 v W AT 1 40 ) I bl e — 3 i A
Kbt
1 ##

H-class R & 250 W AR €2 3543 (22 [/ Waters 22
") ,UV-2012 PC B4 5 5h-n] UL 7356 0 3t (JLJe mf
IR ABRA R ) HZS-H RUHE I K 7 4k 5 4 (6 R I
TIZRBK L, TR IT & A FRZ ] ), BQO60142 HY I )
(PR E 2 M8 1H 2 A PR & 7)), MSU225S-000-DU
T 1/100 5 /L -0 B K F (18 [ 2E Z R By 2 7))
Q-PODZY £ /K HL (MILLIPORE A 7] ) o

AR TR /N BE 6T BB A (e R A 24 A 5 B, it
5 110713-200609 ) , % % & A= 9 6k ( B o [ b 2 R
RS R TTE B B W) W RGE A A (AW S
20120314 ) , By 21 (b 50 g5 FRS 40 46 & oA BR 2w
fit*5 20050530) , Z JiF W B R L &R B O 3
LTI o =R 1 S N 5 1 B i B T

.0

berberine ; oil-water partition coefficient; in situ intestinal recirculating perfusion model;

ANl PRIBCEERR — A8 1.36 ¢ &
200 mLEJH A7, AT A 0.1 mol - mL ™' f#§ NaOH % ¥
79 mL, FH s aliK g 25 B 20 R4S,

Krebs-Ringer ¥ B ]  FK B NaCl 7.8 g, KCl
0.35 g,CaCl, 0. 37 g,NaH,PO,-2H,0 0. 32 g, %j % 4
1.4 g, MgCl, 0.02 g, NaHCO, 1.37 g, /K EHK &
1L, Ep1E,

Mk SD KB, /KT 300 ~320 g, Il [ 4t 5T 48 B
AR KB AR A, T E S
SCXK2009-0007 ,

2 HFiEE&R

2.1 @5 ACQUITY UPLC BEH C,, o i #
(2.1 mm x 100 mm, 1.7 pm), % 3 # 2 I§-7K
(2 mmoL Z, M8 # 1 0.05/% W F&, pH 3.20)
(30:70) , %3 0.3 mL-min ™", k£ 30 C Kk K
345 nm, PR 5 WL, WK 1,

2.2 NEEGEARE LR A E R AR U BE S
#, /] Krebs-Ringer & 43 5l Bt 1 i% 20,50,100,200,
500,1 000 wg- L ™" [y 2 5 % BRI W, # 2.1 TR
RS P, DAV TR R AR A, SO I R R R A A
FR AR E A ) FR Y =62.417X —412.77(r =0.999 9) ,
LRPEVE R 19.74 ~987 pg L',

2.3 RHEIE B PR3 AN R
BEGHOGT RE SR, 45 SLHERE 6 IR, 0 e TE R, 1T
ORSD 4351k 4.02% ,2.45% ,0.59% , WA Bk
R

2.4 FaEtkitE 200 wg- LT/ BER G A SR
WE i, 2 BITE 0,1,2,4,8,24 h I, 0 S 04 1E AR
THE/NEERL & & 1Y RSD 2.96% o 75 W25 H 1 It
VP ) /N B R IR VR 200 pg - LA AR L
W, T 37 CoRBHmE, 2l 0,1,2,4,8,24 h il



KB F A5 /NBER B4 I K 23 TS AR KB A AR i 1 B A 2R v B i VR AR A

A
1
1 2 3
B
1
1 2 3
C
1
1 2 3
D
1 2 3
t/min

A I 3 B R W C. 3 A IR A

D. Krebs-Rings ¥ ;1. /NEER

Bl 1 /NEERLHE T UPLC

SE 0 s R, TS /NEERR & 5 () RSD 3.07% , %
B /NBER 7E Krebs-Rings Wi P 24 h N AR E .
2.5 [ G FRECDN BE LGS B, H Krebs-
Ringer i e 1 % 400 pg - L' 1/ BETE 5 W, 7% 2. 1
TG o 3 S O A, T s 0TI R, AR/ B Y S 1y
[ it % 96. 71% ,RSD3.79% .,
2.6 FRLUhRAMEMIZ N H KR AR 41 5 mg,
H Krebs-Ringer ¥ i B W 60, 50, 40, 30, 20,
10 mg- L ™" R 51X} H8 5 5 9, T 559 nm 4b 0 52 0
FEEE(A) UL A YA R, 5 LR R B AR AR, A5 [0
JH5FE Y =0.015X +0.041 9(r =0.999 4) , £k EJE
il 10. 12 ~60. 72 mg- L ™", K5 25 B A e 5 PRI 56
A B RSD 35 < 5% , & 1 /2 M B it T AP 2K 1y 20 (%

2.7 NBEGRFWLN K A>T R W

HNT A 200 mL 3 5] & T o0 W =k b, $559,
HCE T HR TR E IR, EE AR, T
R KA, & 10 mL B T HER Hh 4 S AN
BE GRS ) e e B ZE AR R, 37 °C K
R 24 h,##1E 5 min, I FEBERAR 1 mL,N,
W, R S AR B, 4 2.1 TR g S R e, 4
SR/ INBE G RN B 3% S A W 8 CTE W W/ T S T R K )
e 20054 0.213 5,0.175 7(n =3),

MK LR EL = e/ C
2.8 /NEEGHE R FRUTE A WSO
2.8.1 JEVIMOBCE  BRIBCER TR /1N BE GO AR
i, ] Krebs-Ringer ¥ Bt & 200 pg- L1 /)N B i i
T S0 mlL, £ F o kS 25 PR B I S AR W R,
Krebs-Ringer i # ¢ i /N BE s bt 2t v & 200 pg- L™
f A2 W BREE R R SO mL, 45 . BOWE GE I H 10
J BN TR ST K % R IBUE B, ] Krebs-Ringer Wi T
/N B BT B Ve B O 200 g - LAY T ARGE T 7
il 771 W 50 mL, £ .
2.8.2  /NEEGRAE K BUA [F] g B w0 TR
KRERESE 12 h, B il ROK, I8 T 20% 547 30 3%
W (5 mL-kg ™) BRI, [ 5, U HE P 4R AT TR s, 4
S B A I E I i, 25 B O] T IR e R
10 emfE g g, #5185 T & B 10 em, 43 54—/~ 1T,
AR B A R B R L L . W A
15 S m) b 10 em A 200, #1010 em,
3T — /N E1 A [0 gy 4 s 4 5 S0 A TR B Y T
REGESL, HTINE 37 CE BB Kmikim N
YL R Pk T E A B K, e
AR 37 CC R HE M R U DV AR A S 2y
WA, R Sh A LA 1 mL - min ™" 0 3 S 1 B
ARF 0.5,1.0,1.5,2.0,3.0,4.0 h %W
0.6 mL,H 0.5 mL ] T8y 2L A0 ,0. 1 mL ] T
INBERAG I , [ B kb i AR ] 44 B 25 1 Krebs-Rings
W o FE S E AN AR (R) 150 I B 3% 1
(A) .

SR FH My 1 Jo St vk 2 78 Ak e T 8 IR R DA
i L v 9 A 24 e ) R BBOGT IR B ) 2R AT ek Il
Ao Il 5 AR AR AR [ U D7 AR A AR SR B I AT A
B (Ka) 3203 (1) F(2) 15/ BE G ) 2 WL 2 2
2H(P,,) . BRNEEFWAEZH Ka =0.046 6,
P, =488 x10"cm-s™" [i 5 Ka =0.034 9,
P, =413 x10 “cm-s "5 3% S A W) 0 7E 75 i oh
Ka=0.0351,P, =3.92x10 cm-s™", [il i #1Ka =
0.026 6,P, =3.21 x 10 “cm-s " ; i HE I H 16 2

. 3.



5519 B4 16 )
2013 4E 8 A

Hp [ 52 86 07 5 2 2% 56

Chinese Journal of Experimental Traditional Medical Formulae

Vol. 19,No. 16
Aug. ,2013

h Ka =0.028 3,P, =3.11 x10 °cm+s™", [Al i

1 Ka=0.018 1,P, =2.23x10 “cm+s ™' (n=6),

C,, (corrected) = C,, x PR,/ PRin 1)
Cin
O Cocoeed) N
app - 2’n_rl

L C,, (corrected ) Fl C, 43 51 R O Ak Z 4%
TE 5 1 7N BE BB i R R SIS o 00 A 114 /) B e o i VAR
&, C RV /N BE B BT Wk B, PR R PRout 4y
SR N AR I T Ak B 21 BT R B, Q S B i E R
VT (1 mL-min ") L r 53 50 Sk 4 8 9 s Bt
R R L R GRS B ik SPSS 16. 0 X
AN TR RS AN [] 245 Wy ] 47 J7 22 50 M o 45 2R /N BE T
PR BR 2 o i 349 W WA, 1L I W50 36 25 i KT
iz, 22 P22 5 (P <0.05) , R B /N BER 7E =5 1
WM UF o /N BE B B W Wi PR SR /N BE T > B AR W)

Bl > ¥ $GE I Ao
3 itig

T A R Bl i A0 26 0 I A S 2 1) W L A S el
2 BRORIIE T B i 22 S N o0 Wb i AT SE R SUARAIE
L UL B BERE  $R T AR T A (] I A
T8 WA KA A IE [ £ 32 B0 i A P R fE B
ST I 1 25 ) 1/ i W R Lo R B O gk
A7 o W WS BIE S B, R B/ i AS AU 245 9, s R I A
Ky, S B TR RS, R R SR A 3N i
AT A R 21 A TV R R MR AR I A o AR e O
(2 mLemin ") FFER 10 min, HE 4 B2 <, R
TIEJHE L -5 T B 4 ik T RS A AT sl A 3 R 22 i
56 T 0y B K 22 2% 1) Bl [0 2810 A L A Ay 9 2 R B 1Y
BUR JF SRS E B KR BRI 2 A 5 T I 4 2L
FAA ORI, T BURT 4 55 SRR, By 1k R 7RI 5
AT,

2540 1 L 7K 73 BE 28 B Bk 25 1) 1 3K 2% b
PR T I 25 Y 5 IR B SR, IR
WL SRS YRR S5 — 3, ] B B |
B G BB o /N SRR 7K 73 BE 28 B 56 15 M 1 K
W P AR 4 2R — B0, 45 25 10 N 1 22, /1N BERK Y 7K o
e 28 AN I AT 3 /N 24 ) 0 A A 2 o 2
Py W oA HEHE AN AR B A e, S BO™ A 2 B
SO 14 AT M) FH 24 8 DA A, DA T S ) 24 ) A0
IS A B AR /N BRE i 55 52 77 v JE At s W W A ) A
AR R h T e 0 R Y B o SR T TR
PRI 1z 30, 400 sl i 3 20 0 45 449 80 70 8 D) i
A T B R AR AL (LA — A

SCHRARE R BB IR IR P, <3 x 10 *em-s ™

.4 -

FUP,, >2 %10 “em«s " 53 5] 375 25 9 Mk LA A
ST NBERRA T ] W A
25y, 52 75 2R 2 I /N BERR G I K 43 TG R BOR A T B
A% [ I Ay Caco-2 4 i 56 TiE B /N BE 2 P-gp HAIE
Yy, BT R SR S BN BERR RN 22 AR W R AR
I A

AR 24 BEATF 50 % B, /0N BEW K 45 2528 B A WU
By 15 REAE B Bh 0 2 (25 AL, Bk
PRV NG R PO R RATRAFE) M2
J 3 3 2 AR (25 W 7 T AL E N, 322 R 0 TR A
FI) o #2807 M /N BERTE T i T 0 VR AR A T O
BRI B E B

[ &% 3Tk ]

[ 1] HEZERAMmE . b ANRIEME M. —ARIS].
A6 v B 2R e s i, 2010 :285.

[2] Ea, Wz, 7R, & NEMYAEBENS
CPTIA FEP RIKHC R WG LT]. b 25 4 3K,
2011,36(19) :2715.

[ 31 A7, R, AT, /I B 0T S2 56 14 O B2 1 o
MBI AE T S ARG 2 R PFE[T]. hE 2y
Z+#,2010,35(20) :2768.

[4] LU X X, HE L, CHEN L, et al. Determination of
equilibrium solubility and oil-water partition coefficient
of scutellarin[ J]. Acad J Guangdong Coll Pharm,2011,
27(1) :1.

(5] o0ar, s AR, B, &5 5 98 It 1 BF 90 58 B 38 A R
SAER T W [ ] [ 5 88 U ) 2% 2% &, 2011, 17
(4) :190.

[ 6] ABNAH, RS, % PR, 5. 28 B %oF 4 3% A= ) il 1 KB
o TE W v £ 5 o B 5 (T ] b B SR O N A R
2012,18(8) :147.

[ 7] GRSEF,ZRW, I, 5. K RAE A5 1) fi 9 O v 0F
TS RFHIR B B H W HEF [T]. v 925 7 )
4 ,2010,17(11) :96.

[8] Salphati L, Childers K, Pan L, et al. Evaluation of a
single-pass intestinal-perfusion method in rat for the
prediction of absorption in man[ J].J Pharm Pharmacol,
2001,53 (7) :1007.

(9] BRBTR,ZEA, 250, 5%, TR 5 A 807 19 K RTE
A B i HE O A W M [ 0] 227 2 7, 2010,45(5) +652.

[10] Fagerholm U, Johansson M, Lennernas H. Comparison
between permeability coefficients in rat and human
jejunum[ J]. Pharm Res,1996,13(9) :1336.

(1] Rmety, 3% & 37, 4 E €. 35 7% 428 B0y o 3R mR /) B B
T 25 KR K BRAE M RO RS AE A W9 LT ] b [ ep 2y
e, 2010,35 (6) :755.

(D4t A3 ]



