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Biopharmaceutics Classification of Berberine Hydrochloride Based on Solubility and Permeability

Evaluation

LUO Wenhui", WEN Yanyan'", BENG Shujuan", HAN Hailun''*, KAN Jiayi’*, PENG Can'"'"'"'"!**
(1a. School of Pharmacy; 1b. MOE-Anhui Joint Collaborative Innovation Center for Quality Improvement of Anhui Genuine Chinese Me-
dicinal Materials; 1c. Rural Revitalization Collaborative Technical Service Center of Anhui Province; 1d. Generic Technology Research
center for Anhui TCM Indusiry; le. Anhut Province Key Laboratory of Pharmaceutical Preparation Technology and Application, Anhui U-
niversity of Chinese Medicine, Hefei 230012, China; 2. Anhui Institutes for Food and Drug Control, Hefei 230051, China)

ABSTRACT: OBJECTIVE To investigate the attribution of berberine hydrochloride in the biological pharmaceutics classification
system (BCS) and to determine its taxonomic properties. METHODS The solubility of berberine hydrochloride was investigated in
pH 1.0 — 8.0 medium; its absorption parameters related to the rat duodenum, jejunum, ileum and colon were derived from in-situ
intestinal perfusion model in vivo to determine its permeability. RESULTS The solubility in different pH dissolution media with the
value of drug metering number (D) and combined with the pharmacopoeia regulations found that berberine hydrochloride belonged to
the low solubility drugs. From the results of permeability experiments, it was found that the permeability coefficient P g, of berberine
hydrochloride in each intestinal segments was exceeded than 5.0 x 107> ¢m + s~ 'in rats, and the conversion into human absorption
F(human) Was exceeded than 85% , therefore, it was determined to be the high permeability drug. CONCLUSION  The combination of
solubility and permeability test results proves that berberine hydrochloride is a low solubility and high permeability drug, which belongs
to BCS class 1II.

KEY WORDS:: berberine hydrochloride; solubility; permeability; BCS classification; in-situ single pass intestinal perfusion
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berberine hydrochloride A
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1/ min
berberine hydrochloride B
0 i 2 3 4 5 6 7 8 9 10 11 12 13 14 15
¢/ min
c
‘l/,»—
0 i 2 3 4 5 6 7 8 9 10 1 12 13 14 15
1/ min

A — ShFR/INEERXT IR 5 B — SRR/ NRERE IR 5 C - TP B

A - berberine hydrochloride reference substance; B — berberine hydrochloride sample substance; C — methanol.

B1 ZRARBEHELREREMEER

Fig. 1 Specificity chromatogram of the solubility experiment of berberine hydrochloride

Rl ABRANERBEREIRTERELIRER, n=3
Tab.1 Results of recovery experiments in solubility assay of

berberine hydrochloride. n =3

p(Sample)  p(Added)  p(Measured) Recovery  Average recovery —RSD
/pg mL~! /pgemL~! /pg e mL-! /% (x+5)/% /%
40 32 72.38 101. 19 100.11 £0.76 0.93
40 32 71.85 99.53
40 32 71.87 9. 61
40 40 80.24 101. 19 100.27 £0.43 0.52
40 40 79.87 99.53
40 40 80.22 100. 55
40 48 89.22 102.55 102.30 +£0.21 0.24
40 48 89. 10 102.29
40 48 88.98 102. 05

A, BRI /N B R AR R S 4R 2 R R
900 mg, $i¢ H“2. 3. 27 JHRAE K A b V5 VS Jn 3
TR A 53 v 2 0 & 3 0y, 0 AR ARG D, AR A 0
TR T B3R B i KV R W B Cs, BOVR BB 7 3
B, RA“2.3.37 3T F A A DA, 45 R
W2,

ATV AU XS] 5 5 i P 1) AL 2 o B 2 A o 1) pH
70 [ W% A AN A, AR T FDA o pH (L E A

T 2 e

2024 4E 7 H 4559 555 13 )

R2 HBADEBAT R pH EA R R
Tab.2  Solubility of berberine hydrochloride in different pH
media
Media ps/mg + mL~! Dy/FDA Ch. P
pH 1.2 1.55 2.33 Slightly soluble
pH 4.0 0.21 17.87 Slightly soluble
water 1.56 2.31 Slightly soluble
pH 6.8 1.56 2.31 Slightly soluble
pH 7.4 1.78 2.06 Slightly soluble

1.0 ~7.5 1 &5, WHO F1 EMA #5756 1 % T 5 %
R S, A pH 1.2 ~6.8 fil pH 1.0 ~
6. 8,3 1] g & i il — 26 4% FDA #LE R 7E BCS 1
5 25, B WHO K] A BCS T &, i ff >k %
FRU . PRI FDA 2015 B Tolk g 500 Hh R D,
LT DRI 245 40 ) ik B e A B ), AR S 36 BE 5 pH
B 1.2.4.0.6.8.7. 4 FI/K 17 1 i B % 2% ] £
Bl 2020 4% i € rr L 245 310 Hhoxk U A 0 B Al
BIEBA 254 (v e o AR D 3 rp s A B 4 S T
HIER R /NBERR Y D KT 1, HAE 2020 45 pi
B 25 30 ) B 5 RO B G, TR O R AR N BE R T
IRV A BE (R 25900
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3.3 BRBELRT ERIT
3.3.1 Lwtk LRmELRILE 2, NI 2 ol L

A S X IR S PR A BN 2 X HER R /)N BE R
HOF ATl Pla S o

berberine hydrochloride g A
- ™ o
0 i 2 3 4 s 6 7 8 9 10
{/ min
berberine hydrochloride B
ey
0 1 2 3 4 5 6 7 8 9 10
{/ min
C
M
T T T T T T T T )
0 1 2 3 4 ) 6 7 8 9 10
{/ min

A — ERER/INGERON 1 il 5 B — SR N 5 C - 25 1T K-R Il

A = berberine hydrochloride reference substance; B — berberine hydrochloride test substance; C —blank K-R solution.

B2 HZMAERSEELRLEMEER

Fig. 2 Specificity chromatogram of the permeability experiment of berberine hydrochloride
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BCS I\ mB B WA 2 Fh: OFE R A
UEHE R 25 W 7E B W 18 AR G LT, 48 %) A=
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Xf 25 W) 1 T 3 PR I E RS A I E A
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R3 BRNERSEELRFERELRER, n=33s
Tab.3 Results of recovery experiments in the permeability as-

say of berberine hydrochloride. n =3 ,x +s

p(Added) p(Measured ) Recovery Average recovery RSD
/g mL ! /g mL ! /% (x£5)/% /%
25 25.94 103.77 103.77 £0.00 0.01
25 25.94 103.78
25 25.94 103.77
50 48.99 97.97 98.13 £0.15 0.18
50 49.04 98. 09
50 49. 16 98.32
75 75. 66 100. 88 101.76 £0. 64 0.77
75 76. 54 102. 06
75 76.77 102. 36

e B i) J A7 i HE DR AR T, A Dy 2 H T AR
HE NARSE 305 1B VI 52 7 15, JRU0E i T8 1 3 TN
FEE PR 26 0 8 ARARU P i 4832 (6 A, A i
FE R QR 15 IE W MR M2 RS RE 30
oz P 5% 12 Drae A S S R R R &R
GRS o R A R DA R 3 5 1 7
B AR Gl D, AR A5 R S R E B B
PEEAT RUAF AR S, e 0l 1 & T 0P 98 T sl iz

R4 ZRANEMETFAMENSEEMNKER, n=3,xxs

SN

55 FDA S 59832 M0 1 1 700 101 AR s g e
J =90% it , WHO F1 EMA X F &5 185 M 1 2 X
BER TERS 5 L 5E R = 85% , 33 fifi 45— 2 JF A 43¢
FDA HLE %43 J9 BCS T2 4 245 Wy i xof il 225 5
Rk S 28 WHO 94 BCS T 2657 78k B B i)
F VR S S v ) D 9 R T 40 3 e T R TR A
AT T A T SRR 2E . AR T AR G
ST, TR I HE U TR AR B R A LS S
AN K IR AL

B8 4 AL, bR/ NBERRAE -+ 35 M , [ A
[ B A AE B B B B A, 1 25 i BeiB i k2
s, R T bR/ e PT L) EE i+ S B,
i 5285 B B AT AL , Tang 4527 SR MK B 7
RGP fE/NF 0.03 x10 ™ em « s By 254
AL F SR B A RIS R 259, 1T P fH KT
0.2 x10 em - s M FIRZYIHE 58 ML, ARSI
HARL Y Py (BB T 5.0 x 1077 em = 57,
F oy PRI 85% , R BL AT )52 SRR/ NEERR & T

Tab.4 Results of permeability test of berberine hydrochloride in different intestinal segments. n=3,x s

Intestinal segment Pe“( rat) X 10 3/cm + s 7! K, x10 —4yg -1 Fd“d()/% Peff( human) X 10 ~5/cm » s ~! Fd(human)/%
Duodenum 8.547 +3.495 7.138 +1.962 16. 651 +8.981 31.070 +12. 581 93. 846 +3. 887
Jejunum 2.732 +6. 884 2.215 +£0. 541 7.942 £2.047 10. 135 +2.478 63.817 +9. 670
Ileum 9. 664 +2. 662 7.375 £1.532 21.736 £9. 491 35.092 +9. 584 96. 072 +3. 880
Colon 17.007 +5.702 9.879 +3.003 22.018 +8. 332 61.524 +20. 526 98. 564 +3. 665

4 WitERLE

1 AR A, BT R824 (active pharmaceuti-
cal ingredient, API) B & (A e 528 @& M2 1 29
HCAA R ST % B 2L PR 2R, oot H IR AR R 2
554 7 58 9 T A5, BCS S Amidon 25 T
1995 415 Jofe th B9 —Fiog L&, MR 498 25 W i M il o
5 APT (1355 fif BE RO 3B 33 VR 259 73 a2k

Y R R R TE IR W AR RS T, 209
FITREIR 2 1A A B2 . 7E 2020 4F (b B 25 ) o
X H 2 B3 VR A B I s A T TR B M E , Horp
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g 10 >R P T, S5 30 P 52 3 25 T 31 32 0 00 £
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F i & 3% Pk 32 2 058 5 A 0 0 i it &=
(ussing chamber 25 ) #8Y | A 25 H i 7 955 40 el ( hu-

T E 2R 2024 457 H 5 59 5 13 )

man colon adenocarcinoma cd I line, Caco-2) 4HJifg f&
B ARANEAT N T 3% (parallel artificial membrane
permeation assay, PAMPA ) #7Y {A& &) B 40 M ( ma-
din-darby canine kidney, MDCK) #& %1 DA Kz 75 {2 B[]
JE AR IR AT o 33k 677 R TR A AARIS 2 M R
FF AT SR ALIAHE AR > &Sk Caco-2 4
J{UABEHRY > Ussing Chamber % 1 [ B AR ZH ZURERY > {4
Sk MDCK 41 gt 75 > 1A 5k PAMPA R
T 56 B AS 25 v SR PR AR J5A7 B[] J PR TS B
5B BRI A R W RERY , Ho i O 245 ) 7E
IUNCSIL T EERET TR T

AW TERRIG I L B B R I A5 R R
NEER D BCS I3, B RA BUARIE i1 B
BV BOLBTIEH, K R R /N BERR ] A5 1 — L5 71
TR BT IR MACARE A2 700 A ke 245 0 P s e 1 R LA
P, SE A A FH R LA AR AR Y A9 ic, 20 Xiao
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