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Preparation and Bioavailability of Oriental Medicine Containing Baicalin (III) :

Preparation of Inclusion Complex and Bioavailability of Coprecipitated
Product of Scutellariae Radix and Coptidis Rhizoma

Jae-Heon Yang', Sang-Chul Shin* and Hee-Doo Yoo

College of Pharmacy, Woosuk University, Cheon—ju 565-800, Korea
*College of Pharmacy, Chonnam National University, Gwangju 500-757, Korea
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Precipitation was formed during the preparation of decoction from a mixture of Scutellariae
Radix and Coptidis Rhizoma. Baicalin and berberine were identified in this coprecipitated product
(CPP) and these components were the active ingredients of two herbal medicine. We extracted
respectively crude baicalin and berberine in Scutellarise Radix and Coptidis Rhizoma and prepared
coprecipitate of crude baicalin-berberine. To increase the stability and bioavailability of
coprecipitate of crude baicalin-berberine(CBB), which is slightly soluble drug, its inclusion
complex was prepared and studied in this experiment. Inclusion complex of CBB with B-
cyclodextrin(CBB-B-CD) was prepared by freeze drying method and its characteristics were
ascertained by means of solubility test, differential thermal analysis(DTA) and scanning
electron microscope(SEM). The type of CBB-B-CD is classified as A;-type on phase solubility
diagram, and the stoichiometric ratio of CBB(baicalin in CBB) : B-CD complex is 1:1 and
formation constant is 151 M™. The solubility, dissolution. in situ absorption and serum
concentration of CBB-B-CD were significantly increased when compared to CBB. Therefore
enhanced bioavailability of CBB by inelusion complexation with B-cyclodextrin might be useful
for dosage form design of active ingredients of two herbal medicine.

Keywords— Scutellariae Radix, Coptidis Rhizoma, Coprecipitate. Baicalin, Berberine, Inclusion
complex, B-cyclodextrin.

_:g

#1319, Tomimori £°7& &-2¢] vt dxz T #aiby} 98 »asic}.

HE 2004 9] FgH wol=E Bl R skt Wz g shl 9 sjeelrEls B9 O F
Takin

QB0 gl A ulo|Zale] A oA BtFARZntED
Hiol=o] dFoz g okejzHEe 4 Hﬂ’é é’ﬂ EHEJ 9 p&AxI2epE ) oJ3le] ulo]Zd
2 oluzhg gt zkg AR dRFEAE 2 wogonine 52 #2] $38l%ct. Kimura $77&
Ao ru|dA e GPrtelatg Sol L2iA ik’ B Qo] #FY A A ats} 4L AT
Takagi 57& &9 $84 AR B3 AFolA oz ¥4 F 34 AT fel A Ras
uio] 94°ﬂ ’*Hi—v— 5%9) EetRol=g el N 1, AEE AFdl 2jzle] fiE aAEF|

0 B FAEQ ulol Ao 729] FEAHY: & AR FHHo] & isoquinoline] alkaloid®

o228 Be) PPN, Choi 7€ "HE AXE A 2% P4 2 29T TP, 45F 5o g
P 3 st Z}%Iﬁ_o_ 71 9o =28 g

8ol 9 Beliz o AR Prelatg, AeAe, wolade B NS

29



30 WD - AE - RET

2 Fotarg 540 9l Az Zeix stk No-
guchi £9¢ ale] F48Q w2u]de] glycyrr-
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33 (Scutellaria  baicalensis Georg.), 2 (Coptis
japonica Makino)& A5 AAGAM Tl Akg-
319931 berberine hemisulfate (Sigma Chem. Co.)
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9} baicalin(Wako Chem. Co.) ¥ PB-cyclodextrin
(Sigma Chem. Co.)2 EEEL AMgsldlen 7[e}
AloRe B 2 AF AIFE ARSI

7WV2e B33=A (Shimadzu, Model UV-250),
£2A187](Tokyo Rikakikai Co.), 3|AAZ7
(Eyela Co.), ¥271=7](Labconco Co. USA), 31&Y
A AZ2okE 72k (Youngln, Model M 720), A
AR #ol7d(Hitachi S5108), SSC 5200 Thermal
Analysis System (Seiko Co.), 8¥71(Samsung
Pharm. Co.), A&7](Samsung Pharm. Co.) ¥ €4
-2]7](Vision scientific Co.) 55 AME3I%IT]

A8 58

HYEE SDA FAe 2 A 200+20 g mouses
ICRAl A 22 AF 20£2 g& A&l oy a3A
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BE-2E Ex. Y FEHE HE—34E Ex. 10
g2 #3ka soxhletdE7]12 wWghe(100 ml) &S
43t 3tm YEAR|C] HEE 2d & ) F}F
Ex. 10 g& #3l2 soxhlet®Z7]12 wgr&(100 mi)
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mmHgA A £2-& At
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s 7k 3% ¥ 01N H.S80,89E 7IX1
3.002 23] 24N A & WA 3 A3AY
3 54 AR(66°C, 10 mmHg)A1A &

A9 vlo|d-m 2Ny EFd FHEY S
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Al TLC 2 F3% &3 & 3k TLCE A4
E FEg - W2t B(7:1:2) 80l E 21859
132 Kieselgel 60 Fy,, ¥V 9] #91€ UV Lamp
(254 nm, 356 nm)E A3 2 REA & Flgtt.

FAEEH Qg e WM - 1/230,, Hlo]
Zd 2 vlo|Z-v2dd FE2Y FAE =22
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500 nm7tA 9} S~ E- S S Pt
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8 F vlo|ZUn w29 qFS st T
AL pBondapak Ci(Waters, ID 3.9 mmx30
em), A&7 UV-detector(272 nm), ©|S-4m 2=
acetonitrile : 0.5% phosphoric acid(27 : 73 v/Av)=
ARg-EFI )

ENEES M0l 2 SHAIH
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(Scheme IV).
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£29L AFABA A7 T HESFTHE 272 nmel)
A FAEE S 8EES AT

In situ ETAIE

Barr's method®& W3slo] APeigltt. FES
207 AAAIR F B 9, AolX R 2 3 F
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W ol ES AAG ths INE T35k dol le A
2d+E AAsIYE. CPP, CBB ¥ CBB-B-CD
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CMCE @gAA ekl ol 1 mi¥ 71813l e
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HEsx =3

MouseE 24M7F <t 2 4A17] & CPP, CBB ¥
CBB-8-CDE Wl2Hd 7|#22 8 mg/mlt HE%
0.5% sodium CMCell @EA1A 0.5 mI(20mg/kg)/?
A7 3ok 30, 60, 90, 120, 150 L 180% A7
3 253l 9L AAs 3,000 rpmolA] 2083

AR F gL F3l WS kst oA
A Ee ] Y& membrane filter(0.45 pm)
£ 29471 U HPLCE 29| ian| & S35k
g3 W2 =g F3ta FEFH g seE
£ A&t

al=zdn

HIO|2t2l-HIZ=H| 2l EFEel &= &l

w2 - 1/280, vlelZd % ZEF vlolZY-
w2y FREe] TLCAEA 25l vehd whde]
RfX & #l2wd - 1/2S0,71 0.40, ule|Zdo] 0.29%
on FFF dlo|Zd-H2HY FHEY RAE 0.37
2 golgh $iAjNA ekttt

3 UVESF 29 E-elA 457t vi2d™ - 1/
2804 425 nm, 343 nm, 262 nm E 226 nm%AL v}
o]Z¥-2 317 nm, 276 nm ¥ 213 nm¢! ¥ 2FF
vlolZA-w 2Hlde] FHEL 425 nm, 330 nm, 272
nm % 215 nmell FFStE Weldirk(Figure 1).
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Figure 1— Absorbance spectra of baicalin, berberine
and coprecipitate of baicalin-berberin. key : A : copr-
ecipitate of baicalin-berberine. B baicalin. C: ber-
berine
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HPLC &0 U Mg

ol d-wawd FFde FHE F4AS
HPLCH 43192 W intermnal standard?] phenol
< 6.2%9) peak’} UERS T ulo|Zele 848 e}
stom, Wl2nde 14.9% JeldrhFigure 2). ]2
HE CPP9 CBBZ<l o] Je vloldz 2 vz
WS FeIES W CPPEol nlo]Zele 23.0%, M)
2L 26.7%7F =I5 CBB Foll& vlelgde]

2
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Figure 2—HPLC chromatograms of baicalin and ber-
berine in coprecipitate of baicalin ~berberine. key : A
» internal standard B : baicalin C: berberine Column ;
u-Bondapak C;s Detecter : UV-detecter 272 nm Mo~
bile phase : acetonitrile:0.5% phosphoric acid=27:73 v/
v Temp. : room temp. Flow rate ; 1.0 ml/min.
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Figure 3— Phase-solubility diagram of CBB-B-CD sys-
tems in water at 37°C

36.2%, Wl 2H|20] 41.9%7} F-f=o] UAtt.

ENSIEE 40| OIS SHAE

2olTef HETE FHT—P-CDY %] T/l w
2 CBBY &=y} AxA oz Z718IrHFigure
3). Figure 32| A thgle] HaxgHoz 3t
A3 Y=0.070X+0.0005(r=0.991)¢] AH& 3+& &+
AUt = B2 78 A3 K=151M' ¢
aAet.

ZE =&/ —AEASMPE ] o3le] HlEFabd
272 nmolA F4% FXE vlwsl B CBB(ule|Z
g 7)15) 9} B-CDe] B8y} 5:59 o F3=r} Fuiie]
22 CBBY B-CDIH] ZAF=Avle 111 BvjdS
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Figure 4—Continuocus variation plots of CBB-B-CD
systems

130 180 230 280
Temp.(T)
Figure 5—DTA thermograms of CBB-B-CD system.
key : A CBB. B B-cyclodextrin, C; physical mixtu-

re of CBB and B-cyclodextrin in a molar ratio of 1:1,
D : CBB-f-CD
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< 4 AR Figure 4).

AIKFFAIEZERADTA)—DTA curve “gollA B
W 172°Coll4] CBB9 endothermal peak’} VBRI
vl CBB-B-CDE BCDY % U= 44
CBB7} Qo thal B-CDel 3§ A HEBg 33
3}322] DTA curved & endothermal peakE &
7t lom, Beld EFEE 176°ColA e en-
dothermal peak”} YERITHFigure 5).

FAIE XAE0/Z(SEM) 2&—CBBY CBB-B-
CD9l IAE FAF AAdnZE oz #FeUS o
CBBE #9o| AZm Bftadoln] 23 v
CBB-B-CDx= ¥9Ho| tha mjnyi 9228 F4%
9 AT B8-S Y 4 Uk (Figure 6).

TR Y pKa M=

CPP, CBB % CBB-$-CDY 2¥ujA4=9} ZE7]
BulASE vlwd 3} CBB-B-CDY Pm#kd
CBBET} Azdld o}t Pappahe X B0t
(Table I). CPP, CBB¢} CBB-B-CD9 pKagtZ -
A}o] nroctanold w 3.31, 3.56% 4.270] 3L fdo]
CHCI3¥ = 3.93, 3.67% 5.46°194tHTable II).

2E 48

CPP, CBB % CBB-B-CDE A= TE0] £&

CBB

CBB- ACD

Figure 6—Scanning electron micrographs of CBB
and CBB-8-CD

A8E AAG 2y $250] 1808 Fol 0.1N HCl
(pH 1.2) $4lX CPP:= 57.4% % CBB9| 54.2% 5
o} ok7t =9ten CBB-B-CDE W 3%=E X W =

Table Hl— Comparison of pKa of CPP, CBB and CBB--
CD by Liquid-Liquid Partition Method

pKa
Solvent
CPP CBB CBB-p-CD
n-octanol 3.31 3.56 4.27
CHCl3 3.93 3.67 5.46
O-cpp
<{}+ceB
100 -/\- ¢BB-g-CD

Cumulative amount dissolved(%)
»
P

0 " b, sk

. N N 2 )
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Figure 7— Dissolution profiles of berberine in CPP,
CBB and CBB-B-CD under 0.1N HCl(pH1.2) at 37+
0.5C
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Figure 83— Dissolution profiles of berberine in CPP,
CBB and CBB-B-CD under phosphate buffer solution

(pH 6.8) at 37+0.5°C

Table 1— Comparison of True and Apparent Partition Coefficients of CPP, CBB and CBB--CD

True partition coefficient

Apparent partition coefficient

Solvent
CPP CBB CBB--CD CPP CBB CBB-p-CD
n-octanol 1.114 1.541 1.428 0.299 0.205 0.295
CHCl3 0 699 1.382 0.720 0.487 0.229 0.578

J. Kor. Pharm. Sci.. Vol. 27, No. 1(1997)
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Table III— Gastrointestinal Absorption rate(%,) of Baicalin in CPP, CBB and CBB-B-CD in Rat

organ class 20 40 60 80 100 120(min)

Stomach CPP 3.98+0.93 5.5+0.87 7.3£1.72 8.4+1.32 9.48+1.34 12.0£1.95
CBB 1.4%1.41 3.3+0.99 3.8+1.21 4.6+0.57 7.9£1.14 10.6%0.55

CBB-8-CD 3.5+1.23 4.8+1.95 6.0+£0.92 6.4+1.34 10.4+0.62 13.7%£1.28

Duodenum  CPP 3.6+1.88 6.6+2.25 8.7+£2.45 10.3+1.76 12.6+1.26 13.7+0.86
’ CBB 5.1x1.74 7.7+1.28 9.1+0.46 11.6%+0.58 13.541.30  15.8+1.46*
CBB-B-CD 2.4+0.34 49+1.31 7.0+0.42 11.8+1.25 27.2+0.93" 34.5£1.72""

Jejunum CPP 2.4+0.98 5.3£0.53 6.0+1.35 8.8+1.96 10.6+1.67 14.1+2.83
CBB 3.910.50 5.7+1.38 6.21+0.89 9.5+1.76 12.2+0.62 15.2%£0.78

CBB-B-CD 3.9+1.06 5.5+0.87 9.3%+1.63* 9.840.91 13.0+1.64* 20.6+1.26™

key : Each value represents the mean+SE of 4 assays. *Significantly different from CPP group(*p<0.05, **p<0.01)

Table IV— Gastrointestinal Absorption rate(%,) of Baicalin in CFP, CBB and CBB-B-CD in Rat

organ class 20 40 60 80 100 120(min)
Stomach CPP 1.+£0.18 2.4+0.25 2.9+1.69 3.9+1.46 4.4+0.39 5.2%£1.75
CBB 1.8£0.30 2.4+0.72 3.0+1.23 4.0+0.55 4.910.52 5.4+1.80
CBB-B-CD 2.1+0.51 2.8+1.43 3.5x0.34 4.2+0.76 5.1+1.30 5.8+1.69
Duodenum  CPP 5.2+1.95 6.4+0.68 8.9+1.29 10.8+0.63 13.2+1.51 18.1+1.47
CBB 6.2+1.53 7.7+0.60 12.7+0.94* 14.6£1.45° 17.1+0.68* 21.4+1.73"
CBB--CD 7.1x1.24 9.3+2.78* 14.2+£1.08" 21.9+1.36" 27.2+£2.37"* 32.8+1.84"
Jejunum CPP 4.4+0.30 5.7%£1.35 7.0+0.41 9.7+1.55 10.6+1.41 12.2+1.71
CBB 5.3%1.72 6.9+£2.40 8.0£1.09 10.7£1.25  15.0£2.20" 16.7£1.39*
CBB--CD 6.7+0.73 10.1£1.40* 13.8+£2.57* 16.72+1.09 21.1+1.05"* 28.7%1.29™

key : Each value represents the mean=SE of 4 assays. *Significantly different from CPP group(*p<0.05, **p<0.01)

ke (Figure 7).

3 0.1M phosphate buffer&(pH 6.8)oA =
CPPE 20.0%%.3 CBBE= 2Rt} <t &2 23.7%
e CBB-B-CDE 1HLG 4 =&

(Figure 8).
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10.6% Hr} 7t wgkow Aolx\Aols CBB-B-
CDx 34.5%% CPP, CBBY 13.7%, 15.8% ¥t} &
A FEgo| Ba 2RME CBB-B-CD7F 20.6
%= CPP, CBBY 14.1%, 15.2% Rt} £& Rl
o APMER e o Yo|AA 7 F4Eol
B 1 032 37, §l @l UK (Table I10).
Wawe gloA CBB-B-CD¥ 58%% CPP,
CBBY] 5.2%. 5.4% B} 2F7b 2gkom Ao| x| 4ol
CBB-BCDE 32.8%% CPP. CBBY 18.1%, 21.4%
B}y €4 =9tm FA€lM CBB-B-CDe 28.7%=
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Figure 9—DBerberine concentrations in serum of
mouse(n=4) after oral administration of CPP, CBB
and CBB-B-CD. Each point represents the mean+SE
of 4 assays *: significantly different from CPP group
(*p<0.05, **p<0.01)

ot AW vlwd w oA} RN F5
&o] Fskon o F4E&ol A2t CBBB-
CDE tiald o2 CPP¢t CBBY ®lgle] 453 &<
£°] E}tHTable IV).
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Table V— Pharmacokinetic Parameters of Berberine
Conttents in Serumn of Mouse After Oral Adrministration
of CPP. CBB and CBB-B-CD

CPP CBB CBB-B-CD

Cmax  0.360%0.073 0.515+0.084  0.952+0.107
Ka 1.98413+0.0007 1.72506+0.0009 1.55443+0.0006
tie 0.349+0.052-  0.402:+0.076  0.446%0.034
AUC  0.522+0.103 0.7660.091  1.728+0.11
Ke 1.72999+0.0006 1.34389::0.0008 0.7665110.0009
RB 100.0 146.7£0.062  331.040.037

Each value represents the mean of four assays

Crnax | the maximum blood concentration(ug/mi)

K. : absorption rate constant(hr )

t1/2 : biological half life(hr.)

AUC : area under the blood level curve by trapezoidal
rule(ug - mi! - hr)

K, : elimination rate constant(hr™)

RB : relative bicavailability to CPP

CPP, CBB ¥ CBB-f-CD¢] A &&=l vl=2sa
o] ¥5%EE HPLCE 333 43 CBB-B-CDe
90¥ & 0.897 pug/miE ADYFETo TEsIHe
H Agkdoz N w2 dFFEE SAslET
(Figure 9).

CBB#} CPPE ©] Hr} =2 120% 3o 22} 0.655,
0.539 ng/mi2 HEFELd =E819on, CBB7}
o A EFEEE XETE 2USEHF Kee
CBB-B-CDs= 0.77°1913 CPP$} CBB+= 1.73, 1.34°]
gler AUCEE CBB-B-CDE 1.7280]03L CPPst
CBB%= 0.522, 0.766°131tHTable V).

L
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Aoz AdE 2A3] pH 308 1S o) Axlo]
LA A, o]A 02 vlo]Zde 9] glucuronic acid &
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ulo] 23} v 2ue] REXQ 0.29, 0407 ©HE Rf
] 037 JeEllt 358 £3589 29 Figure
19} Zo] vlo|ZA-w2idTA B FOEFIEL
4FA e om 1 % 276 2 213 nmite nlo]
ZA7 425 nmige w2 aa GABRY ble]gel
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