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Studies on the Bioavailability of Berberine Preparations(II) :
Antibacterial Activity and Bioavailability of Coprecipitate of
Coptidis Rhizoma and Glycyrrhizae Radix
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Precipitation reaction occured between berberine in Coptidis Rhizoma and glycyrrhizin in Gly-
cyrrhizae Radix when they were boiled together in aqueous solution and the supernatant solu-
tion thus obtained did not show any antibacterial activity which was derived from berberine. The
content of berberine in BG and CGP by HPLC analysis were 41.1%, 8.3% respectively. BG was
occured mostly at pH 5.0. The solubility of berberine was 0.15%, while that of BG and CGP was 0.
07%, 0.12%, respectively. CGP shown more increased antibacterial activity to gram positive bac-
teria, S. dysenteriae and K. pneumonige than berberine. The absorption rates of CGP in stomach,
duodenum and jejunum of rats were compared with those of Coptidis Rhizoma water extracts
(CR), which were increased more than CR. The time required for the maximum serum con-
centration of berberine from CGP in mice was 90 minutes after oral administration. The max-
imum serum concentration of berberine from CGP was higher than that from CR. The dis-
solution of CGP was increased more than berberine and BG in both artificial gastric and in-
testinal fluids. The dissolution of CGP pill made from gelatin was 63.4% in artificial gastric fluids
and that made from CMC was 76.0% in artificial intestinal fluids.

Keywords— Berberine, Coptidis Rhizoma, Glycyrrhizae Radix, Coprecipitate, Antibacterial ac-
tivity, Dissolution
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3% (Coptis japonica)¥®t Z32(Glycyrrhiza ural -
ensis)e& A% ARG T, GAlsie] ARSI
o 3}l 2921 (Sigma Chemical Co.)#} S&)A1EZIE
ot ¥%(Sigma Chemical Co.)& EFEE AHE3IA
o 7je} Aleke 53 2 dF A kS AT

7171

297 R 333354 (Shimadzu UV-250), 34
kA z7) (Tokyo Rikakikai Co.), 327127
(Laboonco  Co.), 88A1871(Tokyo Rikakikai Co.),
HPLC(Young In Co.), ¥41E2171(Vision Scientific
Co.), 371 (Samsung Pharm. Co.), 23571 E#7]
(Dong Yang Scientific Co.) & AM8-313ct.

HESE

HE(SDA )& AF 200120 g, "H-=(ICRA
FA)e A% 0+2gE A3 oM nAEst &
< A5 AF3=E ST

AL oF

Staphylococcus  aureus(ATCC  6538), Staphy-
lococcus epidermidis(ATCC 12228), Bacillus subtilis
(ATCC 6633), Bacillus cereus(ATCC 11778),
Escherichia coli{ATCC 10536, 25922, 12014), Pseu-
domonas aeruginosa(NCTC 10490, ATCC 29336),
Salmonella typhimurium (ATCC 13311), Salmonella
enteritidis(ATCC 13076), Shigella dysenteriae
(ATCC 9764), Klebsiella pneumoniae(ATCC 10031)
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18717 ¥ ata 600 nmellA 242te] BH=g 583
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3 & IS sl vge-S 7istn tA] YR
Bled AR AS Wy e (0.45 um)E FHAIZL
o2 HPLCZ wmz9] BAu| & SA3l) 3 v 2w
d BEE Tk

SR Rx 3 BE AE

w2, BG 2 CGPell 242 33 A ¥ (paste) &
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Table 1— Formuias of Pills of BE, BG and CGP

Ingredients* A B C

BE 20.0 -

BG 20.0 -

CGP 20.0
Lactose 60. 0 60.0 60.0
Starch paste 16.0 16.0 16.0
Kaolin 4.0 4.0 4.0
Total 100. 0 100. 0 100. 0 (mg)

*BE: Berberine chloride, BG: Berberine glycyrrhizinate, CGP:
Coprecipitate of Coptidis Rhizoma and Glycyrrhizae Radix.

Table II— Formulas of CGP Pills by Various Binders

Ingredients D D F G
CGP 20.0 20.0 20.0 20.0
Corn starch 19.0 19.0 19.0 19.0
Lactose 34.0 50.0 45.0 35.0
Arabia gum 21.0 - - -
CMC - 5.0 -
Tragacanth - - 10.0 -
Gelatin - - - 20.0
Glycerin 3.0 3.0 3.0 3.0
Precipitated- 3.0 3.0 3.0 3.0
calcium carbonate
Total 100.0 100. 0 100. 0 100.

& 50FColM 3AIRE BFUEBAACHTable . EFF
CGPE ZFAZ 272} arabia gum, CMC, E&l7IRHE,
AL Al Al VED deageR &
95 Y3 AeolM 48AIRF FFX3IA (Table T

A 23 BAE b S2ARES SAAA S
o wet A3 g (pH 1.2) 2 AFFH(pH6.8)) &
23 100 rpm o= SAAIFIHRA LAY Foll AA
ZFo] 820 AFSI AL F 343nmIM E%
EE ZHse] §582 At

Az

pHO|l U} 2 BGS| +5E

pHell w2 Z2jAjg 4t v 2we] EgEe) 5
8o pH 2.0904 15.1%. pH 3.0011A41 20.2%<1¢l Bl&)
pH 4.0914%E 61.8%, pH 5.00l4 = 66.7% 2 £<
=g Vet 39 pH6.008E 22. 7%= 75
go| F43] Bolin 34 2 JeLE M E A=
3 $E5ES Bt (Fig. 1)
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Figure 1—Yield of BG under various pH conditions.

Table II— Apparent Solubility of BE. BG, CR and

CGP

Sample 20°C 37°C (mg/mi)
BE 1.5 2.7

BG 0.7 1.1

CR* 20,1 23.2

CGP 1.2 1.9

*CR: Coptidis Rhizoma water extracts

20°CAA H2dde f3=x 0.15%A Bis
BGE 0.07%2A Alojslz "ol CRY &3l=
E 2.01%A4 vl8] CGPY] 3= 0.12%=4 1/
20 ol3l® fa=r} FAHATY. 3TCAME M=
FFE HAFon 7zt AgmeA 20°Cell H|3o
37°ClA £33 =7} 9zt S7FE At (Table 11D

&g

z} FFEd) g vl2dd, CR % CGPY Had
SARAFEE S. aureus$} S. epidermidis ¥ 137
Tl W3l CRel 50 pg/miql ¥ CGP7t 125
pg/mig 2% S JeRIRIaL, B. subtiliset B.
cereus 5 2P JHF diF|M = CRel 100 pg/m!
Q1 ¥HA CGP7} 50 ug/miz Jepgth. S. dysen-
terine®} K. pneumoniae 52| 13-4 dEiN=
w283} CRe] 50 ug/migQ) ¥ CGP7} 242} 25
pg/ml, 12,5 pug/mi=z wi2wWA R} 733 3482
Jehg et E. colis} P. aeruginosa, S. typhimurium
2 S, enteritidis 59| 1FSAAT WML wEw
A, CR 2 CGP7} 25 200 ug/ml o)’3o 2 &FE
37} @A Vehdet. (Table IV)

=3 Ao AFAAEE vns] 2 @-4 wj29A
o] S. aureus$t S. epidermidis®] &S 5% A=
MBI ot CGPE 80% o1& B S. dysen-

J. Kor. Pharm. Sci., Vol. 25, No. 3(1995)

Table IV— Antibacterial Activity of BE. CR and CGP

Minimum inhibitory

Microorganisms

(ATCC No.) concentration (g/mi)
BE CR* CGP*

Staphylococcus aureus (6538) 50.0  50.0 12,5
Staphylococcus epidermidis 50.0 50.0 12.5
(12228)

Bacillus subtilis(6633) 100.0 100.0  50.0
Bacillus cereus(11778) 100.0 100.0  50.0
Escherichia coli(10536) $200.0 >200.0 >100.0
Escherichia coli(25922) »200.0 >200.0 200.0

»200.0 >200.0 »200.0
>200.0 >200.0 >200.0

Escherichia coli(12104)
Pseudomonas aeruginosa
(NCTC 10490)
Pseudomonas aeruginosa(29336) 2200.0
Salmonella typhimurium(13311)
Salmonella enteritidis(13076)
Shigella dysenteiae(9764)
Klebsiella pneumoniae(10031)

$200.0 $200.0

>200.0 >200.0 >200.0
»200.0 >200.0- >200.0
50.0 50.0 25.0
5.0 50.0 12.5

"ased on berberine contents in CR, "based on berberine
contents in CGP

teriaeﬂ- K. pneumoniged] AXE %3 = F71H4
AAEL BYor E colid] disixx W=w@rct
3~10% A% A& Z7WRH LY P. aeruginosast
S. typhimurium, S. enteritidiso] eI E 20% =%k
9] w]$ v oA 8-S eI (Table V)

HPLCO| 2|8t H&

w20 24A-L HPLCY FUFS ol 5948 A
A7} VEREI BGE 5908088 A2l Z-& Azl
veite A2 dae $a=ER gsich 3
CGPE 5.93%0] w283 937} ERI=EAL 294 2
5.32%0] wlx|9] 937} Yebkth(Fig. 2). W2
¥3 wres APE HBMe IAWFHL2 Y=
124,895X°| 31 A#A St r=0.996224 10 HZ
3] wl2wlde] 43 92 E"-‘iﬁ]ﬂ'ﬂ] Aol 93
=k, A 98 BG, CR 2 CGP Fol g+
o] gl wi=nAe ¢S FHI A A4 41.1%,
23.3% 2 8.3%°1tt.

$l, 27 &=

CR# CGPY 1, AolA g & 3olre] Fes
2% A3} 9JoiX9) F&o] CGP7F CRAl Hlal ekt
Egou 2% Az FFEE VeI Aol
A CGPel F58°] CRECE ot E3tom 373 94
CRe} CoPEE] $& F4&5 JeRickTable V.
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Table V— nhibition Ratio(%) of Bacterial Growth of BE, CR and CGP

Microorganisms (ATCC No.)

Inhibition Ratio (%)

BE CR CGP
Staphylococcus aureus (6538) 74,9%3.5 78.8%3.2 80.6+3.7
Staphylococcus epidermidis (12228) 75.9£3.6 71.0+3.6 83.9+4.5
Bacillus subtilis (6633) 66.2+3.7 58.3+3.1 69.2%0.9
Bacillus cereus (11778) 61.6+£2.9 41,7+2.2 60.4+2.1
Escherichia coli (10536) 46.5%1.4 42,414.9 56.0+0.9*
Escherichia coli (25922) 30.4+£5.7 37.7%5.4 32.9+3.7
Escherichia coli (12014) 52.1+2.2 54.2+1.8 58.8+2.1
Pseudomonas aeruginosa (NCTC10490) 36.8£1.6 34.5+2.7 30.1£5.2
Pseudomonas aeruginosa (29336) 40.2+1.7 24.1+£2.0 17.0+2.1
Salmonella typhimuriiim (13311) 26.7t1.6 29,7+1.3 17.2+3.4
Salmonella enteritidis (13076) 22.3%2.9 30.5+2.2 23.4%3.0
Shigella dysenteriae (9764) 65.0+2.9 69.6+2.5 71.6x2.4
52.1+1.0 55.3%5.2 59.8%5.1
Each value represents the mean=+SE from four experiments.
*Significantly different from BE group (p<0. 05)
N . 282990 (Fig 9
. 8 #Hlo| 8@
[~ -~
A B | c Wz BG % CGPE AR e 8588
v w3l As Q3 oA vz el 8&80] 120%
Zof] 7.7%9 WA BGe] £582 20.1%= BG7} H
zHdet MiRE 2 582 Jepligla CGP
£ 4H5%2 Wzwde e, BGY 24} o9 &
& YRS (Fig. 4 39, A3 deMe v
L o] 8&8o] 1208 Fo) 25.9%9 ¥ BG 2
T P e et OGPe| £28¢ 717} 33.8%, 35.5%% §%&°] 8~
Fieure 2R ) ) ) ) " 10% A= FgEAct.(Fig. 5)
igure 2— Representative chromatograms of BE (A), N - ~ =
BG (B) and CGP (O), o T3 (GPe] §282 FIN7)7] el 439 2
FAZ ALEsl BAE ED O $E8E ¥wd
CR% CGPE vhg-2o] A754% # 8% 58 27}, AZAANE arabia gum® 22 4183

238 23 CRS 1202 3 049 ug/miz F3 g
F%o Easldoen OGPE 908 3 077 ug/mis
Hun 8% 5o 2% & CREY & €% 5=

A7} 1208 ¥ 35.1%9] £&8S vehd ¥hd A
RS ASE BAL 634%2 1Y B 428
e FAddME B2FAR arabia gumE

Table VI— Absorption Rate(%) of Berberine of CR and CGP in Stomach, Duodenum and Jejunum of Rats

Time

Stomach Duodenum Jejunum
(min.)
CR CGP CR CGR CR CGP
10 1.34+0.3 2.3+0.3 5.6+0.3 8.1+1.1" 4,.5+0.9 6.9%41.4
20 2.1+0.5 3.9+0.4 9.1x1.1 10.3+1.7* 7.2%x1.5 12.9+0.8
40 3.1+0.4 4.7+0.8 12.0+£1.2 16.7+0.8** 12.0+0.9 15.3.1%1.4**
80 3.6+0.9 5.1+1.6 18.4+1.7 21.8+1,4* 15.4+1.6 21.9%1.3
120 4.3+0.3 5.6+0.9 24,1+1.3 27.6+1.4% 23.4x1.7 26.7+1.4

Each value represents the mean+SE from five experiments.
*, **Significantly different from Cr group(*:p{0.05. **: p<0.01)

J. Kor. Pharm. Sci., Vol. 25, No. 3(1995)
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Figure 3— Berberine contents in serum of mice after
CR and CGP was administered orally 20mg/kg.
Amounts of CR and CGP administered were based on
the contents (20 mg/kg) of berberine. Each points
represents the mean+SE from five experiments.
*Significantly different from CR group (p< 0.05).
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Figure 4— Dissolution profiles of pills of BE, BG and
CGP in artificial gastric fluid (pH 1.2}.
Key : @: BE, [I: BG, ¢: CGP
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CMCE AMH3 BAlE 76.0%9 8288 Uehdez
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Figure 5— Dissolution profiles of pills of BE, BG and
CGP in artificial intestinal fluid (pH 6.8).
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Figure 6 — Dissolution profiles of CGP pills made from
various binders in artificial gastric fluid (pH 1.2).

Key : @: Arabia gum, [ cme, O: Gelatin, ¢: Traga-
canth
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Figure 7— Dissolution profiles of CGP pills made from
various binders in artificial intestinal fluid (pH 6.8).

Key : @: Arabia gum, (1. CMC, O; Gelatin, 4 Tra-
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