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o [N HEHLZ MR e AkAA F w2, A4t R YA AL HY
Zrdsha, A3, APA Qe ZAR Wrlol 5 & Mdstdet. o] AEES ¥ele 25°C, 20 mM U<
FY(pH 7.5)4 Arlz} AL 257 emx 75 pm idyE AHE-sle] Faateict. 350 Vieme] 710 R Wi
W, A4l 2 FelAiRe) 4 HE 13U ¥ 4 ok AAFALE v2del HtMe 1-100
pg/mL, A4S 0.3~100 pg/ml, F2)A2) 31 2.5~100 pg/mLe] F= ¥4 oy & AANE 2 F4
t}. o] RS G A FEHA(=5)2) WAL 0.96~2.35%] e}, vl 2], A=t 2 Fej A2 Al of
g 7 EPAGSN=3)Ye 27t 05, 0.1 Y 2.0 ug/mLe]%Ae}. ol 2=t 181,00004 2843), 88,0007 4h) 2
169,000(22] A)2] 31)e)dch. HPLC eI 4] = 3,100~4,8000] %1v}.

ABSTRACT. A simple, accurate and reproducible capillary electrophoresis(CE) assay has been developed
for the determination of berberine, cinnamic acid, and glycyrrhizin which are used in traditional Korean medicinal
preparations. Separation of these compounds was performed in 20 mM phosphate buffer(pH 7.5) and acetonitrile
(75 :25, v/v) using a bare fused silica capillary(57 cm X 75 um i.d.) at 25 °C. With the electric field of 350 V/em,
the time needed for the separation of berberine, cinnamic acid and glycyrrhizin was within 13 min. Calibration
curves were linear for 1~100 pg/mL berberine, 0.3~100 pg/mL cinnamic acid and 2.5~100 pg/mL glycymhizin.
The ranges of relative standard deviations(n=>5) for those samples were between 0.96~2.35%. The limits of
detection(S/N=3) for berberine, cinnamic acid and glycyrrhizin were 0.5, 0.1 and 2.0 pg/mlL, respectively. The
numbers of theoretical plates were 181,000(berberine), 88,000(cinnamic acid) and 169,000(glycyrrhizin), while
they were 3,100~4,800 in HPLC.
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Fig. 1. Structural formulas of berberine (I), cinnamic acid
(I) and glycyrrhizin (IIT).
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Sigma(USA)ell4t 3)etsic}. CE9| daAde o4&
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< CE¢} n|23l7] $]3} HPLCE <433ldc}. Li-
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Fig. 2. UV/VIS spectra of berberine, cinnamic acid and
glycyrhizin dissolved in water and acetonitrile(95: 5, v/
v). Conceniration; berberine and cinnamic acid(20 pg/
mL), glycyrrhizin(100 pg/mi).
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Fig. 3. Electropherogram obtained with standards con-
taining berberine, cinnamic acid and glycyrrhizin. Con-
centration: 33.3 pg/mL. Condition: 57cm X 75 um id.
bared fused silica capillary, 20kV, 25°C, 5 sec hydro-

dynamic injection at 0.5 psi, detection at 254 nm. Peaks:
B=berberine, C=cinnamic acid and G=glycymhizin.

i), ARt R 4 5 AEE T4 P o
4 9% HPLC #3|27& 244¢ 5, ¥ HPLCH
ez w2, A4 9 Fe Azl B
497 A B4R o) Je ZBEIEPS
Fig. 49 2390}, EEE-A A 84HYqA W=
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48.25%, 6478 I 2850¥%-& vehde o 5 94
o} &, 34 Huke] A$ HPLCH ZA3e) vlwy
o}, CEol & 2 4ule] w2 R AzHE HodFq)
v} =& A4k 2§ HPLCHA & AA)A) B (Fig.
4B)llA wiekizR)e] kA £e)r) ofziygen,
29 v-&& S7HIA o153 S L 3L A
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Fig. 4. Chromatogram obtained with standards contain-
ing standard berberine, cinnamic acid and glycyrrhizin
(A) and chromatogram obtained with a pharmaceutical
formulation (B). Amount injected: 10 pl. Column: Li-
Chrospher RP18. Mobile phase: 20 mM sodium dihydro-
genphosphate(pH 7.5 with 1M NaOH) and acetonitrile
(75:25, vA). Detector: UV absorbance at 254 nm. Peaks:
B=berberine, C=cinnamic acid and G=glycyrrhizin.

B3 2 A7 AP Ao B FAPe] s}
wR}, HPLC9} CE®| #2)27oi4 7h Ao ti
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W, AR @ A6 o 24z 3,100,
4,800 ¥ 3,400°] Ngh-& Z+e Wb, CE2| 7 %ol
=, o]Bc} 18~58d] & Ztal 181,000, 88,000 ¥
169,000} NZt-& viehfi=i(Table 1), A )7}
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Table 1. Comparison of the numbers of theoretical plates
{N) and separation time(MT", RT") in CE and HPLC

Table 3. Contents of berberine, cinnamic acid and gly-
cyrrhizin in pharmaceutical formulation by CE and HPLC

Compound CE(N/MT) HPLC(NRT) ~ umit ng/ml)
Berberine (181,000/3.80) (3,100/48.25) Compound C Company Y Company
Cinnamic acid (88,000/11.60) (4,800/6.47) Berberine 2.35(2.34%) 2.35(2.35%
Glycyrrhizin (169,000/12.19) (3,400/28.5) Cinnamic acid 0.67(0.65") 0.68(0.67")
“MT: Migration time(min), "RT: Retention time{min). Glycymhizin 2.112.10) 2.112.12)
“Results in HPLC, n=3.
Table 2. Statistical results of calibration curves and lim-
its of detection{S/N=3) h
Limit of 5 c 3
Compound detection’(ug/mL) RSD(%) R § -
Berberine 0.5 0.96 0.9999
Cinnamic acid 0.t 2.06 0.9996 ”
Glycyrrhizin 20 2.35 0.9998
“Injection: Pressure(0.5 psi) 5 sec, "RSD: Relative stan- I
dard deviation(n=5), “R: Correction coefficient.
10
® Berberine .,""
a Cinnamic acld P -
8 & Glycyrrhizin ’/’
i 58-
a s bu &
& - B
2 P
o el . . N
0 20 40 60 8o 100
Concentration {ug/m!)
Fig. 5. Calibration curves of berberine(y=0.0115x - 0.0038, 7] ! i
¥=0.9999), cinnamic acid(y=0.0981x - 0.0688, r=0.9996)
and glycyrhizin(y=0.0081x+0.0025, r=0.9998). y=linear -
regression equation, r=correlation coefficient.
el shae] HPLCS] 7ol ¥lal oh$- Rskalslz, Sg L
S

A Ao 54 Agke 8, B AR =3 oF 49
ol @& = o).

WY A FMY. A AR Az e o
3 AR & ZARERAL, Shelld 73 CE A 4
2700 Al Q¥ TFEY(33.3 pg/mLye Al
A sil Fqlskaict. w2, Algal 3 ey
Ae Adl BEEH2HRSD}= 242t 0.96%, 2.06% X
2.35%015ic) it AT g AL T3
7] $18l 0.1-100 ug/mLe) 5 W ollA) 2 AA&2
FE o FHAzx Aol A4 R ARAROE
TF3tdch(Table 2). vl 26l i3 1~100 pg/
mL2] FX W oA, AL 0.3~100 pg/mL,

Migration time (min)
Fig. 6. Electropherogram of a pharmaceutical formula-
tion, Condition: 57 cm X 75 pum i.d. bared fused silica ca-
pillary, 20 kV, 25 °C, 5 sec hydrodynamic injection at 0.5
psi, detection at 254 nm. Peaks: B=berberine, C=cin-
namic acid and G=glycyrrhizin.

2l3 Ze 2R 2.5~100 pg/mLe} = W44
2] 242} y=0.0115x-0.0038, y=0.0981x-0.0688 X y=
0.0081x+0.00252] HFA4]& ehdisict. olw 2tz
o) B3 rFhe B5 0.999 o)At ol F & AAA
A& vehdigiet
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