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Abstract

The solubility product equilibrium constant for the precipitation between baicalin and berberine was investigated because of the current
interestin decocting process of complex prescription of Chinese herbal medicine. HPLC was used for determining two compounds’ equilibrium
concentrations at different precipitate conditions to calculate thermodynamic constants and study kinetic process. The analysis was performed
on a Kromasil Gg column with TEA-adjusted 0.02 mol/L PO, (pH 4.82)—acetonitrile (75:25) as mobile phase at a flow-rate of 1.0 ml/min,
with detection at 254 nm. According to the experiment result, the molar ratio of baicalin and berberine in precipitate is about 1:1. The
experimentaKs, values are (1.0% 0.12) x 10-°mol/L2 at 20°C in 0.02 mol/L NaHPO,—N&HPO, (pH 4.82), and (3.2Gt 0.46) x
10-° moP/L? at 40°C in the same buffer. The precipitate reaction is an exothermic process and occurs immediately, even though the precipitate
cannot be observed in time because the precipitate is light, yellow, flocculous and suspending in the yellow solution.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of the components react with each other and result in the com-
plex precipitate as the mixture of various compoufs].

Precipitation phenomena occurred in decocting process of Huanglian Rhizoma Coptidjs and Huanggin Radix
complex prescription of Chinese herbal medicine have beenScutellariag is familiar medicine couple in many traditional
interested. Among these complex prescriptions, Xiexin Tang complex prescriptions. They both belong to the species of
and Shaoyao Tang decoction were investigated frequentlyherbal medicines whose characters are bitter and cold. They
[1-3], in which HuanglianRhizoma Coptidijsand Huangqin have common medicinal functions to clear away heat and
(Radix Scutellariagwere both included in their ingredients.  toxin; to decrease blood moisture and can promote each
They can be used for purging stomach-fire, to treat such dis-other’s medicinal efficacy release. It has been reported that
ease with difficult defection, abdominal pain and tenesmus their decoction can produce precipitation. There are effec-
due to damp heat as bacillary dysentery, irritable colitis and tive components with physiological activities in the precipi-
acute enteritis, etc. However, the research for the precipi- tate, which are proved by pharmacological experimgsits
tate was complicated by many factors. Traditional Chinese Our research chooses berberine and baicalin as experimental
medicine prescriptions usually consist of at least three herbssamples, because the former is main compound in Huanglian
and each of them contains a great deal of components. Somg¢Rhizoma Coptidis the latter is a representation of flavone

compounds that are the main kind compounds in Huangqgin

- _ (Radix Scutellariagp The common analytical methods of
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Chinese herbal componers-10]. The paper studied the [mv
thermodynamics and kinetics of the precipitation reaction by |10
determining the solubility equilibrium concentrations while [
precipitation reaction occurs in two compounds with HPLC. [

3.547

13.308'

2. Experimental

4.976'
5.323

! 4 G g 0 712 14 8T 18min

2.1. Chemicals

L Fig. 1. Chromatogram of baicalin (3.5min, 158ol/L) and berberine
HPLC-grade acetonitrile was from Merck (Germany). (13.3min,9.4%umoliL) on 5um Kromasil G column dimensions, 150 mm
Phosphoric acid (A.R.) was purchased from Feida Co. Ltd. x 4.6 mm i.d.; mobile phase, acetonitrile—phosphatic buffer (25:75); flow-

(Shanghai, China). Triethylamine (TEA, A.R.) was pur- rate, 1mi/min; UV 254 nm.

chased from Lianchuang material Co. Ltd. (Suzhou, China). o o

Pure distilled water was purchased from Shanghai Sparking[10]- It also be reported that the precipitate of baicalin and
dinking water Co. Ltd. The standard samples of baicalin and Perberine can dissolve partially in dilute adi]. In view
berberine hydrochloride were from National Institute for the Of &ll mentioned factors, the finally selected sample solvent
Control of Pharmaceutical and Biological Products (Beijing, Was phosphate buffer (pH 4.82) whose concentration was

China). 0.02 mol/L.
2.2. Apparatus 3.2. HPLC analysis of baicalin and berberine
The experiments were carried out with a 655 HITACHI Under the chosen HPLC conditions, retention times for

high performance liquid chromatographic system (Tokyo, baicalin and berberine are around 3.5min and 13.3 min, re-
Japan), which consisted of a pump, a variable wavelengthspectively Eig. 1). Two peaks appearing in the neighborhood
UV monitor and a 7125 injection valve with a a0 ration of 5 min were verified impurities taken from baicalin standard
ring. The software HW-2000 (purchased from Qianpu Co. Sample. Besides them, there are no new peaks appearing in
Ltd. (Shanghai, China) was used to record the detector sig-the chromatogram. Therefore, it was briefly considered that
nal. The column used in this work was a Kromasijk@na- no new compounds come into being in the mixed solution
lytical column (150 mmx 4.6 mm i.d. Gum). Another two  besides the precipitate.
instruments in common use were a TGL-16h high speed cen-
trifuge which was the product of Anting scientific instrument 3.3. The determination of standard work curves and
Co. Ltd. (Shanghai, China) and a10x g M2p analytical detection limits
balance (sartorius, Germany).
The 0.649mg baicalin and 0.501 mg berberine were
2.3. Chromatography precisely weighed and put into 25ml volumetric flask
respectively. Then they were dissolved with 0.02 mol/L
TEA-adjusted 0.02mol/L EPOs (pH 4.82) with 25% NaH,POs—NagHPO, buffer (pH 4.82) to obtain 58.16
acetonitrile was chose as mobile phase. The flow-rate was10~% mol/L baicalin reserve solution and 53.90.0~6 mol/L
1.0ml/min. Signals were detected with UV detector at berberine reserve solution. 5, 4, 2, 1, 0.5, and 0.25 ml of re-
254 nm. In each injection, 38 sample solution was injected  serve solution was taken out and put into 5ml volumetric
manually and actual injection volume was controlled by20  flask in turn, which was diluted to the scale with the same
ration ring. buffer. By this means two series of different concentration
(x, mol/L) of sample solutions were made up, which was in-
jected into the column one by one to obtgirfpeak area).

3. Results and discussion Calibration graphs were plotted by linear regression of peak
area with concentration. As the result, the regression equa-
3.1. The choice of sample solvent tion of baicalin way = 6359.4 + 3393.4, in which the linear

range ofx (concentration) was within 2.908 106 to 58.16
Since baicalin is a weak acidic compound with several x 10-®mol/L. The regression equation of berberine was

reaction points, its reaction mechanisms are different at dif- 1165X + 3753.5, in which the linear was within the range of
ferent pH value§l0]. It is very unstable in the solution tend-  2.695x 10~6 to 53.90x 10-® mol/L. The correlation coef-

ing to alkaline, and its stability decreases slightly when the ficient of the former was 0.9999, and the latter was 0.9998.
pH value of the solution is more than 3.0. Experimental data The 0.23 pmol of baicalin and 39 pmol of berberine standard
indicate that baicalin does not decompose obviously in 70 h samples were prepared to determine detection limits. By ex-
at 50°C when solution pH value is in the range of 3.0-5.0 trapolating measured signals, when the signal-to-noise ratio
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Table 1
Ksp value of precipitation between baicalin (Bai) and berberine (Ber) aC2fetermined by HPLC
No. [Bai]/[Ber] Bai or (2/2)Co (1/2)Cp [(1/2)Co — (1/2)Cp] [Bai]/[Ber] in Ksp
Ber (x10-8mol/L) (x10~% mol/L) (x10~8mol/L) precipitate (x10~molR/L?)
1 5:2 Bai 56.90 461 16.29 1.07 11.79
Ber 22.47 726 15.21
2 2:1 Bai 54.15 381 19.34 0.98 11.24
Ber 27.76 807 19.69
3 3:2 Bai 50.73 263 23.90 0.94 9.64
Ber 34.37 898 25.39
4 1:1 Bai 45.24 184 29.90 0.95 8.21
Ber 44.95 138 31.57
5 2:3 Bai 38.39 &7 29.72 0.94 9.19
Ber 58.17 2661 31.66
6 1:2 Bai 33.59 B9 27.20 0.98 10.11
Ber 67.42 3%4 27.88
7 2.5 Bai 30.16 %3 24.73 1.00 10.67
Ber 73.95 4911 24.84
Mean 0.98+ 0.05 10.12+1.23

Co: Initial concentrations of Bai and Ber calculated by mixed ratio and their concentrations before iBixedetermined concentrations of Bai and Ber was
unprecipitated concentration in mixed solution determined by HPLC.

is 3:1 (S/N = 3), the detection limit is 0.13 pmol for baicalin, of mixed solutions. After they were placed in a thermostatic

15 pmol for berberine. water bath for 2 or 3 days, these mixed solutions were cen-

trifuged at 4800x g for 10 min. Then 0.5 ml upper pellucid
3.4. The Ky value determination of baicalin-berberine liquid was taken out and diluted by 0.5 ml phosphate buffer
precipitate (pH 4.82,0.02 moI/L).

The results of baicalin—berberine precipitate in different
Respectively prepared 0.1371 mmol/L baicalin standard concentrations at 20 for 3 days were listed iffable 1
solution and 0.2644 mmol/L berberine standard solution with When initial concentration ratio was in the range of 5:2 to
pH 4.82, 0.02 mol/L NablPOs—NaHP Oy buffer for using in 2:5, the composing ratio of baicalin to berberine in the pre-
each precipitation experiment. Different volumes of two stan- cipitate was [Bai)/[Ber] = 0.98t 0.05, in other words, the
dard solutions were taken out in proportion to prepare seriestwo compounds precipitated in roughly equal quanky =

Table 2

Ksp value of precipitation between baicalin (Bai) and berberine (Ber) aCAfetermined by HPLC

No. [Bai)/[Ber] Bai or (2/2)Co (1/2)Cp [(1/2)Cy — (1/2)Cp] [Bai)/[Ber] in Ksp
Ber (x10-® mol/L) (x10-®mol/L) (x10-® mol/L) precipitate (x10~2mol?/L?)

1 5:2 Bai 57.44 53.01 43 1.03 3.90
Ber 22.68 18.38 80

2 2:1 Bai 55.36 19.00 72 1.01 3.62
Ber 26.68 38.89 B8

3 3:2 Bai 51.21 38.89 123 0.92 3.32
Ber 34.68 21.33 135

4 1:1 Bai 45.24 24.67 287 1.05 2.50
Ber 44.90 25.29 181

5 2:3 Bai 38.39 19.55 184 1.02 3.10
Ber 58.10 39.62 188

6 1.2 Bai 33.59 15.01 188 1.01 2.94
Ber 67.35 48.94 181

7 2:5 Bai 30.16 13.24 182 1.07 3.08
Ber 73.95 58.10 185

Mean 1.02+ 0.05 3.20+ 0.46
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Table 3
Free concentrations of baicalin (Bai) and berberine (Ber) in mixed solution
determined by HPLC in different time

No. Time (1/2)Cp (x10-®moliL) [Bai][Ber]
(min) Bai Ber (x1071°mol?/L?)
1 0 23.25 21.41 191
2 44 19.04 17.59 130
3 110 19.19 16.52 188
4 220 18.02 15.93 148
5 340 16.75 15.51 189
6 460 16.03 14.20 91
7 610 15.13 12.63 B4
8 1426 15.50 13.89 .81

For baicalin, (1/2Fo = 45.25x 10~® mol/L. For berberine, (1/Z), = 44.95
x 1078 moliL.

[Bai][Ber], soKsp=(1.014 0.12) x 10~ mol?/L?, logKsp=
—8.99. There was an interesting phenomenonkigvalue

decreased slightly and then came back along with the de-

crease of [Bai]/[Ber]. It also appeared in other several re-
peated experiments.

The results of baicalin—berberine precipitate in different
concentrations at 40C for 2 days were showed Fable 2 In
the precipitate, [Bai]/[Ber] = 1.02 0.05,Ksp= (3.20+ 0.46)
x 1072 mol?/L2, logKsp = —8.49. The relationship between
Ksp value and [Bai]/[Ber] also existed.

3.5. Thermodynamic and kinetic of baicalin—berberine
precipitate

From Table 2 Kgp value at 40C is about 3.20
x 1079mol/L? (logKs, = —8.49), which is slightly
more than 1.01x 10°mol/L? (logKsp = —8.99) at
20°C. According to van't Hoff equation: log(>/K1) =
(AH/2.303R)((1/T1) — (1/T2)) the dissolution reaction’s
enthalpy was estimatedyH ~ 42.42kJ mot! > 0. There-

fore, dissolution reaction is an endothermic process, while
precipitation reaction is an exothermic process. In the same

way, theKsp value at 100C was also estimated as I6gp =

—7.31, which showed that temperature has significant effect

on the precipitate reaction.

0.1371mmol/L  baicalin standard solution and
0.2644 mmol/L berberine standard solution were took
out, respectively in proportion of 1:1 to prepare eight same
mixed solutions. They were placed in a“ZD thermostatic
water bath. Experiments began from the time when the

mixed solutions were prepared. Each time one solution was

used. Before injected it was centrifuged at 4890g for
8 min and diluted to double volume. Once the mixed solution
was tried to be centrifuged at 540 g, yet the precipitate
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Free concentrations of baicalin and berberine in mixed
solution in different time were showed Fable 3 The dis-
tinct precipitate could not be observed immediately at the
time when two standard solutions were mixed but the mixed
solution seemed to be turbid. However, yellow flocculous
precipitate could appear distinctly as long as the mixed so-
lution was centrifuged or it was placed for a long time. The
data inTable 3verified the precipitation process that the re-
action occurred immediately as long as two compounds were
mixed, and then the precipitate particles grew and gathered
gradually.

4, Conclusions

The actual state of available effective composition in tra-
ditional Chinese herbal medicine when it was taken is ab-
sorbing more and more interest in pharmaceutical industry.
Those flavone’s compounds and alkaloids whose structures
are analogous to baicalin and berberine may precipitate in the
similar way. Qiao et al[5] have proved that the precipitate
contains palmatine, jalrorrhizing, eipberberine, copticine and
wogonoside besides baicalin and berberine. Combining the
experimental data with literature reported ddtd], one can
roughly estimate out the state change of main components in
Xiexin decoction, whichis atypical Chinese herbal medicine.
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