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Abstract

A method combining the techniques of capillary zone electrophoresis (CZE) and micellar electrokinetic chromatography
(MEKC) has been developed to separate a total of eight peony constituents. The CZE method was used to determine the
content of paeonol, oxypaeoniflorin, benzoic acid, pentagalloylglucose and gallic acid, and MEKC technique based on
sodium cholate was applied to analyze albiflorin, paeoniflorin, benzoylalbiflorin, paeonol and oxypaeonifiorin. Linearity
around two orders of magnitude of concentration was generally obtained and limits of detection for these compounds were in
the range of 2.6-23.7 pg/ml. The relative standard deviations of migration times were less than 1.43% (n=6). Contents of
peony constituents in an ethanol—-water extract of Paeonia lactifiora Pall. sample could easily be determined by this method.
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1. Introduction

Paeoniae Radix is the dried root of Paeonia
veitchii Lynch or P. lactiflora Pall. (=P. albiflora
Pall) and is a commonly used Chinese herb drug
possessing the effects of cleansing heat, cooling
blood and invigorating blood circulation, etc. [1].
The drug is derived from a ranunculaceous plant
known to contain oxypaconiflorin (OPF) [2-4],
albiflorin (AF), paeoniflorin (PF) [2-6], gallic acid
(GA), pentagalloylglucose (PG) [7], benzoylalbi-
florin (BAF), paeonol (PN) and benzoic acid (BA)
(Fig. 1) as its bioactive constituents [8-10)]. Several
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methods have been used to determine one to four of
these constituents contained in the crude drug, such
as thin-layer chromatography (TLC) [11], high-per-
formance liquid chromatography (HPLC) [12] and
capillary zone electrophoresis (CZE) [13].

Capillary electrophoresis is a widely applied tech-
nique in separation science on account of its high
efficiency, rapid rate of separation and small sample
requirment and offers satisfactory results in the
analysis of some Chinese herbs [14—-17]. Here we
used CZE to determine the contents of PN, OPF,
BA, PG and GA and used MEKC to measure the
amount of AF, PF, BAF, OPF and PN. The effects of
borate concentration and pH values of the electrolyte
in CZE and the effects of surfactant and methanol
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Fig. 1. Structures of the eight constituents in Paconiae Radix.

concentration of the carrier in MEKC on the migra-
tion behaviour of the solutes were studied.

2. Experimental
2.1. Reagents and materials

Oxypaeoniflorin [2—4], albiflorin, paeoniflorin [2—
6], pentagalloylglucose [7] and benzoylalbiflorin
were isolated from Paeoniae Radix; paeonol was
isolated from Paeonia moutan Sims [1]. The struc-
tures of these isolated standards were elucidated on

the basis of spectra data, such as IR, PMR, CMR and
MS and their purity was checked by HPLC. Gallic
acid and benzoic acid were purchased from Merck
(Darmstadt, Germany). Sodium cholate (SC) was
purchased from Sigma, (St. Louis, MO, USA),
sodium borate, ammonia solution (28%) and -
cyclodextrin from Nacalai Tesque (Kyoto, Japan),
sodium dihydrogenphosphate from Kanto (Tokyo,
Japan), B-cyclodextrin and naringin hydrate from
Aldrich (Milwaukee, WI, USA). Methanol and ace-
tonitrile of LC grade were obtained from Mallinck-
rodt (Paris, KY, USA). Deionized water from a
Milli-Q system (Millipore, Bedford, MA, USA) was
used to prepare all buffer and sample solutions.
Paconiae Radix was purchased from the Chinese
herbal market in Taipei (Taiwan).

2.2. Preparation of Paeoniae Radix extract

A 1.0-g sample of pulverized Paeoniae Radix was
extracted by refluxing with 50% ethanol (7 ml) for
15 min and then centrifuging at 1500 g (Universal,
Hettich Zentrifugen) for 5 min. The extraction was
repeated three times. The extracts were combined
and filtered through a No. 1 filter-paper. After the
addition of 5 ml internal standard solution (1.25 mg
of naringin hydrate in 1 ml of 50% ethanol), the
Paeoniae Radix extract was diluted to 50 ml with
50% ethanol. This solution was passed through a
0.2-pm filter before injection into the capillary
electrophoresis system.

2.3. Apparatus and conditions

The analysis was carried out on a Hewlett—Pac-
kard (HP 3D) capillary electrophoresis system
equipped with a photodiode array detector operating
at 230 nm and with a 90 cmX75 pum I.D. fused-silica
capillary tube (Polymicro Technologies, Phoenix,
AZ, USA) with the detection window placed 81.5 cm
from injection. The running conditions were as
follows: injection mode, 50 mbar for 3-s injected
sample solution and then 50 mbar for 3-s injected
deionized water; applied voltage, 25 kV (constant
voltage, positive to negative polarity); and cartridge
temperature 30°C. The separation was achieved by
using CZE and MEKC techniques. In CZE, the
electrolyte was a buffer solution that contained 135
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Fig. 2. Effect of Na,B,0, concentration on migration time. All
these experiments were conducted at a voltage of 25 kV across the
90 cmX75 pm LD. separating tube filled with buffers of different
borate concentrations; temperature 30°C; detection wavelength
230 nm. Symbols are the same as those in Fig. 1.

mM Na,B,0, and adjusted to pH 9.8 with ammonia
solution; run time 25 min. In MEKC, the electrolyte
was a buffer solution consisting of 15 mM Na,B,O,
(pH 9.8, adjusted with ammonia solution) and 50
mM SC-methanol (9:1).

At the beginning of experimentation each day,
capillary was purged with 0.5 M NaOH for 5 min,
followed by 0.1 M NaOH for 5 min, deionized water
for 5 min and then with running buffer for 5 min.
Between the runs, the capillary was flushed with 0.5
M NaOH for 2 min followed by deionized water 6
min and then with running buffer 5 min. The CZE
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Fig. 3. Effect of pH on migration time. The carriers were 15 mM
Na,B,O, at different pH values (adjusted with ammonia solution).
Other conditions are the same as those in Fig. 2.

and MEKC were performed by using a single
capillary tube.

3. Results and discussion
3.1. Analytical conditions

A buffer solution of 100 mM Na,B,0O, (pH 10.5)
was applied to separate the eight constituents men-
tioned above in our preliminary trials. However, this
Honda’s method [13] not only limited the separation
to just three compounds (PF, OPF and GA) but also
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Fig. 4. Effect of SC concentration on migration time. The carriers
were 15 mM Na,B,0, (adjusted to pH 9.8 with ammonia
solution) containing 0-80 mM SC. Other conditions are the same
as those in Fig. 3.

caused a high electric current and a baseline fluctua-
tion owing to the high buffer concentration. Thus, an
adequate borate concentration was first to be consid-
ered. After a series of trials, a buffer containing 15
mM Na,B,0, (adjusted to pH 9.8 with ammonia
solution) was found to be able to separate the
monoterpene glycosides (PF, AF, OPF and BAF)
from the others (PN, BA, PG and GA) successfully.
Under this CZE condition, glycosides with similar
structures (PF, AF and BAF) still overlapped com-
pletely. Efforts to try to improve their separation by
changing the pH values were found to be invalid.

Therefore, MEKC mode was used to separate these
three glycosides by adding different compounds such
as SDS, B-cyclodextrin, y-cyclodextrin and SC to the
borate solution. Only B-cyclodextrin and especially
SC gave a significant improvement of resolution.
Methanol and acetonitrile were also used as organic
modifiers to make the peaks sharper and to produce a
better separation and methanol was found to give
better results in the separation of OPF from an
unidentified component of the crude drug extract.
Differences in sample zone and running buffer
conductivities can effectively skew the peak shapes
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Fig. 5. Effect of methanol concentration on migration time. The
carriers were buffer solution (15 mM Na,B,O, with pH 9.8 and
50 mM SC) mixing with different amounts of methanol. Other
conditions are the same as the those in Fig. 4.
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[18]. When the solute zone has a lower mobility than
the running buffer, the leading edge will be sharp
and the trailing edge diffuse. To avoid such a peak
distortion and equalize the conductivities, the op-
timum injection mode was set at 3-s injected sample
solution and then 3-s injected deionized water.
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Fig. 6. Capillary electropherograms of a mixture of the eight
authentic standards in (A) CZE, the electrolyte was a buffer
solution consisting 15 mM Na,B,0, and adjusted to pH 9.8 with
ammonia solution, and (B) MEKC, 15 mM Na,B,O, (pH 9.8,
adjusted with ammonia solution) and 50 mM SC-methanol (9:1).
Peaks: AF, 0.150 mg/ml; PF, 0.445 mg/ml; BAF, 0.072 mg/ml;
PN, 0.008 mg/ml; OPF, 0.167 mg/ml; BA, 0.038 mg/ml; PG,
0.139 mg/ml; GA, 0.033 mg/ml; 1.S.=nanngin hydrate, 0.126
mg/ml.

311 CZE

All constituents except for PF, AF and BAF were
successfully determined in a single run by CZE
under suitable conditions. The separation was
achieved by optimizing the sodium borate concen-
tration and the pH of the carrier.

Effect of sodium borate concentration

Electrolyte systems at six different Na,B,0,
concentrations (5-30 mM) were used in order to
study the effect of borate concentration on the
separability. In Fig. 2, the migration times for the
constituents obtained at different borate concentra-
tions are shown. The migration times of these eight
compounds, especially those of BA, PG and GA,
increased with the increase of borate concentration of
the buffer. Totally, BA, PG and GA moved much
slower than the others owing to the easiness of
deprotonating of the carboxylic or the phenolic group
and the affinity of glucosyl moiety with the borane
atoms. When the concentrations were lower than 12
mM, AF, BAF, PF and PN moved with electro-
osmotic flow (EOF). From the results, a buffer
solution at borate concentration higher than 15 mM
was found to be necessary to produce a good
resolution. To avoid thermal diffusion and obtain
shorter run time, 15 mM borate was found to be the
best.

Effect of pH value

Electrolyte systems containing 15 mM Na,B,0O.
at eight different pH values ranging from 9.42 to
11.52 (adjusted with ammonia solution) were used to
study the effect of pH on the separability. The results
obtained are shown in Fig. 3, where the migration
times are plotted against pH values. There was an
increase in migration times of the constituents,
especially those of GA, PG and BA, when the pH
value in the electrophoretic solution increased. At the
pH values higher than 10, PG and GA could not be
detected within 50 min and the peak-heights of AF,
PF, BAF and OPF were found to reduce markedly or
even disappear. The latter phenomenon might be due
to the hydrolysis of ester linkage in these conditions.
Fig. 3 showed that a buffer solution at pH 9.42 or
9.80 was able to produce a good resolution. However
the resolution values between BAF and PN were
1.52 at pH 9.42 and 6.18 at pH 9.80 and the peaks of
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Table 1
Data for linear ranges, correlation coefficients and detection limits
Constituents CZE MEKC
Linear range  Slope Intercept r Detection  Linear range  Slope Intercept  r Detection
(mg/ml) (X10%) limit (mg/ml) (X10%) limit
(pg/ml, (pg/ml,
SIN=3) SIN=3)
AF 0.028-0.450  0.038 0.115 09991 10.1
PF 0.036-1.630  0.057 0.151 0.9992 183
BAF 0.012-0.216  0.116 0.042 0.9990 237
PN 0.008-0.025  0.123 0.010 0.9995 3.8 0.008-0.025 0.178 0.017 0.9993 5.6
OPF 0.011-0.500  0.027 0.006 0.9997 112 0.028-0.500  0.031 0.038 0.9996 224
BA 0.006-0.113 0314 0.006 0.9998 2.6
PG 0.009-0.418  0.406 0.049 0.9987 4.5
GA 0.005-0.099  0.561 0.038 0.9998 2.8

BAF, PF and AF could partially be separated at pH
9.80 as well. Therefore, a solution of 15 mM
Na,B,0, with pH 9.80 (adjusting with ammonia
solution) was chosen. Under this condition, PN,
OPF, BA, PG and GA were successfully separated,
but PF, BAF and AF were partially overlapped.

3.1.2. MEKC

The subsequent MEKC method was performed in
order to obtain a well-separated electropherogram for
AF, PF and BAF. In this technique, SC was used as
surfactant to produce a desirable separation and
methanol was added as organic modifier to improve
the peak resolution and theoretical plate numbers.
Under these conditions, AF, PF, BAF, PN and OPF
could be separated successfully.

Effect of SC concentration

Electrolyte systems containing 15 mM Na,B,O,
and ammonia solution (adjusted to pH 9.8) at eight
different SC concentrations ranging from 0 to 80 mM
were used to study the effect of SC concentration on
separation. The results obtained are given in Fig. 4.
As the SC concentration increased, both the migra-
tion times of all constituents and the resolution
values between AF and PF increased, but the res-
olution values between OPF and PN decreased.
When SC was absent or at a concentration lower
than 20 mM, AF, PF and BAF overlapped complete-
ly or partially with EOF. At 30, 40 and 50 mM SC,
the resolution values were 1.40, 1.54 and 2.48
between AF and PF and were 1.26, 0.728 and 0.612

between OPF and PN. Although these two sets of
values were totally contrary, it was found that the
addition of methanol to the buffer could greatly
improve the resolution between OPF and PN but had
almost no influence on that between AF and PF. As a
result, the borate buffer solution consisting of 50 mM
SC was chosen.

Effect of methanol concentration

Electrolyte systems containing 15 mM Na,B,0O,
(adjusted with ammonia solution to pH 9.8) and 50
mM SC at five different methanol concentrations
ranging from 0 to 20% were used to study the effects
of methanol concentration on separation. The results
obtained are given in Fig. 5. As methanol con-
centration increased, the migration times of all
compounds became longer and the resolutions of all
peaks became better. However, the influence on AF
and PF separation was less dramatic than that of
BAF, PN and OPF. A buffer solution with the
presence of 5 or 10% methanol was found to produce
a good resolution. Although the former concentration
provided larger differences in migration time be-
tween BAF and PN (1.52 min at 5% and 1.14 min at
10% methanol), but the latter gave higher theoretical
plate numbers for BAF (4.0x10* at 5% and 4.7x10*
at 10% methanol). From the above results, the best
resolution was obtained with an electrolyte with 90%
of buffer solution (15 mM Na,B,0, with pH 9.8 and
50 mM SC) and 10% of methanol. Under these
conditions, AF, PF, BAF, PN and OPF could be
determined successfully. By the way, BA, PG and
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mAu OPF GA could not be detected within 50 min when this
o) PG MEKC method was applied.
AF A The electropherograms showing the separation of
<0 PF a mixture of the eight authentic standards are shown
BAF in Fig. 6A and B when CZE and MEKC were
g 20] IS applied respectively.
GA
g 20 3.2. Calibration graphs for the constituents
0. Calibration graphs for the constituents were ob-
BA tained over the ranges 0.005-0.500 mg/ml in CZE
0_+_Ju\w and 0.008-1.630 mg/ml in MEKC. The linear
lLMJ—-J ranges, regression equations of the standard curves,
o 10 5 20 correlation coefficients and detection limits for the
Migration time (min) eight compounds are shown in Table 1. The results
mAu showed good linear relationship between peak-area
70% OoPF ratios and concentration. The detection limits (§/N=
01 B 3) for these constituents were 2.56-23.7 pg/ml
(0.04-0.37 ng, column I.D. 75 pm).
g 501 PF
c 40J 3.3. Determination of the constituents in Paeoniae
2 Radix
g 1
20] s When the test solution was analysed by CE under
AF these selected conditions, the electropherograms
10] shown in Fig. 7A and B were obtained and the
BAF contents of the constituents in Paeoniae Radix (three
o] Paeonia lactiflora samples) were calculated: OPF,
5¥ ™0 N SR T 0.06x0.03 (in CZE), 0.07x£0.04 (in MEKC); BA.
Migration time (mir) 0.02x0.01; PG, 2.04%0.10; GA, 0.29%0.01; AF.

5.10%0.13; PF, 18.70*£0.51; BAF, 0.36*0.01 mg/g

Fig. 7. Capillary electropherograms of the extract of a Paeoniae .
£ pritary PICTOS (mean*S.D.; n=3); PN was below the detection

Radix (Paeonia lactiflora) sample in (A) CZE and (B) MEKC.

Peaks and the electrolytes as in Fig. 6. limit.
Table 2
Recovery and reproducibility of migration time (r, ) and amount measured (A ) of the constituents in Paconiae Radix
Constituents CZE MEKC

Recovery Intra-day Inter-day Recovery Intra-day Inter-day

(%) RSD (%) RSD (%) (%) RSD (%) RSD (%)

1y A, T Ay I A, f A,

AF 96.4 0.49 2.80 0.59 3.95
PF 93.1 0.70 1.85 0.70 3.14
BAF 102.1 0.54 227 0.67 3.4
PN 96.8 0.76 1.21 0.80 1.67 97.8 1.40 3.18 1.43 3.660
OPF 972 0.84 3.43 0.84 3.43 971.3 0.93 3.34 1.02 4.74
BA 95.1 0.53 1.46 1.22 1.87
PG 95.4 1.05 2.54 1.37 3.18

GA 943 0.95 3.88 0.98 3.92
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Suitable amounts (0.14-5.45 mg) of the eight
constituents were added to a sample of Paeoniae
Radix of known constituent content, the mixture was
analysed using the proposed method. The recoveries
of these compounds were 94.3-97.2% in CZE and
93.1-102.1% in MEKC. The reproducibilities (rela-
tive standard deviations) of each compound for six
replicate injections are shown in Table 2.

The work has successfully demonstrated that by
optimizing parameters such as borate concentration
and pH value in CZE and surfactant and methanol
concentration in MEKC, high resolution separations
of the crude extracts of Paconiae Radix samples can
easily be achieved.
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