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Determination of Polar Constituents in Scrophulariae Radix
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ABSTRACT

A rapid method for simultaneous determination of three marker constituents, 2-(3-
hydroxy-4-methoxyphenyl) ethyl 1-O-[a-L-arabinopyranosyl (1— 6)]-feruloyl (1— 4)-o.-
L-rhamnopyranosyl (1 — 3)-f-D-glucopyraneside (SN-A), harpagoside (SN-B) and cin-
namic acid (SN-C) in Scrophulariae Radix by micellar electrokinetic capillary chro-
matography was developed. In this study, the effects of analytical conditions, including
buffer pH, buffer electrolyte, temperature, applied voltage and organic modifier concen-
tration, on separations were studied. The optimal chromatographic conditions were
obtained with a buffer composed of 20 mM sodium tetraborate and sodium dihydrogen
phosphate containing 100 mM sodium cholate and 10% acetonitrile at pH 7.5.
Propylparaben was used as an internal standard and analytes were detected at 280 nm.
The linear calibration range of SN-A, SN-B and SN-C were 20.0-320.0 pg/ml (r=0.9994),
9.6-153.6 pg/ml (r=0.9994) and 1.6-25.6 ug/ml (r=0.9996), respectively. The recoveries of
these markers were SN-A: 103.5 £+ 0.4%, SN-B: 102.4 = 2.9% and SN-C: 1024 +1.9%.
The relative standard deviations of the three marker substances for intraday and inter-
day analyses were 0.55-1.71% and 1.36-3.83%, respectively.
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INTRODUCTION

Traditional Chinese medicines have been
used for centuries, and have been widely
adopted for clinical use. The effectiveness and
safety are some yet uncertain, hence proper
methods for quality control are needed. For
this reason, standardized methods to assess tra-
ditional Chinese medicines are as important as

the discovery of new active principles.
Scrophulariae Radix (Chinese name:
Xuanshen) is the dried root of Scrophularia
ningpoensis and S. buergeriana (Scrophulari-
aceae) and is a commonly used Chinese herb.
It is administered to allay thirst in febrile dis-
ease, in macula, pharyngolarygitis and consti-
pation(V). In our previous paper, the isolation
and identification of three polar constituents,
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2-(3-hydroxy-4-methoxyphenyl) ethyl 1-O-[a-
L-arabinopyranosyl(1 — 6)]-feruloyl(1 — 4)-a-
L-rhamnopyranosyl(1 — 3)-B-D-glucopyra-
noside (SN-A), harpagoside (SN-B) and cin-
namic acid (SN-C) from the root of Scrophu-
laria ningpoensis was reported®. For the
determination of the above constituents in
Scrophulariae Radix, an HPLC method was
also developed®,

Capillary electrophoresis (CE) is a recently
developed technique with the advantages of
requiring only a short time for analysis and a
small amount of sample. In addition, the capil-
lary can be easily and thoroughly cleaned,
which is important especially when large num-
bers of samples are involved and for quality
control in pharmaceutical plants. According to
Sheu et al.®-%) CE produced very good results
when it was used to analyze Chinese herbs.

Although the HPLC method developed for
the detemination of the three Scrophulariae
Radix constituents had good repeatability and
reproducibility, CE method is particularly
interesting for the advantages mentioned
above. A rapid and simple CE method for rou-
tine quantitative analysis was established. In
this study we report on an analysis method
using micellar electrokinetic capillary chro-
matography (MEKC) for determination of the
same three constituents: SN-A, SN-B and SN-
C. The suitabilities of MEKC and HPLC meth-
ods are compared and discussed.

MATERIALS AND METHODS

I. Reagents and Materials

2-(3-hydroxy-4-methoxyphenyl) ethyl 1-O-
[a-L-arabinopyranosyl (1 — 6)]-feruloyl (1 —
4)-o-L-rhamnopyranosyl (1 — 3)-B-D-glucopy-
ranoside (SN-A, purity 96.3%) and harpago-
side (SN-B, purity 97.1%) were isolated from
the root of Scrophularia ningpoensis®. The
structures of the marker constituents are shown
in Fig. 1. Sodium cholate, propylparaben and
sorbic acid were purchased from Sigma (St.

414

FLHAT BERFTERE - FE [ TRIEESESE ) www.angle.com.tw

Louis, MO, USA), cinnamic acid, sodium
tetraborate and sodium dihydrogenphosphate
from Nacalai (Kyoto, Japan). Acetonitrile
(HPLC grade) was purchased from Labscan
(Dublin, Ireland). Phosphoric acid was analyti-
cal reagent grade. Ultrapure distilled water
with a resistivity greater than 18 MQ was
used. Seven crude drug samples of Scrophu-
lariae Radix were obtained from local markets
in Taipei and cut into small pieces.

II. Preparation of Sample Solution for MEKC

Two grams of Scrophulariae Radix were
extracted with 30% alcohol (25 ml, three
times) by reflux at 80°C, each for 30 min®.
The extracts were combined and filtered into a
volumetric flask and 30% alcohol was added
to make 100 ml of stock solution. Ten ml of
this stock solution was concentrated under
reduced pressure to dryness and the residue
was then dissolved to 10 ml with run buffer.
An aliquot of 2.5 ml of stock solution and 0.2
ml of propylparaben solution (0.5 mg/ml) was
placed into a volumetric flask and made up to
5 ml with run buffer. This solution was filtered
through a 0.45 um syringe filter (Gelman, Ann
Arbor, MI, USA) before use.

III. Preparation of Sample Solution of HPLC

An aliquot of 2.5 ml of the stock solution
and 0.03 ml of sorbic acid solution (0.2 mg/
ml) was placed into a 5 ml volumetric flask
and filled with 30% alcohol. This solution was
filtered through a 0.45 pum syringe filter
(Gelman) before use.

IV. Apparatus and Conditions

(I) CE System

The analysis was carried out on a Beckman
P/ACE 5500 capillary electrophoresis system
equipped with a photodiode array detector set
at 280 nm and a 67 cm X 75 pm L.D. uncoated
capillary (Beckman) with the detection win-
dow placed at 60 cm. The conditions were as
follows: sampling time, 4 sec, hydrostatic; run
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time, 20 min; applied voltage, 25 kV (constant
voltage, positive to negative polarity); and
temperature, 25 °C. The run buffer was a solu-
tion containing 100 mM sodium cholate, 10%
acetonitrile and 20 mM sodium dihydrogen-
phosphate solution which was adjusted to pH
7.5 with 20 mM sodium tetraborate. The elec-
trolyte was filtered through a 0.45 pum syringe
filter (Gelman) before use. All experiment was
cleaned sequentially with: 1% (v/v) sodium
hydroxide solution, 1 min; water, 1 min; 10
mM sodium dodecyl sulfate, 1 min; and water,
2 min. Gold software (Beckman) was used for
system control and data handling.

(II) HPLC System

HPLC was conducted with a Hitachi Model
L-6200 Intelligent pump system equipped with
a Hitachi Model L-3000 photodiode array
detector and a Shimadzu SIL-9A autoinjector.
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Figure 1. Structures of marker constituents.
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The detector was set at 280 nm. Satisfactory
separation of the marker substances was
obtained with a reversed phase column
(Cosmosil 5C;3-AR, 5 um, 15 cm X 4.6 mm
I.D., Nacalai, Kyoto, Japan) eluted at a rate of
1 ml/min with a linear solvent gradient of A-B
(A=acetonitrile; B=1% (v/v) acetic acid) vary-
ing as follows: 0 min, 15:85 and 44 min,
73:27.

V. Preparation of Standard Solution

To prepare standard solutions containing
SN-A, B and C, an appropriate amount of
internal standard solution was added to an
accurately weighed amount of SN-A, SN-B
and SN-C standard dissolved in run buffer for
MEKC and 70% methanol for HPLC. The vari-
ous concentrations of SN-A, SN-B and SN-C
were within the ranges 20.0-320.0, 9.6-153.6
and 1.6-25.6 pg/ml, respectively, for MEKC
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and HPLC. Calibration graphs of the peak-area
ratios versus concentration were plotted subse-
quent to linear regression analysis.

V1. Solution for Recovery Studies

Three different concentrations of markers,
16.0, 32.0 and 64.0 pg/ml for SN-A, 6.4, 12.8
and 25.6 pg/ml for SN-B, 1.6, 3.2 and 6.4 ug/
ml for SN-C, were added to each sample solu-
tion. To each solution a suitable amount of
internal standard was added to yield a final
concentration of 20 ug/ml of propylparaben.
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Figure 2. Effect of sodium cholate on migration

time. All experiments were conducted at a voltage

of 25 kV across the 67 cm X 75 um I.D. uncoated

capillary filled with borate-phosphate buffers of

different sodium cholate concentration at pH 7.5;

cartridge temperature, 25 °C; detection wave-

length, 280 nm. (@) SN-A; (M)SN-B; (A )SN-C.
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Figure 3. Effect of temperature on migration time.
The carrier was 20 mM borate-phosphate contain-
ing 100 mM sodium cholate and 10% acetonitrile
at pH 7.5. The experiments were conducted at car-
tridge temperatures of 20, 25, 30 and 35°C.
Symbols as in Fig 2.
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All samples were filtered through a 0.45 pm
syringe filter (Gelman) and injected for MEKC
analysis to calculate the concentration of SN-
A, SN-B and SN-C from their calibration
graphs.

RESULTS AND DISCUSSION

Traditional Chinese medicine is usually
prepared by water decoction, with the high
polarity constituents being a major part of the
decoction. The chemical components in the
decoction are very complex, so that analysis is
not easy. MEKC has proved to be a highly effi-
cient separation method for the determination
of constituents with high polarity, whether the
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Figure 4. Effect of acetonitrile concentration on
migration time. The carrier was 20 mM borate-
phosphate containing 100 mM sodium cholate at
pH 7.5 and different acetonitrile concentration.
Symbols as in Fig 2.
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Figure 5. CE electropherogram of Scrophulariae
Radix (commercial sample no. 2). Peak identity:
same as Fig 1. IS=
paraben).

internal standard (propyl-



ELHT - BEER

WA

SR

SEN

Journal of Food and Drug Analysis. 1998. 6(1)

compounds are positive, negative or neutral.
Previously, we reported the results of HPLC
method for determination of the marker con-
stituents. The contents of SN-A, SN-B and
SN-C in 24 crude drugs of Scrophulariae
Radix, were 0.53-17.10, 0-1.75, and 0.58-5.35
mg/g, respectively®. In this study, two neutral
compounds (SN-A and SN-B) and one acidic
compound (SN-C) were used as marker con-
stituents of Scrophulariae Radix.

1. Analytical Conditions

The detection wavelength of 280 nm was
chosen because the absorption maxima of SN-
B, SN-A and SN-C are at 280, 287 and 267
nm, respectively.

In the study of Scrophulariae Radix crude
drug, we found the marker constituents, SN-A,
SN-B and SN-C, were successfully separated
in a single run by MEKC under optimized con-
ditions. The separation was achieved by opti-
mizing the pH of the buffer, sodium cholate
concentration, temperature, voltage and ace-
tonitrile concentration.

Preliminary experiments were first con-
ducted at pH 6, 7, 8 and 9 (20 mM NaH,PO4
and 20 mM Na,B405) without sodium cholate

15 20 25

Intensity (mv)
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Time(min)
Figure 6. HPLC chromatogram of Scrophulariae
Radix (commercial sample no. 2). Peak identity:
same as Fig 1. IS= internal standard (sorbic acid)
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in the electrophoretic medium. In all electro-
pherograms, SN-A and SN-B overlapped. With
the addition of sodium cholate, the con-
stituents in the sample could be separated on
the basis of their relative affinity for the mice-
llar environment. For these reasons, a buffer
system with suitable amounts of sodium
cholate, NaH,PO, and Na,B,0; was chosen.
In order to study the effect of sodium
cholate concentration, temperature and organic
solvent concentration, these parameters were
varied. The results are shown in Fig. 2-4. Fig.
2 shows how separation was improved by the
application of sodium cholate as the micelle-
forming agent. Four electrolyte systems con-
taining different sodium cholate concentrations
(60, 80, 100 and 120 mM) at pH 7.5 were used
to study the effect of sodium cholate concen-
tration on the selectivity of the separation.
Although SN-A, SN-B and SN-C were com-
pletely separated at all four concentrations,
when the sample solution was determined, the
SN-A peak was still not free of interference
from co-existing constituents at 60 and 80 mM
sodium cholate. Concentrations of both 100
and 120 mM offered good separation, but the
running time was shorter at 100 mM sodium
cholate. In Fig. 3, a buffer solution composed
of 100 mM sodium cholate, 20 mM NaH,PO4
and Na,B,0; at pH 7.5 was used to study the
effect of temperature (20, 25, 30 and 35 °C) on
the selectivity of the separation. According to
expectation, the migration times of SN-A, SN-
B and SN-C were reduced when the tempera-
ture was increased. Once again, however,
although separation was complete at all tem-
perature, the SN-A peak in the sample solution
was still subject to interference; only at 25°C
was the sample solution SN-A peak interfer-
ence-free. In Fig. 4, a buffer solution com-
posed of 100 mM sodium cholate, 20 mM
NaH,PO, and Na,B,0, at pH 7.5 was used
with different acetonitrile concentrations (35,
10, 15 and 20%) to study the effect of organic
solvent on the selectivity of the separation.
The 10% solution gave the best resolution; co-
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existing constituents interfered with SN-A sodium cholate, 20 mM NaH,PO, and
peak at other acetonitrile concentrations. Na;B40; and the cartridge temperature and
With an electrolyte containing 100 mM voltage set at 25°C and 25 kV, the migration

Table 1. Intraday and interday assay variations of SN-A, SN-B and SN-C

Marker constituents Concentration Intraday? Interday?
(ng/ml) R.S.D. (%) R.S.D. (%)
20.0 1.55 3.83
SN-A 80.0 0.84 3.20
320.0 1.20 2.65
9.6 0.57 3.79
SN-B 38.4 0.95 3.32
153.6 1.15 1.36
1.6 1.50 3.16
SN-C " 6.4 0.55 2.18
25.6 1.71 3.29
n=6.

Table 2. Recoveries of SN-A, SN-B and SN-C in Scrophulariae Radix

Marker Amount Amount Recovery (%) Mean = S.D. (%) R.S.D. (%)
constituents added measured?
(ug/ml) (ug/ml)
16.0 16.6 103.6 ,
SN-A 32.0 33.2 103.8 103.5+0.4 04
64.0 65.9 102.9
6.4 6.7 104.7
SN-B 12.8 12.6 98.1 102.4 = 3.0 2.9
25.6 26.7 104.3
1.6 1.6 101.6
SN-C 3.2 3.2 100.5 102.4 £ 2.0 1.9
6.4 6.7 105.1
n=3,

Table 3. Reproducibility of separation of marker constituents

Marker HPLC - MEKC
constituent R.S.D. (%) (n=3) R.S.D. (%) (n=3)

Retention time Amount measured Migration time ~ Amount measured
SN-A 0.06 1.00 0.22 1.11
SN-B 0.01 1.72 0.28 2.80
SN-C 0.04 2.95 0.21 1.22
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Table 4. Contents of SN-A, SN-B and SN-C in
commercial Scrophulariae Radix by MEKC and
HPLC

Marker Commercial sample MEKC HPLC
constituent (mg/g) (mg/g)
1 .70 1.79
2 209 200
3 197 191
SN-A 4 1.12  1.06
5 1.67 1.63
6 0.70  0.65
7 145 145
1 045 046
2 060 0.60
3 146 142
SN-B 4 122 122
5 1.44 141
6 033 034
7 0.67 0.70
1 0.16 0.16
2 032 032
3 011 011
SN-C 4 028 0.29
5 027 027
6 007 0.07
7 027 028

times of the marker constituents, SN-A, SN-B
and SN-C and the internal standard (propyl-
paraben) were 9.6, 11.0, 18.9 and 13.3 min,
respectively (Fig. 5). As the sample solutions
were injected directly and analyzed, the results
were as good as those obtained and the analy-
sis could also be completed within 19 min.
This is only half the separation time required
by HPLC (for comparison, a chromatogram is
shown in Fig. 6). Since the use of organic sol-
vents to dissolve the sample can influence the
separation enormously(®, the running buffer
was used as solvent for the standards and sam-
ples in all MEKC experiments. Samples dis-
solved with running buffer rather than 70%
methanol led to improvements in peak shape,
migration time and baseline.
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1. Calibration Graphs for SN-A, SN-B and SN-C

Calibration graphs consisted of SN-A, SN-
B and SN-C in the ranges 20.0-320.0 pg/ml,
9.6-153.6 pg/ml and 1.6-25.6 pug/ml, respec-
tively. The regression equations of these
curves and’ their correlation coefficients were
calculated as follows: SN-A, Y=148.15X+0.79
(r=0.9994); SN-B, Y=27.80X+0.58 (r=
0.9994); SN-C, Y=5.30X+0.24 (r=0.9996).

II1. System Suitability Tests

The intraday and interday coefficients of
variation were less than 1.7 and 3.8%, respec-
tively (Table 1), indicating that the precision
as well as accuracy of this assay was satisfac-
tory. Recovery studies of SN-A, SN-B and SN-
C gave recoveries ranging from 98.1 to
105.0% (Table 2).

IV. Precision of MEKC and HPLC

The reproducibility (relative standard devi-
ation) of the two methods, on the basis of
peak-area ratios for three replications, were
1.00-2.95% for HPLC and 1.11-2.80% for
MEKC. The relative standard deviation of the
retention time or migration time of each peak
for three replicate injections was 0.01-0.06%
(HPLC) and 0.21-0.28% (MEKC). The data for
individual constituents are given in Table 3.

V. Detection Limits of Marker Constituents

A signal three times higher than the peak
noise height was regarded as the detection
limit. The detection limits of SN-A, SN-B and
SN-C detected by HPLC and MEKC were 0.25
and 5.0 ug/ml; 0.02 and 1.2pg/ml; and 0.01
and 0.4 pg/ml, respectively. Although HPLC is
more sensitive than MEKC, this is but the
many other advantages offered by MEKC.

V1. Determination of Marker Constituents in
Scrophulariae Radix

Traditional Chinese medicines are usually
prepared by boiling with water. However, the
extractability of the constituents from
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Scrophulariae Radix with water alone were
less than with water containing an organic sol-
vent. As in our previous paper®, the best
extraction solvent is 30% ethanol solution.

Sample solutions were analyzed by MEKC
and HPLC under the described conditions, and
the peaks were identified by comparison with
authentic samples of Scrophulariae Radix. By
substituting the peak area ratio of the individ-
ual peaks for Y in the above equations, the
contents of the markers in the 7 crude drug
samples of Scrophulariae Radix were obtained
(Table 4). The MEKC analyses indicated SN-
A, SN-B and SN-C contents of 0.70-2.09,
0.33-1.46 and 0.07-0.32 mg/g, respectively.
These values were near the contents range
found in 24 crude drug samples by HPLC, and
thus show that both of the proposed methods
are relatively suitable for the determination of
these marker constituents.

In conclusion, this study has shown that
MEKC can be applied successfully to analyze
marker constituents of Scrophulariae Radix.
This technique offers high separation efficien-
cy, rapid analysis, low running costs and is
aqueous rather than organic solvent based. All
these are advantages over traditional chro-
matographic procedures.
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