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A reversed-phase high-performance liquid chromatographic method to simultaneously
measure the four alkaloids [tetrandrine, fangchinoline, cyclanoline and oblonging] in Radix
Stephaniae tetrandrae has been successfully developed. The method uses standards of the four
compounds as external standards. These compounds were isolated in our laboratory using various
chromatographic methods and are completely separated within 45 min using a reversed-phase
column and linear gradient elution with dihydrogenphosphate buffer HPLC-grade acetonitrile
mobile phase. The quantitative calibration curves are linear over arange of 12.5-1637 i g/ml for al
four compounds. The detection limits (S/N=3) for tetrandrine, fangchinoline, cyclanoline and
oblongine are approximately 0.95, 0.95, 0.95 and 1.691 g/ml, respectively.

Key words: HPLC, Radix Stephaniae Tetrandrae, Tetrandrine, Fangchinoline, Cyclanoline,
Oblongine.

INTRODUCTION

The Chinese traditiond medicine Radix Stephaniae tetrandrag, the root of Sephania tetrandra S. Moore
(Menispermaceae), have been demondtrated to have anti-inflammatory, anti-alergic and hypotensive effects in
experimental animals’. A large number of compounds have been isolated from this plant over the past fifty yearsin
the search for the biologicaly active congtituents’®. Mogt of these compounds are akaoids, which can be
classified as bisbenzylisoquinoline, protoberberine, morphinane and phenanthrene types. The main condtituents in
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Fig.1. Structures of the four alkaloids, oblongine (1), cyclanoline (2), fangchinoline (3) and tetrandrine (4) in Radix
Stephaniae tetrandrae

Radix Stephaniae tetrandrae are tetrandrine and fangchinoline. Many pharmacologica studies carried out on the
purified compounds from the roots have suggested that the biologicd activity of the plant is mainly attributable to
the dkaloids. Among the akaloids, tetrandrine is best characterized as a Ca™-entry blocker® athough it also
exhibits cardiovascular disorders modulating™, anti-tumor as well as anti-inflanmatory effects2. Previously we
found that the ethanalic extract of the roots could practically account for the cardioprotective and anti-inflammatory
effects attributed to tetrandrine®™® suggesting that active principles in addition to tetrandrine may also be found in
theroots. Therefore a standardized method for the analysis of the ethanolic extract of the roots is as important as
the discovery of other active principles in the plant. We have isolated four akdoids: tetrandrine, fangchinoline,
cyclanoline and oblongine from the ethanolic extract of the roots and their structures were shown in Fig. 1. In this
study a direct high-performance liquid chromatographic method for the simultaneous determination of these four
alkaloids was devel oped.
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EXPERIMENTAL

Reagents and materials

HPL C-grade acetonitrile was purchased from Tedia (Ohio, USA), sodium dihydrogenphosphate, phosphoric
acid and dlica gd from Merck (Germany). Sephadex LH-20 was purchased from Pharmacia Biotech (Uppsda,
Sweden). Water was purified by a Milli Q system from Millipore (Milford, MA, USA). Radix Stephaniae
tetrandrae was purchased from the Chinese herba market in Taipe (Taiwan). The four standard akaoids,
tetrandrine, fangchinoline, cyclanoline and oblongine were isolated from the roots using chromatographic methods

described below.

I solation of the four standard alkaloids

Radix Stephaniae tetrandrae (610 g) was ground up and extracted with 95% EtOH three times at 80 °C (each
1000 ml, 8 h). The combined extract was concentrated by rotary evaporation under vacuum at 50 °C to dryness. 3%
HCI (200ml) solution was added to the residue which was then extracted with CHCl; (200 ml x 3). The acid
solution was adjusted to pH 9 with 25% NH,OH and the resultant suspension was extracted with CHCl;. The
CHCI, layer was evaporated to give tetrandrine and fangchinoline. The NH,OH layer was then partitioned with n-
BuOH. The n-BuOH layer was concentrated and the residue (5.1 g) was chromatographed on Sephadex LH-20
column with MeOH to give three fractions (I, II, Il). Fraction II, which contained mostly cyclanoline, was
recrystallized with MeOH to give cyclanoline as a grayish-white powder. The parent liquid of fractions Il and Il
were combined and were subjected to column chromatography over slica gel duting with CHCl;-MeOH (9:1) to
afford cyclanoline and oblongine. The four akaloids were identified by comparing the IR, MS, *H- and 3C- NMR
spectral data with those contained in the literature. 1425,

Prepar ation of sample solution

A 100 g pulverized Radix Stephaniae tetrandrae was extracted five times with EtOH (1500 ml, successively)
by reflux at 80 °C, for 5 h each time. The extracts were combined and filtered and then evaporated in vacuum at
ca. 50 °C to give 10.23g of residue. A 30mg portion of dried extract was dissolved in 1.5 ml of MeOH. The
solution was filtered through a 0.45 nm syringe filter (Gelman Sciences, Ann Arbor, M1, USA) before use.

Apparatus and conditions

HPLC was performed on a Hitachi Modd L-7100 Intelligent pump system equipped with a Hitachi Moddl L-
7000 interface, a Hitachi Modd L-7450A photodiode array detector and a Hitachi Model L-7200 auto-sampler.
Detection wavelength was set a 280 nm. The separations were obtained with a reversed-phase column (Cosmosil
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5C18-AR-Il, 4.6 x 250 mm, Kyoto, Jgpan) euted at arate of 1 ml/min with alinear solvent gradient of A and B [A
= KH,PO,-H,0, 1000 ml: 5 g, pH adjusted with 8.5% H;PO, to 2.91; B = H,0-CH,;CN-KH,PO,, 400 ml : 600 ml :
5 g, pH adjusted with 8.5 % HPO, to 3.30] according to the following profile: 0-20 min, 72% A, 28% B; 20-55
min, 72-30% A, 28-70% B; 55-60 min, 30%-0% A, 70%-100% B; 60-80 min, 0% A, 100% B; 80-85 min, 0-72%
A, 100-28% B; 85-100 min, 72% A, 28% B. Theinjected volume was 20 ni of the prepared solution.

Preparation of standard solution and calibration

To prepare a standard solution, an accurately weighed amount of the four standard akaoids, tetrandrine,
fangchinoline, cyclanoline and oblongine were dissolved in MeOH. Cdlibration curves were established based on
five points covering a concentration range of 12.5-250 i g/ml for tetrandrine, 12.5-250 i g/ml for fangchinoline,
163.7-1637.5 i g/ml for cyclanoline, 145-1450 i g/ml for oblongine. The standard solution (20 i) were used for
HPLC injections (n = 5 . Cdlibration graphs were plotted based on to linear regression analyses of the responsesin
peak areas in response to concentrations of standards injected.

Preparation of recovery studies

Three different concentrations each of the standard dkaloids; 708, 683 and 593 ng/ml for tetrandrine, 398, 373
and 360 i g/ml for fangchinoline, 800, 636 and 571 ny/ml for cyclanoline, 307, 168 and 110 ng/ml for oblongine
were added to each sample solution, respectively. All samples were filtered through a 045 mm syringe filter
(Gelman) and injected for HPLC analysis and the concentrations of tetrandrine, fangchinoline, cyclanoline and

oblongine caculated from their calibration curves.

RESULTSAND DISCUSSION

Development of the HPL C method

A variety of solvents were tested for their abilities to separate the four alkdoids present in the plant extract.
Gradient systems of MeOH-H,O or MeCN-H,O in combination with (NH,) HPO, buffer on a reversed column
(Cosmosil 5C18-AR-II, 4.6 x 25 mm) did poorly in resolution. The addition of an ion-pair reagent (SDS) did not
result in complete separation. Eventualy, gradient systems of MeCN-H,O in combination with KH,PO, buffer at
pH 2.91-3.00 (profile described in section 2-4) were used to achieve complete separation on the same reversed-
phase column (Fig. 2). The sengitivity of the analysis was examined by comparing UV spectra of the four alkaloids
as shown in Fig. 3. Because solutions of tetrandrine, fangchinoline, cyclanoline and oblongine exhibited shown a
characterigtic absorption & 280nm, we selected 280 nm as the appropriate wavelength for detection and
quantification. The HPLC system should be completely washed for 20 min after each run to maintain column
reproducibility.
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Fig. 2. Chromatogram of ethanolic extract of Radix Stephaniaetetrandrae. Peak identities: oblongine (1), cyclanoline
(2), fangchinoline (3) and tetrandrine (4)
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Fig. 3. On-line UV spectra of thefour alkaloidsin Radix Stephaniaetetrandrae
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Table 1. Intraday and inter-day assay variations of four standard alkaloids

Alkaloid Amount measured (i g/mL) Mean £ S.D. (R.SD.,%)

substance Intra-day Inter-day Intra-day Inter-day
719.2 697.9
717.1 717.2

Oblongine 708.3 242 7165+ 4.8 7284+ 211
720.6 735.1 (0.67) (2.90)
717.1 733.4
781.1 765.1
782.3 787.3

Cyclanoline 782.4 798.3 783.1+ 2.0 793.9+ 195
786.5 800.6 (0.26) (2.46)
783.1 800.9
104.8 104.6
106.2 104.0

Fangchinoline 108.4 104.7 106.6+ 2.0 1039+ 1.0
109.0 104.1 (1.89) (0.96)
104.7 102.3
94.7 101.1
96.1 95.6

Tetrandrine 96.7 100.9 95.9+0.8 985+ 2.4
95.4 97.9 0.83) (2.44)
96.4 971

Calibration graphs

Cdlibration graphs were constructed in the range of 12.5-250 ng/ml for tetrandrine, 12.5-250 ng/ml for
fangchinoline, 163.75-1637.5 ng/ml for cyclanoline and 145-1450 ng/ml for oblongine. The regression equations
of these curves and their correlation coefficients were calculated as follows: tetrandrine, y = 0.00020x-0.5304 (r =
0.9999); fangchinaline, y = 0.00021x-0.5334 (r = 0.9998); cyclanoline, y = 0.00028x-1.555 (r = 0.9999); oblongine,

y = 0.00076x-1.475 (r = 0.9999).

System suitability test

To assess the precision of these methods, we injected standard solutions of tetrandrine, fangchinoline,
cyclanoline and oblongine, respectively, five times on the same day for intra-day and analyses over 6-day period for
inter-day variations. The relative standard deviations (R.S.D.s) of intra-day and inter-day analyses were less than
8.0 and 8.0%, respectively. The precision as well as accuracy of this assay was satisfactory (Table 1). The results of

the recoveries of tetrandrine, fangchinoline, cyclanoline and oblongine ranged from 63.6 to 89.4% (Table 2).
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Table 2. Recoveries of four alkaloids in Radix Stephaniae tetrandrae

Alkaloid Amount measured Amount added Recovery MeantS.D. R.S.D
ubstance (i g/mL) (i g/mL) (%) (%) (%)
Oblongine 213.8 307 69.66
104.3 168 62.08 63.57 + 4.06 6.39
649 110 58.95
Cyclanoline 709.1 800 88.64
547.3 636 86.05 86.11 + 1.68 1.96
477.6 571 83.64
Fangchinoline 337.8 398 84.87
316.5 373 84.85 83.81+141 1.68
294.1 360 81.69
Tetrandrine 636.2 708 89.86
614.5 683 89.97 89.42 + 0.66 0.74
6710 593 88.42

Table 3. Reproducibility of separation of four alkaloids in Radix Stephaniae tetrandrae

Alkaloid substance R.S.D. (%) (n=3)

Retention time Amount measured
Oblongine 1.00 242
Cyclanoline 0.92 0.9
Fangchinoline 152 240
Tetrandrine 0.32 0.33

Detection limit and precision

The detection limit was measured as the lowest concentration corresponding to a signal-to-noise ratio of 3:1.
According to this rule, the vaues for tetrandrine, fangchinoline, cyclanoline and oblongine were approximately
0.95, 0.95, 0.95 and 1.69 1 g/ml, respectively. The reproducibility (R.S.D.) of three replications was 0.33-2.42%.
The R.S.D. vaues of the retention time of each peak for three replicate injections were 0.32-1.52%. Data for
individua compounds are shown in Table 3.

Determination of the four alkaloidsin Radix Stephaniaetetrandrae

When the test solutions were analyzed by HPLC under the selected conditions, the contents of tetrandrine,
fangchinoline, cyclanoline and oblongine in Radix Stephaniae tetrandrae were 82.31 £ 0.003, 43.50 + 0.024, 59.09
+0.009 and 2.90 + 0.024 mg/g, respectively. These results indicated that the HPLC method devel oped was suitable
for the smultaneous determination of the tertiary and the quaternary akaloids in Radix Stephaniae tetrandrae.

Moreover, no sample pretrestment was needed for this method.
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