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Abstract

Herbal medicines were one of the major resources for healthcare in earlier stages, and some traditional herbal medicines have been in
use for more than 2000 years. Currently, they are attracting more and more attention of the modern pharmaceutical industry, as scientists
has become aware that herbs have almost infinite resources for medicine development. This review provides an overview of the analytical

approaches applied in the researches concentrated on various aspects of the matrine-type allSadphizranflavesceneot. Emphasis

will be laid on the analytical processes of high-performance liquid chromatography (HPLC), capillary electrophoresis (CE), as well as
gas chromatography (GC) methods. The sample extraction, separation and detection have been summarized. In addition, the applications

of chromatographic determinations are introduced for the main matrine-type alkald&ddlavescensoot, such as matrine, sophoridine,

sophocarpine, lehmannine, sophoramine, oxymartine, oxysophocarpine, cytosine and aloperine. The advantages and limitations of HPLC, CE

and GC methods in the analytical applications of the alkaloids are also discussed.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction sample preparation, HPLC separation, detection and evalu-
ation methods for the analysis of matrine-type alkaloids in
Medicine of matrine series, the dried roots $6phora various types of samples.
flavescensAit, recorded in the medicine literaturheng
Nong’s Herbal Classias a moderate medicine, is cold by na-
ture with bitter taste, entering three channels of heart, spleen2. Chemical components and contents of
and kidney. The medicine is said to be able to “deal primarily matrine-type alkaloids in Sophora flavescensot
with stagnation of gi in the chest and abdomen and traces of
lump retention”, “stabilize the five internal organs and mind, The dried roots ofS. flavescensontain flavones series
and replenish vital essence”. AccordingHerbal Classic of such as kuraridin, kurarinone, isokurarinine, norkurarinone,
Hundreds of Medicinal MateriaJ]Sophoraroot is especially pterocarpin, formononetin, trifolirhizin, daidzein, umbellif-
used to treat hotness in the heart with bitter entering hearterone, maackiain, kuraridinol, kurarinol, neo-kurinol, and
and cold removing internal hotness. With the development of norkurarinol[11-15] but the pharmic effective compositions
separating and extracting techniques, intensive investigationsare mainly matrine-type alkaloids. Matrine-type alkaloids are
and researches have been conducted in China and it has beaterived fromsS. flavescenait, S. alopecuroideandS. sub-
found that matrine-type alkaloids of the same kind are presentprostrata. A previous study found the alkaloid constituents
in S. flavescenAit, Sophora alopecuroidemdSophorasub-  of matrine-type alkaloids irS. flavescensoot is quino-
prostrata[1]. Matrine-type alkaloids can obviously inhibit lizidine and bears unique tetracyclo-quinolizindine, showing
varied clinical gastric mucosa damages. This may result from that the presence of (+)-matrine, (+)-matriNeoxide, (~)-
the direct neutralization of external hydrochloric acid and sophocarpine, (+)-sophocarpiid-oxide, ()-sophoridine
gastric acid by matrine, and the mitigation of matrine has and (+)-sophoramine is the main alkaloid$], which are
certain protective effects on gastric muc§ga By means of contained equally in the seeds and the aerial and ground parts
inhibiting enterocinesia, matrine-type alkaloids have visible of the plan{17]. From the seeds &. flavescensyhich were
effects on antidiarrhedB]. They have the effects of kiling  collected in Yunnan province, China in June 1993, Ohmiya
amoebas and giardia lamblia stil@§. Matrine can Kkill tri- et al. isolated several new kinds of alkaloids including
chomonads and slow down the development of subcutaneousnartine-type alkaloids,~<)-14 (3-hydroxymatrine, £)-12
abscess caused by the parasites, and also cure infection@3-hydroxysophocarpine and-§-9«-hydroxymartine. The
caused by mouse vaginal trichomoniasis. It is indicated that molecular formula and chemical structures of some main
matrine can be applied as potential medicine for killing par- alkaloids are determined by IRH NMR and 13C NMR
asites, but the mechanism is not quite clear at the préSent  as shown inFig. 1 Moreover, the contents of the main al-
Studies have shown that some matrine-type alkaloids presenkaloids in the roots, aerial parts and seedSoflavescens
positive myotome effects on cardiac muscle, such as oxyma-have been compareddble J). (+)-SophocarpinéN-oxide,
trine, sophoridine, sophocarpine and matrine which carry the (+)-matrineN-oxide, ()-sophocarpine, (+)-matrine and)-
common molecular structure o C=N—-C—-C—C—N (other- sophoridine are the main alkaloids3nflavescen®ot, aerial
wise, present negative myotome effects). It has been held thaparts and seeds, and possesses more than 98% of the total
this kind of structure might be the group accounting for the alkaloid. The contents of the alkaloids in seeds are espe-
positive myotome effects in matrine-type alkaloids, which cially high compared with that of root and aerial pa$s.
may be related to the activation of calcium char{6gl flavescensoots of different areas carry different contents
Due to the high pharmacological activities of matrine-type of alkaloids {Table 9 [18]. For instance, the produce from
alkaloids inS. flavescenmoot, the herb has recently drawn North Korea bears highest contents of oxymatrine, matrine
attention in natural medication researches. Several methods
such as high-performance liquid chromatography (HPLC), Table 1

high-performance capillary electrophoresis (HPCE), gas ajkaloid contents in roots, aerial parts and seedSaghora flavescens
chromatography (GC) and thin layer chromatography (TLC) 7, -0

. | X . Roots Aerial Seed
have been applied to the separation and determination of @6lfr.wt)  (%/fr. wt)  (%/fr. wt.)
matrlnt_a—type aIkan@s ins. fIavescensc_)ot. Undqubtedly, ~ (©)-Sophocarpine 013 0.038 1
HPLC is the most widely used separation technique for this (+).matrine 0.32 0.080 a1
application for its simplicity and general applicability to  (-)-148-Hydroxymatrine % x 1073
matrine-type alkaloid§7—10]. Moreover, HPCE techniques  (+)-Lupanine 181 x 1073
can also be used when HPLC is not suitable or efficient for the (—)-Sophoridine ®8

. L . (—)-5,6-Dehydrolupanine 8 x 10
samples of |nterest: Sample preparation is the most |mpo.rtan —)-9a-Hydroxysophocarpine 42 % 10-3
part in the application of HPLC or HPCE. Some extraction (_).go-Hydroxymartine 15 x 10-3
including liquid—liquid extraction (LLE), solid-phase extrac- (—)-128-Hydroxysophocarpine 23x 1078
tion (SPE) or other methods can be selected according to the(—)-143-Sophoridine 22 x 1073
determination requirement in precision, accuracy and repro- (+)-MatrineN-oxide 8'(1)53 8%37 :gg

ducibility. This review summarizes the analytical methods of (-Sephocarpinét-oxide
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Table 2

Matrine-type alkaloids contents 8ophora flavescensot (%)

Area oMT MT SC SR TR MA
Henan 1.935 0.252 0.733 0.378 0.095 0.031
Zhejiang 0.784 Trace 0.186 Trace 0.104 0.063
Sichuan 0.908 0.237 0.483 0.502 0.214 0.095
Guizhou A 1.415 0.091 0.339 0.369 0.091 0.044
Guizhou B 0.948 0.120 0.196 0.211 0.105 0.032
Guizhou C 1.218 0.094 0.203 0.206 0.131 0.071
Guizhou D 1.427 0.070 0.176 0.221 0.097 0.032
Guangxi 0.471 Trace 0.194 0.297 0.105 0.068
Fujian 0.794 Trace 0.078 0.096 0.044 0.014
North Korea 3.221 0.169 0.389 0.110 0.365 0.028
Unknown 2.970 0.150 0.448 0.166 0.216 0.048

loids in the different provinces appear also differently from
0.2237 to 0.3076 mg/g for cytosine, 0.0045 to 0.03828 mg/g
for sophoramine, 0.1325 to 0.1046 mg/g for sophocarpine,
0.2844 to 0.3268 mg/g for matrine, 1.356 to 1.330 mg/g for
oxymatrine, respectively. According to the determination re-
sults of Song et a[20], the content ranges of matrine-type al-
kaloids found in herb samplesin Hebei and Zhejiang province
of China, are from sophoridine 0.36 to 2.75mg/g, matrine
0.47 to 1.2mg/g, sophocarpine 0.31 to 0.41 mg/g, oxyma-
trine 2.76 to 5.96 mg/g, oxysophocarpine 2.75 to 16.4 mg/g.
Obviously, the content of oxysophocarpine is the highest and
shows the largest difference among the samples. The con-
tents of matrine irS. flavescensoot are quite different in
comparison of the number of growing years and the means

and sophocarpine, while the produce from Guanxi and Fujian of propagation according to the report of Hu et[all]. Ob-

has the lowest content. The determination results of alkaloidsviously, the content of matrine 8. flavescensot increases
in S. flavescensot from Gansu province and Ningxia Mu-
nicipalities have been reportg¢#l9]. The contents of alka-
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(-)-14B hydroxy sophoridine

(-)-12B hydroxy sophocarpine
(12B-HSC)

(+)-sophocarpine N-oxide (OSC)
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with the lengthening of growing years, and higher content of
matrine could be obtained in asexual propagatitable 3.
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Fig. 1. Chemical structures of main matrine-type alkaloidSaphora flavescensot.
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Fig. 1. Continued.

Recently, some newer kind of alkaloids have been found and
identified as lehmanninR2] and nicotineg[23] by Liu and
Zhang. Table 3

Some dissociation constants of matrine-type alkaloids comparison of matrine contents in differ&phora flavescensot
as matrine, sophocarpine, sophoridine, oxymatrine and growth year
oxysophocarpine, were determined by capillary zone elec-
trophoresis (CZE) with an untreated fused-silica capillary of
48.5cm (40 cm to the detector, ffn i.d.) [24]. Under the ~ First 1.08 174
following experimental conditions, acetate (pH 3.81-5.55) ?Eﬁg”d 2221 3?(‘)%0
and phosphate buffer (pH 6.05-9.29) with ionic strength set

Matrine content (%)

Sexual propagation Asexual propagation
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as 0.03, alkaloids were separated within 10 min. Based on Sample

the equations of 1 and 2, the dissociation constakg)of dilute hydrochloric acid
matrine-type alkaloids is matrine 7.72, sophocarpine 7.22, Extravasate
sophoridine 6.51, oxymatrine 5.77 and oxysophocarpine cation type on resin
5.92, respectively. Lo Yesin

filder washing-upto neuter
addition ammonia filtration with ethanol
Filtration solution

3. Sample preparation

ethanol recoverying

Sample preparation is probably the most important part of Concentrated solution
guantitative and qualitative analysis of matrine-type alkaloids counter-current extration by chloroform
in S. flavescenmot. It is a critical step in chromatographic Chloroform Extract
analysis, usually being the slowest step in the analysis. evaporating and 10:1(v/v) aether addition
Recently, although high-performance liquid chromatography Matrine type alkaloids

coupled to mass spectrometry (MS) has been developed
for the measurement of effective compositions of Chinese Fig. 2. Extraction process for matrine-type alkaloids frdBophora
medicines, there are few reports on the analytical application "avescensoot
to S. flavescen®mot since the MS method requires a complex
procedures, such as nebulization and vaporization of liquid, Ito et al.[29]. Raw root ofS. flavescensas extracted several
ionization of sample, removal of the excess solvent, and times by a definite volume of 95% ethanol. Then, the ex-
transfer of the ionic molecular into the mass analyzer. tract were combined and evaporated to dress under reduced
Moreover, the expensive instrument of MS and experiential pressure. The residue obtained from the combined extracts
operation limit its broad use in most research laboratories. is dissolved with 2% hydrochloric acid. After filtration, the
Undoubtedly, the sensitivity HPLC with ultraviolet (UV) acidic aqueous solution is extracted by chloroform. Before
detection is the most popular separation technique for thethe total alkaloids are extracted by chloroform, the pH of the
analysis of matrine-type alkaloids B flavescensoot. For aqueous should be adjusted to 9.6 with sodium hydroxide.
HPLC-UV application, many sample preparation techniques In the last step, the chloroform extracts are combined and
have been developed for processing complex samples.evaporated to dryness.
Among them, liquid-liquid extraction and solid-phase Solid-phase extraction is a commonly employed sample
extraction are the most widely employed techniques in preparation method in complex matrices. Differences in affin-
preparing herbal samples for chromatographic analysis. ity of various molecules to active sites located on the surface
Generally, herbal samples are homogenized or blendedof sorbent materials resulting in the separation of mixtures
with a water-miscible organic solvent such as methanol, ace-of different molecules are the basic principle of SPE. SPE
tonitrile, acetone, or chloroform. In these cases, the insolubleis used to selectively remove interfering matrix components,
material removed from the mixture should then be further leading to the reduction of chromatographic analytical time
rinsed by the solvent several times before analysis by HPLC. and the improvement of assay selectivity, accuracy and sen-
Liquids used in liquid—liquid extraction (LLE) can be evapo- sitivity. Recently, molecularly imprinted solid-phase extrac-
rated away, and the residue then re-dissolved in a small vol-tion sorbents (MISPE) were extensively used to clean up the
ume of liquid. Hence, most of LLE applications in herb sam- impurities in environmental and biological samp[86,31]
ples described are off-lin€{g. 2. LLE iscommonlyusedfor  and to enrich effective components from complicated me-
sample cleanup and preparation in the chromatographic anal-dia[32], since MISPE compared to enzymes possess several
ysis for S. flavescenmot [25-27] In general, the selection  advantages including physical robustness, high strength, and
of a solvent affects the efficiency of extraction. The amount resistance to elevated temperature, pressure, erosion by acid,
of a solvent, extraction time and circumfluence times in the base, metal ions and organic solvef#3—-35] Molecularly
extraction process produce obvious difference in extraction imprinted polymers (MIPs) were employed as SPE sorbent
rate. The efficiency of alkaloid extraction will be increased for chromatographic separation and the determination of ma-
with a higher concentration of methanol applied, company- trine and oxymartine frons. flavescenisy Lai et al.[36]. In
ing with a higher concentration of aliphatic impurity. The this application, MIPs are cross-linked polymers with spe-
alkaloids are weakly basic compounds. Most of them may cific binding size. MIPs for matrine and oxymartine recog-
be solved in acid solution. If adding a base to the aqueousnition are tailor-made in situ by the co-polymerization of the
phase to raise the pH to about 9.5-11, the alkaloids can becrosslinker of poly(vinyl alcohol) and functional monomer
extracted with chloroform. In general, the two-phase solvent of methacylic acid in the presence of template molecules
system is composed of chloroform—methanol-water (4:3:2, of matrine and oxymartine. After removal of the template
v/vlv) in which the water has different acidities, controlled molecules from the polymers, the recognition sites are com-
by phosphate buffer solution or hydrochloric af28]. An- plementary to the template molecule of matrine and oxy-
other similar preparation procedure has been introduced bymartine. The molecularly imprinted microspheres (MIMs)
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using matrine as template molecule are proposed and syn-column Lichrosorb NH with a MeCN-HPOy aqueous solu-
thesized by aqueous micro-suspension polymerization. Thetion (pH 2.0) mobile phase system, and matrine, oxymatrine,
MIMs obtained are employed as SPE sorbent to separatesophoranol were separated by using pH 1.3 MeCHP®}
matrine fromS. flavescenand pack it into a stainless steel aqueous solutions—EtOH system. It was found that the Chi-
column as chromatographic stationary phase to determinenese and Korea8. flavescen®ots apparently differed from
matrine. the dry root of Japanes® flavescensot in the contents of
As the yield of tradition extraction methods is less satis- these alkaloids. Saito et 464] reported an HPLC method
factory, a new extraction method has recently been developedo devise the qualitative and quantitative analysis of lupin al-
using microwave energy for the extraction of matrine-type al- kaloids in plants. Three solvent systems consisting of diethyl
kaloid from ground lupin seed37]. Inthe microwave extrac-  ether, methanol and ammonia solution and reversed-phased
tion, a 0.5 g of ground seeds was suspended in a screw-cappedhromatography with a buffered agueous solution containing
vial with 3 ml solvent containing methanol—acetic acid (99:1, acetonitrile were selected for the separation of 22 naturally
v/v). To avoid boiling of the solvent, the irradiation was inter- occurring matrine-type alkaloids. The elution of alkaloids
rupted after 30 s. The sample was cooled to room temperaturevas monitored by UV absorption at 220 and 310 nm. In Jin’s
in 2-8 min and then irradiated and cooled again if necessary.HPLC system[10], a Lichrosorb-NH column (4.0 mmx
In comparison with the traditional shaken flask extraction, 250 mm)and CHCN-HzPOy (pH 2)-CHCH,OH (80:8:10)
by which a 5 g amount of ground lupin seeds was suspendedas mobile phase were applied for five kinds of matrine-
in 10 ml of methanol-acetic acid (99:1, v/v) and shaken in type alkaloids fronS. flavescensot, matrine, oxymatrine,
a 100 ml erlenmeyer flask for 20 min, the microwave extrac- sophoridine, sophocarpine and oxysophocarpine separation.
tion provided 20% higher efficiency than that of shaken flask The method was efficient and took only 15min for one
extraction, and achieved considerable decreases in time andun. According to the report of Li et aJ41], separation of
solvent consumption. Generally, the yield of the traditional six lupin alkaloids matrine, oxymatrine, sophoridine, sopho-
extraction method using the above solvent was about 52%,carpine, sophoramine and aloperineSoflavescenot ob-
but the microwave extraction with the same solvent system tained from Anhui province, China by a Nova parkg@ol-
yielded about 80%. umn (3.9 mmx 150 mm) was achieved in an optimal mobile
phase containing 70% of methanol and 30% of 10 MpRIAy
buffer (pH 5.1) and 0.25 ml/I triethylamine. Recently, a sim-
4. Separation and quantitation ple HPLC methodology for the simultaneous separation of
three alkaloids, matrine, sophoridine and oxymatrine, in the
HPLC is primarily an analytical separation technique, sample of Chines8. flavescen®ot has been develop§2B]
used to detect and quantitate analytes of interest in more orin which the processed chromatographic conditions included
less complex mixtures and matrices. Its ability to separate a Kromasil Ggsilica column (250 mnx 4.6 mmi.d.; particle
thermally labile and non-volatile analytes has made HPLC the size 5um). The contents of the mobile phase for that sepa-
method of choice for the analysis of most drug compounds, ration were 0.01 M KHPO, buffer—methanol-triethylamine
including the active compositions of herbs. In reversed- (94:6:0.01, v/v/v). The temperature of the column was main-
phased chromatography, a non-polar stationary phase is usethined at 40C. The three alkaloids could be simultaneously
in conjunction with polar, mainly aqueous mobile phase. Sev- separated with minimal interference from the endogenous
enty and 80% of all HPLC applications utilize this technique. components in the sample. Matrine, sophoridine and oxy-
Its popularity is based largely on its ease of use; equilibration matrine had retention times of approximately 9.4, 12.2 and
is fast, retention times are reproducible, and the basic prin- 20.8 min, respectively. Typical chromatograms of standards
ciples of the retention mechanism can be easily understood.and sample containing the alkaloids are showFign 3. In the
Most stationary phases are silica-based bonded phase, bustudy of Li et al.[41], the composition and concentration of
polymeric phase, phases based on inorganic substrates othesrganic component in the mobile phase significantly affected
than silica, and graphitized carbon have found their place asthe chromatographic separation of the matrine-type alkaloids.
well. Many matrine-type alkaloids fror. flavescensoot With increasing the buffer or decreasing methanol content,
are relative polar, which has made reversed-phase HPLC athe retention times of the alkaloids were obviously prolonged,
suitable method for their determination. The most popular but the responses of peak area changed only slightly with
reversed-phase columns for lupin alkaloids separation todayvarying composition of the mobile phase. The changed ten-
are applied from silica-based bonded phase, and among thosdency was the same if methanol in the mobile phase was re-
the Gs-type bonded or amino-bonded phase is most fre- placed with acetonitrile, but the effect was more conspicuous.
quently used Table 4 [8,9,38-53] Matrine-type alkaloids Many, if not most, of pharmacologically active compounds
from S. flavescen®ot were first isolated and reversed-phase including matrine-type alkaloids are amines. The principal
HPLC separation by Ota et #.3]. Inthiswork, matrine,oxy-  analytical issue with amine has often to do with mixed-mode
matrine, sophoranol, sophoramébxide and anagyrine were  interaction between the stationary support and the analytes.
isolated from ChinesB. flavescen®ot. Sophorandi-oxide Incompletely endcapped silica-based phases may exhibit tail-
and anagyrine were quantificationally detected on an HPLC ing. The use of ion pairing or ion suppression is common in
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Table 4

HPLC applications on the separation and determination of matrine-type alkaldsdphbbra flavescensot

Objective Alkaloid Mobile-phase (v/v) Separation column Linearity Recovery (%) Reference
Sophora flavescenit MT, SR, OMT 0.01 MKH,POy Kromasil Gg MT: 0.2-120.Qug/ml MT: 93.9 [38]

buffer—-methanol—

triethylamine (94:6:0.01)
SR: 0.2-115.2g/ml SR:95.3
OMT: 0.2-110.4,g/ml  OMT: 93.5

Human plasma MT, OMT, SR  Acetonitrile—absolute ethyl Lichrosorb NH MT: 106.96  [39]
alcohol-phosphoric acid
(80:10:8)
OMT: 105.04
Cream MT Methanol-3.5% SDS (7:2) PhenomepéXracar 20-120u.g/ml 96.0 [40]
B 5 DOS(20)
MT, OMT, SR, 10 mM KH,PO,—methanol Nova Pak Gg [41]
AR, SC,SRI  (3:7)
Sophora flavescenit MT, SR Methanol-HO-triethylamine Hypersil Gg 1.0-10wg/ml 97.1 [42]
(55:45:0.02)
Sophora tonkinensigapnep ~ MT, OMT Acetonitrile—absolute ethyl YWG-NH, MT: 0.2-2.5u.g/ml MT: 100.2 [43]
alcohol-phosphoric acid
(80:10:10)
OMT: 0.4—-4.5.9/ml OMT: 98.6
Matrine phosphate injection ~ MT Acetonitrile—0.1% phosphoricORBAX SB-Cyg 12.65-101.2¢ug/ml 100.30 [44]
acid (10:90)
K562 culture-medium MT, OMT 0.05M 20-180u.g/ml [45]
NaH,PO;—acetonitrile—methanol
Jieeryin, Fuyanjie MT, OMT Methanol-4#D-triethylamine Shim-pack CLC-ODS OMT: 0.05-3.5g/ml MT:96.9 [8]
(55:45:0.02)
MT: 0.025-2.5 g/ml OMT: 98.9
Fufang guangdougen heji MT Methanol-®l (95:5) Si 4~ 100pg/ml 97.74 [46]
Pure samples SR, SC, SRIBOmM NaH,PO,—K,HPO, ODS-80Ts SRI: 2 x 100 t0 5 x [47]
MT buffer—acetonitrile (7:3) reversed-phase columrl0—5 g/ml
MT: 5 x 107°t0 5 x
105 g/ml
SR:8x 1071%t0 7 x
10-5g/ml
SC:2x 10°t0 6 x
105 g/ml
Kushensu OMT, OSC 0.05 MNaiROy— Alltech Cig 0.02~ 0.80pg/ml [48]

acetonitrile-methanol-sodium
perchlorate (910:50:10:20)

Kushensu injection OMT, OSC Acetonitrile—absolute ethyl Spherisorb NH OMT: 0.04-0.12mg/ml  OMT: 98.8 [49]
alcohol-phosphoric acid
(80:10:8)
Antivirus granule MT Acetonitrile—0.025 M ODS reversed-phase 0.06—-2.44.9 97.73 [50]
(NH4)2S0O,—SDS 35:65:0.6  column
@
Compound radix euphorbiae MT Acetonitrile—0.02 M Shim-pack CLC-ODS  0.15-0.90 mg/ml 99.13 [51]
fischerianae injection NaH,PQO, (60:40)
Compound oral liquor MT Methanol—+4® (95:5) YWG-SIiQ 4.0-100wg/ml [9]
Antidiarrhea tablet MT, SC, SR Acetonitrile—absolute ethyl Spherisorb NH SR: 0.05-0.15mg/ml 101.2 [52]
alcohol-phosphoric acid
(80:10:8)

the analysis of matrine-type alkaloids. A method for deter- lamine as a pH regulative reagent in the mobile phase could
mination of matrine in cream by micelle HPLC was estab- obviously increase the peak symmetry and sharpened the
lished by Wei et al[40]. A PhenomenepL Tracar B5 DOS peak, which improved the separation and sensitivity of the
(150 mmx 4.6 mmi.d.; particle size pm) columnwas used  alkaloids[41,42] the retention times of the alkaloids tended
with the mobile phase of methanol>8 (7:2, v/v)-3.5% do- to decrease with the increase of the concentration of triethy-
decyl sulfate sodium (SDS). The addition of SDS in the mo- lamine. Generally, the separation and peak worsened when
bile phase increased the separation efficiency, and decreasettiethylamine content was increased to over 0.0[8%] or

the peak tailing. Furthermore, the addition of a little triethy- 2.5 ml/I[41].
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Recently, high-speed counter-current chromatography &

(HSCCC) has become an attractive method for the prepar-3
ative separation, and been applied in the measurement 0'§
most alkaloids from some crude extracts of Chinese tradi-
tional medicinal herb$28], since HSCCC provides many . .
important advantages over the conventional counter-current 0 05 1.0 15 20 25 30 35 4.0 TIME (rs)
chromatographic method including an over 10-fold increase
in sample loading capacity, high concentration fraction, con- Fig. 4. Chrqmatograms ofthecrudealkgloid extractfronjtheroﬁophorg
. . . e . L flavescengiit obtained by pH-zone-refining CCC. Experimental conditions

Cem,rf?mqn of minor impurities, etc. HS.CCC.|S a I'qu'd_!'qu'd were as follows: solvent system: methgit-butyl ether—water (1:1); station-
partitioning chromatography method in which the stationary ary phase: upper phase (10 mM triethylamine); mobile phase: lower phase
phase is immobilized by a centrifugal force. Sample com- (10mM HCI for A and B, 5mM for C); flow-rate: 1.5 ml/min; sample size:
ponents are partitioned between the mobile and stationary1.09 (A).2.0g (B) and 1.0g (C) dissolved in 20 mI (A), 30 ml (B) and 20 ml
phases and separated on the basic of differences in their par(,C) of each phase, respectiyely; revolution speed: SOQ rpm; rgtention 'of sta-
" .. . . tionary phase: 66%. I: matrine, Il: sophocarpine. Reprinted with permission
tition coefficients when the mobile phase is pumped through. ¢ /"=« [29].
In general, matrine-type alkaloids are all weakly basic com-
pounds. A pH-zone refining counter-current chromatography flavescensoot from different areas of China, such as Shang-
(pH-ZRCCC) was advanced for the separation of matrine- hai, Anhui and Jiangsu. The results showed that the per
type alkaloids ofS. flavescen®ot by Yang et al[29] based centage of relative standard deviation (R.S.D.) of the mix-
on the pH character of lupin alkaloids. In pH-ZRCCC, are- ture assays and average recoveries of the three alkaloids
tainer base (or acid) in the stationary phase was applied towere 0.24-0.49% and 93.9% for matrine, 1.08-1.89% and
retain the analytes in the column, and an elute acid (or base)95.3% for sophoridine, 0.23-0.65% and 93.5% for oxyma-
was used to elute the analytes according to thi€y yalues trine. A method of determination matrine and oxymatrine
and hydrophobicity. For pH-ZRCCC separation, the column in human plasma was performed by Fei et [89]. The
made of a 110nmx 1.6 mm i.d. PTFE tube with a total ca- alkaloids in the plasma were extracted with chlorofonm—
pacity of 240 ml was first entirely filled with the organic sta- butyl alcohol (98:2, v/v) after basification and purification
tionary phase. The sample solution was injected through awith neutral alumina solid-phase extraction. The HPLC sep-
sample injector valve with a 20 or 30 ml loop. The aqueous aration was performed on a Lichrosorb NEolumn using
mobile phase was pumped through the column at a flow-rate CH3CN—-CH;CH,OH-HzP Oy (80:10:8, v/v/v, pH 2.0). Due
of 1.5 ml/min while the column was rotated at 800 rpm. A to the high pharmacological activities of matrine-type alka-
Model 8823A-UV detector at 254 nm and an Orion Model loids of S. flavescensot, the herb has recently become one
333 pH monitor were continuously used to monitor the ef- of the focus of attention in natural medication researches. A
fluent from the outlet. A typical pH-ZRCCC chromatogram numbers of HPLC systems have been reported for the deter-
obtained for the separation of crude alkaloidsoflavescens  mination of matrine-type alkaloids in Chinese medicines or
root is presented ifig. 4. correlative products. Typical chromatograms of matrine and

HPLC is the most widely employed technique in the anal- oxymatrine in Chinese gynaecologic medicines are named
ysis of lupine alkaloid ofS. flavescensoot. In their UV Jieeryin, Fushuanyan and their standards are showigirb
detection, a wavelength about 202—-220f38,39,55,56]is [8]. A 10 ml Jieeryin sample was adjusted to pH 9-10 by
generally selected for high sensitivity. In Li's rep§4tl], a 14% ammonia solution, and then extracted four times with
HPLC-UV method was described for the simultaneous de- 20 ml chloroform. An exact volume of 10 ml extraction solu-
termination of matrine, sophoridine and oxymatrineSn tion was purified by a small column packed neutral alumina
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Fig. 5. Typical chromatograms of Chinese gynaecologic medicines and their

standards: (a) Jieeryin sample; (b) Fuyanshuan sample; (c and d) corre-

sponding blanks; (e) standard oxymatrine solution; and (f) standard matrine
solution. (1) Oxymatrine; (2) matrine. Reprinted with permission from ref.

[8l.

(10 mmx 90 mm) with a 10 ml chloroform, and then 10 ml
chloroform—methanol (7:3, v/v) solution and then gave alka-

Relative intensity
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Fig. 6. Chromatogram of alkaloids separated frBophora alopecuroides
L.: (1) oxymatrine; (2) matrine. Reprinted with permission from [&7)].

related matrine-type alkaloids, such as sophoridine, sophora-
nol and sophocarpingt7], because quinolizidine alkaloids

in S. flavescensontain tertiary amine functional groups and
therefore they could be determined sensitively while using
the chemiluminescence reaction with Ru(kgy). Generally,

the amino group present in amine or amino acid produces a
secondary amine followed by a dealkylation process in the
presence of water, and the intermediates of neutral amine
radical have sufficient energy to react with Ru(kgy) or
Ru(bpy)3t to yield excited state Ru(bpyd™ and hence light
emission. The study identifying ECL emission of lupin alka-
loid was affected by its three-dimensional conformation of
hydrogen,3-carbon atom substitution group character or a
carbon—carbon double bond substituent in alkaloid. The cal-

loids. The alkaloids were collected and evaporated to dryness.

The residue obtained was reconstituted with mobile phase
and filtered through a 0.46m membrane. The clear filtrate

was used in as the HPLC assay. Moreover, a reversed-phased

HPLC method for the determination of matrine and oxyma-
trine inS. alopecuroidek. and its preparation were reported
by Wang and Yand57]. A Shim-pack CLC-ODS column
(150 mmx 6.0 mm, particle size pm) and SPD-M6A PDA
detector were used in this system. A typical chromatogram
of alkaloids separated froi. alopecuroide&. is shown in
Fig. 6. Compared with the compound medicines, the process
and HPLC chromatograms of injections are obviously simple
since less composition exists in injectio®sd. 7). Separa-
tion and determination of matrine in matrine phosphate in-
jection was achieved with a ZORBAX SB:gcolumn in an
optimal mobile phase containing acetonitrile and phosphoric
acid (10:90, v/v). The injection sample was directly injected
into the HPLC system after mobile phase dilut[dd].

Besides of UV detection, in recent years, the electro-
chemiluminescent (ECL) method using Ru(bg®) has be-
come an attractive HPLC detection means for matrine and
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Fig. 7. Chromatograms of: (A) standard matrine solution; and (B) matrine
phosphate injection. (1) Matrine; (2) internal standard. Reprinted with per-
mission from ref[44].
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Mobile phase

HPCE is to break the micro separation limit and make routine
o il Fr— separation at the nano or even atto level possible, although
— Tinke Jph( 1 um]:h 3 the lower sensitivity and reproducibility compared to HPLC
i o are crucial points for analysis of substances occurring in very
Reagont o low concentration. It has been widely used for separation and

_D_ [meﬂﬂ]_ [Ampm] determination of pharmacologically interesting compounds
in biological matrices such as plant. In the field of natural
i i product analysis, HPCE has gained acceptance as an ana-
Fig. 8. Experimental setup for ECL-HPLC. . . . . .

lytical technique. It is particularly useful for solving separa-
tion problems in cases that those problems are difficult or too
culated values of ionization potentials (IPs) in N atom and lu- time-consuming to be solved by HPLC. In general separation
minescence intensities for these alkaloids provided a generalof matrine-type alkaloids fron$. flavescens selection of
trend of ECL intensity for the alkylamines. Investigation re- weak acidic running buffer about pH 3.0 could be considered
sults showed that the luminescence was obtained only in alka-since the alkaloids are weakly basic compounds. An uncoated
line solution beyond pH 9.0. The supporting electrolyte also fused-silica capillary with about effective length of 50 cm is
affected the electrolytic efficiency of matrine-type alkaloid, commonly used. Addition of the organic solvent resulted in
which led to different luminescence intensity. The system for the reduction of the sphere of hydration of the analytes. As a
matrine-type alkaloids HPLC-ECL determinationis shownin consequence, the difference in charge to size ratio increased,
Fig. 8 The main body of the thin layer electrolysis flow cell resulting in a better resolution of the analytes. A better sep-
was constructed from two pieces of Diflon blocks separated aration of matrine-type alkaloids could be obtained if the
by a 50u.m thick Teflon spacer. The volume of the thin layer running buffer contains a suitable amount of organic reagent
cell was about 1.5.l. A three-electrode system was used for such as THF or propan¢20,58] In 1999, Song reported
potentiostatic control of the electrolytic system. The working the determination of quinolizidine alkaloids in traditional
electrode was a glassy carbon disk (22.1rfhe counter Chinese herbal drugs by non-aqueous capillary electrophore-
electrode set at the outlet consisted of a stainless-steel pipesis [20]. A total of 10 alkaloids including matrine, oxyma-
and the reference electrode was Ag/AgCl (saturated KCl solu- trine, sophocarpine, oxysophocarpine, sophoridine, cytisine,
tion). A potentiostat was used for electrolysis. The light emis- sophoramine, aloperine, lehmannine and dauricine could be
sion was detected using a photomultiplier tube and the signalseparated within 18 minF{g. 9). Separations of alkaloids
was amplified and recorded by a chromatographic proces-fromS. flavescendushen)S. alopecuroidefKudouzi) and
sor. The samples were separated on an ODS-80 Ts reversedsophora tonkinensi@&ugancao) were achieved in an opti-
phase column (150 mm 4.6 mm, Tosoh, Japan) with a mo- mal running buffer composed of 50 mM ammonium acetate,
bile phase containing 80 mM NaRO,—K>HP O, buffer so- 10% tetrahydrofuran and 0.5% acetic acid in methanol using
lution (pH 6.0)—acetonitrile (7:3) and 40 mM sodium dode- fused-silica capillary of 47.6 cm (40 cm effective length)
cyl sulfate. The reagent solution with 0.8 mM Ru(bg) 50m i.d. The limits of detection for all 10 alkaloids were
in 0.05M NaOH-NaAc—-0.3M KN@ buffer solution (pH over the range of 0.93-2.3@/ml. The method was success-
10.0) was mixed with the elute from HPLC column before ful applied to the phytochemical analysis of alkaloid extracts
flowed into ECL detector. The detection limits ranged from from three commonly used traditional Chinese herbal drugs.
3 x 10~ g/ml for sophoridine, 6< 10-11g/ml for matrine, ~ The contents of pharmacologically active alkaloids, matrine,
7 x 10~ g/ml for sophoranol, to & 10~1%g/mlfor sopho-  sophocarpine, sophoridine, oxymatrine and oxysophocarpine
carpine, respectively, at an S/N of 3. Relative standard de-in different parts ofSophoraspecies were quantitatively de-
viations were less than 3% for 10 replicate injections for termined within 16 mifi20]. Hu etal[19] used capillary zone
all samples. The calibration curve for the four alkaloids was electrophoresis in the extract®f flavescen®ot for the sep-
found to be from 2« 10~1%to 5x 10~° g/ml for sophoridine,  aration and quantitative determination of five alkaloids, cy-

Electrolysis cell Waste

HPLC column
o225

o

5 x 10719t0 5 x 10~° g/ml for matrine, 8x 10 10to 7 x tosine, sophoramine, sophocarpine, matrine and oxymatrine.
10-5 g/ml for sophoranol, and % 107° to 6 x 10~°g/ml As shown inFig. 10 the all alkaloids can be monitored at UV
for sophocarpine, respectively. 214 nmusing an uncoated fused-silica capillary ofuibi.d.

with a total length of 57 cm (50 cm effective length). Sepa-
ration was performed by a buffer of 110 mM sodium dihy-
5. High-performance capillary electrophoresis and drogenphosphate and 15% 2-propanol (pH 3.0) and kept in
other methods a constant voltage of 27 kV. Comparing the CZE and HPLC
methods for alkaloids separation, CZE shows several advan-
High-performance capillary electrophoresis is a separa- tages in higher separation performance over HPLC, such as
tion technique of high efficiency with low sample and solvent rapidity of analysis, small sample volume, no requirement for
consumption. The technique allows the separation of almostorganic solventin the running buffer and low cost of reagents.
any type of compound, regardless of the chemical nature, size In the above CZE method, the five alkaloids could be base-
conformation, or charge. The most attractive advantage ofline separated in 15 min and the detection limits for the five
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3 aration buffer, electrokinetic injection parameters, compound identities same
3 as in Fig. 10. Electropherograms of: (A) 10 alkaloids and the I.S. mixture;
§ 24 (B) S. flavescen®Reprinted with permission from refl9].
g J 2
o]
< U il L alkaloids on the basis of a signal-to-noise ratio of 3 were de-
termined from a range of 0.7 to 0.9 ng/ml. For a given sample
0 . . . . r . . . . (Fig. 11), R.S.D. values of the migration times and relative
0 2 4 6 8 10 12 14 16

peak areas were below 0.5 and 1.5%. The described HPCE
methods for the separations and determinations of matrine-
Fig. 9. Electropherograms of: (A) 10 alkaloids and the I.S. mixture; (B) type alkaloids of. flavescenwot are summarized ifable 5
S. flavescenapplied voltage: 30kV, temperature: 25 column: 47.5cm [19,20.24,58—61]
(40 cm effective lengthx 50m of uncoated fused-silica capillary buffer A wide range melting point of matrine-type alkaloids
solution: 50 mM ammonium acet_at_e, 10% THF and _0.5% acetic acit_j in makes it difficult to apply capillary gas Chromatography for
methanol. (1) Matrine; (2) sophoridine; (3) sophocarpine; (4) lehmanning; y,q sanaration, and a few reports on this field have been
(5) sophoramine; (6) oxymatrine; (7) oxysophcarpine; (8) cysine; (9) aloper- . .
ine; (10) dauricine; (11) scopolamine (internal standard). Reprinted with found. The melted point of matrine ranges from 76 t687
permission from ref[20]. but the melted point ofy-type matrine changes to 22G
[62]. Oxymatrine monohydrate is melted at 162—163but
anhydrated oxymatrine at 20C. Generally, the separation
of matrine and other matrine-type alkaloidsSfflavescens
root or Chinese medicines using GC have often required a
temperature program. In the Jiang’s rep@2], a stainless
steel separation column (1.0 6 mm, i.d.) packed with
OV-17 as stationary phase and FID detector were employed.
3 The temperature program was applied with 16Gor 1 min,
increasing 20C/min to 250°C for 3 min, then increasing
20°C/min to 300°C for 2 min. Recently, the separation and
determination of matrine in vegetal pesticide by GC have
been attracted interests since matrine mixed with nicotine
has been considered as main compositions of high effective
| pesticide in green agricultufé3,64] A25mx 0.32mmii.d.
. . ] flexible fused-silica packed with 5% Ph Me silicone capillary
8 12 16 column or a filled column (2.5nx 3mm, i.d.) packed with
Migration time (min) 10% PEG-20M and FID detector was applied. The recovery
and R.S.D. are ranged from 97.5t0 99.4, and 1.73 t0 6.01%,

Migration time (min)
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Fig. 10. Electropherogram for the separation of the alkaloids. Separation - P -
buffer, 110 mM sodium dihydrogenphosphate, 15% 2-propanol, pH 3.0. respecuvely. Asummary of GC appllcatlon onthe separation

Electrokineticinjection with 8 kV and 11 s (+ te) after preliminary pressure and determination of matrine alkaloids $f flavescensoot
injection of water for 3's. (1) Cytosine; (2) sophoramine; (3) sophocarpine; IS presented iffable 6 [62,63,65,66]

(4) matrine; (5) oxymatrine; and (6) brucine (internal standard). Reprinted Although thin Iayer chromatography lacks quantitative
with permission from ref{19]. precision, sensitivity and separation efficiency compared
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Table 5
HPCE applications on the separation and determination of matrine-type alkal@dplbdra flavescenmsot
Objective Compound CE mode Running buffer Separation column Linearity LOD (ng/ml) Reference
range ug/ml)
Herbal medicine MT, SC, SRI,CZE Acetate (pH 3.81-5.55) andntreated fused-silica [24]
OMT, OSC phosphate buffer (pH capillary
6.05-9.29)
Sophora flavescenfst SR, SC, MT, CZE 110 mM NaHPQ;—15%  Uncoated fused-silicaCS: 0.0:-0.1 CS:0.7x 1073 [19]
OMT 2-propanol (pH 3.0) capillary
SR:0.01-0.1 SR: 0.8x 1073
SC: 0.0:-0.1 SC:0.7x 1073
MT: 0.01—-1 MT: 0.9 x 1073
OMT: 0.01-1 OMT: 0.8x 1073
Sophora flavescenfsit SRI, SC, CZE 0.04 M citrate buffer (pH Uncoated fused-silica OSC: 0.07 [58]
MTO, MT, 4.5)-50% capillary
oscC methanol-triethylamine
SRI: 0.042
SC: 0.039
M: 0.032
OM: 0.068
Sophora subprostata MT, OMT HPCE 130 mM phosphate buffer Uncoated fused-silicaMT: 22.0-440.0 MT: 1.1 [59]
(NaH,POy—H3PO, pH capillary
3.5)—acetonitrile (3:1)
OMT: 10.8-216.0 OMT: 1.0
Sophora flavescenfst, S. MT, SC, OMT, Non-aqueous50 mM ammonium Uncoated fused-silicaSRI: 2.51-50.1 SRI: 1.18 [20]
alopecuroided.., S. SR, OSC CE acetate—10% capillary
tonkinensisgapnep tetrahydrofuran—0.5% acetic
acid—methanol
SC:2.52-50.4  SC:1.05
MT: 2.71-54.2  MT: 1.27
OMT: 3.30-65.9 OMT: 2.24
0OSC:3.10-62.0 0OSC:2.11
Sophora flavescerisjection MT, OMT, SC,CZE 200 mM Tris salt-40mM Uncoated fused-silica SC: 0.2-5.7 SC:0.1 [60]
oscC NaH,P0O,—20% isopropanotapillary
(pH 5.5)
MT: 0.3-16.7 MT: 0.14
OMT: 4.8-240 OMT: 0.3
0OSC: 1.2-59 0OSC: 0.18
MT, OMT HPCE 20 mM phosphate buffer Uncoated fused-silicaMT: 126-1260  MT: 1.0 [61]
(NaH,PO;—H3PO, pH 8.0) capillary
OMT: 100-1000 OMT: 0.5
Sophora flavescenfst MT, OMT HPCE Uncoated fused-silicaMT: 70-350 [27]

capillary
OMT: 50-250

to the column methodologies, TLC methods has been de-with chloroform—methanol-ammonia (5:0.6:0.2, v/v/v) or
veloped and employed for the separation and determina-toluene—acetone—ammonia (10:1.5:0.5, v/v/v) as develop-
tion of alkaloids, especially for matrine since TLC is a ing solvent systenj67,68] The plates were layer scanning
quick, convenient, and inexpensive technique with the abil- with a UV spectrophotometer or a lamina scanner. Simi-
ity to assay many samples in parallel on a single TLC lar TLC methods have been also developed to the detec-
plate, leading to a large increase in sample throughput com-tion of alkaloids ofS. flavescensoot in Chinese medicines
pared to the column methods. The contents of matrine in and relative products, and are summarized Teible 7
Chinese medicines were detected using silica gel plates[67—76]

Table 6

GC applications on the separation and determination of lupin alkaloifispifiora flavescensot

Objective Compound Separation column Detector Reference
OMT 5% Ph Me silicone capillary FID [63]

Sophora flavescenfst MT, OMT BD-1701 capillary FID [62]

Anti-rheumatism capsule MT Stainless steel FID [65]

Lupinus angustifolius CS Fused-silica OV-101 capillary MS [66]
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Table 7

TLC application on the separation and determination of matrine-type alkaloBigpbfora flavescensot

Objective Compound Developing solvent TLC plates Linearity range Reference

Ginseng angelica pill MT Chloroform—methanol-ammonia Silica gel G [68]
(5:0.6:0.2)

Sophora flavescenfst MT, OMT 0.2% HCl—chloroform Silica gel G 0.3% CMC-Na [69]

Su Nv Le gynecologic medicine OMT Chloroform—methanol-ammonia Silica gel G [70]
(5:6:0.2)

Kurainone power medicine MT CTAB, SDS Polyamide 6 membrane [71]

Boxingkang surongmo MT Benzene—acetone—ethyletanoateSilica gel G 1-5.9 [72]
ammonia (2:3:4:0.2)

Angelica matrine pill MT Toluene—acetone—ethanol— Silica gel G 0.3% CMC—Na 2.4-1\y [67]
ammonia (10:0:1.5:0.5)

Shenbaiye MT, OMT Toluene—ethyletanoate— Silica gel G 0.25% CMC-Na [73]
methanol-HO (2:4:2:1)

Sophora flavescenfst MT Chloroform—methanol— Silica gel G 2x 108 to [74]
ammonia (5:0.6:0.2) 2x 10 %g/ml

Throat spray MT Toluene—acetone—ethanol— Silica gel G 0.7% CMC—Na 1.8-91 [75]
ammonia (20:20:3:1)

Gynaecologic exterior disinfector MT Benzene-acetone—methanol  Silica gel G 3% CMC—Na [76]
(8:3:0.5)

6. Evaluation of the analytical results The second source of error may be in detector, which may

occur due to selective losses of samples onto the stationary

The modern HPLC system is a very powerful analytical phase of column, detector non-linearity and response fac-
tool that can provide accurate and precise analytical results,tors. For the selective losses onto column, spiking and re-
but the major sources of error in quantitation including sam- covery experiments may be helpful in establishing the extent
pling and sample handling, detector and the choice of chro- of error introduced by physical losses. Many detectors are
matographic method should be considered. linear over only one or two decades of operation. One ap-

Sample collection and preparation are possibly main er- proach in extending the effective linear range of a detector is
rorin HPLC application. Special precautions need to be taken high-low injection. In this approach, an accurate dilution of a
for solid samples because solid samples may be inhomoge-stock sample solution should be preparedlable 4 linear-
nous. In HPLC separation, drie®l flavescensoot need to ity with more than five decades of alkaloids could be found
be ground carefully to a fine power, and an enough amountby high-low injection. The results showed when a ODS-80
samples, generally more than 1g, was weighed accuratelyTs reversed-phase column and ECL detector were employed,
before its extraction. In liquid samples, there may be phasethe peak area was linearly related to sophoridine for the range
separation or adsorption of a component to container materialof 2 x 101%to 5 x 10°g/ml, 5x 10 1%t0 5 x 10~°g/ml
such as glass or polyethylene. Adsorption is often observedfor matrine, 8x 10710 to 7 x 10-°g/ml for sophoranol,
in analyzing macromolecules such as proteins. The extrac-2 x 1072 to 6 x 10~ g/ml for sophocarpine, respectively
tion efficiency and reproducibility obviously affect sampling [47]. Furthermore, measurement of response factors is taken
precision. In LLE, the composition, content, volume of sol- in account and employed in HPLC practice since detec-
vents and even extraction temperature should be carefullytors usually are not equally sensitive to all components of a
taken into account. The selection of extraction solvents for mixture.
S. flavescenmot has been discussed in the former chapter.  Detectability may be a significant problem in the HPLC
Generally, an organic solvent with chloroform and methanol application to matrine-type alkaloids. UV detector is com-
is employed. The recovery experiments may be helpful in the monly used in the HPLC system, but there is few reports on
measurement of extraction efficiency. In a recovery measure-using other kinds of detectors such as fluorescence, electro-
ment, known amounts of alkaloids are added to an accuratelychemistry or infrared spectrum since these alkaloids may lack
weighed fine power sample &. flavescensoot. The mix- of obviously active fluorescent or electrochemical groups.
ture of the alkaloids is extracted and analyzedTadble 4 a An interesting attempt to apply thin layer flow through ECL
recovery from 93.5 to 105% could be observed in the most detector for HPLC application has been propoged. Ac-
reported HPLC methods, but Lai et §86] reported the re-  cording to the report, the detection limits were ranged from
covery was 46.4% for MT, 45.0% for OMT by non-imprinted 3 x 10~ g/ml for sophoridine, 6< 10~ g/ml for matrine,
column. Actually, the yield of the traditional extraction LLE 7 x 10~11g/ml for sophoranol, 1x 10-19g/ml for sopho-
method using above solvent was only about 5%, the carpine, respectively, at an S/N of 3. Relative standard de-
high recovery reported may indicate some reasons or errorsviations were less than 3% for 10 replicate injections for all
existence in their reports. samples. The chromatographic mode affects the quantitative
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accurate. The hydrophobic or hydrophilic character of an- [6] R.S. Li, et al., Acta Pharmacol. Sin. 7 (1986) 219.
alytes should be considered before the separation selection.[?] F.L. Deng, B.M. Chen, S.X. Liang, G.H. Chen, L.W. Xia, Chin.
Revised-phase columns are commonly used in the separation__ Tradit. Patent Med. 23 (2001) 670. .

. . . [8] W.Y. Yang, N.L. Yang, T.Y. Wang, Chin. J. Chin. Mater. Med. 22
of matrine-type alkaloids for their excellent performance. (1997) 732.

An external standard method or internal standard method [g] k. Li, Y.S. Yuan, X.B. Jia, Chin. Pharm. J. 30 (1995) 302.

is used in the HPLC quantitative analysis. In external stan- [10] L.X. Jin, Y.Y. Cui, G.D. Zhang, Acta Pharm. Sin. 28 (1993) 136.
dard, a direct comparison of the detector response of a purd11] Sl-;(éYRy:élH-S- Lee, Y.K. Kim, S.H. Kim, Arch. Pharm. Res. 20
compoynd to asampl? or prepqrmg standards of varying Co.n_[lz] (S Shi)bata,.Y. Nishikawa, Chem. Pharm. Bull. 11 (1963) 167.
cen';ratlon and analyzing them_ is performed. The key §tep IN[13] A vagi, N. Fukunaga, N. Okuzako, I. Mifuchi, F. Kawamoto, Shoy-
the internal standard method is to choose an appropriate in-  akugaku zasshi. 43 (1989) 343.
ternal standard, which has polarity similar to the analyte. Al- [14] K. Kyogoku, K. Hatayama, K. Suzuki, S. Yokomori, K. Maejima,
though the internal standard method gives reliable, accurate M. Komatsu, Chem. Pharm. Bull. 21 (1973) 1436.

and precise results. most of the presented references for th&>) K-H. Shin, S.S. Kang, H.J. Chi., Kor. J. Pharmacogn. 23 (1992) 20.
[16] S. Ohmiya, K. Saito, I. Murakoshi, in: G.A. Cordell (Ed.), The

HPLC analysis of matrine-type aIkaI0|q Sh.OW th.at[ feV_V !nter— Alkaloids, vol. 47, Academic Press, New York, 1995, p. 1.
nal standard methods have been applied since it is difficult to[17] 3.H. Du, Xibei Yaoxue Zazhi. 3 (1988) 9.
select a suitable internal standard compound. [18] M.Z. Wang (Ed.), Analysis of High-Performance Liquid Chromatog-
raphy for Ordinary Chinese Herbs, Academic Press, Beijing, 1999,
p. 207.
. [19] S.H. Liu, Q.F. Li, X.G. Chen, Z.D. Hu, Electrophoresis 23 (2002)
7. Conclusion 3392.
[20] J.Z. Song, H.X. Xu, S.J. Tian, P.P.H. Butt, J. Chromatogr. A 857
The rootof S. flavescens a widely used traditional Chi- (1999) 303.

nese herbal drug. The primary effective component§of  [21 J-F. Hu, Y.M. Yang, West China J. Pharm. Sci. 16 (2001) 62.
[22] B. Liu, J.L. Li, Y.J. Yuan, Chin. Tradit. Herbal Drugs 32 (2001)

flavescensire matrine-type alkaloids, which possess strong 204,

biological activities and provide a valuable resource in the [23] .z, zhang, J.S. Li, Zhongguo Zhongyao Zazhi. 22 (1997) 740.
treatment of some diseases such as antifebrile, ache, diuretig24] S.X. Gong, X.D. Su, T. Bo, X. Zhang, H.W. Liu, K.A. Li, J. Sep.
tussis, antidote, tumor and so on. It is of important to de- Sci. 26 (2003) 549.

velop efficient methods for their separation and determina- [25] Y- Lin, M. Xie, C.M. Wu, Strait Pharm. J. 12 (2000) 5.

tion from S. flavescenot. HPLC with UV detection is the [26] C.H. Ma, TH. Cao, Chin. J. Pharm. Anal. 20 (2000) 409.

. . . . . 27] S.X. Li, S.Q. Wang, Chin. J. Chin. Mater. Med. 24 (1999) 100.
most widely utilized separation method for the determination [2g] .M. yuan, M. zi, P. Ai, X.X. Chen, Z.Y. Li, R.N. Fu, T.Y. Zhang,
matrine-type alkaloids in various matrices. Different sam- J. Chromatogr. A 927 (2001) 91.
ple preparation techniques have been also applied to HPLC[29] F.Q. Yang, J. Quan, T.Y. Zhang, Y. Ito, J. Chromatogr. A 822 (1998)
or to other chromatographic methods to improve precision, __ 316

o . . 30] C. Baggiani, C. Giovannoil, L. Anfossi, C. Tozzi, J. Chromatogr. A
accuracy, and reproducibility. LLE is the most widely em- [30] 938 (29’801) 35 9

ployed Sample preparation methodologies used for quanti'[3l] C. Crescenzi, S. Bayouth, P.A.G. Cormack, T. Klein, K. Ensing,
tative chromatographic analysis of matrine-type alkaloids in Anal. Chem. 73 (2001) 2171.

various matrices such as dri&l flavescensoot, Chinese  [32] J.C. Xie, L.L. Zhu, H.P. Luo, L. Zhou, C.X. Li, X.J. Xu, J. Chro-
medicine products and injections. In addition, other separa- ___ Matogr. A 934 (2001) 1.

. [33] S.A. Piletsky, E.V. Piletska, B.N. Chen, K. Karim, D. Weston, G.
tion methods as HPCE, GC or TLC are also proved to be ™™ oo i "5 owe, AP.F. Turner, Anal. Chem. 72 (2000) 4381.

useful in the separation and analysis of matrine-typ&.of  [34] G. wulff, T. Gross, R. Schonfeld, Angew. Chem. Int. Ed. Eng. 36
flavescensoot. (1997) 1962.
[35] S.A. Piletsky, E.V. Piletska, A. Bossi, K. Karim, P. Lowe, A.P.F.
Turner, Biosens. Bioelectron. 16 (2001) 701.
Ack led [36] J.P. Lai, X.W. He, Y. Jiang, F. Chen, Anal. Bioanal. Chem. 375
cknowledgement (2003) 264.
[37] K. Ganzler, A.l. Szinai, J. Chromatogr. 520 (1990) 257.
Financial support from Natural Scientific Foundation of [38] K. Li, H.J. Wang, Biomed. Chromatogr. (2003) in press.

China (No. 20375033) is gratefully acknowledged. [39] Y.Q. Fei, F.R. An, X.Z. Liang, Chin. Pharm. 12 (2001) 479.
[40] H. Wei, W. Fu, Y.Y. Hua, J.R. Zhang, Chin. J. Pharm. 32 (2001)
312.
[41] X.P. Li, B.G. Zhao, M.Z. Xia, B.B. Xue, J. Huaibei Coal Ind. Teach-
References ers Coll. 21 (2000) 44.
[42] Y. Lin, M. Xie, C.M. Wu, Strait Pharm. J. 12 (Suppl.) (2000) 5.
[1] Y. Li, L.R. He, Chin. Tradit. Herbal Drugs 31 (2000) 227. [43] C.H. Ma, T.H. Cao, Chin. J. Pharm. Anal. 20 (2000) 408.
[2] Y.F. Bai, R.G. Mo, Chin. Tradit. Herbal Drugs 27 (1996) 729. [44] H. Cao, P. Wei, Pharm. J. Chin. PLA 16 (2000) 325.
[3] S.M. Xin, Z.Q. Ma, Chin. Tradit. Patent Med. 20 (1998) 30. [45] B.Z. Li, J.K. Jiang, L. Zhong, et al., Acta Universitatis Scientiae
[4] J.L. Chen, S.Z. Yu, H.J. Wang, et al., Chin. J. Inter. Med. 13 (1965) Medicinae Chongging 22 (1997) 302.
614. [46] X.B. Jia, W.D. Chen, Northwest Pharm. J. 10 (1995) 195.

[5] S.Y. Xin, G.P. Tian, J. Tianjin Coll. Tradit. Chin. Med. 17 (1998) [47] X. Chen, C.Q. Yi, M.J. Li, X. Lu, et al.,, Anal. Chim. Acta 466
39. (2002) 79.



X. Chen et al. / J. Chromatogr. B 812 (2004) 149-163

[48] B.R. Liu, H.C. Zhou, W. Wang, Lishizhen Med. Mater. Med. Res.
12 (2001) 27.

[49] F.Z. Yang, Y. Lu, Q.Y. Jiang, Northwest Pharm. J. 12 (1997) 245.

[50] D.C. Zeng, Chin. Tradit. Patent Med. 21 (1999) 175.

[51] R. Song, J.M. Yuan, L.S. Yu, Lishizhen Med. Mater. Med. Res. 11
(2000) 789.

[52] F.Z. Yang, S.Q. Yin, Q.Y. Jiang, Chin. J. Pharm. Anal. 18 (1998)
50.

[53] N. Ota, Y. Mino, Shoyakugaku Zasshi. 33 (1979) 140.

[54] K. Saito, K. Kobayashi, S. Ohmiya, H. Otomasu, J. Chromatogr. 462
(1989) 333.

[55] B.R. Liu, H.C. Zhou, W. Wang, Lishizhen Med. Mater. Med. Res.
12 (2001) 27.

[56] X.J. Ma, X.H. Pei, Y.L. Feng, Pharm. J. Chin. PLA 16 (2000)
328.

[57] W.Y. Yang, N.L. Yang, T.Y. Wang, J. Ningxia Univ., Nat. Sci. Ed.
17 (1996) 13.

[58] X.D. Su, X.K. Wang, Y. Li, J.S. Li, Y.N. Yan, Y.T. Chen, H.W. Liu,
J. Microcolumn Sep. 13 (2001) 221.

[59] Y.R. Ku, L.Y. Chang, J.H. Lin, L.K. Ho, J. Pharm. Biomed. Anal.
28 (2002) 1005.

[60] Y.F. Chen, S.J. Tian, J.Z. Song, Z.P. Sun, Chin. J. Pharm. Anal. 19
(1999) 296.

163

[61] M. Luo, P. He, M.C. Wu, et al., Chin. Tradit. Herbal Drugs 30
(1999) 261.

[62] L. Jiang, H.X. Wang, Anal. Instrum. Newslett. 7 (1997) 222.

[63] B.F. Liu, J.W. Wei, Pest. Sci. Admin. Suppl. (1998) 4.

[64] G.E. Yang, X.F. Sun, A.L. Dou, L.X. Hao, J. Shanxi Med. Univ. 31
(2000) 321.

[65] S.T. Yao, Q.W. Zhang, Chin. Tradit. Patent Med. 16 (1994) 17.

[66] C.R. Priddis, J. Chromatogr. 261 (1983) 95.

[67] Z.W. Zhang, Y.Z. Wang, X.M. Sun, Chin. J. Chin. Mater. Med. 24
(1999) 734.

[68] G.X. Zhou, X.M. You, Lishizhen Med. Mater. Med. Res. 12 (2001)
212.

[69] X.L. Zhao, J. Heilongjiang Inst. Commerce 16 (2000) 9.

[70] Z.H. Yan, Q.P. Luo, Northwest Pharm. J. 9 (1994) 21.

[71] L. Du, X.H. Guo, H.S. Jiao, J. Lanzhou Med. Coll. 23 (1997) 17.

[72] Q. Wu, J. Guizhou Normal Univ. 19 (2001) 53.

[73] C.Y. Wu, Z.Q. Zhou, Y.J. He, J. West Chin. Univ. Med. Sci. 29
(1998) 334.

[74] B.Q. Wang, Z.G. Pang, X. Wang, X.L. Hu, Chin. J. Anal. Chem. 6
(1997) 693.

[75] Y. Chen, H.S. Zhen, Y.X. Shi, C.K. Pang, Chin. Tradit. Patent Med.
20 (1998) 13.

[76] T. Tao, Guangdong Pharm. J. 10 (2000) 25.



