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Abstract

This review is presented of chromatography and electromigration methods currently in use to determine sugars in traditional Chinese drugs:
gas chromatography (GC), high-performance liquid chromatography (HPLC), ion-exchange chromatography, gel column chromatography
(GCC), paper chromatography (PC) and thin layer chromatography (TLC), capillary electrophoresis (CE) and gel electrophoresis (GEP).
The detection methods combined with above separation methods including ultra-violet, mass spectra, fluorescent light, refractive index (RI),
electrochemical detection are also described. For the complicacy of structural analysis of polysaccharides in traditional Chinese drugs, the
hyphenation procedures concerned with this analysis are introduced in this article too.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction the first stage of HIV infection and have been proved to use
as anti-HIV drugg22-24]

1.1. Pharmacological applications of sugars in Blood sugar reduction: The obvious effect of natural

traditional Chinese herbs polysaccharides on reducing blood sugar has more and more

become interesting and many experiments have proved that

Sugars are extensively existed in traditional Chinese herbssome polysaccharides could enhance the secretion of insulin
and their dry weight can reach 80-90% of the whole plants. and further adjust the carbohydrate metabolism. The polysac-
As in other plants, sugars in traditional Chinese herbs are charides extracted froRadix ginsengGanoderma lucidum
existed in three forms: monosaccharides, oligosaccharidesAtractylodes macrocephald.ithospermum officinaleChi-
and polysaccharides. Monosaccharides are also the basic comese yamChinese ephedi@umpkin etc. have been proved
stituent units of oligosaccharides and polysaccharides. Thereto have the activities of reducing blood sugar and some related
are more than 200 kinds of natural monosaccharides foundedpolysaccharides medicines have been entered Chinese mar-
in plants, but most monosaccharides are existed in combina-ket [25-30] Momordica charantiapolysaccharide is even
tive forms except afew monosaccharides, such as glucose angegarded as plant insulin for its special ability on reducing
fructose, are intheir dissociated forms. Oligosaccharides usu-blood sugaf31].
ally consist of 2-9 monosaccharide units which are connected  Anti-inflammation: The anti-inflammation effect of natu-
in straight chains or branched chains by glucoside bonds.ral polysaccharides is carried out by directly killing bacteria
Polysaccharides usually include more than 100 even severalnd viruses, or by improving patients’ immune abilities. It
thousands of monosaccharide constituent units and performis proved that sulfatRadix achyranthigpolysaccharide and
very different physical and chemical properties. Until today, Acanthopancis trifoliatpolysaccharide have a strong inhibit-
there are more than 300 kinds of polysaccharides extracteding activation on B type hepatitis viruses: HBsAg and HBeAg
from the natural plants, in which the water-soluble polysac- [32]. Other polysaccharides in Chinese traditional medicines,
charides from traditional Chinese herbs are most important such ad.ycium barbarun{33], Achyranthes bidentat4],
for their significant pharmaceutical applicatidis-4]. Fructus lycii and Prunella vulgaris[35,36] have been re-

In the past decades, it has been found that the polysacchaported to perform strong activations on different inflamma-
rides in plants are not only the energy resources but play keytions therapies too.
biological roles involving in many life processes aswell. The  Other pharmaceutical values of the polysaccharides in
mechanisms of pharmaceutical effects of bioactive polysac- Chinese traditional drugs include anti-complementary, alle-
charides on diseases have been extensively studied and morgiating hyperthermia-induced damage, anti-ulcers, sedation,
and more kinds of natural polysaccharides with different cu- etc.[35,37-39]
rative effects have been tested and even applied in therapies
[5-7]. The major pharmaceutical applications of the polysac- 1.2. Analytical methods of sugars
charides in traditional Chinese drugs are reflected in follow-

ing aspects: Because many kinds of proteins, dyes, volatilizable oils,
Anti-cancers: Many kinds of polysaccharides in tradi- lipids, biological bases and other ingredients are usually ex-

tional Chinese drugs, such as the polysaccharidegdium isted together with sugars in plants, the analysis of sugars

barbarum[8], Ganoderma lucidurf®], Saposhnikoriadivar-  in traditional Chinese drugs is very difficult. The analysis of

icata [10], Achyranthes bidentatfl 1], Klebsiella pneumo-  sugars in traditional Chinese drugs, especially polysaccha-
niae[12], Pseudostellaria heterophylfd 3] etc., have been  rides, usually consists of three procedures: extraction, pu-
reported to have anti-tumor activities through improving pa- rification and analysis. For the sugar extraction procedure,
tients’ immunity ability or killing tumor cells. Besides re-  water, dilute basic solutions and organic solvents at differ-
straining the propagations of initiative tumor cells in patients, ent temperatures could be selected as dissolvent according
polysaccharides can effectively prohibit the propagations of to the aim ingredients. For the sugar purification procedure,
tumor cells induced by chemical or viral reasons. multi-precipitation, salting out and column chromatography
Immunity developments: More than 100 kinds of polysac- (including cellulose, ion-exchange resin, gel, zone capillary,
charides in Chinese traditional herbs have been found to haveHPLC, etc.) are usually used. For the third procedure of sugar
activations on improving human beings’ immune activity analysis, the most used methods are chromatographic separa-
[14,15] The reason is that the administration of eutherapeu- tions combining with suitable detectors and other structural
tic natural polysaccharides could stimulate the production of analytical techniques including MS, IR, NMR, etc.
interleukins that further improve the regeneration of T cells Compared to monosaccharides and oligosaccharides, the
and B lymphocyte cells. Some examples of traditional Chi- analysis of polysaccharides is more difficult for their large
nese drugs containing these functional polysaccharides aremolecular weights, complex structures and inert chemical ac-
Radix angellicae sinensj$6], Panax ginsenfl 7], Achyran- tivations. Colourimetry with different chromogenic systems,
thes bidentatg18], Arthur tzianabog6], Chinese lacquer  such as carbazole—sulfuric acid, anthracenone—sulfuric acid,
[19,20], Cordyceps sinens[&1], etc. Some polysaccharides phenol-sulfuric acid, etc. could be applied to the total con-
are even assumed to inhibit the binding of HIV to T cell in  tent analysis of polysaccharides. However, as the most strong
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separation techniques, chromatographic methods are exten-
sively applied to the compositional and structural analysis of
polysaccharides when combined with other detection meth-
ods including UV, LIF, ED, IR, MS, NMR, etc. Electromi-
gration methods have very high separation efficiency and are
also extensively used for analysis of sugars.

There are some papers reviewing the analysis of sugars in b
different matrixe$40—44] In this paper, only the chromatog-
raphy and electromigration methods for analysis of sugars
in traditional Chinese drugs, especially the pharmaceutical
polysaccharides, are reviewed.
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Fig. 1. HPLC chromatograms of mixed standard sample of (a) monosaccha-
rides; and (b) hydrolysate of Maoba Damu Lacquer polysaccharide (LPS).
(1) Glucurone; (2) rhamnose; (3) xylose; and (4) arabirjgsg

2. Chromatographic methods

2.1. Gas chromatography (GC)
tion (FID), because FID has better selectivity and higher
In analysis of sugars in traditional Chinese drugs, GC is sensitivity. The GC-MS combination has extended the ap-
mainly applied to determine dissociated monosaccharides,plication scope of GC analysis of polysaccharides in tradi-
and constituent monosaccharides of both oligosaccharidegional Chinese herbgt5,60,65-67] The conjunction mode
and polysaccharides. GC separation has the advantages aff monosaccharide units in Chinese herb polysaccharides can
simple instrumentation, high selectivity, quickness and high be identified by analyzing the relative retain times and the
accuracyTable llists the applications of GC in analysis of fragments of methylated derivatives of monosaccharides with
sugars in some traditional Chinese drugs. GC-MS. This method is much more accurate than the indirect
Prior to constituent monosaccharides identification of Smith degeneration method.
oligosaccharides and polysaccharides by GC, the samples
are usually hydrolyzed into monosaccharide units with acidic 2.2. High-performance liquid chromatography (HPLC)
reagents such as sulfuric acid, hydrochloric acid or tri-
fluoroacetic acid at a seal container or under the protec- HPLC is also extensively applied in the analysis of sug-
tion of No. Because of the limited volatility of sugars, an- ars in traditional Chinese drugs for its high separation effi-
other important procedure for GC of sugars is to transfer ciency and simple operations. Compared to GC separation,
them into volatilizable and stable derivatives. There are two HPLC does not need derivation if the goal only concentrates
species of derivatives of sugars in GC analysis, one specien separation of sugars. Besides qualitative and quantitative
are trimethylsilyl ether derivatives, which are formed by determination of dissociated monosaccharides, oligosaccha-
sugars with hexamethyldisilane (HMDS), trimethylchlorosi- rides and constituent monosaccharides of polysaccharides in
lane (TMCYS), trimethylsilyl (TMS) etc. in nonaqueous or- traditional Chinese drugs, HPLC is very accurate to deter-
ganic solvents such as pyridine or dimethyl sulfoxide. These mine molecular weights of polysaccharidégy. 1is a typ-
species of derivatives are easily made and strongly volatiliz- ical HPLC chromatogram of standard monosaccharides and
able[45,47] Another species of sugar derivatives are acetate hydrolyzed monosaccharides frollaoba Damu Lacquer
derivatives, including trifluoroacetate alditol derivatives, tri- polysaccharidg85]. The applications of HPLC for analy-
fluoroacetic acid alditol derivatives, acetic acid oxime deriva- sis of sugars in some traditional Chinese drugs are listed in
tives and acetic acid nitrile derivatives, which are usually Table 2
formed in pyridine, butylenes oxide or methyl imidazole sol- The columns used in HPLC of sugars in traditional
vents. Trimethylsilyl derivatives are separated perfectly in Chinese drugs include chemical-bonded alkyl column and
GC with moderate polar stationary liquids, and tailing peaks amino-bonded silica-gel column. Water can be used as elu-
appear if strong polar stationary liquids are used. However, ent for chemical bonded alkyl column, but the separation ef-
for acetate derivatives, strong polar stationary liquids are theficiency is not satisfactorf72]. The separation effect could
best choicg31,51,53,66,71] be improved by reducing temperature, reducing the linear
The columns used in GC analysis of sugars include pack- rate of mobile phase or adding sodium chlorate. The amino
ing columns and capillary columns. Capillary columns, such bonded silica-gel column can be used to separate general
as OV-1, OV-225, SP-2100, SE-30, etc. perform much higher monosaccharides and oligosaccharides, in which monosac-
separation efficiency than packing columns and very suit- charides flow out firstly, followed by disaccharides and then
able to constituent monosaccharide identification of het- other oligosaccharides with more molecular weights. For this
eropolysaccharides in traditional Chinese drugs. column, the mixture of acetonitrile and water is usually used
It is found that the most used detection method cou- as mobile phase and the retain times of sugars are reduced
pled with GC analysis of sugars is flame ionization detec- with the decrease of water ration. Since reductive sugars can
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Table 1
GC of sugars in traditional Chinese drugs
Matrix Sample preparation Column Eluent Detection
Soluble sugars ifFagopyrum Extract: 80 and 50% alcohol; derive: trimethylsilyl SE-30 capillary column He, 18 ml/min MS [45]
tataricum(Linn) Gaertn imidazole, pyridine (30 mx 0.25 mmx 0.10pm)
Seven monosaccharides in Aloe Leach: watef, B0l h SE-30 column N2, 30 ml/min FID [46]
(30mx 0.23mmx 0.11pm)
Monosaccharides in Leach: water, 60C, 1 h; extract: hexane; derive: Flexible quartz capillary column N2, 30 ml/min FID [47]
Chrysanthemurtea hexamethyldisilane (HMDS), trimethylchlorosilane (35mx 0.53mmx 0.2um)
(TMCS) (2:1, viv)
Soluble sugars ilcanthopanax Leach: hot water, 60C, 1 h Flexible quartz capillary column N2, 30 ml/min FID [48]
senticosusea (35mx 0.53mmx 0.2jum)
Constituent monosaccharides in Hydrolyze: 2 mol/l trifluoroacetic acid, 9&, 6 h; Glass capillary column ND? FID [49]
Safflower polysaccharide derive: 0.5 ml acetic anhydride, 9C, 30 min (0.29 mmx 24 cm)
Constituent monosaccharides in Hydrolyze:1 mol/l HSOy, seal, 100C, 6 h; HP-1 cross-linking flexible quartz Ha, 30 ml/min; Np, 20 ml/min FID [50]
Osmunda japonic@hunb. neutralize: BaC@), derive: hydroxylamine, pyridine, capillary column
polysaccharide 0°C, 30min (12mx 0.2mmx 0. 33.m)
Constituent monosaccharides in Leach: boiling water,4 h; lysis: 48 h; precipitate: OV-225 flexible quartz capillary He, 0.195 MPa FID [31]
Momordica charantia alcohol; derive: hydroxylamine, pyridine,9C, column (21 mx 0.2 mm)
polysaccharide 30 min acetic anhydride 9@, 30 min
Constituent monosaccharides in Leach: hot water; precipitate: alcohol; filter: OV-225 quartz capillary column Hy, 48 cm/s (linear rate) FID [51]
Fructus cornipolysaccharide butyl-toyopearl 650C column, Sephadex G-200 (0.32mmx 25m)
column; hydrolyze: 2 mol/l trifluoroacetic acid,
120°C, 1 h; derive: acetic anhydride, pyridine
Constituent monosaccharides in Leach: water, 70-80C, 2 h; precipitate: alcohol; HPX-70 capillary column ND ND [52]
Zadi-5 polysaccharide remove dyes: acetone; hydrolyze: 1 mol4$0O,,
100°C, 2h
Constituent monosaccharides in Leach: hot water; remove dyes: 20%®b; OV-225 quartz capillary column He, 60 ml/min FID [53]
Chinese chestnut precipitate: alcohol; remove proteins: Sevag (25mx 0.32mm)
polysaccharide method; hydrolyze: 1 mol/l B50y, 100°C, 8 h
Constituent monosaccharides in Leach: didistilled water, 70-8CC, 2 h; precipitate: HPX-70 capillary column ND ND [54]
Jiruhen agaru8 alcohol; hydrolyze: 2 mol/l SOy, 100°C, 2 h;
polysaccharide acetylation: 1-methyl imidazole, acetic anhydride,
glacial acetic acid
Constituent monosaccharides in Hydrolyze: 1 mol/l SOy, 100°C, 4 h OV-1, flexible quartz capillary ND ND [55]
Saponikovia divaricata column
polysaccharide (12mx 0.2 mmx 0.33 mm)
Constituent monosaccharides in Leach: PC1 by water, PC2 an PC2a by hot water Open chain crown ether column Ha, 24 mi/min FID [56]
four polysaccharides from (30 min), PC3 by alcohol, PC4 by methyl acid (0.2mmx 28 m)
Poria cocos
Constituent monosaccharides in Leach: hot water; precipitate: alcohol; purify: OV-225 glass capillary column N2, 46 ml/min ND [57]

Dioscorea esculenté_our.)
Burkill polysaccharide

DEAE-52 celloluse column, Sephadex G-100
column

(0.29 mmx 25m)
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Constituent monosaccharides in
Rhodila sachalinensié. Bor.
polysaccharide

Constituent monosaccharides in
Choerospondias axillaries
(Roxb) Hill polysaccharide

Constituent monosaccharides in
Rhodiola crenulata
polysaccharide

Constituent monosaccharides in
Monascus purpureus
polysaccharide

Constituent monosaccharides in
Exocarpium citri grandis
polysaccharide

Constituent monosaccharides in
Ganoderma lucidum
polysaccharide

Constituent monosaccharides in
five water soluble
polysaccharides from
Ganoderma lucidum

Constituent monosaccharides in
Aloe barbadensis
polysaccharide

Constituent monosaccharides in
Aloe polysaccharide

Constituent monosaccharides in
Hippophae rhamnoidels.
polysaccharide

Constituent monosaccharides in
Aloe polysaccharide

Constituent monosaccharides
inOrobanche caerulescens
Steph. polysaccharide

Constituent monosaccharides in
Auricularia polytricha
polysaccharide

Constituent monosaccharides in
Rosa laevigatanichx
polysaccharide

Leach: water; precipitate: alcohol;

Leach: water, 2 h, 70-8(; precipitate: alcohol;
wash: acetone; hydrolyze: 1 mol/bBOy, 2 h

Hydrolyze: 0.5 mol/l BSQOy, 5 h; neutralize: BaC®

Hydrolyze: 2 mol/l BSQy, 100°C, 9 h; neutralize:
BaCQ;

Leach: hot water, 4 h; precipitate: 95% alcohol;
remove proteins: Sevag method; hydrolyze: 2 mol/l
H2S0Oy, 100°C, 10h

Hydrolyze: 2 mol/l BSQy, 6 h; neutralize: BaC®

Leach: GL1 and GL2 by phosphate, GL3 by hot
water, GL4 by basic solution, GL5 by hot basic
solution

Leach: hot water; purify: Sephadex G-100 gel
column; hydrolyze: HSOy, N2 protection

Leach: deionized water; precipitate: absolute
alcohol; hydrolyze: 2 mol/l TFA

Leach: 0.1 mol/l NaOH; purify: DEAE Sephadex
A-25 column; methylate: NaOH-DMSO, methyl
iodide, seal, 7 min

Leach: deionized water, 9C,1 h; precipitate:
alcohol; oximation and acetylation: xylosic alcohol,
pyridine, hydroxylamine

Leach: water; precipitate: 80% alcohol; derive:
pyridine, mannitol

Hydrolyze: 2 mol/l BSQy, seal, 8 h; derive:
pyridine, anhydride acetic acid, 160G, 2h

Leach: water, 0.15% ammonium oxalate, 0.15 mol/l
NaOH, respectively, 98C, 1.5 h; precipitate: 95%
alcohol; hydrolyze: 1.5 mol/l liSOy, 5h

SE-30 column (58 ©.22 mm)

HPX-70 capillary column

0V-21 flexible quartz capillary
column (0.2 mmx 15m)

Flexible quartz capillary column
(5mx 0.2mm)

DB-1 cross-linking quartz
capillary column
(30mx 0.25mm)

Ultra-1 glass capillary column
(25mx 0.32mm)

Open chain crown ether column
(0.25 mmx 28 m)

HP-6890 GC

HP-6890 GC, column
(30 mx 0.25 mmx 0.25pm)

OV-101 glass column
(25mx 012pm)

QV-225 Chromosorb WAW
DMCS stainless steel column
(Imx 3.2mm)

SE-30 column
(50mx 0.2mmx 0.25um)

0OV-225 Chromosorb W AW
DMCS stainless steel column
(3mx 3mm)

OV-101 cross-linking quartz

capillary column
(12mx 0.25mm)

ND

He, 15 ml/min

N2, 2 ml/min

He, 19.5 ml/min

N2, 40 ml/min

ND

ND

He (20 ml/min)

ND

N2, 50 ml/min

N2

N2, 40 ml/min

ND

ND

ND

MS

ND

FID

FID

ND

MS

MS

MS

FID

FID

FID

ND

(58]

[59]

[60]

[61]

(62]

(63]

(64]

(65]

(66]

[67]

(68]

(69]

[70]

[71]

2 ND: no description.
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Table 2
HPLC of sugars in traditional Chinese drugs
Matrix Sample preparation Column Eluent Detection
Sucrose, glucose and fructose in Leach: 80% alcohol, 70C, w-Spherogel carbohydrate column Water, 1.3 ml/min RI (RID-2AS) [80]
Prunus salicinaLind Var. 1lh (46 mm i.d.x 300 mm)
Constituent monosaccharides in Leach: hot water; precipitate: w-Bondapak column Acetonitrile—water (80:20), ND?2 [81]
polysaccharides from six kinds alcohol; purify: CTAB; 2.0ml/min
of Herba dendrobii hydrolyze: 1 mol/l HSOy
Molecular weight of Leach: hot water; precipitate: TSK G4000SW column 0.02 mol/l NaAc, 0.6 ml/min, RI (Gilson-132) [82]
polysaccharides from eight 95% alcohol (7.6 mmx 300 mm)
strains ofCoriolus versicolor
Molecular weight oZizyphus Leach: water, 2 h; precipitate: w-Bondagel E-1000 column 0.02 mol/l NaAc, 0.5 ml/min RI (HP-1047A) [83]
jujuba Mill. polysaccharide 95% alcohol
Constituent monosaccharides in Leach: water; precipitate: Shim-Pack VP-ODS column Methanol-acetonitrile, Aminobenzone—phthalic [84]
Melastoma dodecandrutrour 95% alcohol, 24 h; removing (150 mmx 4.6 mm) 1 ml/min acid color reaction
polysaccharide proteins: Sevag method;
hydrolyze: 2 mol/l
trifluoroacetic acid, 100C,
8h
Constituent monosaccharides in Leach: PC1 by water, PC2 Micrapak NH-10 column Acetonitrile—water—-methanol RI [56]
four polysaccharides from and PC2a by hot water (4 mmx 300 mm) (70:10:5) 1.6 ml/min
Poria cocos (30 min), PC3 by alcohol,
PC4 by methyl acid
Constituent monosaccharides in ND w-Bondapak NH column (300 mm Acetonitrile—water—-methanol RI (RI-23) [85]
Chinese lacquer x 7.18 mm i.d.) (70:25:5) 1.6 ml/min
polysaccharide
Soluble sugars ikagopyrum Leach: 80, 50% alcohol Lichrosphere MEolumn 85% Acetonitrile, 1.8 ml/min RI [45]
tataricum(Linn) Gaertn (150 mmx 416 mmx 5pum)
Molecular weight oDioscorea Leach: hot water, 2 h; Biosep SEC-S3000 column 0.2 mol/l NaCl, 1 ml/min ND [86]
oppositaThunb polysaccharide precipitate: 95% alcohol; (300 mmx 718 mm)
purify: Sephadex G-100
column
Constituent monosaccharides in Hydrolyze: 2 mol/l Licrospher 100 NH column (A) Distilled water; (B) ELSD (SEDEX 55) [87]

Coriolus versicolor(L.) Fr.
polysaccharide

trifluoroacetic acid, 100C,
6h

acetonitrile (from 15 to 30%
within 30 min)

2 ND: no description.

4%

Reference
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Table 3
IC of sugars in traditional Chinese drugs
Matrix Sample preparation Column Eluent Reference
Isolation of four polysaccharides Extract: boiling water, 3% trichloroacetic DEAE-Sepharose fast-flow 0.01 mol/l phosphate (pH 6.8) [18]
from Achyranthes bidentata  acid; precipitate: pre-cooled 95% ethanokolumn (6 mmx 20 cm) containing 0—1.0 mol/l NaCl,
25ml/h
Isolation ofAngelica sinensis Dissolve: pure water DEAE-5PW column 0-1.0 mol/l NaCl, 26 min; [91]
(Oliv) dielspolysaccharides (7.5mmx 75 mm) 1.0 mol/l NaCl, 2 min,
0.5 ml/min
Isolation ofPorphyra yezoensis  Leach: distilled water, 3 h; remove DE-23 column Water, 0.4 mol/l NaCl, 20 mi/h  [92]
Uedapolysaccharides proteins: Sevag method (2.6cmx 20cm)
Constituent monosaccharides in  Hydrolyze: 2 mol/l trifluoroacetic acid,  Dionex CarboPac PA-1 Acetonitrile—water (8:2), [73]
Asian lacquepolysaccharides 8h column 1 ml/min

form Schiff base with NH and further destroy the amino  detection limit is similar with Rl method but not affected by
bonded silica-gel column, pre-column derivatization is nec- gradient elutiorj87].
essary for analysis of reductive sugars.
A paper recently reports analyzing Lacquer polysac- 2.3. lon chromatography (IC)
charides by RP-HPLC, in which the mixture of the hy-

drolyzed sample was applied at8Din an Amido-80 column lon chromatography (IC), which is sometimes regarded as
eluted with acetonitrile—water (8:2) solution at a flow rate of one kind of HPLC separations, is also applied to analyze sug-
1 mil/min[73]. ars in traditional Chinese druggdgble 3. Most water-soluble

This separation method is usually combined with differ- sugars in traditional Chinese drugs are weak acids with p
ential refractive index detection (RI), which has some advan- more than 11, so they are charged by ionic complexes forma-
tages of high stability, simple operation and no damage to tions in agueous media. In a NaOH eluent solution, sugars
samples. But following disadvantages of RI limit its applica- are totally or partly changed into anions and can be further
tions in sugars analysis: (a) the results are influenced by tem-separated when flowing through anion-exchange columns.
perature and composition of mobile phase; (b) this method is Both anion- and cation-exchange columns can be used for
not suitable to gradient elution; and (c) the sensitivity is not sugars analysis. For anion-exchange column, NaOH, borate
enough high for analysis of trace sugars in samples. and other salts can be used as eluent, while distilled water,

UV is also combined with HPLC for sugars detection, but Ca-EDTA, dilute phosphoric acid, dilute sulfuric acid, etc.
the effective absorption wavelength is nearby 190 nm becauseare used for cation-exchange column. Dionex Company has
of no chromophoric group in most sugars. For UV detection, developed three kinds of ion exchange columns: Carbopac
the samples and mobile phases must be pretreated to pure dPA 1, Carbopac MA 1 and Carbopac PA 100. Because these
super pure degree to avoid disturbing. The detection sensitiv-columns are made of thin shell anion exchange resin as pack-
ity of UV is similar with Rl and it could be greatly improved ing and styrene-diethylene polymers with large particle size
by forming strong absorptive derivatives of sugars through as basic core, they exhibit the advantages of good mobility
pre-column or post-column derivatizations. and small reverse pressyBgs].

One extensively studied and applied way to greatly im-  PAD is proved superior to Rl and ELSD, in respect of
prove sensitivity of analysis of sugars by HPLC is fluo- selectivity, sensitivity and the possibility of gradient elution.
rescence light (FL) detection based on fluorescent deriva- This method is very suitable to detect sugars when combined
tization. There are two kinds of fluorescent derivatization with IC. Because the current responses of sugar oxidizations
methods: pre- and post-column derivatization. For sugarson the surface of noble metals in basic media are very strong,
analysis, the general derivants include: 2-aminopyridine the detection sensitivity of PAD is very high, which has been
(2-AP) [74], 9-fluorenylmethyl hydrazine (FMOCJ}75], improved from the initial 50 nmol to 10 pm§r3,89,90]
2-aminobenzoic acid (2-AA}76], 2-aminobenzamide (2-

AB) [77], 6-aminoquinolylN-hydroxysuccinimidyl carba-  2.4. Gel column chromatography (GCC)

mate (AQC)[78], 1-phenyl-3-methyl-5-pyrazolone (PMP)

[79], etc. Despite fluorescence detection is very sensitive and  For the analysis of sugars in traditional Chinese drugs,
high selective, it suffers from the complicated procedure and GCC (including gel permeation (GPC) and gel filter chro-
the disturbance caused by unavoidable side reactions. matography (GFC)) is mainly applied to purification and

Evaporative light-scattering detection (ELSD), pulsed am- molecular weight determination of polysaccharides, which is
perometric detection (PAD) and conductive detection are alsolisted inTable 4 This method is of quickness, high selectivity
applied to combination with HPLC for sugars analysis. For and good repeatability when applied to molecular determina-
example, HPLC-ELSD is used to determine the constituent tion. The polysaccharides flow out the column in the order of
monosaccharides @oriolus versicolompolysaccharide, the  molecular weights, which are finally measured via a calibra-
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Table 4

GCC of sugars in traditional Chinese drugs

Reference

[93]

Eluent
Water

Column

Sample preparation

Matrix

Sephadex G-75 column

Leach: boiling water; remove proteins: glacial acetic acid;

precipitate: 95% alcohol

Purification ofBupleurum chinense

DC
Purification ofPlantagin

[94]

0.1 mol/l NaCl, 20 mi/h

DEAE Sephadex A-225 column

(2.5cmx 60cm)

Leach: water, 2 h; precipitate: 95% alcohol; removing

proteins: Sevag method; lysis: 2 day

polysaccharides
Purification ofZizyphus jujubanill.

(83]

DEAE-cellulose column, Sephadex S-300 0.2 mol/l NaAc

column (3 cmx 60 cm)

Leach: water, 2 h; precipitate: 95% alcohol

polysaccharide
Molecular weight ofAngelica

(91

(A) H20; (B) 0.15 mol/l NaCl;

(C) 0.02molll

Bio, sep SEC-S3000 column

(7.8 mmx 300 mm)

Dissolve: pure water

sinensis (Oliv) Diels

polysaccharide
Purity of Dioscorea esculenta

NapHPO;—NaH,PQy, 0.5 ml/min
0.1 mol/l NaCl, 8 ml/h

[59]

Sepharose CL-6B column
(15 mmx 900 mm)

Leach: water; precipitate: alcohol; purify: DEAE-52

cellulose column, Sephadex G-100 column
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polysaccharide
Purity of Lentinus edodes

[95]

0.1 mol/l NaCl, 10 ml/h

Sephadex G-100 (1.0 csn70cm)

Leach: water, 2 h; precipitate: 95% alcohol; removing

proteins: Sevag method

polysaccharide
Molecular weight of car-

[20]

0.01 mol/l phosphate, 0.2 mol/l

Nap SOy

TSK G5000-PW column, TSK G3000-PW

column

Carboxymethylation: monochloroacetic acid; sulfation:
CISGsH, pyridine; NalQ oxidation: 0.075 mol/l Nal@

boxymethyl/sulfated/debranching

Lacquer polysaccharides

tion curve from a series of standard samples. In GPC/GFC,
the general packing materials are rigid or half-rigid water-
soluble gels, such as Sephadex, TSK, Macrosphere, Bio-Gel,
Bondagel, etc. and the eluents usually are distilled water,
NaCl, Phosphate, etc.

2.5. Paper chromatography and thin layer
chromatography (PC and TLC)

In the analysis of sugars in traditional Chinese drugs, PC
and TLC are usually applied to purity measurement and con-
stituent monosaccharides identification of oligosacchrides
and polysaccharide3dble 5. The most used plate in TLC
is silica gel plate, in which the activity is determined by the
water content in silica gel. Silica gel G, H and F are common
used in TLC. During the fabrication of silica gel G, Cag®
added as adhesion agent, but sometimes it is replaced by car-
boxymethyl cellulose (CMC), or hyroxymethyl cellulose for
better mechanic strengih5]. Silica gel Fs4is fabricated by
adding fluorescent zinc silicate into silica gel, which is very
stable in water and organic solveifgg]. FromTable § it is
found that the usual detection method for TLC of sugars is
phenylamine—phthalic acid colour reaction.

PC and TLC of sugars are of high speed and simple instru-
mentation, but the shortages is unsatisfactory repeatability
and the accuracy of experimental results is seriously affected
by the researcher’s experience.

3. Electromigration methods
3.1. Capillary electrophoresis (CE)

As a new separation technique, CE has been quickly de-
veloped during past two decades and its separation efficiency
is much higher than the common GC and HPLC methods.
The instrument of CE is relatively simple and the sample
consuming is very small. In sugars analysis, CE is used to
directly determine monosaccharides and part of oligosac-
charides, and indirectly determine the constituent monosac-
charides of oligosaccharides and polysaccharides. The appli-
cations of CE for analysis of sugars in traditional Chinese
drugs are listed ifmable 6 Because theK, of monosac-
charides are more than 11, monosaccharides are negatively
charged in strong basic running buffer and can be further
separated under a fixed electric field. For improving the sep-
aration efficiency, some surface-active agents, such as SDS,
tetrahydrofuran (THF), hexadecyltrimethylammonium bro-
mide (CTAB), etc. are added into the running buffer.

UV and FL detections, which are described in GC and
HPLC sections, are also suitable to combine with CE sep-
aration for sugars analysis. Electrochemical detection (ED)
is very fit to CE separation for its high sensitivity, cheap in-
strumentation and simple operation. Amperometric detection
(AD), one kind of electrochemical detection methods, has
been applied to determine the constituent monosaccharides



Table 5

PC and TLC of sugars in traditional Chinese drugs

Matrix

Sample preparation

Plate

Constituent monosaccharides in
Melastoma dodecandrubrour
polysaccharide

Constituent monosaccharides in
Saponikovia divaricata
polysaccharide

Constituent monosaccharides in
Rhodila sachalinensié. Bor.
polysaccharide

Monosaccharides and
polysaccharides iActinostemma
lobatum

Constituent monosaccharides in
Monascus purpureus
polysaccharide

Constituent monosaccharides in
Abelmoschus manihét.)
polysaccharide

Constituent monosaccharides in
Tremella aurantialba
polysaccharide

Constituent monosaccharides in
Pirulina platensispolysaccharide

Constituent monosaccharides in
Bupleurum marginaturivall.
polysaccharide

Leach: hot water; precipitate: 95% alcohol,
24 h; remove proteins: Sevag method,;
hydrolyze: 2 mol/l trifluoroacetic acid,

100°C 8h

Hydrolyze: 1 mol/l SOy, 100°C, 4 h

Leach: water; precipitate: alcohol

Leach: monosaccharides by 80% alcohol,
polysaccharides by water; precipitate: 95%

alcohol; hydrolyze: 1 mol/l HSOy, 6 h

Hydrolyze: 2 mol/l bSOy, seal, 9h;
Neutralize: BaC@

Leach: water, 70-80C, 1 h; precipitate:
95% alcohol; remove proteins: digallic acid;
remove dyes: active carbon; hydrolyze:

2 mol/l trifluoroacetic acid, 100C, 6 h

Hydrolyze: 1 mol/l SOy, 100°C, 2 h;

neutralize: BaC@

Hydrolyze: 2 mol/l SOy, 110°C, 6 h;

neutralize: BaC®@

Hydrolyze: 1 mol/l BSQy; neutralize:

Ba(OH)

Silica gel 54 (0.15 mol/l
NapHPO,—0.5% CMC)

Silica gel (0.5% sodium
hyroxymethyl cellulose)

Xinhua-1 filter paper
(7 cmx40cm)

ND2

Silica gel (10 cmx 20 cm)

Silica gel G

ND

Whatman 1 filter paper
(10cmx 35cm)
Silicagel H

(10cmx 10cm)

Developing agent Detection
Acetone—water (96:4) Phenylamine—phthalic acid [84]
Acetone—water (94:6) Phenylamine—phthalic acid [55]

n-Butyl alcohol-acetic n-Butyl alcohol-phenylamine—phthalic acid [58]

acid—water (4:1:5)

(A) n-Butyl

alcohol-acetic acid—water
(4:1:5), 24 h; (B) acetic
ether—pyridine—water
(2:1:2), 18h

n-Butyl
alcohol-ammonia—water
(60:40:5)
Isopropanol-acetone—acetkRhenylamine—phthalic acid [97]
acid (2:2:1)

n-Butyl alcohol-phenylamine—phthalic acid [96]

Phenylamine—phthalic acid [61]

n-Butyl alcohol-acetic
acid—water (4:1:5)

Phenylamine—phthalic acid [98]

n-Butyl alcohol-acetic n-Butyl alcohol-phenylamine—phthalic acid [99]
acid—water (4:1:5)
n-Butyl
alcohol-methanol-water

(50:15:35)

Phenylamine—phthalic acid [100]

2 ND: no description.

Reference
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Table 6

CE of sugars in traditional Chinese drugs

Matrix Sample preparation Capillary Running buffer Detection Reference
Sucrose, glucose, fructose in Extract: methanol, 15h Polyimide-coated fused silica 0.05mol/l NaOH buffer AD (copper electrode, 0.65V) [101]

Angelica, Astragalus
membranceus, Codonopsis
pilosula

Constituent monosaccharides in
Radix glycyrrhizae
polysaccharide

Constituent monosaccharides in
Panax quinquefolium
polysaccharide

Constituent monosaccharides in
Angelica sinensiandFlax
polysaccharide

Constituent monosaccharides in
Ligustrum lucidum
polysaccharide

Constituent monosaccharides in
Cordyceps sinensis
polysaccharide

Leach: water; precipitate:
alcohol; purify: Sephedex
G-200 column; hydrolyze:
1 mol/l H,SOy

Leach: boiling water, 4 h;
precipitate: 85% alcohol;
remove dyes: active carbon;
wash:
chloroform-orthobutanol
(20:4)

Leach: water, 90-100C 6 h;
precipitate: nonaqueous
ethanol; remove proteins:
chloroform—isopentanoal;
hydrolyze: 2.0 mol/l SOy,
5.0 mol/l HCl acid, N
protection, 2.5h

Leach: water, 90-10CC, 6 h;
precipitate: non-aqueous
ethanol; remove proteins:
chloroform—isopentanol;
hydrolyze: 2.0 mol/l SOy,
N2 protection, 10 h
Hydrolyze: 2mol/l
trifluoroacetic acid, nitrogen
protection, 12 h, 100C

capillary (45cm 36Gm
0.d.x 25umii.d.), 5kV

Silica capillary
(50 cmx 50um i.d.), 26pA

Fused silica capillary
(75pum x 57 cm), 20 kV

Fused silica capillary (2bm
i.d. x 360pnm o0.d.x 50 cm),
12kV

Fused silica capillary (2bm
i.d. x 360pm o0.d.x 50 cm),
12kV

Beckman untreated fused
silica capillary (75.m
i.d. x 50 cm)

solution (pH 12.7)

50 mmol/l boric acid, pH
10.2, 20kV

0.05 mol/l borate—21 mg/ml
KH2POy

0.090 mol/l NaOH

0.045 mol/l NaOH

0.1 mol/l NaOH-5 mmol/l
tryptophan

UV (254 nm, 1-aminobenzene derivation)

UV (200 nm)

AD (copper electrode, 0.60V)

AD (copper electrode, 0.60V)

UV (280 nm, tryptophan as background)

[102]

[103]

[104]

[105]

[106]
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3 3 several square centimeters by micro-fabrication techniques
and all procedures of sampling, separation, detection can be
5 fulfilled together. CCE is successfully applied to DNA se-

b c quencing for its predominance in high efficiency, high speed
and low consuming. Some reports on analysis of glucose and
0.4nA 0.80A cyclodextrin by CCE combining with ED have appeared, but
still not for sugars in traditional Chinese drud97-109]

3.3. Gel electrophoresis (GEP)

=~

o s As atraditional separation technique, GEP is of easy oper-
1 6 ation and simple instrumentation. For the analysis of sugars
h Lj m —LW in traditional Chinese drugs, it is mainly used to purifica-
tion and purity measurement of polysaccharideasb(e 7.

18 20 22 24 26 20 22 24 26 The common used propathene gel electrophoresis (PAGE)
Migration time / min has much higher separation efficiency and quantitative ac-

Fi ) . curacy than other GEP methods for the stability and meshy
ig. 2. Capillary electropherograms of hydrolyzed monosaccharides from .

angelica sinensis polysaccharides (b) and hydrolyzed monosaccharides fromStructure of propathene molecules. The running buffers are
flax polysaccharides (c) under the optimum conditions of CZE-AD. (1) Fu- usually Tris—HCI and Tris—gPQOy systems, and the sepa-
cose; (2) galactose; (3) glucose; (4) rhamnose; (5) arabinose; and (6) xyloseration voltage applied is as high as 400 V. For detection of
[105] sugars with GEP, the suitable dyes include Bromophenol
) N ) i blue, thymol blue[49], Schiff’'s reagen{84], Alcian blue

in some traditional Chinese herbs. The used working elec- [70,110,112]p-aminoanisol¢111], etc. There are still some
trodes are copper or gold electrodes and the detection sensizenoris on analyzing sugars in traditional Chinese drugs by
tivity reachegumol/l [101,104,105]Fig. 2is capillary elec-  haper fiber electrophoresis, butitis only used as reference for
tropherograms of hydrolyzed monosaccharides fargel- it jower accuracy. Compared to GC, HPLC and CE, GEP is

ica sinensigpolysaccharides anfiax polysaccharides under  time.consuming and not enough sensitive, which limit its ap-
the optimum conditions of CZE-AI[L05]. plications in sugars analysis.

3.2. Chip capillary electrophoresis (CCE)

4. Hyphenation procedures
Chip capillary electrophoresis (CCE) is a n@wTAS
(micro-total analysis system) technique and developed  Forthe analysis of dissociated monosaccharides and some
rapidly in recent years, in which separation channel, reac- oligosaccharides in traditional Chinese drugs, the most dif-
tion container and detector are collected on a chip with only ficult points are effective separation and sensitive detection,

Table 7
GEP of sugars in traditional Chinese drugs
Matrix Sample preparation Column Running buffer Indicator Reference
Purity of safflower Leach: hot water; precipitate: ~ Polypropylene 0.5mol/l Tris—HCI (pH 9.1)  Bromophenol blue—0.2%49]
polysaccharide alcohol; remove proteins: Sevag thymol blue
method
Purity of Melastoma Leach: hot water; precipitate: ~ Polypropylene Tris—HCI (pH 9.1) Schiff's reagent—periodid84]
dodecandruntour. 95% alcohol, 24 h; remove acid
polysaccharide proteins: Sevag method; lysis
Purity of Auricularia Hydrolyze: 2 mol/l SOy, 8h;  Polypropylene 0.5mol/l borate (pH 9.0) Alcian blue [70]
polytricha(Mont) acetylation: pyridine, anhydride
Sacc. polysaccharide acetic acid, 100C, 2h
Purify of Akebia quinala Purify: Sepharose CD-4B gel  Polypropylene 5% Alcian blue—acetic [110]
polysaccharide column acid, 0.1% Coomassie
blue
Purity of Cucurbita Leach: distilled water, 75-80C; Waterman glass fiber 0. 025 mol/l borate (pH 9.3), p-Aminoanisole—sulfuric [111]
moschatgDuch.) precipitate: alcohol; purify: paper (2cmx 20cm) 400V, 20 min acid

Poiret polysaccharide Sepharose CL-4B column,
Sephadex A-200 column
Purity of Cucurbita Leach: hot water; remove Polypropylene, 110V Tris—glycine (pH 8.3) Alcian blue-8GX [112]
moschata proteins: Sevag method; lysis:
polysaccharide 48 h; precipitate: alcohol
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because of the isomeric forms and no chromophoric group
in their molecules. Some advanced chromatographic separa-
tion techniques, such as GC, HPLC and CE, can complete
the analysis of monosaccharides when combining with de-
rived UV, FL and ED detections. However, the analysis of
polysaccharides in traditional Chinese drugs is much more
difficult for their numerous types, complicated structures and
inertchemical properties. The general procedures for analysis
of polysaccharides include pretreatment, extraction, purifi-
cation, purity measurement, molecular weight measurement,
constituent monosaccharides identification, structural analy-
sis, etc. which could be finished only by the hyphenation of ,\v—555

Transation

1 L 1 L
3000 2500 2000 1500 1000 500

different analytical techniques. Some united applications of Wavenumber (cm')
multiple analytical methods on analysis of polysaccharides
in traditional Chinese drugs are listedTiable 8 Fig. 3. The FT-IR spectra of extracellular polysaccharide fractions from the

The preparation of polysaccharides in Chinese drugs usu-G- tsugaenycelium[121].
ally consists of following procedures: (a) the powdered ma- charides are hydrolyzed at a strong acidic condition under
terials are treated in order with acetone, diethyl ether, alo- heating in water bath, followed by neutralization with NaOH,
cohol/methyl alcohol for 2 h under heating in water bath to Ba(OH),, or BaCQ. The results of PC and TLC are limited in
remove surface fats; (b) the pretreated materials are leachedccuracy and can only be used as references, but GC, HPLC
with hot water, dilute acid, or dilute base at-9D00°C for and CE can provide very accurate results for their strong
4~6 h of stirring and usually repeated for three times; (c) the selectivity. Certainly, the best analytical conditions should
filter liquids from above procedure are collected and precipi- be selected to ensure separating all monosaccharides in a
tated with two to five times (v/v) of 95% or absolute alcohol, polysaccharide sample.
followed washing with acetone and diethyl ether to obtain  Other structural analysis of polysaccharides includes link-
crude polysaccharides; (d) the proteins in crude polysaccha-age style of neighbour monosaccharose, structure of end
rides are removed by Sevag method or trichloroacetic acid; (e)carbon-glucoside bond, ratio of glucosidic bonds, straight
the dyes are taken off by weak basic resin such as DEAE cel-strain or cyclic structure, etc.

lulose column or Duolite A-7 column; (f) the crude polysac- The linkage style of neighbour monosaccharides can
charides are finally purified by precipitation, salting out or be determined by GC-MS. Polysaccharide sample is hy-
column chromatography, etc. drolyzed into methylated monosaccharides, then transferred

The purity of polysaccharides can be determined by into volatile derivatives for GC-MS analysis, such @&s
chromatography methods including PC, GPC/GFC, GE and methyl glucoside and-trimethylsilyl ether derivatives. The
HPLC. One polysaccharide is proved as pure if only one fleck linkage style of neighbour monsaccharides is deduced by
or chromatographic peak appears. The PC method is not verycomparing the relative retention time and the major fragments
credible, but the result of HPLC is very accurate. Polarimetry, of MS with reference datgs7,73,113]

UV and ultra-centrifugation are also useful for determination ~ There are two types of end carbon-glucoside boadsid

of polysaccharide purity. For assuring a correct result, at leastp styles, which can be judged by IR and NMR techniques.
two kinds of methods should be compared in this procedure In IR spectra, the C—H bond ia-style has an absorption
[115,117,119,122] peak nearby 844 cmnt, while that of the C—H bond is in

GPC/GFC and HPLC are suitable to measure the molec-p-style nearby 891 cmt. Fig. 3 shows the IR spectra of
ular weights of polysaccharides in traditional Chinese extracellular polysaccharide fractions (EPF)@&dnoderma
drugs. For HPLC method, it needs molecular weight-known tsugae[121]. In the anomeric region (950—700 c), both
polysaccharides as standards and special gel as packindractions exhibited the obvious characteristic absorption at
[113,116] For GPC/GFC method, it also needs standard 810cnt! corresponding to the existence of mannose. EPF
polysaccharides to make a calibration curve, and the molec-1 also exhibited the absorption at 920 and 850 &ntypical
ular weight of the goal polysaccharide is calculated depend- for a-configuration. While the obvious absorption peaks at
ing on its elution volumg114,117,120-122]The results 910 and 880cm! in EPF 2, revealing the co-existence of
can be compared with osmotic pressure method, vapor pres« andp configurations. In'H NMR, the chemical shiftg)
sure method, light dispersion method and dynamic viscosity of a-C—H bond is more than 5.00 ppm, but thatBC—-H
method, especially the light dispersion method does not needbond is less than 5.00 ppm, IFC NMR spectra, thes
standard polysaccharides. value ofa-C—H bond is 97-101 ppm, but that pfstyle is

The types and molar ratio of constituent monosaccharides103—-105 ppnj116,117,119]
of hetero-polysaccharides in traditional Chinese drugs are  Theratio of different glucosidic bonds can be calculated by
usually identified with PC, TLC, GC, HPLC and CE meth- their relative peak areas #3C NMR spectra, because in the
ods. Prior to chromatographic separation, the pure polysac-NMR spectra of a polysaccharide with more than one kind of



Table 8

Hyphenation techniques of sugars in traditional Chinese drugs

Sample Purification Purity analysis Molecular weight ~ Constituent Structural identification Reference
determination monosaccharide
identification
Asian lacquerpolysaccharide GCC (CM-Sephadex G-100 column) anD GPC (TSK-gel RP-HPLC, GC-MS, IR, NMR [73]
PWXL column) IC-PAD
Dioscorea oppositd hunb GCC (DEAE-cellulose and Sephadex HPLC HPLC PC, GC GC-MS, H-NMR, IR, [113]
polysaccharide G-100 column) C-NMR
Hippophae rhamnoidels. GCC (DEAE-Sephadex A-25 column)  GCC (glass fiber PE, Sepharose ND GC GC-MS, IR, C-NMR [67]
polysaccharide CL-4B column)
Ginkgo bilobapolysaccharide ND ND GFC (Sepharose 4B GCC (Sephadex = HPEC [114]
column) G2200 column)
Ganoderma lucidum GCC (DEAE-cellulose column, GCC (Sephadex G-100 column), ND GCand TLC IR [115]
polysaccharide containing Sepharose CL-4B column) polyacrylamide GEP, UV
selenium
Morchella esculentd.. IC (DEAE-cellulose), GC (Sepharose ND HPLC GC IR, NMR [116]
polysaccharide CL-6B gel column)
Lentinus edodegBerk.) GCC (DEAE-cellulose and cellulose  GEP, GCC (Sepharose CL-6B GPC GC IR [117]
polysaccharide gel columns) column)
Lentinus edodegolysaccharide GCC (Sephadex G-100) PC, GFC ND PC, GC ND [95]
Dendrobium moniliforméL.) GCC (DEAE-cellulose and Sephacryl GPC TLC, GC IR [118]
polysaccharide columns)
Lentinus edodegolysaccharide GCC (Sephadex G-150 column) GCC (Sephadex G-200 columnND TLC IR [119]
polyacrylamide GE, UV
Polysaccharides fromRadix GCC (Sephadex G-75 column) Agarose GE, UV GCC (Sephadex  TLC, HPLC, IR, IO;~ oxidation and [120]
ginsengrubra,Radix G-200 column) Smith degradation
ophiopogonisandFructus
Schisandrae chinensis
Ganoderma tsugae GCC (DEAE-Sepharose CL-6B ND GCC (TSK-GEL GC IR, C-NMR [121]
polysaccharide column) column)
Porphyra haitanensis GCC (DEAE-cellulose column) UV, PC, GFC GCC (Sepharose 6B GC IR, Smith degradation [122]
polysaccharide column)

2 ND: no description.
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76.18 Applying innovative analytical techniques to the structural
63.96 analysis of polysaccharides in traditional Chinese drugs: The
microstructures of polysaccharides are very complicated and
105.06 its complete molecular map is very difficult to be obtained.
Many new analytical methods, such as pyrolysis gas chro-
matography (PG{)L23], super flow chromatography (SFC)
[124], chip capillary electrophoresis, etc. can be used for
structural analysis of polysaccharides when combined with
w MS, NMR, and IR techniques.

————————————— Exploring the pharmaceutical metabolisms of polysaccha-
1o 100 90 80 70 60 ppm rides in traditional Chinese drugs: The therapeutic effects of
polysaccharides in traditional Chinese drugs on some impor-
tant diseases including cancers and diabetes are doubtless,
but most of the therapeutic mechanisms are not clear till to-
day. The mostimportant task of exploring the pharmaceutical
o ) . _metabolisms of polysaccharides in traditional Chinese drugs
gI}Jc05|d|c b,O”dS; the peak area OT qarbon is corresponding;s 14 establish the accurate relationships between the polysac-
with the conjunctive style of glucosidic boi@7,113] charide structure and therapeutic effect. Certainly, the numer-

Whether the structure of a polysaccharide including s hymber and complicated structures of polysaccharides in
(1 6) glucosidic bondllss straight or cyclic can be deter- . itional Chinese drugs make this task very difficult.
mined by thes-value in*°C NMR spectra, since botb-

values of G and G are different corresponding with the

polysaccharides structures and the experimental results ca

be compared with the standard data in referenEegs. 4 5. Nomenclature

is the 13C spectra of extracellular polysaccharide fraction

2 from G. tsugaemycelium in DO at 25°C [121]. From

these'3C spectra, it is found that this polysaccharide has the

(1— 6)-linkeda-p-mannopyranosyl mainchain and-{4 2)

linked a-p-mannopyranosyl sidechains with termirgaip- . ,

galactopyranosy! units. ED electroch_eml_cal detectlo_n _
For a cyclic structural sugar, whether it is pyran ring or E-SD  évaporative light-scattering detection

furan ring can be judged by its typical absorption in IR FID flame |0n|zat|qn detection

spectra. Generally, there are three strong absorption peaks i fluorescence light

1100-100 cmi? for glucosidic bond in pyran ring, but only gas chromatography

two for that in furan rind116,120-122] ggg gzll (e:?élé?gpﬂgroerzgtography

GFC  gelfilter chromatography
GPC  gel permeation chromatography

69.76

Fig. 4. 13C spectra of extracellular polysaccharide fraction 2 fromGhe
tsugaemycelium in DO at 25°C [121].

AD amperometric detection
capillary electrophoresis
CGE  column gel electrophoresis

5. Future development HPLC high performance liquid chromatography
infra red
Because of the assured significance of polysaccharides ¢ liquid chromatography

in traditional Chinese drugs in disease therapies, the studie | 5 |aser light scattering

on their structural analysis and pharmaceutical applications g mass spectrometry

become more and more interesting. Undoubtedly, chromato-NMR — nuclear magnetic resonance

graphic methods act as core means in this field. From ourpap  pulsed amperometric detection

personal opinions, the further work may be concentrated onpc paper chromatography

following aspects: RI differential refractive index detection
Establishing more accurate extraction and purification Sec  size exclusion chromatography

methods: The number of polysaccharides in traditional Chi- Spc supercritical flow chromatography

nese drugs is numerous, and even one kind of herb mayber| . ¢ thin layer chromatography

contain many different kinds of polysaccharides, which con- |y ultra violet

tents are unfixed according to different producing areas. The

percentages of extractions are varied depending on extraction

conditions and purification methods too. However, most of raferences

current studies on the extractions of polysaccharides in tra-

ditional Chinese drugs are relatively simple and there is not (1] L. Stryer, Biochemistry, fourth ed., W.H. Freeman, New York,

a complete method to ensure the 100% of extraction. 1995.
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