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  Astragali Radix (Huangqi; esK) is a popular traditional Chinese medicine  for Qi-
deficiency and  Yang-weakness.  The  active  constituents  inclucle sapenins,  flavonoicls and

polysaccharides; however, the levels of  these components  vary  in different sources  of

Astragali Radix. By using  HPLC  and  spectrophotometry,  the amounts  of  isoflavonoids I-

V, astragalosides  I-IV and  total pelysaccharide were  cletermined in two  Astragali Radices:

Astragalus membranaceus  and  A. membranaceus  var.  mongolicus;  its adulterants:  A.
hoantcdy, A, lehmannianus, A. aksuensis  ancl A. propinquus; and  its substitute: Heclysarum

polybott ys (Hedysari Radix, Hongqi), Various specimens  of  these  plants, either cultivated

or wild,  from different regions  ofChina  were  also  analyzed  for their saponin,  isoflavonoid

and  polysaccharide contents,  The results  showed  that the amounts  of  isoflavonoids I-V and
astragarosides  I-IV varied  in different species,  and  in plants from diffbrent habitat regions,

The  chemical  composition  was  compared  between various  species  sources  of  Astragali

Radix, and  their quality was  discussed to give useful  information for the quality control of

AstragaliRadix.
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 In traditional Chinese medication,  when  one  has QF
deficiency and  Yang-weakness one  will be prescribecl to

take Astragali Radix  (Huangqi; scK) that has been
proved to be an  immunostimulant, tonic  (adaptogenic),
hepatoprotective, diuretic, antidiabetic,  analgesic,

expectorant  and  sedative  drugi'2'3'4), Although Astragali

Radix  has a  long history of  medicinal  use  in Chinese

herbal medicine,  its pharmacological properties and

clinical  applications  have  not been studied  until recently,

Astragali Radix has been  demonstrated to have a wide

range  of  immunopotentiatlng effbcts,  ancl  used  as  an

adjunct  medicine  during cancer  therapy4), Demand  for

                                     (213)

AstragaLi Radix is enormous  through  out  the  world,

particularly in the market  of  South East Asia and  Japan.

The  genus Astragulus L, comprises  of  278 species,  2

subspecies,  35 varieties  and  2 forma in ChinaS), of

which,  twelve carry  the name  Huangqi  in the market,

and  are  cultlvated  in more  than  10 different regions  of

China. The  morpholegica]  appearances  of  Huangqi  and

its adulterants  show  a  great resemblance.  Definite

identification and  quality control  of  Huangqi, therefore,

are  very  difflcult, The  most  comrnonly  used  Huangql  are

raclices  ofAstragalus  membranaceus  (Fischer) Bunge

and  Astragalus membranaceus  (Fisch.) Bge,var.
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,nongholicus  (Bge.) Hsiao6), both of which  are authentic

betanical sources  of  Huangqi  in Chincse

pharmacopoeiaL'2). Astragalus membranaceus  (Fisch.)

Bge  var.  mongholicus  (Bge.) Hsiao  is often  called

Astragatus monghoticus  Bunge  in Japan. Hongqi

(Hedysari Radix)  is the root  of  Heclysarum polybotrys

Handel-Mazzetti which  is closely  related  to the authentic

Astrcrgalzas pLant, and  ceuld  be used  as a substitute  of

Huangqi.  In addition,  Astragalus hoantchy Franch.,

Astragatus lehmannianus  Bunge,  Astragalus aksuensis

Bunge  and  AstrLrgatus propinquus  Schischk are comrnon

adulterants  of  Huangqi.

  Of the active  ¢ onstituents  in Astragali Radix, i. e.

saponins,  isoflavonoids, polysaccharides,  y-

aminobutyric  acid  and  various  trace elements4),

Astragalosicle IV  is usecl  as a marker  for the  quality

control  ef  Huangqi. The levels of  these  active

constituents  in Astragali Radix determlned by the TLC

scanning  and  colorimetry  method  were  shown  to vary

according  to their origin4'7).  Today.  Astragali Radix is

mostly  prepared from cultivated  plants. For example,  A.

membranaceus  and  A. membranaceus  var.  monghoticus

are  cultivated  mainly  in the north  part (Shanxi,
Neimengu, Hebei) and  the north-east  part (Heilongiiang)
ofChina.  Which  are  the best regions  in China to produce

good  quality Huangqi?  In the present study,  in order  to

compare  the quarity of  Astragali Radix from difTerent

regions  of  China, the levels of  astragaLosides  I-IV,

isoflavonoids I-V and  polysaccharide in difTbrent

Astragali Radices were  determined by reverse  phase

high-performance liquid chromatography  (HPLC) and

spectrophotometry.

        MATERIALS  AND  METHODS

 P]ant materials  The  Eoots  and  aerial  parts of  A.

membranaceus,A.  membranaceus  var,  mongolicus,A.

hoantclo,, A, lehmannianus, A. aksuensis,  A. propinquus

and  H/ polybotrys were  collected  from different regions

of  China as listed in Table 2, They  were  collected  in

August  and  September  ef  1999, Their corresponding

voucher  specimens  were  deposited in the Herbarium  of

Shanghai Institute of  Materia Medica, Chinese Academy

ofSciences,  Shanghai China. The materials  for analysis

were  finely powdered  and  kept dry until use.

 Extraction of  isoflavonoids and  saponins  5 g of

ground  pewder  was  extracted  three tirnes in a  soxhlet

with  100 ml  aq. MeOH  (MeOHIH20=4fl) for 2 hour.

The  combined  MeOH  extract  was  filtered, and

evaporated  to dryness in vacuo.  For isofiavonoid assay,

the viscous  residue  was  stirred in 25 ml  hot water,  and

the suspension  was  treated with  IO ml,  7.5 ml  and  then 5

ml  of  ethyl acetate. The  aqueous  lower phase containing

sugar  was  discarded. The  cornbined  ethyl acetate phase
containing  isofiavonoids 

-12.5
 ml  was  evaporated  to

dryness in vacuo.  Saponins were  analogously  extracted

by using  n-butanol  saturated  with water,  and  the butanol

extract  was  concentrated.  Both viscous  residue  was

dissoived in 2 ml  MeOII  and  filtered through  a Millipore

fiEter unit. 20 pl ofthe  sample  was  in.iected to HPLC.

 Extraction  of  polysaccharides Anthrone-su]furic

acid  method  was  used  to extract polysaccharides. 1 g of

powdered  sample  was  refluxed  three  times  with  25 ml

water  for 1 hour. The  water  extract  was  filtered while  it

was  hot, and  evaporated  to about  2 ml  in vacuo.  9S%

EtOH  was  added  to the concentrated  extract  so  that the

EtOH  concentration  was  about  85%.  The  solution  was

left airtight for 24 hour, and  then filtrated with  filtering

flask, The  filtrate cake  was  washed  with  70%  EtOH  five

times and  dissolved in water  at  600C. The  suspension

was  centrifuged  at  2,OOO rpm  for 5 min,  and  the

supernatant  was  made  to 1OO ml  for analysis,

 Quantitatiye analysis  The  standards  usecl,  7,3L

dihydroxy-4'-methoxyisoflavone 7-O-B-D-glucoside;

fbrmononetin 7-O-fi-D-glucoside; (6cxR, 11cxR)-3-

hydroxy-9,10-dimethoxypterocarpan  3-O-tl-D-

glucoside; 7, 2Ldihydroxy-3', 4'-dimethoxyisoflavan 7-

O-fi-D- gluceside; 7,3'-dihydroxy-4'-methoxyisofiavone

(corresponding to isoflavonoids l-V respectiveiy)  and

astragalosides  I-IV, were  gifts frorn Dr. Masaki  Anetai

of  Hokkaido  Institute of  Public Health in Japan. Dextran

of  molecular  weight  15POO-20,OOO (Sigma; St. Louis,

MO)  was  used  as a standard  for quantitative analysis  of

(214)
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total polysaccharicle, Analytical and  HPLC  grade
reagents  were  used  for HPLC,

 For  the calibration  of  isoflavonoids I-V and

astragalosides  I-IV, three  iajections were  performed for

each  measurTnent.  The standard  curve  was  calibrated  by

using  the linear least- squares  regression  equation

derived from  the peak  areas.  The  HPLC  was  performed
on  a NOVA-PAK  Cig column  (particle size 4 pm), 3,9

mm  × 300  mm  in a  Waters  PC  800 Integrator, Waters

486  Tunable  Absorbance Detector and  WatersTM 6oo

Pump.  The  mobile  phases were  CH3CN!H20  (43:57) for

astragalosides  and  CH3CNfH201CH3COOH  (270:730:1)
for isofiavonoids with  a flow rate l.O mVminute  at  400C

and  detection at 2e5 or  280 nm,

 For  polysacchaTide catibration,  Dextran  standard

solution  was  prepared. Then, 4.0 ml  O,2%  anthrone-

sulfuric  acid  (prepared just before use)  was  added.

Absorbance at  625 nm  was  measured  after  30 min,

RESULTS  AND  DISCUSSION

 As  shown  in

isoflavenoids,

exhibited  good
--90

 pglml. The

Table 1, HPLC  calibration  curves  of

astragalosides  and  polysac6haride
linerarity in a  range  from --l pglml  to

 RSD  (relative square  difference) was

Tab]e 1.

within  a range  from 2 to 3%,  Recoyery  test by extracting

a  known  amounts  of  isoflavonoid, astragaloside  and

polysaccharide showed  that the recoyeries  of  the tested

isoflayonoids, astragalosides  and  polysaccharide were

from 92 %  to 100 %.  Fig. 1 A  shows  typical

chromatograms  of  MeOH  extracts  of  various  Astragali

Radices. Each of  the peaks for isoflavonoids I-V was

distinct. Fig. IB  shows  similar  results  on  the butanol

extracts.  The  peaks were  identified by comparing  the

retention  times  and  by spiking  the sample  wlth  stock

standard  solutions  (data not  shown).  The amounts  of

isoflavonoids I-V, astragalosides  I-IV and  total

polysaccharide determined in 46 different sources  of

Huangqi and  its adulterants  are  summarlzed  in Table 2.

There was  no  obvious  difference in the concentration  of

the total isoflavonoid among  various  species  of

Astragatus, In general, the concentrations  of

astragalosides  I-IV, especially  of  astragaloside  IV in A.

membranacezas  var,  mongholicus  were  higher than those

in A. membranaeeus.  H. polybott:ys contained  no

detectable amount  ofastragalesides;  however, it

centained  a  high concentratien  of  isoflavonoids II and

V. Astragaloside has a  and  P methyl  epimers  at  20-

carbon4}  and  a quantity of  3 epimer  is known to be

presented in our  test Astragultas, However, other

Calibration of  isofiavenoids, astragalosides  and  polysaceharide by  HPLC

Standa[dcomounds Re  [ession  e  uation r Recove  %

Isofiavonold I

IsoflavonoidII

lsoflavoneidIII

IsoflavonoidIV

lsoflavonoidV

AstragalosidcI

AstragalosideII

AstragalosideIII

AstragalosideIV

Dextran

Y=101SOX4718

Y;-15994X-tlg34

Y!123S7X+1667

Y=32496X--41760

Yz99354X-2743

Y=66843X+2332

Y=625519X+34960

Y=;20893X--9114

Y=30S90X+6476

Y=7.07xlO'IX+6,72×10'i

O.9995O.999QO.9999O,9997O.9999O.9999O.9998O.9999O.9999O.9999103.3897.4892.2598,5798,28100.5498.6197.2896.1297.4S

The range  of  isofiavonoids, astragalosides  and  polysaccharide used  for standard  curves  ca]ibration  was  from --1 pgiml to -90

pgirnl. IIPLC  perfo"nance was  described in Materials and  Methods. The RSDs  were  about  2 to 3%,  whcre  N=5.  Recoyery was
determined by adding  known amount  ofconstituents  into the plant, where  the amount  of  active  constituents  was  known, These
samples

 
were

 subjected  to HPLC  analysis.  The molecuiar  weight  of  Dextran is 18,1OO. The  regression  equatien  was  used  to
calibTate  the concentration  ofvarious  constituents  as listed in Table 2.
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Figurc 1. HPLC  chromatograms  ofeitracts  from Astragali Radixes

 Waters PC  800 Integrator, Wate[s 486 Tunable Absorbanee Detector, Wate[s600  Purnp and  NOVA-PAK  C]s(panicle size  4 pm, 3,9 mm  i.d. x

300 mrn)  were  usecl  in the  HPLC  performanee, The mobitc  phase was  CHiCNIH201 CHJCOOH  (270:730/1) with  a flow Tate 1 .0 mllmin  at 40"C. (A):
chrornatograms  of  methoanl  ext[act  for the dctermination of  isoflavoneids. The  indicated peaks from I-V  correspond  to isoflavonoids I-V. The

absorbance  was  at 280 nm,  <B); chromategrams  ef  butanol extract  for the  determinatien efastTagalosidcs.  The mebile  phase was  CHiCNfHiO

(41:57). Thc indicated peaks from I-IV correspend  to astragalosides  I-IV. The absorbance  was  at 205 nm.  Atbitrary unlts  ofabsorbance  are uscd.  The

sourcesofAstragaliRadixesareshown.
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Table2.  ActiyeConstituentsin Astragaii Radixes  (Huangqi)

Source PartAge(year)Isofiayonnoids{m100
Astraalosides m100  )

No.Name
IIII[[ivvT IIIIIIIVTTpb%

1234567891011121314IS1617181920212223242S262728293031323334353637383940414243444546
A,membranaceus
var.  mengholicus

dittodittodittedinedittodittedittodittodittotiinodinodittodittodittodittodittodittodittodittoA.

 membranaceus

dittodittodinodittedittedittodittodittodittodittodittodittodittodittodinodittodittodittoH.poIybotrys

dittoA.hoantchy

dittoA.
 Iehmannianus

A. propinquus
A. aksuensis

BeijingHebeiHebeiHebeiHebeiShanxiShanxlShanxiShanxiShanxiShanxiNeimenggu

Neimenggu

Neimenggu
Neimenggu

NinxiaHeilongiiang

Heilongiiang

Heilongiang

Heilengiiang

HebeiHebeiShanxiShanxiShanxiShanxiShanxiShanxtShanxiNeimenggu

Neimenggu
Neimenggu

Neimenggu

Neimenggu

Heilongiiang
Heilongiang
Heilongiiang

Heilongiiang

SichuanGansuNinxiaNinxiaNinxiaXirtjiangXinjiangXin.iiang

rootrootrootaerialaerialreotaerialrootrootrootattrialrootaeria]rootaerialrootrootaerial[oetaeria]rootaerialrootaerialrootrootrootaerialaerialrootaerialrootrootae[iatrootaeria]rootae[ialrootroOtrootrootaeria]RootRoetRoot>33223332i*>3t2233222112233332"2>32>3221331122>3>3*>31>3i>3.>31>31>31243041

64582609347S

39623l26490

26

21

526977

260

t17624121]51

34

79

602317

121115

Ig

l9142g

22

lg

3098225

1334

9l8203

14744l2238

14

91289562s1474

81327

830

4g2110

396s

127

4549611

2529l4

3:

]s9

s

11

15

8

431016

522138H98t99510S67138812929le27421I2I2l487s9le6963569721

12

ss21

464248673561734IS818935524821157g631243634222598345202gt2194436987223571915g9511g1441426IS6l9igs13S15122213221131997325262462213g25IOOlgB2i52144191514822202l79211911312813sg215!17196151446039g49S8B1810125Il14655123l324s9667S211021884I5102l398120gs137125510420lt556102886

7283893t24

3942369749447154568IO6372487L2B34!o399273469s124598486l3H39l410

4

244523

9202gs4115l27109447121342ss134174710862141266252747914

ll38IO36

g1217321122215]431722547194s410392l61493211318921641337

9

711IS

1401691693523196222279221231S321191291195223463314132l672gl48178l74302319S292726221912Si6134117

961177T59198

7.S46239.60e.olO.055.86o.e67.2813,4g7.90Q.038.73O.066.e5o.el5.104.37O,034.e6o.e2526o.es3.65O.073.18S.476.35e.o2O.055.77O.Ol6.647.e7e.o47.66e.o36.83o.ot7.l914.4612,g710.24o.es9.776,S78.24

i  FTom  natural  resources.
+*

 Cultivated area  was  ehanged  during growth.
"TP/

 total polysaechartde.

astragaloside  epimers  are  not  known  to

active  and  in the present assay,  only

assayed.

 be biologically

or-eplmers  were

  Astragalus membranaceus  var,  mongholicus  fi'om

Shanxi (sarnple #10) contained  the highest concentration

ofastragaloside  IV, and  that from Neimenggu  (sarnple

C.2l7)
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#32) had the highest level of  astragaloside  IV  of  all the

tested A. membranaceus.  Higher concentrations  of

isoflavonoids I and  II were  observed  in plants younger
than  2 years, The  plants )3  years of  age  had a higher

concentration  of  polysaccharide than the younger  plants.

Of  the samp]es  tested, wild  plants contained  a slightly

larger amount  of  active  constituents  than  the  cultivated

plants (Table 2). Besides, the active constituents  were

mostly  distributed in the  root,  and  scarcely  in the  aerial

part. Regarding  polysaccharide, H/ polybott:ys from

Gansu  (sample #40) contained  the  highest concentration

of  polysaccharide, Of  the 46 samples  tested, the

concentrations  of  isoflavenoids I-V, astragatosides  I-IV

and  total polysaccharide  were  all higher in A,

membranaceus  var.  monghoticus  and  A. membranaceus

than inA. Iehmannianus, A. hoantcio,, A. aksuensis  and

A. propinquus. The  iatter fbur species  are  the common

adulterants  of  Astragali Radix. Both A. membranaeeus

var.  niongholicus  and  A. membranaceus  could  be used

as Astragali Radix, and  indeed, they  have a  close

resemblance  in morphologyS),  ribosomal  RNA

sequenceS)  and  ¢ hemica] profiles as demonstrated here.

  Astragali Radix is cultivated  also  in South East Asia,

Korea  and  Japan. Chemical  anatysis  of  the amounts  of

five isoflayonoids, four astragalosides,  y-aminobutyric

acid,  and  molar  ratio  of  L-canavanine to L-arginine in

those Astragali Radices from Japan (Hokkaido, Ibaraki),

China  (Beijing, Narijing, Shanxi,  Neimonggu,

Hongkong,  Taibei, Shaanxi, Guangxi,  Chengclu), D. P.

R. Korea  and  R, Korea  are reported  by Anetai et al.T'9)

  The  level of  isoflavonoids and  astragalosides  in our

studies  are  comparab]e  to their results,  However, the

materials  they used  were  markct  samples  bearing the

name  of  Huangqi and  the species  origin  was  not

identified. In the present study,  samples  were  collected

by  us  from  different regions  of  China, and  their species

origins  were  identified, Therefore, the best farm{ng areas

and  conditions  to produce Astragali Radix could  be

determined, In conclusion,  Astragali Radix from Shanxi

was  the one  that contained  significantly  higher amounts

of  isoflavonoids, saponins  and  pelysaccharide. The

present results will be helpfu1 for the quality control  of

Astragall Radix.
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