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Abstract: Objective To clear that the growth period of Astragali Radix (AR) is the main factor causing the traits and chemical differences by
analyzing the correlation between commercial traits and chemical characteristics and absolute growth years of AR. Methods Different
grades AR from different origin were collected and divided into two specifications-wild Astragali Radix (WAR) and transplanted Astragali
Radix (TAR) according to character description, length and diameter. The growth years distribution of different grades WAR were observed by
hand-sections to find its distribution rule. The separation was performed on a Ultimate Cg (250 mm X 4.6 mm, 5 um) with a mixed mobile
phase of water and acetonitrile in a gradient mode. The flow rate was 1 mL/min and the wavelength of measurement was 230 nm. A total of 24
batches of the AR were determined. The content of five flavonoids in WAR and TAR were determined. Results The results showed that the
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growth year of top grade AR was more than five years, grade I AR was 4—S5 years, grade Il AR was 3—4 years, grade IIl and IV AR were

1—3 years. The HPLC-UV specific chromatograms fingerprints of chemical constituents were established from the 24 batches of AR with

five characteristic common peaks. Twenty-four batches of samples was assessed by similarity evaluation system for chromatographic
fingerprint of TCM, the similarity of WAR was 0.892—0.994 and TAR was 0.274—0.531. AR were classified as two clusters including WAR
and TAR by clustering analysis (CA) and principle component analysis (PCA). The content of total flavonoids of WAR were significantly

higher than TAR. Exception the top grade WAR, the content of total flavonoids in WAR was significantly positively correlated with grade.

There was no correlation in different grades of TAR. Conclusion This study provides a scientific basis for the establishment of the grade
standard of AR, and lays a foundation for further construction of the quality grade standard of AR.

Key words: Astragali Radix; standard of specification and grade; trait analysis; flavonoids; absolute growth years
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F1 HEMHREER (n=60)
Table 1 Samples information of Astragali Radix (n = 60)
\ ) K& /em SKEE AT 3.5 em b EA/em K Hi%/em
T it} S WES T A—— — — — — -
Ju X+ts YL X+ts Ju X+ts
S1 WPEVEYE AR 2017 1EFAE 35.6~51.1 445+ 59 1.7~22 19402  13~1.6 1.4%0.1
S2 InPVER —% 2017 {5EFAE 42.8~59.7 522% 6.6 1.5~1.9 1.7+£02  1.1~14 1.240.1
S3 IIPEVEYRE & 2017 {4 50.8~65.6 585+ 7.1 1.2~1.6 14+0.1  0.8~1.3 1.04+0.2
S4 INPEVEYR =5 2017 {iEFAE 28.6~58.7 42.6% 9.6 1.0~1.4 1.2+02  0.7~1.0 0.8%+0.1
S5 Ll PE VR M 2017 {4 31.1~609 445+ 92 0.8~1.2 1.0+£0.1  0.5~0.8 0.7%0.1
S6 IPER R R 2017 B4 312~544 429+ 96 1.9~25 22403 1.2~2.0 1.6+0.3
S7 Wy R —%% 2017 P54 24.1~520 36.7+£104  1.5~1.9 1.7£02  1.0~1.5 12402
S8 e R =& 2017 15EFAE 29.8~512 382+ 74 13~1.7 1.5£02  09~13 1.1£0.1
S9 PR R =% 2017 B4 312~544 409+ 80  12~15 1.3£0.1  0.7~1.1 09+02
S10 IS E Y% 2017 P5EFAE 30.8~56.1 434+ 92 09~13 1.1£02  0.6~0.9 0.7%0.1
S11 HOREME RS 2017 B 23.8~38.0 315+ 55 15~19 17401  1.1~1.6 13402
S12 R B —Z 2017  #HIE 22.1~29.5 255+ 29 1.2~1.6 1.44+0.2 1.0~1.3 1.1£0.1
S13 R s 2017 #BIE 22.0~33.8 277+ 46 1.1~1.4 1.24+0.1 0.8~1.0 0.9+0.1
S14 HoREE =% 2017 #kE 22.5~37.0 287+ 53 1.0~1.2 1.1£0.1  0.7~1.0 0.8%0.1
S15 HAEE  PU%E 2017 #kEs 18.9~329 256+ 49  0.7~1.0 0.9+0.1  0.5~0.8 0.7%0.1
S16 HofuRsE 45 2017 AR 254~383 323+ 49  1.6~2.1 1.9+02  13~1.7 1.4=%0.1
S17 HiNRE —% 2017 #kEs 23.5~36.7 312+ 49 14~17 1.540.1 1.0~1.3 1.2%0.1
S18 HiRIRE 2 2017 23.8~35.7 297+ 43 12~15 14+0.1  09~12 1.1£0.1
S19 HiRE =2 2017 R 262~384 324+ 46 1.0~14 12401  0.8~1.0 0.9+0.1
S20 HiRIRE PO 2017 R 23.8~339 292+ 38  09~1.2 1.0+0.1  0.6~09 0.8=+0.1
S21 Hl B —Z 2017  #HIE 25.9~50.0 36.5%+ 9.0 1.1~1.6 1.3+02  0.8~1.1 0.9+0.1
S22 HoRpEPE %% 2017 AR 258~40.5 324+ 55 09~12 1.0£0.1  0.7~0.9 0.8=*0.1
S23 HiREEE =% 2017 ki 23.5~377 304+ 54  0.8~1.1 0.9+0.1  0.6~0.8 0.7%0.1
S24 R B vt VU 2017  #kEE 255~409 329+ 6.1  0.6~0.9 0.8+0.1  0.5~0.7 0.6%0.1
sartorius CPA 225D 73 #fr RV (H /32— P, AR T LI T A BT e
HEE. ol (g, S£E Fisher AFD; /K I EAIEHE .
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2 HE
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Venuil MP C;3 (250 mmX4.6 mm, 5 pm);
Agilent ZORBAX SB-C (250 mm X 4.6 mm, 5 pm);
Ultimate C;3(250 mm X 4.6 mm, 5 um); #i 30 C;
RS 1 mL/min; A 230 nm;  #EFE & 20
ulL; WEIHAZHE (A K (B); BREBEIE T
0~8 min, 20% A; 8~15 min, 30% A; 15~30 min,
43% A; 30~40 min, 60% A; 40~50 min, 100% A;
50~60 min, 100% A; LAEE =i Biw 20 (A
B 1D TR B ERECAMET 7 000
24 SREXRBRIBIREIE

85 S T R 2 MR L TR SRR
S . RGOSR, BERE, IR
SRR E 3 50N 1.870. 1,360+ 1.362. 0.601+
1.046 mg/mL IR B IS i 2 0E =, N
FH 22 1) B VR P 90 A 56.5+ 81.31 75.5. 86.8.



~454- ¥

Chinese Traditional and Herbal Drugs 3 51% 23] 202041 A

83.79 mg/mL [PIEA X HE VA
25 HiX@ARnEHlE
AR IS 29 1 g FERE,
& 150 mL BT, HEMAFE 50 mL, R
SEEE, MRENR 4 h, BG4, ERERE, AR
BEAN R R, RRA), JEIT, A EEELIE
25 mL, FIWERIET, 5REIN RS, HRES
mL E)fH, IHFERZIE, %5, R
2.6 BYUENEHEFER
2.6.1 FEEEERLE HU S1 S M, 4K
TR 2% 7 VA S AR AR, ISR 6 Ik, id
ScEIE ], DLEEE S 0 A ) ke 2 R
g, THEX ke CRIETRART 5% ERmBD
5 2 HR VR PRI AFDGS £ B B TR R AR K TR A, 25 SRAE X
R B E] ) RSD<<0.25%, AHXTIETEFL ) RSD<
5%, RUUXIHEE LR, FFEREEGE R,
2.6.2 EEMRE BSI SFEM 6 4, AR
RS il K S R 1| e PN TR T £ B a7 e
FEOHT, skl DB RS ok e a0 b itk
Wy 2RI, TP AR CRIETART 5%

WEETHTFR D 5 2 IR UG R AR G £ B BT[] R K I THT AR
SE RS IR R B [B] RSD<2%, % F %
HH MR IR RSD<5%, #UTEEEN
R4f.

2.6.3 FoEMRE  HS1 SAEM 6 1, iR
Fit VA VR ) 2% 7 T 1 A R VR R, 23 T R
%5 04 3. 64 12, 24, 48 h R, 0
T ], DL 6 e 0 A A 26 B T A i e 2 R,
THE & OiG g CRIETHRIRT 5% 52
FEL U P49 A K PR B B () AR X e TR AR, 5 SRS 3R
WS 4 FE O B INF ] RSD<<0.15%, % 3 B A I
F AR X U T AN RSD<<5%, R AAMLIRAMHTE 48 h N
Bt RAT.

27 SHMEREARSSENENHEZER

271 LMERRFR FEEREI RA X SIER
(I &7 TR A X IR AR, IR “ iR
TN b 205 o AR (XD ot BB VA
i, PAFR (YD) RUETAR, ehilbrdEihsk, 4
R 2, RPKRAES FCH AR R IR
PEXR.

*2 STEREIERIHEMEXR

Table 2 Linear relationships of five flavonoids components

5% EYEp r LR MEVE Rl /g
B S v T T Y=508.32 X+1 497 1.000 0 0.298~18.700
TR Y=2 542 X+236.1 0.999 9 0.212~ 6.800
BRI Y=1951 X+156.9 0.999 9 0.213~ 6.810
FE R B Y=1621.1 X+227.6 0.999 1 0.094~ 6.010
AL Y=2950.3 X+28.7 0.999 9 0.330~10.460
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Fig. 1 Morphological characters of Astragali Radix
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Fig. 2 Scatter diagram of length and diameter from different Astragali Radix
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Table 3 Years range of different grade of wild Astragali Radix
& SKER AR R /A R i 4 BR /4 SR 3.5 cm EL4£/cm Kty H4%/cm Bt Z/cm K& /em
i 7 5 2.01 1.57 0.44 44.9
5 5 1.80 1.43 0.37 434
6 5 1.88 1.49 0.39 354
6 5 2.03 1.61 0.42 353
6 5 1.91 1.45 0.46 412
7 5 2.11 1.75 0.36 40.8
“PH5ME 1.96 1.55 0.41 40.2
—& 5 4 1.68 1.27 0.41 53.8
5 4 1.63 1.21 0.42 46.7
5 4 1.73 1.28 0.45 46.2
4 3 1.48 1.09 0.39 483
5 4 1.63 1.26 0.37 48.1
5 4 1.56 1.24 0.32 52.7
“EHME 1.62 1.23 0.39 493
=% 5 3 1.62 1.12 0.50 63.1
5 3 1.61 1.07 0.54 54.5
4 3 1.38 1.01 0.37 50.3
4 3 1.22 1.02 0.20 60.2
4 3 1.34 1.01 0.33 56.2
4 3 1.24 1.01 0.23 57.2
“EHME 1.40 1.04 0.36 56.9
=% 3 2 1.14 0.72 0.42 42.8
2 2 1.05 0.79 0.36 473
2 2 1.09 0.84 0.25 46.2
3 2 1.12 0.78 0.34 39.1
2 2 1.10 0.75 0.35 49.8
3 2 1.16 0.87 0.29 40.8
“EME 1.11 0.79 0.32 443
ES 2 1 0.86 0.64 0.22 33.8
2 1 1.12 0.68 0.44 324
2 1 1.06 0.67 0.39 43.8
2 1 0.78 0.56 0.22 474
2 1 1.00 0.62 0.38 46.5
2 1 0.95 0.67 0.28 37.8
“PH5ME 0.96 0.64 0.32 40.3
152
4 =%
AR =4
KB AERR
Sk 3.5 cm BiE
K g :
HE%E 0
” -1
K i,

B3 TESFRAFEEREDH

Fig. 3 Cluster analysis results of different grades of wild Astragali Radix



)

Chinese Traditional and Herbal Drugs 35 514 252 #1 202041 A + 457+

e, AR SE G 3 W 2M I S B AR KA BRI B 22
., BEARAEERR A AR O — B
3.2 HPLC-UV B EiE S itz

WX 24 it CREE 6 ) FESEIIIE, 195
FE b # HPLC 3 &, adid o 24 i fis S ETE AR UL
TN R4 2.0 A, LLS1 AR ESIRER, K+
ik, W& RN 0.1, GBS T 24
B TE B 2R A AR B (P 4) . ARE SRR
HPLC-UV $5 40 B 11 & A W AH X R B i ) K AH
XTUETHI AR AR DS, h S el Th FRAS AR 8 1 €
WEEATAR E, bRaE 5 AN EA . FEARRIR
SRR, KR 0 FR R A VAR T, I
R R AE P 0 R S o B U AT LA, B R
FRAE R s 1. 24 3. 4. 5 BB T H
WA TR BMEGE . RIEE.
fe (B 5), LARE Rl & i A S g, iHE
REAEUEE 2~5 FRIRFDG R B B 1] B E R B 1) £ 5%
ARG B TR A SE R 1.0 (& 1) 1.91 (1§ 2). 2.08
(I 3), 2.15 (1§ 4), 3.64 (I 5),
33 #MEAXSENEEEX ST
331 HRLEES T ORI 24 il s S0 AH oL
VN R4 2.0 A, DAEFAREE HPLC-UV BEH2E
TR RS BB, SR I AR ZIETTE &R

e : ———

—

S1

0 10 20 30 40 50 60
t/min

4 24 EEHAKR HPLC-UV [Ei%
Fig.4 HPLC-UYV fingerprint from 24 AR samples
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1-calycosin-7-O-B-D-glucoside 2-ononin 3-(6aR,11aR)-9,10-

dimethoxyptercarpan 4-8,2'-dihydroxy-3,4-dimethoxyisoflavan-

7-O-B-D-glucopyranoside ~ 5-8,2"-dihydroxy-3,4-dimethoxyisoflavan,

same as below fig.8
5 MERm (A) MRFRMER (B) B HPLC-UV ElE
Fig. §
substance (A) and typical sample (B)
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HPLC-UV specific chromatogram of reference

T4 4 HEEFSBIE
Table 4 Similarity of 24 batches of AR samples

55 HHALLE G5 MU i FHALLE G5 MU
S1 0.977 S7 0.952 S13 0.446 S19 0.390
S2 0.968 S8 0.953 S14 0.399 S20 0.424
S3 0.992 S9 0.946 S15 0.398 S21 0.477
S4 0.963 S10 0.961 S16 0.382 S22 0.467
85 0.970 S11 0.371 S17 0.441 S23 0.497
S6 0.970 S12 0.451 S18 0.446 S24 0.439




*458 « ¢ %% Chinese Traditional and Herbal Drugs 35 51 % 228§ 20201 A

1.0 " HY
T s 'YX
! ‘WY
IMX
0.8 LX
i
é:;j 0.6
= "
\ e
04 ci b :‘c.: ¢ wﬂ"“m"f [bn:u "'.:- "
. v t’
d.. ® ' ‘anﬂm *I o
0.2

HY-UPEEE YX-IPEREL WY-HIRRIR MX-HONIREL  LX-HRpr,
EHG

HY-Shanxi Hunyuan YX-Shanxi Yingxian WY-Gansu Weiyuan MX-Gansu
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Fig. 6 Similarity results of AR sample from different
batches
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Fig. 8 CA results of AR samples
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RS SHERRAERISEVELER (n=06)

Table 5 Results of content determination of five constituents (n = 6)

JF B4 HU(mg g )

A ER

S R A TR LA ST ST
A ok 0.981 0.343 0.261 0.332 0.265
—& 1.352 0.384 0.534 0.363 0.213
e 1.012 0.321 0.248 0.313 0.281
=% 0.763 0.282 0.280 0.223 0.471
it 0.681 0.193 0.143 0.181 0.511
Fots e P 0.361 0.101 0.091 0.103 0.074
— A 0.413 0.117 0.103 0.113 0.083
g 0.382 0.108 0.096 0.106 0.072
=4 0.424 0.121 0.106 0.112 0.061
g 0.331 0.095 0.083 0.096 0.063
39 fyEpdE - 1.07 .
W TR AR s W TR AR
WS AR B it
O &hkitr D%*
B 5kt 08 |5
O Rtk : Dﬁﬁb
2_
0.6
B &
= &
XK R
i) 18 0.4
By X
0.2
0 0 T T T T T
s s KR s M s sk

9 TEFRAXEMERDSE
Fig. 9 Content of flavonoids in different grade of AR

3.3.5 EERSEE SR ERERKMCYE DN BVPI OB (76 FhLGH S 520 1984
BT 5 MR S BN A FESERVIE AR RO RSB R, B T IR
B T 0 (B 9O, AP AR T, BRirdltdl,  AREEES. ARSI IR T 24 L3R
I R SEHEIEME, —HERERR M, BINES. Bit. KERSHT, R
. KRR 4~5 £F, 590k pHE 2 PR AMAE AT AR SR 7 I, B e N5 T M
HIF W e TR ICAMAERKFERZ N 6 F  SRKE LT 5B AR BRI 2, R
PAE, 0y S HEARXTEOR, M T SIRHKIAE IR BRI AR BTSSR 7, A R
. b, BEREIEART. Rt EE R, 5, S8 =5, BN ITRIE BT
REIEAR, REESERETIML. BERPE 4.2 ﬁM%&ﬁ%ﬂl%ﬂn Mmﬁﬂ%ﬁ&
WA AR SEGOR A MO, SRR, 7T RISHEEF

%m?ﬁﬁﬁﬁﬁZEE,EWT%%m%%A Hh 24 8 S0 BE S X [R] — 25 R A AR AL S B o)
ZFRAK, A BIMEEAT AL, e PR AL AN SR 1
4 Wi W SRR R ORI, AT LSRR AEE (L
41 FRRFRSHMUER. EKEFROXF SR RIS, RERS LLEL AT . SR i

PEME R, SRR R 2R R FEARBE TR, @ T S BhEE



- 460 - T4

Chinese Traditional and Herbal Drugs 3 51% 23] 202041 A

B RS ST RS TNEMS S, A
IVETEAY, PCA FI CA SKEEE TR M 77 X 5L
PRI AR RIS SE 5 RS &/, 45
RRYITECAN 2 R AR 5r s B T IR A
AFE, RN A — 2 iEZES, ik
TGOS UM Rl 73 1) 45 B
43 HERAMBRABSIREREFRAR

HH 2R B RS 55 2K 93 2 2 6 TR AR HE VT Y
ML G755, T A PR IR B VPN 2544 5
BN HVERIH 7% AW TR 2R A
Ry TEERZE RSB 7. DA K 5 R B RS 1 o3
SERIT, REZHM AR S WAE R BT SR &
PR, UG RN S TG M A AME T
RERAIER . B80S DI A 4 BT AN RSO 1
AR NRI D BRI M AN R SR K R SRR AR,
SCAM SRR L 7 — WA, H it
B MTRAE, FRAIRIE TR G AR, FIEN S
i R L FH (S B2 M S5 Gl oAt DAt — b i
SRR EM o B AR B E i

SE 3k

[1]  FWEWK, X, HRE, & PAMERETES
& S5 G bR K0 4 1 D7 R EOR R AE (7). R AR A
25,2016, 18(11): 1390-1395.

[2] ZRfE%, LN, FET, % AREMEREERE
TEMEETC [J]. HZ544, 2015, 38(6): 1186-1190.

[B] ¥ &, SEZE W 5 % EKERNEEAM

(4]

— — —
O o0
[ B B |

[10]

[11]

[12]

[13]

TR K B R SRR [1]. hE5H, 2015,
7(7): 1366-1369.

rE 2. MR AT @R R R [EB/OL].
[2017-05-18]. http://www.catcm. org.cn/commonsearch. asp.
hE . o E PR R A A R TR
Fr7E” [EB/OL]. [2018-09-11]. http://www.catcm.org.cn/
newsmain.asp.

Chu C, Qi L W, Liu E H, et al. Radix Astragali
(Astragalus): Latest advancements and trends in
chemistry, analysis, pharmacology and pharmacokinetics
[J]. Cur Org Chem, 2010, 14(16): 1792-1807.

FRE 2y [S]. —#B. 2015.

LA INFRER T AR RS AE [S]. 1984

iz, 2 B ORE g, SR E B A SR AN
A AT R Tl K B I A 2 AR R AR AT TS [J]. 257
224, 2018, 53(1): 147-154.

FAST, # B, FVEA, . UPLC-ELSD fRZUAIE
sia st B TR R A R E ] )], P
I 24 7% &, 2018, 43(6): 1156-1161.

Guo H, Zhang Z, Yao Y, et al. A new strategy for
statistical ~ analysis-based fingerprint establishment:
Application to quality assessment of Semen Sojae
Praeparatum [J]. Food Chem, 2018, 258: 189-198.
WOOVE, XN, TR, AF. ERE HPLC fREUAIE
KZ g milleE s (7). 2, 2019, 50(10):
2474-2479.

SR, B B, B K, S M S RO AL HPLC
RHE G HIEIE K 5 R Rl & BE [J]. 2, 2018,
49(5): 1160-1164.



