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Examination of the correlation between grades, chemical
characteristics and anti-fatigue effect of Astragali Radix
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Abstract: To provide a basis for the establishment of the commodity grade of Astragali Radix (AR), we
compared the chemical components and the anti-fatigue effect of different grades of AR. The components of primary
metabolites were analyzed by *H NMR and the contents of five flavonoids were determined by HPLC-UV with
different grades of AR. Fatigue efficacy of different grades of AR was compared. All the procedures were approved
by the Laboratory Animal Ethics Committee of the Shanxi University. The results showed that the content of water
soluble extracts (WSE) of the Grade II AR was the lowest, and 21 compounds were identified through *H NMR
spectrum. There are 3 components showing a higher content in the Grade-top AR, and 7 components were higher
in the Grade-1V, and 7 other components were higher in the Grade- I AR. Total flavonoid content was the highest
in Grade- II but it was the lowest in the Grade-IV. Pharmacodynamic results showed that AR could significantly
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enhance the exhaustion time of rats and improve the biochemical indexes of serum and gastrocnemius muscle, and
the best anti-fatigue effect was observed with Grade - II AR. Therefore, chemical composition and efficacy index

were used to evaluate the quality of different grades of AR, and the quality evaluation approach was established

based on chemical and pharmacological effects to provide a scientific basis for the development of AR. The study
may provide useful information for construction of the quality grade standard of AR.

Key words: Astragali Radix; grade; primary metabolite; secondary metabolite; anti-fatigue

¥ I (Astragali Radix, AR), f #% T (i & A %L
2o )W, 2015 R Hb [ 24 ) B e H O ERHE ) IR S B
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Table 1 Sample of Astragali Radix
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WO Z AR A H R A A, B 3h A HT
(Thermo Scientific; 245 Prime30).
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. Collected Planting Diameter of 3.5 cm Diameter of Absolute
No. Origin Grade . . S Length/cm
time patterns under head chopping/cm  terminatio/cm growth years
S1 Shanxi Top 2017 Wild 1.9+0.19 1.4+0.13 44.6 +5.89 5-, 6-years
S2 Hu: uan I 2017 Wild 14+0.14 1.0+£0.15 58.5+7.10 3, 4-years
S3 4 I\ 2017 Wild 1.0+0.12 0.7+0.11 445+11.18 2-years
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Table 2 Method validation
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JEHE . SEI I R FE A L T KSR E R A B A
ARG HLE

&R L G, AT K RE T TR, S BRAS 2 i
PR R VK RE 70 4 Sl s ), i H 50 R SD KRR, JF 46
SEIG 4y NS A4 (Normal, NS) A7 4 (Model, MS).
545 5 1S 2 (AR of grade top, Top). K %5 8 & (AR of
grade 1V, IV) 1 — 235 1€ 41 (AR of grade 11, I1) #F41
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Constituent Regression equation

Calycosin-7-O-p-D-glucoside Y=50832X+1497 1

Ononin Y =2542 X +236.1 0.999 9
(6aR,11aR)-9,10-Dimethoxyptercarpan- Y=1951X+156.9 0.999 9
3-0-p-D-glucopyranoside
8,2'-Dihydroxy-3,4-dimethoxyisoflavan- Y =1621.1 X +227.6 0.999 1
7-0O-p-D-glucopyranoside
8,2'-Dihydroxy-3,4-dimethoxyisoflavan Y=2950.3 X +28.7 0.999 9

Linearity and ~ Precision  Repeatability = Stability =~ Recovery
range/ug 1% 1% 1% 1%
0.298-18.7 1.9 1.3 0.6 101.4
0.212-6.8 1.0 2.2 11 100.6
0.213-6.81 2.0 13 0.9 103.5
0.094-6.01 1.9 3.6 15 100.1
0.33-10.46 1.9 2.2 13 101.1
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GraphPad Prism 6.0 % 4 Xt it 4 (1) 42 ¥ B 43 i3k AT
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Table 3 The contents of WSE of different grade AR. AR: Astragali Radix; WSE: Water soluble extracts. n =6, X £ s

Grade No. WSE/% Grade No. WSE/% Grade No. WSE/%
Top-1 31.79 1I-1 25.54 V-1 29.39
Top-2 32.64 1I-2 26.04 V-2 29.98
Top-3 29.99 II-3 23.76 V-3 26.48
30.95+1.216 24.83 +0.889 28.10 + 1.398
Top-4 29.25 11-4 23.93 V-4 26.72
Top-5 30.92 II-5 24.75 V-5 27.89
Top-6 31.08 11-6 24.98 V-6 28.14
16
15
9.0 S..S 8.0 1.5 7.0 6.5 6.0 55
16
18 18
6] 321
h 16 II\I
" 1 1 Y St 8
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ETE 6
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Figure 1

'H NMR spectra of WSE of AR. The metabolites labeled with numbers are listed in Table 4
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Table 4 *'H NMR assignments of major metabolites from WSE
of AR

No.  Metabolite Oy
1  Leucine 0.96 (d, J=6.0 Hz)
2 lsoleucine 0.97 (t,J=7.8Hz),1.02 (d,J=7.2 Hz)
3 Valine 1.01(d, J=7.2 Hz), 1.06 (d, J=7.2 Hz)
4 Threonine 1.33(d, J=6.6 Hz)
5 Alanine 1.48 (d, J=7.2 Hz)
6  Acetic acid 1.93(s)
7  Glutamate 2.08 (m), 2.34 (m)
8  Unknown 1.14 (d, J = 6.6 Hz)
9  Succinic acid 2.45 (s)
10  Citric acid 2.65 (d, J = 16.8 Hz), 2.78 (d, J = 15.6 Hz)
11 Aspartate 2.83 (dd, J = 7.8, 16.8 Hz), 2.96 (dd, J = 3.6,
16.8 Hz)
12 Choline 3.21(s)
13 Taurine 3.27 (t,J = 1.8 Hz), 3.35 (t, J = 1.4 Hz)
14 p-Glucose 4.62 (d, J=8.4Hz)
15  a-Glucose 5.26 (d, J=3.6 Hz)
16  Sucrose 3.46 (t, J = 9.6 Hz), 3.54 (dd, J = 2.4, 2.8 Hz),

3.66 (), 3.75 (t, J = 3.6 Hz), 3.81 (t, J = 10.0
Hz), 4.06 (1, J = 8.4 Hz), 4.21 (d, J = 8.4 Hz)
541 (d, J = 4.2 Hz)

17 Ferulicacid  6.80 (s), 7.28 (s), 7.48 (s), 7.53 (d, J = 15.6 Hz)

18  Adenine 8.18 (s), 8.23 (s)
19  Formicacid  8.46 (s)
20  Uridine 5.89 (dd,J=4.2,7.2 Hz), 7.87 (d, J = 7.8 Hz)

21 Fenugreek 8.86 (t, J = 7.8 Hz), 9.13 (s)
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4] ‘:‘
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Figure 2 PCA score plot of primary metabolites of different
grades of AR. Top: AR of grade Top; II: AR of grade II; IV: AR
of grade IV
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B o R, RS L SRR AR IR
3.4 MBEHALIErRSHT A MLE A TR AR LAVE
M) ERETREE. SFAAML, B4 CK A
BUN & 25 11 Th iy, 45 24 38 B 5 P 2 35 PRI, R
G ERAE L. 5 AAME, BEA 4 GLU.
LDH 7K - 55 35 FRAK, 25 254036 RIAME FH, 284/
KREEHX GLULLDH /KA & T m (K8).
35 HLREkIstRa T WLAIAE N ) i ik vk is 20 (1)
AR, HALIEAR A I 2 EE . AR, 5
57 [ R A 5 A R CR S0, o LAY AR A Ak B SO %
Fa bRl a5 R IL (K19), 5725 T 4A T, B4 H MDA
JKF Tt 7, SOD 1 GSH-Px 7K T [£ ik (P<0.05); 5 fi
RV M EL, 45 25 4110 MDA JKF AR R FR B, — 4541
6] 3 2R fe i . SOD Al GSH-Px /K - AS [7) R T e
5 (A L, R URE TGRS BRI, SR S,
WUBE TCIKFB BTt i, (RS A A B E R
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Figure 4 HPLC-UV specific chromatogram of reference compound (A) and typical sample (B), and content of flavonoids in different
grade of AR (C). n = 6, x £ 5. 1: Calycosin-7-O--D-glucoside; 2: Ononin; 3: (6aR,11aR)-9,10-Dimethoxyptercarpan-3-0-f-D-glucopyrano-
side; 4: 8,2'-Dihydroxy-3,4-dimethoxyisoflavan-7-O-f-D-glucopyranoside; 5: 8,2'-Dihydroxy-3,4-dimethoxyisoflavan
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Figure 5 Effects of Astragali Radix on the body weight of rats.
NS: Normal; MS: Model; Top: AR of grade Top; Il : AR of grade
II; IV: AR of grade IV. n = 10, x + s. "P<0.05 vs NS; *P<0.05, #*P<
0.01 vs MS
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Figure 6 Effects of AR on exhaustive swimming time of rats.
n =10, X +s. *P<0.001 vs MS; “P<0.01 vs Il

A ARU PR oy & BN, B B SR .
B I R R R R A A B A I IR AR A
?E%bﬂn%%[ml BEHERPHEREEAERI, H
PR/ Bk, Al R S & Bl . AT
K HPLC-UV 32, % AN [F] 45 2% 3 B v 5 M 3 i S Bl o
AT S BENE, KO ZEHE S ES ERE, Rk
RS, RS B R I 7 B IR, X 5 PR A A AT AT
iR B I R TR (BRArSE) SR 5 SR EAM
%, BB 5 AR PR 2 IEAEOC (FR 6 FFAELL 1), FTRE S
R Oofs SR —EXRR.
5 7 S Ui VKO VA & P A T AL S B 5
15 F ) 48 LA 0 A5 U 0T, g s e DK B T ) S K 2 38
BT 1E A BB FIRI . 2B i 4 K R Ik i
)t U] A SRS (3~4 4R AE) FUIE 57 ROR ¢ ]
B, VR R e 5 T A M X I T e, R R R
ARG W R EEZER. SREIEsSFERNR

el % 318 g
Ll a%tu ks

P‘!HNS ‘:-“dhﬂ:'

LA, B LA 2 B 2 2 R B R B A 24K
VL A7 4 42 B2 REOR, 55580 40 A b A B 5 s, 150
TP AT DL B S ek B LR A

CK I LDH % 1A 4y =2 PP AL PR 40747 72 B2 1 R A
B AROS, 2 L PR A4 B, UL PR A e CRK Ok N I ¥,
MR CK 2 &34, W WL 40455 R A o AR SEG o
BAANCKEEN RS TTFAMH, 4 THEKRE, CK
TEAEEK, B oS ARN MR KL . LDHES
5 WE I e 5 0 AR 10 BN, SR E s sl AR KR
FLER X MU = A2 e 35, PRI B K & 1) FLIR W] LA i
W . TS, KRS LDH i 4 m, FLER AR
S, DRI 7 v itk B TR R K, 98T A2, H AR
B R A if . BUN = 22 T PEAN B A4 8 38 17 1y )
WS IR 2K 52 8 ), 18 30 38 BE ORI, BUN T iy 1) i

H, BT BUN G EHERTESAY, 4 TAM

o T LR ETERR AN F R 1 BUN, 553
A [R]EAR X B0, T R 5% 240K SR TR A TR B K, 38 30
SRR K. GLU RN L Z R BEIEM R, iB3h 2
J&, GLU ZKF 22 SR BEAIK, 45 T 38 B8 n] LA IfiL v 4
EIWES BT, SIS B RE ), RS AL R A RO
I, W RE S R E IR IR & B EUm A K.

FE R ZLE ) B R v, UL PR S B T T Y R, B
25 245 J5 e % 38 I 1 0 X RO AA B J5 B i, S8 I 4R E
FEIEH KPR, @ B Is s e, & 5 51 A REUK
A2, g g B R] e G| K R L A E A
s, Pk Ak BE 1 ES, RIUN K RE BV g R
A=) MDA & =3I, A N Bt S A A R Ak
W B AY B SOD Al 4 M 23 JDE H Ak i 804K B GSH-Px
RE A RICHI IR Bk S8 Tl 1 A 0o A = A2 1) el R A
IR 95 IR AR, B R LA A Fi b &5 SRR B, Es‘ﬂu
A FEE MDA )& &, 34 SOD F1 GSH-Px 1) &
NG, Hoh =S 1 T IO

g% b, AR R YU o7 AOR B, FLUOR KGR, R
SRR EAG MREM SRS 2R, BN SRR EY)
B B B AR — 8, KRBT EAR. S
B2 SR TR IR R A E R B A TR 7 o)
SRS, CAEES S T RIS, VIR
PO 57 o] B SRR 6. S A A S B

‘Top ik A : IV , ,'_' £ -I.'-][.

Figure 7 The effects of AR on the histopathology of skeletal muscle of rats in different groups. Thick sections of 5 um were stained with

hematoxylin-eosin staining (H&E). Magnification, x200
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Figure 8 Effects of AR on serum biochemical parameters of rats. GLU: Glucose; BUN: Blood urea nitrogen; CK: Creatinine kinase; LDH:
Lactate dehydrogenase. n = 8, x + 5. ““P<0.001 vs NS; *P<0.05,#P<0.01, **P<0.001 vs MS
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Figure 9 Effects of AR on gastrocnemius muscle biochemical parameters of rats. MDA: Malondialdehyde; SOD: Superoxide dismutase;
GSH-Px: Glutathione peroxidase. n = 8, x +s. “P<0.05, “P<0.01 vs NS; *P<0.05, *#P<0.01 vs MS
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