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Abstract: The objective of this work was to evaluate the anti-fatigue efficacy of Astragali Radix (AR) from
the Shanxi Hengshan area and to reveal possible mechanisms by which it relieves fatigue. Efficacy differences
between Guangling (GL) and Hunyuan (HY) AR preparations were compared and evaluated, and an 'H NMR
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metabolomic technique combined with statistical methods was used to identify the metabolites in different groups
of mouse gastrocnemius muscle tissues. The differential metabolites after AR treatments were identified according
to VIP and P values and the upstream targets were predicted with the help of Metscape. Cytoscape software was
utilized to construct a network map of AR potential anti-fatigue targets. Key differential metabolites were identified
based on shared targets and entered into the Metaboanalyst website for pathway enrichment analysis, which led to
the preliminary elucidation of the molecular mechanisms. The results showed that intervention with AR can signifi-
cantly improve the swimming-to-exhaustion time, increase liver glycogen, and reduce urea-nitrogen levels in mice.
The difference between GL and HY ARs was relatively small, indicating that the quality of AR produced in the
Hengshan area is consistent and stable. The metabolic fingerprints of mouse gastrocnemius muscle tissue extracts
were composed of 34 metabolites, and the statistical results showed that 19 differential metabolites were signifi-
cantly reversed after the Hengshan AR intervention. We found that the anti-fatigue effects of AR in the Shanxi
Hengshan area were mainly associated with taurine and hypotaurine metabolism through regulation of GADI,
based on network pharmacological analysis. In conclusion, 'H NMR metabolomic techniques were combined with
network pharmacology to compare and evaluate the quality of Hengshan ARs, and further associate the fatigue
relieve with the regulation of taurine metabolism. This provides a theoretical basis for the resource utilization of
Hengshan ARs and the development of anti-fatigue-related products. The animal experiments in this study followed
the regulations of the Animal Ethics Committee of Shanxi University and passed the ethical review of animal
experiments (Approval No. SXULL2021028).
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Table 1 Quantitative results of active ingredients in Astragali
Radix (mg-g") from Guangling (GL) and Hunyuan (HY) County

in Shanxi Province

Chemical GL HY
Calycosin-7-O-f-D-glucoside 0.881 +0.008 0.908 +0.011
Ononin 0.323+£0.010 0.292 +0.002
Astraisoflavan-7-O-f-D-glucoside 0.301 £0.006 0.286 +0.002
Methylnissolin-3-O-glucoside 0.090 +0.003 0.077 +0.002
Calycosin 0.161+0.006 0.128 + 0.000
Formononetin 0.074 £ 0.003 0.078 = 0.002
3-Hydroxy-9,10-dimethoxyptercarpan  0.028 +0.001 0.028 + 0.000
0.082 +0.008 0.081 +0.001
0.304 +0.006 0.263 +0.001
0.222+£0.003 0.192 +0.000
Astragaloside-II 0.230 +0.002 0.244 = 0.000
Astragaloside-I 0.543 +0.005 0.574 +0.001
Flavonoid/saponin 1.494 1.475

Isoflavane
Astragaloside-1V
Astragaloside-III
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Figure 1 HPLC of reference substance (A: ELSD; B: UV) and Astragali Radix samples (C: ELSD; D: UV). 1: Calycosin-7-O-f-D-gluco-

side; 2: Ononin; 3: Astraisoflavan-7-O-f-D-glucoside; 4: Methylnissolin-3-O-glucoside; 5: Calycosin; 6: Formononetin; 7: 3-Hydroxy-9,10-

dimethoxyptercarpan; 8: Isoflavane; 9: Astragaloside IV; 10: Astragaloside III; 11: Astragaloside II; 12: Astragaloside I
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Figure 2 The effect of Astragali Radix on the traditional efficacy
indicators of mice. A: The change trend of weight; B: The time to
exhaustion (TTE); C: The level of liver glycogen; D: The level of
blood urea nitrogen (BUN). "P < 0.05, "P < 0.01, ""P < 0.001 vs
control group (C)
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Table 2 List of the main metabolites identified in the 'H NMR
spectra of mouse gastrocnemius muscle. TMA: Trimethylamine;

PC: Phosphatidylcholine; GPC: Glycerophosphocholine; TMAO:

Trimethylamine oxide; AMP: Adenosine monophosphate

No. Metabolite Group oy (multiplicity)

1 Isoleucine oCH,, yCH, 0.94 (1), 1.01 (d)

2 Leucine CH=CH 0.96 (d), 0.97 (d)

3 Valine yCH,, yCH, 1.00 (d), 1.05 (d)

4 S-OH-Butyrate yCH, 1.23 (d), 2.41 (d),
2.31(d)

5 Lactate aCH, SCH, 1.34 (d), 4.14 (q)

6 Lysine oCH,, pCH 1.72 (m)

7 Alanine PCH,, aCH 1.49 (d), 3.79 (q)

8 Acetate CH, 1.94 (s)

9 Glutamate BCH,, yCH, 2.06 (m), 2.35 (m)

10 Glutamine BCH,, yCH, 2.14 (m), 2.46 (m)

11 TMA CH, 2.86 (s)

12 Dimethylglycine N-CH,, CH, 2.92 (s), 3.72 (s)

13 Creatine CH,, CH, 3.04 (s), 3.94 (s)

14 Ethanolamine CH,NH,, CH,OH 3.87 (1)

15  Choline N(CH,), 3.20(s)

16 PC N(CH,), 3.21 (s)

17 GPC N(CH,), 3.23 (s)

18  TMAO CH, 3.24 (s)

29 Taurine S-CH,, N-CH, 3.3(1),3.43 (1)

20 Scyllo-inositol CH 3.37(s)

21 Glycine CH, 3.59 (s)

22 Guanidinoacetate CH, 3.81(s)

23 Glucose 1-CH, 2-5-CH 4.67 (d)

24 Fumarate CH=CH 6.53 (s)

25  Tyrosine 3or5-CH,20r 6-CH 6.93 (d), 7.17 (dd)

26  Histidine 2-CH, 4-CH 7.95 (s)

27  Phenylalanine 2 or 6-CH, 3 or 5-CH  7.34 (m), 7.38 (m),
7.43 (m)

28  Xanthine 8-CH 7.5 (s)

29  Hypoxanthine 2-CH, 8-CH 8.21 (s), 8.24 (s)

30  Anserine CH,, CH 4.52 (m), 2.71 (m)

31  AMP

32 Inosine

33 Formate
34 Nicotinamide

N-CH=N, N-CH-O,
CH-OH

2-CH (ring), 8-CH
(ring), 1-C'H (ribose),
3-C'H (ribose)

CH

2-CH, 6-CH, 5-CH

8.58 (s), 8.29 (),
6.16 (d)

8.35(s), 8.24 (),
6.11 (d), 4.46 (1)

8.47 (s)
7.62 (m), 8.73
(dd), 8.96 (dd)

NN G R S T NNV L
JUUIR B R B 7F TR I 2R L e S IR /K S 35 T
, RO WK 3.

Table 3 The differential metabolites of mouse gastrocnemius

Hx

muscle between C and AR groups. ‘P <0.05, “"P<0.01, P <0.001
vs C
Metabolite oy C AR Trend

Isoleucine 0.94 0.226+0.021 0.169+0.022"" !
Leucine 0.97 0.471+0.040 0.383+0.049™" !
Valine 1.05 0.134+0.016 0.104+0.018" |
S-OH-Butyrate 123 0.115+0.021 0.072+0.014™ |
Lysine 1.72  0.161+£0.015 0.145+0.018" |
Acetate 1.94 0.318+0.047 0.386+0.055" i
Creatine 3.94  1.021+0.155 1.211+0.236 1
Ethanolamine 3.87 0.312+0.024 0.267+0.023"" !
TMAO 324  0.674+0.112  0.563 +0.032" !
Tyrosine 6.93  0.050+0.006 0.039+0.005"" l
Phenylalanine 7.34  0.049+0.005 0.038+0.006"" !
Hypoxanthine 821 0.005+0.002 0.016+0.008" 1
Anserine 452 0.157+0.023 0.236+0.040"" il
AMP 8.58 0.131+0.037 0.278+0.073" i
Inosine 6.11 0.108+0.013 0.092+0.016" l
Taurine 343 3.804+0299 4.155+0.419 1
Guanidinoacetate  3.81 0.489 +0.048 0.566 + 0.065" 1
Fumarate 6.53  0.003£0.001 0.005=0.002" 1
Formate 8.47 0.023+0.002 0.016+0.002"" !

FEA ¢t KL 36 (P < 0.05), &5 4 VIP > | 33 % 2R,
HEE/INIIONEHFEEERNEBELEDIRED.
5o Aax AL, R A R e m R AR IR
TR AR LI A= I B 2R T AR

5 HENEG B ELRRE

S UR R ZEL T A T IR 48 24 3 AR ROR, i S TN B
B RVE M Ay, 38 i 5 B0 57 B AT DT TG B S 3L 0
e H B VS PUE 57 I AE R 0 76 N {5 Bl Metscape T
19 FhzE ARG LSRR, 5 B3R 76 NS EEHUE
TSR s AU BE, 19 B A HE A, KA B B R U
57 T S A 25 S AR R X S AR DL R R
8 5 % N\ Excel A%, 3 57 %) N 9% & i) Network, 33K
153 type XA SR J5 B type S5 N Cytoscape B 2F, #)
f RS IR E U 57 A A - A -2 S AU A A G
HEAR 2% [, W 4 PR, 3R 309 A5 AR, 323 5%,
Horbr iy sl 5 b W 25 TR B2 (degree) fHAH G, BE(E R
AN 2% T R R, REAE R R, U RO R P 4%
Hh ) R RO AR R 2 AR 5 I LR B
PR A EAE . B INE S, & e S A
A ¥ kR CHKB.GADI1.GCH1.PDE4A Il SDHA {31
IS, W4,

Table 4 The shared targets and the topological properties involved with anti-fatigue effect of Astragali Radix

Gene name Protein name Uniprot ID Degree Betweenness
CHKB Choline/ethanolamine kinase P00777 2 0.052 012 887
GADI Glutamate decarboxylase 1 P00703 2 0.258 230 581
GCHI GTP cyclohydrolase 1 P00938 2 0.059 211 099
PDE44 cAMP-specific 3',5'-cyclic phosphodiesterase 4A P04378 2 0.394 544917
SDHA Succinate dehydrogenase [ubiquinone] flavoprotein subunit, mitochondrial P00150 2 0.059 211 099
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Figure 3 Multivariate statistical analysis of the gastrocnemius muscle extract of mice in control group (C), Hunyuan Astragali Radix group

(HY) and Guangling Astragali Radix group (GL). A: PCA score scatter plot among C, HY and GL groups; B: PCA score scatter plot between

HY and GL groups; C: PLS-DA scatter plot; D: Permutation test; E: PCA score scatter plot between C and Astragali Radix (AR) groups; F:

OPLS-DA scatter plot; G: Permutation test; H: S-plot
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Figure 4 Network of the Astragali Radix potential anti-fatigue targets-shared targets-key differential metabolites. Orange represents differ-

ential metabolite, blue represents metabolite target, green represents potential anti-fatigue target of Astragali Radix, purple is the shared tar-
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Figure 5 Key pathway analysis and target verification for anti-fatigue of Astragali Radix. A: Metabolic pathway analysis of the altered

metabolic network after Astragali Radix intervention generated by Metaboanalyst website; the effect of the Astragali Radix on the GAD!

mRNA and GADI protein expression levels. B: RT-qPCR experiment; C and D: Western blot experiment. P < 0.01 vs C
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