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Abstract: Objective To compare the chemical composition and the pharmaceutical effect of anti-heart failure of wild commodity
Astragali Radix (WAR) and cultivated Astragali Radix (CAR). Methods The contents of flavonoids and saponins in Astragali Radix
samples were determined by HPLC-UV-ELSD. The intervention effects of wild commodity and cultivated Astragali Radix on
traditional efficacy index and metabolomics were compared in rat model with heart failure induced by adriamycin. Results The
contents of total flavonoids, saponin I, and saponin III in WAR were significantly higher than those in CAR, but the content of total
saponins was the equivalent. Pharmacodynamics experimental results showed that both WAR and CAR could improve the general
situation in rats, histopathology, cardiac function parameters, serum biochemical indicators, and BNP. However, compared with the

model group, the intervention effects of the WAR on cardiac function parameters (EF, FS, and LVIDs), biochemical markers (CK) and
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serum BNP content were superior to the CAR, and showed significant differences. The principal component analysis showed that the

metabolic profiles of the normal control group and the model group were clearly distinguished. A total of 14 potential biomarkers

associated with heart failure were identified, which could be adjusted to varying degrees in WAR and CAR, of which

2-hydroxyisobutyric acid, acetone, pyruvate, and formate were significantly changed in the WAR group. Conclusion In this study, the

intervention of WAR in heart failure rats was significantly better than that of CAR, which provided a scientific basis for the

establishment of specification grading, the clinical rational drugs use, and the classification of Astragali Radix by pharmaceutical

companies for Astragali Radix.

Key words: Astragali Radix; wild Astragali Radix; cultivated Astragali Radix; HPLC-UV-ELSD; '"H-NMR; quality evaluation; heart

failure
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Fig. 3 PLS-DA score plot (A) and permutation test model validation plot (B) based on HPLC-UV-ELSD

F1 BEXRERELLE (X £s,n=38)
Table 1 Comparison on body weight of rats in each group (X s, n =8)

7 &/ VEND=
2H 5 P k . P P
(gke)  HIR ERIPN 5K WK EABR ESIDR 13K

pagitst — 281.0+10.5 301.9+13.9 315.7£17.1 323.84+19.7 340.5%+21.5 355.6£23.8 365.7£24.7
el - 280.6+123 2955+13.1 300.2%+10.9 300.6£17.8 296.4+16.1% 284.4+16.2% 263.0+23.4"*
S 0.00003 28144123 3002+182 306.0+19.3 310.1+144 31134233 308.2+17.9 293.44+20.9"
BPAER 7.5 281.5+104 29444147 3022+15.7 305.6%x17.3 315.2+20.1 311.9%+21.0 296.8+21.3"
B 7.5 281.0+ 6.8 291.0%+14.0 2982+16.0 302.5+156 304.7+19.9 302.2+18.9 281.9+18.9

SxtRALLE: #P<0.05 #P<<0.01 ##P<<0.001; SERILILER: *P<0.05

P<0.05 #P<0.01 *P<0.001 vs control group; P < 0.05 vs model group
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Fig. 4 Two-dimensional and M-mode short-axis of left ventricle obtained from each group
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*2 THEEMBHEMNARLOESHFNE (X £s5,n=8)
Table 2 Effects of Astragali Radix treatment on echocardiography parameters (X *s, n=8)

AR FIR (gke?) FS/% EF/% LVPWs/mm LVPWd/mm LVIDd/mm LVIDs/mm  IVSs/mm  IVSd/mm
xR — 0.544£0.06  0.88+0.04 31841032 2141041 5944052 3.03+035 2994043  1.65+0.22
R — 0.3340.04%* 0.6810.05"  226+0.19" 1.49+0.19"* 6.531+0.36* 4.30£0.33" 2.1240.33** 1.3040.33"
HEE 0.000 03 0.44+0.07" 0.80+£0.07""  2.73+£0.26™ 1.884+0.35" 6.06+0.36" 3.40+041" 2.50+£0.29 1384023
AR 715 0.48+0.07"" 0.84+£0.06™"  2.93+£0.24™ 1844036 6.12+0.57 3.06+0.62"™" 2.84+0.29"™" 1.5440.12°
BHE 75 0434007 0.79+0.08™  2.82+042" 1.85+031 631046 3.46+0.65"" 2.68+0.29™" 148+0.29

SRR P<0.05 #P<0.01 *P<0.001; SEALLE: "P<0.05 “P<001 “"P<001; SEAERANLE: “P<005, FFH
#P<0.05 #P<0.01 *#P<0.001 vs control group; "P<0.05 “P<0.01 P <0.01 vs model group; “P < 0.05 vs WAR group, same as below

a

X LAY i B 24
E5 HERROAREFIER
Fig. 5 Histopathological analysis of mice hearts in each group

3.2.4  MEAMAESS (CK. LDH) Jz BNP #&Jll45 3.3 KR 'H-NMR ZH#EE)AE
B L IhRES BORREER I A 145 I8 R O R W ANIRE S B T S A R
AHEHAE, R iE s 5 OB EAR BT, S5ESCIRRIEN R A HMDB  (http://www.
HATIE, RNER 3. SXAE, BAAK hmdbca/) & BMRB (http:/www.bmrb. wisc.edw/) X}
FUMIE CK. BNP & LDH K F-REFHm (P<0.05.  Hiifb &t IaE, el 33 Fik&y, W
0.01. 0.001); SHAAAMLL, FAKREERIKMD  B6rx, GFEEER. AR, MRS, HAEA
J# CK. BNP K& LDH /K- (P<<0.05. 0.01). W L)) WAk 4.

*=3 FBHEARMBEENIEIRE BNPKE (X £5,n=8)

Table 3 Bochemical parameters and BNP level in serum of rats in each group (X £s, n =8)

ZH 53 HE/(gkg™) CK/(U-L LDH/(U-L™) BNP/(U-L™)
oyt — 2642.1+ 7469 487.9+114.1 87.99+12.74
TR — 4506.6+1211.1% 959.2+193.7## 106.51 £22.56%
Hhv ey 3 0.000 03 2429.6+ 614.3* 503.6+ 53.1" 91.01+13.87*
TR TS 75 21234+ 5747 593.1+125.6" 98.17+12.18"
R 7.5 38799+ 820.1° 652.1+148.2 102.15+12.45°

8.5 8.0 7.5 7.0 6.5 6.0 5.5 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0
0

6 KRR BLHEEE
Fig. 6 Typical '"H NMR spectra of rat serum
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F4 KRIUEFEELEAYE 'H-NMR HiEVAE
Table 4 '"H-NMR assignments of major metabolites in rat serum
i R FH ou
1 JEm CHs (CHa),, CH=CH, CH-C=C, CH>-C=0, 0.87 (m), 1.27 (m), 1.57 (m), 2.76 (m), 5.31 (m)
C-CH»-C=, -CH=CH-
2 HigE: CH 8.45 (s)
3 HEmR yCHs3, y'CHs 0.98 (d, J= 6.6 Hz), 1.04 (d, J=7.2 Hz)
4 RER 8CHj3, 8'CH3, aCH 0.95 (d, J=7.1 Hz), 0.96 (d, J= 6.6 Hz), 3.71 (t, J= 6.8 Hz)
5 REER 8CHj3, p'CHs, BCH 0.93 (t, J=7.4 Hz), 1.00 (d, J= 7.0 Hz), 1.99 (m)
6 3-AETR  yCHs 1.20 (d, J= 6.6 Hz)
7 HAMR 2-CH, 4-CH 7.10 (s), 7.89 (s)
8 AR aCH, BCH; 1.32 (d, J=8.4 Hz), 4.10 (q)
9 HER aCH, pCH 1.33 (d, J = 8.4 Hz), 3.59 (d, J = 6.4 Hz), 4.26 (m)
10 HAAR BCH3 1.48 (d, J=8.6 Hz)
11 HER yCHa, BCHa, 3CH> 1.46 (m), 1.72 (m), 1.89 (m)
12 HER 3,5-CH, 2,6-CH 6.90 (d, J=2.6 Hz), 7.19 (d, J=3.5 Hz)
13 ZREh CH; 1.91 (s)
14 N-ZWiBEEE CHs 2.04 (s)
15 HaEBx BCHa, yCH2 2.07 (m), 2.35 (m)
16 HWER yCHa, S-CH3 2.10 (s), 2.63 (t, J = 8.4 Hz)
17 O-ZMibEEH CHs 2.13 (s)
18 AW BCHz, yCH2 2.15 (m), 2.44 (m)
19 N CH; 2.22 (s)
20 MR CH3 2.27(s)
21 EEER L CH3 2.36 (s)
22 BREAmREL CH2 2.41 (s)
23 B-HIEIHE 1-CH, 6-CH’, 5-CH 3.47 (m), 3.90 (dd, J = 8.4, 4.2 Hz), 4.64 (d, J=7.8 Hz)
24 MBERER CHa, CHy' 2.52(d,J=7.2Hz),2.69 (d, J= 6.8 Hz)
25 JILRREF CHs, CHz 3.04 (s), 4.05 (s)
26 JHB BCHa, N-CH3 3.19 (s), 3.54 (t, J = 6.6 Hz)
27 NHBLREER N-CH3 3.20 (s)
28 HImBEBEAEAL N-CHs, BCH2 3.22 (), 3.68 (t, J = 7.2 Hz)
28 HEM=HIE  CH; 3.26 (s)
30 o-HIEHE 1-CH, 6-CH 3.53(dd,J=6.7, 7.6 Hz),3.76 (m), 3.84 (m), 5.22 (d, J=4.2 Hz)
31 HER CH> 3.56 (s)
32 g CH 3.35 (s)

33 Z“HEHZEMRKR CHs, CH2

2.91 (s), 3.69 (s)
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P4 A 8 56 0E 5 32k HE 51 SI 6 R AIE B A R 4 2
Pt 7-B AT RN S AR AT — IR BEALHES 2R 1) R

Q> BN T A, whum AN EUMEI KT 0.05, H
ZEEEUN, T EAL SRR, R
IR 2K

SRtk — 0 e T AR S R SRR A PR AR
VI ZE 5, BORAGALTR] 23 s, FREIBAL A 5 X HE4H
ZS R, XA R 4H 34T OPLS-DA 77
M1, OPLS-DA 3% X S-plot LK 7-C. D. i
i S-plot %54 VIPH (>1). p (corr) {HR X
HKT 0.5, MOZFEA ¢ 1650 P<0.05 193] 14 Mg
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#5 FBEXRMERGERVYRTERRELTEDN (X £s,n=8)
Table 5 Single variable analysis of integral peak area of metabolites in serum of rats in each group (X £s,n =8)

H RAR i 2RETR N-CLHEREER HAR LB O-LHEEEA
X 0.3781+0.038 0.77610.082 0.40810.129 0.63510.031 0.329£0.043 0.07210.005 0.14140.027
TR 033440036 1 *  0.613£0.123 1% 0.256£0.109 4 * 0.59140.047 } *  026420.037 1 # 0.055£0.007 } #*  0.09440.023 | #
s ¥ 0375£0.0471" 0.668+0.0151" 0383+0.0531" 0.694+0.103 1" 02974£0.0261" 0.066£0.001 t ™  0.10940.023 1 *
FAER 0379£0.0351"  0.698+0.163 1" 03124£0.081 1" 0.616+0.061 t*  029740.0221" 0.067£0.0081"  0.102+0.022 1"
B 034800251  0.616+0.1231  0.267£0.050 1> 0.619£0.096 1"  0250+0.0291° 0.065+0.0071*  0.095£0.015 t

ikl PR friEmh LR ET FEEMR GBI GE R R th
bagis 0.130£0.021 0.094£0.013 0.17310.023 0.317£0.098 0.309£0.052 1.74010.195 0.04310.010
A 0.106£0.013 1% 0.072£0.013 4 # 0.236£0.074 t*  0.801£0.242  # 0.500£0.118 1 #  3.09240.640 1 #*  0.0204:0.005 | #*
i 0.111£0.015t  0.074£0.0131  0.243+£0.052+  0.626+0.1334°  0381£0.064 1" 2.033+£0.368 1  0.036+0.009 1
B 0.119£0.024 1" 0.074£0.0121" 0213£0.064 ¢  0.540+0.087 4"  0.388+0.045}" 2.632£03001"  0.037£0.0121"

t-bil; 4 -TiA

t-up-regulation; |-down-regulation
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