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Efficacy comparative analysis between part of ethyl acetate in aerial parts and
roots of Astragali Radix based on metabolomics
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Abstract: Objective To compare the efficacy between part of ethyl acetate in aerial parts and roots of Astragali Radix (AR), and to
provide scientific evidences for the comprehensive utilization of aerial parts of Astragalus membranaceus (APAM). Methods An
experimental mouse model of leucopenia was induced by cyclophosphamide, and efficacy indicators combined with NMR based on
metabolomic approach were employed to compare the therapeutic effects of part of ethyl acetate in APAM and AR. Results Part of
ethyl acetate in APAM and AR increased the contents of white blood cell (WBC), monocytes (MO), lymphocyte (LY), and neutrophils
(NE). The levels of six potential endogenous metabolites (isoleucine, leucine, valine, arginine, creatine, and hypoxanthine) were
reversed by part of ethyl acetate in APAM, and five potential endogenous metabolites (arginine, aspartate, creatine, GPC, and
scyllo-Inositol) were reversed by part of ethyl acetate in AR. Efficacy indexes were 451.83 and 469.17. Conclusion Both parts of
ethyl acetate in APAM and AR elevated WBC, the mechanisms of them on leukocytosis were probably related to energy metabolism,
amino acids metabolism, choline metabolism, and purine metabolism.
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Fig. 1 Typical 'H-NMR spectra in HQ-R-E (A) and HQ-A-E (B)

%1 HQ-R-E 1 HQ-A-E HILE R 55 #8IA
Table 1 Assignments of '"H-NMR spectral peaks obtained from HQ-R-E and HQ-A-E

9T R HU5
1 KR 0.25 (s), 0.55 (s), 0.89 (5), 0.99 (), 1.12 (5), 1.19 (s), 1.22 (s), 1.26 (s), 2.00 (s), 2.03 (5) HQ-R-E. HQ-A-E
2 WEEHID  0.25(s),0.57(s), 0.89 (s), 0.97 (s), 2.08 (s) HQ-R-E. HQ-A-E
3 BRI 0.37(d,J=42Hz),053(d,J=4.2 Hz), 2.02 (s) HQ-R-E. HQ-A-E
4 FHIBHIV  0.25(d,J=4.2Hz),0.58 (d, /= 4.2 Hz), 1.01 (s), 1.24 (5) HQ-R-E. HQ-A-E
5 THRIEER 7.04 (d, J=9.0 Hz), 7.45 (d, J=9.0 Hz), 8.07 (d, J = 8.7 Hz), 8.18 (s) HQ-R-E. HQ-A-E
6 TLERHEM  6.85(d,J=8.0Hz),6.93 (dd, /=32, 6.4 Hz), 7.04 (brs), 8.04 (d,/J=9.0 Hz), 8.11 (s) HQ-R-E. HQ-A-E
7 BERWEF 7.23(d,J=2.4Hz),7.20 (dd, J=2.4,9.0 Hz), 8.13 (d, /= 9.0 Hz), 8.18 (s) HQ-R-E. HQ-A-E
8 HELLH 2.97 (dd,J=4.8, 10.8 Hz),3.65 (dd,/=5.4, 6.6 Hz), 642 (d,J=8.7Hz),6.53 (d,J=23Hz) ~ HQ-R-E. HQ-A-E
9 Rk 5.52(d,J=6.7 Hz), 6.54 (d, J= 2.4 Hz), 6.63 (d, /= 2.4 Hz), 6.79 (dd, J= 2.4, 8.4 Hz), HQ-R-E. HQ-A-E

6.92 (d, J= 7.7 Hz), 7.7 (d, J = 8.4 Hz)
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Table 2 Relative contents of major components in HQ-R-E and HQ-A-E

s AT &
RS — o — —— T
HICRTFFI WICRF I BT I WEEIF IV TR R
HQ-A-E 0.8318+0.048 5 0.396 0+0.042 1 0.061 7+0.0071 3.248940.353 7 0.1843+0.007 6
HQ-R-E 0.4106+0.032 7 1.346 0+0.101 8 0.2540+0.0233 1.204740.078 1 0.1594+0.005 5
S AR &
FEHEAL — - — . — p——
B B S b ENiChac]
HQ-A-E 0.1578+0.0179 0.014240.001 1 0.340 1+0.035 4 0.216 1+£0.020 6
HQ-R-E 0.291 5+0.024 5 0.079 9+0.006 5 0.066 7+0.006 4 0.2394+0.039 6
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BB %4 HQ-R-E HQ-A-E WA %8 HQ-R-E HQ-A-E

B %8 HQ-R-E HQ-A-E WA %8 HQ-R-E HQ-A-E

Extigditiii: #p<0.01; HHMAIE: *P<0.01

#P < 0.01vs control group; P < 0.01 vs model group

2 HQ-R-E 71 HQ-A-E XH/NRMEMAIFNE (X L5, 1n=6)
Fig. 2 Effect of HQ-A-E and HQ-R-E on periphery blood parameters of mice (X *s, n = 6)
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Fig. 3 Representative "H-NMR spectra of spleen in mice
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Table 3 'H-NMR assignments of major metabolites from

mice spleen

s AR u

1 4R 0.99(d,J=7.2Hz), 1.04 (d, /= 6.6 Hz)

2 RAER 0.94 (t,J=7.2Hz), 1.01 (d,J= 6.6 Hz)

3 HER 0.96 (t, J= 6.6 Hz)

4 3BETE  120(d,J=6.6Hz)

5 A 133(d,J=72Hz),4.12(q,J=72Hz)

6 WM 148 (d,J=72Hz)

7 HER 1.70 (m), 1.92 (m)

8 BER 2.07 (m), 2.35 (m)

9 HAM 2.14(s), 2.14 (m), 2.64 (t, /= 7.8 Hz)

10 AR 2.37(s)

11 BEEHZ 244 (m), 3.77 (m)

12 RAHEER 2.67(dd,J=84,174Hz),2.82(dd,J=3.6, 174 Hz)

13 BERR 1.93 (s)

14 —Hfg 274 (s)

15 RAWE 2.89(dd,J=72,16.8 Hz),2.94 (dd, /=42, 168 Hz)

16 Wik 3.03(s),3.94 (s)

17 ENE 3.36(s)

18 fHBH 321(s)

19 BB 3.22(5)

20 HIMBEBEARTE 3.23 (s)

21 R 327(s)

22 AR 327(t,J=6.6Hz),3.42 (t,J=6.6Hz)

23 HER 3.56 (s)

24 HiEHE 523 (d,J=3.6 Hz),4.65 (d,/=7.8 Hz)

25 JILFF 6.10(d, J=>5.4Hz), 8.24 (), 8.35 (s)

26 JRENE 5.81(d,J=7.8Hz),7.55 (d,/="7.8 Hz)

27 JRFF 590 (d,J="7.8 Hz),5.92 (d,/=4.8 Hz), 7.89
(d,J=84Hz)

28 BHRR 6.52(s)

29 R 6.91(d,J=84Hz),7.20 (d,/=8.4Hz)

30 AAEE 733 (d,J=7.2Hz),7.39 (m), 743 (t, /=72 Hz)

31 HHIEA 7.90(s)

32 IREEMENS 8.20(s), 8.22 (s)

33 HR 8.46 (s)

DONEBR T L NE BT H O AR 1 AP
RSV W 7 DEREY, SRR
BB JUUER . PRUEDE. JRIF. BRI FIIX B RS
LI B ] 4 B AT e UL
3.4 HREISH

MO HRZH AT Y ZH 1) TH-NMR B3, Ay g
A, IR RS /N RMRAE P A A 2 2
MIZSE, N7 EVEG AT CRIABEBL RS 5

() A /I RE D 2L /0 R4S P LA A A A Y AR A
K, AT Z G .

7E PCA 50 (B 4-A) v, BB 4% 5
WA R ZH AN 40 2 [H) g BH 2 73 FF, PCL AT PC2
439N 34.2%F1 14.0%. K 4-B 24 PLS-DA i, %
TR IR T A A SR Ga (A, Ui B T 05
B4 %M. KA OPLS-DA (I8 4-C) 454 VIP
B (>1.0) SRkF-Fex A AR 2 8] () 2 A%
W

4 FNH T BRI 20 R R S AR A
(RN B Bk S5 RR I, BRI /N BUAAR A
AR AR HER. NER. BER. RE4
B LR & VLR FH S 202 17K~ B R FEAIC, B AIR
FRAEAR . H i BRI AEA . S SRR 3 ML A (1) 7K S
AR TR, SRR A0 s e /N BRI R 13 N2
SR .
3.5 HQ-R-E 1 HQ-A-E 3= SR 189 =81

MR (% 4), HQ-R-E W] [B] I I rp s
AR AR WER. BER. . RIS
6 2 AR, HQ-A-E w] Al PR & IR . K
AR WL HmBEmEARsR . &R 5 A2 74K
W . 5 HQ-R-E #Htk, HQ-A-E nJBH & [a]i{ % 7
R REER - @NEERKY, HIEEER R
HREEMZES (P<0.05); AREREF AR, K
IS KT (P<<0.05); X AH R 2 AR RS &
iR WUERMIERER, EEZFEEZR (P>0.05).
2% F43HT, HQ-R-E 5 HQ-A-E A4 T (401
IVE R, BT BT A PSP 0 0 =R A P AS 4
FIE, 10 FECEATAT B A F L T A .

N T BRI 4 2 LG 1 4 PR ek D IR T A
. SINT EHARANGITHEEL (ED fakxs.

[l %= | (Xi—M)/(Mi—Ci) |

El= Z | Xi—Mi)/(Mi—C)) |

i=1

Ci FEAR IR AL P — AR G TR M R 5 B, My R
20 b R — R TR AE R & B, X AR 24 A — AR
P A 5 B

EI 2 AT s R 2 2 i, (R0, R
(=LA A FEROR,  RIYAYT 20 M 9s /e A/ FH B 53
2115 HQ-A-E [HIRZE 737108 51.63% (2R )
137.09% (RAEFR). 67.70% (IR, 60.21% (H
THBEEEREARD | 152.54% Ca JLEZ), E1E N 469.17%:;
HQ-R-E [H{HZ 7515 164.01%( 2R )+ 55.06%
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Number of metabolites in Fig. D corresponds to the number of metabolites in Table 3

& 4 JTEBLAFIEEILA R BEPERY PCA B (A). PLS-DA #2816 (B). OPLS-DA & (C) 1 S-plot & (D)
Fig. 4 PCA score plot (A), PLS-DA permutation test (B), OPLS-DA score plot (C), and S-plot (D) of mice spleen between

control and model groups

#*4 HQ-R-E 1 HQ-A-E 33/ R AR i 72 4 AR S RO AT
Table 4 Regulation effects of HQ-R-E and HQ-A-E on potential biomarkers in mice spleen

i HraE
RAEAR RER HER HER HER RAAR WL
R 04151£0.0267  0.9665£0.0814  0.6728£0.0614  04326%0.0764 02120+£00528  0.1066£00165 0253 1£0.0243
" 03123+0.046 4%  0.6332£0.1069% 0433420.0735%  0.2952%0.0390% 0.1235£0020 1%  0.0853£0.0148  0.1624£0.022 0%

HQ-A-E 0.3492£0.056 1** 07234201395 0.5058£0.109 5 03296100208  0.1692£0.0290"  0.1145£0.016 1**  0.2238£0.031 1"
HQ-R-E 0.480940.0792"  0.8167£0.1244° 0.5310£0.0902"  0.3516%0.0704  0.1766£0.0432"  0.0835£0.0228  0.2040£0.034 1"

a5 M EE
P AR Bl R g B MER HIEN
R 04213£0.0464 23602403093  1.3736+02785  0.1306£0.0176  0.139200207  0.1984+0.0362
A 0.5084£0.003 1 3.7644+0.9378% 1786 0+£04135° 0.0853£0.0227%  0.0894+0.0172% 0.2856£0.047 6*

HQ-A-E 0.495910.095 1 29190£03628" 14534402726 01544400253 0.1056+0.0192  0.2714£0.058 5**
HQ-R-E 0.497610.087 8 29474407409  1.5918£0.3690  0.098 8+0.0227 0.10444£0.0175  02105%0.028 7"

XA 1P<0.05 #P<0.01; SHBIMAKE: *P<0.05 P<0.01; 5 HQ-R-E4lt#: *P<0.05 *4*P<0.01
#P<0.05 P <0.0lvs control group; "P < 0.05 **P <0.01 vs model group; *P < 0.05 **P <0.01 vs HQ-R-E group

(EEFR)40.77% (BB 60.00% K558 ) . 45.87% 4 i
(. 86.12% (IXEENEA), EI ﬁjj 451.83%. % 4.1 HQ-R-E 1 HQ-A-E B9 RIAWESR
4 HQ-R-E F1 HQ-A-E FH= 4N AIME A2 HQ-R-E #l HQ-A-E & HMIFMILERRSY, (H
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FEX B ZE B, X U IR A AR
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4.2 HQ-R-E #1 HQ-A-E /)N A2 BE X 48952 i
HQ-R-E 1 HQ-A-E ¥4 BA BT iy 1 41
PEA, rhEEfEH T Re A, 2 EEmAH. 1
TR AU FHREERA AR 45 5 1 4 A A
42.1 BEEARY TR R TR R AR
AR, WA 35T BRI (R P P = A g
=21, A o R AN e R (K34 R R
i B PR B I s e T/ BRAR I 1 RE R . HQ-R-E
B fE, SRR RSLERIKF YRR, b
B HQ-R-E W] dd Wk 57 e A 1 v F 4
W2 HZ R BRI ARE S
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