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Abstract: Objective To establish a 'H-NMR quantitative method for the hydrophilic and hydrophobic components in Astragalus
Injection (& EJEHTK). Methods 'H-NMR samples of hydrophilic and hydrophobic components in Astragalus Injection were
prepared with 10% deuterated water (10% D20) and deuterated methanol (CD3OD), respectively. Then Bruker Avance III 600 NMR
spectrometer was used to collect 'H-NMR spectra. The parameters were set up as follows: Noesygppr1D pulse sequence, temperature
was 298 K, data point was 32 K, acquisition time (AQ) was 2.980 s, pulse width (SW) was 7 211.54 Hz, relaxation delay time (D1)
was 15.0 s and 20.0 s, respectively, frequency offset (O1) were 2 816.65 Hz and 2 930.31 Hz, respectively, receiver gain (RG) was 57,
and the number of scans (NS) was 32. Results A total of 33 components were assigned, namely isoleucine, leucine, valine, alanine,
lactate, pyroglutamate, asparagine, y-aminobutyric acid, proline, formate, acetate, fumaric acid, malic acid, succinic acid, malonic acid,
sucrose, fructose, lactose, glucose, choline, betaine, trigonelline, uridine, adenosine, cytidine, guanosine, adenine, astragaloside III,

astragaloside IV, ononin, calycosin-7-glucoside, 9,10-dimethoxypterocarpan-3-O-glucoside and isomucronulatol 7-O-glucoside.
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Quantitative analysis was conducted for 27 chemical constituents, including isoleucine, valine, alanine, lactate, pyroglutamate,
asparagine, y-aminobutyric acid, proline, formate, acetate, fumaric acid, malic acid, succinic acid, malonic acid, sucrose, fructose,
glucose, choline, betaine, trigonelline, uridine, adenosine, guanosine, adenine, astragaloside III, astragaloside IV and calycosin-7-
glucoside. The components that can be quantified by this method account for more than 90% of the solid content in the injection. The
methodological validation results showed that the method’s precision, repeatability, sample stability, and robustness were good. The
linear of each component was good, the correlation coefficient was more than 0.999 0, and the recovery rate ranged from 98.19% to
101.40%. Conclusion A simple, rapid and reliable '"H-NMR quantitative method was established to determine hydrophilic and
hydrophobic components in Astragalus Injection, which provided a new analytical method for the quality evaluation of Astragalus
Injection.
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hydrophilic components; hydrophobic components; 'H-NMR quantitative method; isoleucine; valine; alanine; lactate; pyroglutamate;
asparagine; y-aminobutyric acid; proline; formate; acetate; fumaric acid; malic acid; succinic acid; malonic acid; sucrose; fructose;

glucose; choline; betaine; trigonelline; uridine; adenosine; guanosine; adenine; astragaloside III; astragaloside IV; calycosin-7-
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Fig. 1 'H-NMR spectrum of hydrophilic components of Astragalus Injection (A), attribution of hydrophilic components of
Astragalus Injection (B), 'TH-NMR spectrum and component attribution of hydrophobic components in Astragalus Injection
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® 1 HEEHE 'H-NMR AT BIEAEZFLR (600 MHz NMR)
Table 1 Quantitative peaks selection results of "TH-NMR method for Astragalus Injection (600 MHz NMR)

s A O W5 A4FK o 5 24 TR S

1 BEER 1.01(d,J=7.1Hz, H-6)| 12 &5 6.52(s, H-2) 20 JHBK 3.20 (s, H-3, 4, 5)
3 HIERER 1.04 (d,J=7.0 Hz, H-3)| 13 3R 2.85(dd,J=16.8, 7.8 Hz, H-3) 21 e 3.27 (s, H-3,4, 5)
4 WEBR  148(d,J=73Hz,H-3)| 14 FEHIER 2.41 (s, H-2,3) 22 HIFE A 9.13 (s, H-3)

5 Am 1.33(d,J=6.9Hz, H-3)| 15 & 3.13 (s, H-2) 23 JR#E 5.91 (m, H-2, 5)
6 HERER 243 (m, H-4) 16 RS 422(d,J=8.8 Hz, H-4") 24 JRAF 8.34 (s, H-5)

7 RABEE  2.90 (m, H-3) 17 34 4.00 (m, Pyr-H-5p, Fur-H-40), 4.03| 26 & 8.00 (s, H-5)

8 y-HETE 3.02(t,J=74Hz H-4) (dd, J=12.8, 1.4 Hz, Pyr-H-6B) | 27 [iRmEns 8.26 (s, H-5)

9 MHEMR  2.12~1.96 (m, H-3,4) 4.12 (m, Fur-H-3/4f, Fur-H-3a) | 28 ¥EEH U 1.12 (s, H-28)
10 HRR 8.46 (s, H-1) 19 H##E 3.25(dd, J=7.9,9.6 Hz, Glu-H-5p),| 29 FICHH 1.12 (s, H-28)
11 7’ 1.92 (s, H-2) 5.24 (d, J = 3.8 Hz, Glu-H-60) 31 BERHET 6.99 (d,J=1.3 Hz, H-5)

B 1~27 ARIEFIH 10% D,0; L&) 28~31 5T CD;0D.
The deuterated solvent for compounds 1 to 27 is 10% D,0; the deuterated solvent for compounds 28 to 31 is CD;OD.

*2 HEIHKR 'H-NMR EEFZEFEFERER
Table 2 Methodological investigation results of quantitative '"H-NMR method for Astragalus Injection

N RSD/% W T 2 LR/ [ %/ RSD/

W EEM et A (ugmL™) % %

AR 267 286 218 265 Y=0.0210X+0.0032 0.9992 6.7~36.8 100.93  0.21
AR 281 203 138 267 Y=0.0236X+0.0002 0.999 0 4.8~377 100.66 0.81
LR 291 198 263 260 Y=0.1899X—0.0138 09991  21.0~219.0 99.34  0.93
WA 198 288 263 150 Y=0.0472X+0.0022 09995  11.2~76.9 100.37 0.15
7.1 277 230 174 287 Y=0.1676X+0.0659 09997 132.2~334.5 99.55 1.23
=Nz 262 172 242 246 Y=0.8394X+0.0692 09991 220.5~1398.0 98.82 0.97
BRFER 226 270 281 1.65 Y=0.0557X—0.0018 09991  10.5~88.0 99.94  0.40
FERAR 252 270 1.68 126 Y=0.1385X+0.0017 09991  26.6~2237 10030 0.56
R 225 191 198 275 Y=0.0401X4+0.0005 09998  16.3~64.6 10028  0.97
RAB M 222 282 088 1.89 Y=0.0877X+0.0035 09991  21.5~142.9 98.20 0.60
V-EETR 257 225 248 257 Y=0.0599X—0.0000 09993  12.8~959 99.98 0.39
[ 266 153 155 270 Y=0.1211X+0.0030 09992  27.0~1948  100.80 0.43
JIERE 225 219 231 237 Y=0.1261X4+0.0054 09990  27.7~205.3 101.40  0.60
il % B 264 249 231 203 Y=2.6220X+0.0838 09998 593.6~4252.0 101.10 1.04
FH B 270 258 239 270 Y=0.0065X4+0.0021 0.999 0 3.3~12.5 10025 1.07
PSS 293 265 191 262 Y=5.0738X+0.0689 0.9998 1137.0~8192.0 100.51 1.25
HEVE 190 263 225 214 Y=24400X—0.0445 09995 5195.0~39050.0 10025 0.75
JRAEF 248 288 253  1.84 Y=0.1055X4+0.0092 09994  292~176.6 10027 0.92
=T 255 256 292 288 Y=0.0112X—0.0011 0.9992 12~16.8 100.44 0.54
LA 220 3.15 335 317 Y=0.0303X4+0.0055 09993  17.1~53.8 99.99  0.10
JInE v 266 261 264 238 Y=00754X—0.0045 09993  11.6~1159 99.07 0.31
Ji 291 189 343 273 Y=0.0738X+0.0051 09991  193~1239  100.66 1.31
H 235 271 293 292 Y=0.0600X+0.0028 09994  15.1~98.1 98.19 0.87
A P L 270 273 3.02 260 Y=0.0259X+0.0035 09997  13.7~45.0 99.98  1.08
BT 1.54 235 233 267 Y=02407X—00117 09991  40.0~3714 99.90 1.16
HREY N/HE P 267 1.8 243 280 Y=0.5039X—0.0206 09992  88.4~791.5 100.86 1.30
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SHER AT R

255 LMEXRFREBR BEBIGTEESH (s
2201091 200+ 400 600 800. 1000. 1200 1400-.
1600 pL & 2 43 T8, Wik TEETEA G,
1 3 IIN 600 uL ) DO (& R TSP 0.29 mmol/L),
14 600 pL £ CDsOD (& WAx DMT 0.29
mmol/L), BIFEHMN 5 mm ZHLIE, % “2.27
TR WL AT b, R SRR IRIE,  DARE S AR
X B B AR AR, THEEAS BT B IR B A A
PRHEAT S RV, 1530 & oy I ZR P[] VA 7 FE AN 26
PEYE, SRWIE 2 s, BA s & PERNA 7518
BPEREE 0, AHRARE (B 40999 0~0.999 8.

256 HIAERENERRLE  HUC A R I S RS R
(5 2201182), 4~ H- K 3 NMIEEIREAMA
SERPINTIR S, TR “2.17 T RE TS &
WiE, FHHE A PmEE ECR, 45 Rk
2 Fow, SERIEE RS EIRAE 98.19%~101.40%,
RSD /M 1.31%.
2.6 13 #HAERMELR

B 13 #EBE SR, % “2.17 TR I 5 &
Feah, FF4& «2.27 Wik 2544 A 27 B iy
e, BARGERuER 3 Por, Bk LG, TR
FRAY IR A WLER B % R, B9 A Bl
X2 MR S B B S T H AR, T

*3 BHEEIEGE 'H-NMR EEER
Table 3 'H-NMR quantitative results of 13 batches of Astragalus Injection

R (ugmL ™)

P

SrAl HEAm AR WER R WMEAR R ERER FRR KABK -EETR OWoR BB WERE
Bl 16181 15069 148.611 34.231 173.210 610.272 37.537 66.008 18.888 81.252  8.800 70.045  122.925 1677.214
B2 12820 11.346 100.063 26.556 113.993 511.986 26.518 51.195 24.656 61.563  32.033 63.827  99.203 1476.074
B3 16383 13.256  71.907 28.631 153.339 551.284 21.197 57.831 22.550 51.180  34.809 67.073  115.654 1666.098
B4 13966 12364  89.038 26.305 129.093 504.428 24.968 55198 21.727 51.008  30.226 57796  106.959 1553.963
B5 10907 9917 107741 20.190 101525 377.213 25126 42.234 23238 35561  25.661 47451  77.619 1124.894
B6 19558 16901 55754 30.807 112.051 599.938 21540 77.649 34.052 49540  38.363 85.673  126.505 2 034.239
B7 14123 12774 31978 21.994 110.453 426.973 18.304 57.094 26597 34.958  27.759 67517  101.210 1641.202
B8 20085 16704 55995 32.114 138.107 616.003 23.883 89.562 41.402 50541  37.701 93.907  138.558 2 266.644
B9 22616 19.737 71436 36.994 167.393 726.678 28.654 103.032 44.912 58.690 44521  107.942  158.966 2623.681
B10 19.324 16988  53.837 27.295 112.422 557.331 25.063 71.135 36.921 43.081  32.171 74170 130.545 2 169.847
B1l 25042 20768  43.651 37.569 195799 742.207 23.354 96.765 42.402 95130  51.351 98.821  151.656 2 216.825
B12 22488 20261 54549 40.648 166.075 676.144 22457 73.883 40.398 93.092  49.018 91.765  134.451 2 164.087
B13 18291 15199  57.935 33.478 150.969 571554 23.440 64.213 36.946 77.754  41.399 71.657  114.654 1670.699

JR R ((ug-mL ")
L " s g @, o e PRSI BER

I R R ORYT ORY EDR ST BEM RE O HR O HAER P —
Bl 6414 3005.994 16139.764 65865 10.948 6.426 20.631 25727 40.993 38.647  22.203 181423  56.891
B2 6782 2618.752 12577.813 55.493 12.669 6.996 21.866 16.243 37.901 28497  16.720
B3 5584 3002.519 13886.018 71633 10.270 5607 24.650 29.115 47.620 34927 15279
B4 5401 2667.466 12560527 64.652 11.942 5935 20392 21.803 41.838 34479 15664
B5 5276 1971.863 9341319 50.044 8703 4637 13.736 15972 26315 22.891  11.906 166.880  62.727
B6  6.137 3642.755 14464252 83584 13433 8013 26178 24428 59.324 33205  17.133 262.760 136,578
B7 5324 2684.059 9730.393 61.851 9.689 4.878 22858 16.916 40.704 31619  14.478 253.767  94.604
B8  6.813 3970.462 15015337 96.739 14.989 7.545 29.345 24.906 59.306 38.155  18.516 265.205 139715
B9  7.728 4487.670 17455894 104971 20.110 8.752 33673 31491 62.612 41972  23.307 271.947 121473
B10 5920 3715.866 12040576 110.796 22.563 8.408 33379 24.872 58.118 31.424 15909 246.607  99.448
B1l 8799 4105.030 18 046.208 103.438 22.338 9.722 33.084 29.007 65938 47.382  24.629 345.634  184.755
B12 4805 3460.779 16619.323 93238 15457 8377 32710 30.751 60.379 39571  22.641 338.329  156.723
B13 5461 2857.207 14233127 66.086 11.625 7.868 23372 27.674 45995 29941  21.712 281.265 137.995
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B5 Al B7 iX 2 #L3 By S & 2K iy 1 & B R
ICT oAt o B8 BT S 5 B 1 R A R
B RWE. EEIPE. RS TE, rhReE
TR IA 18.05 mg/mL, X 4 #LTEREHRYY
2021 43 H #2022 4F 1 HZ AR, FEFRA
P Ry EEE, HEN AT B 294 2 S G I B &
5, MARER LENT —8E, W LZa%E
UUvE EA R R BRI A o & — B 2= .

N B EL R 13 s W SR
A, LL27 AMese Bl A &, BL13 MOy
MLME . LF B 48 #r Cprineipal component
analysis, PCA) MR 15 A BE A3 i AS Rt
OB BT ST AR A 5 22 57 o PCA AL 3 A
FE s (PC170.3%. PC213.8%- PC36.7%), Ry
49 0.903, O* 4 0.658. K PCA 1370 fE A # A7 E 3L
7] s il AR ] (biplot),  [FIE 230 T A% 5 5 0
BRI 73A0,  ATIAR 3 A B PR FE R AR AL X 1)
Fela] o ALTFE b A BT A 57 A0 AE X SR i v
WREER T, TAE 55— PR B o3 AE R it P iR B A1
e B R R R A e, Bl g R
1) AZ BT AH 5G40 HUKI T B A TR

PCA Y (R XUbr B R A3y SRR B 4 Fos
K2 B2 853 i et AR B S fE B 2R 1R
M, B9 BI1 2 e eyd i 51X LA & (1 A X R
BOdRT, UERATEIX 2 i e VR SR X e R A R
B, X5NEHER -8 AR, SRS fmn
TR b, BE 25X SeAR B BT ) B BT S At
YA B, BUERIREAN BT, X UEEH B1 LK ETE
BHRHIX 2 AR S AR T B7 B MEEE
B1 H5070 ) — LEAR B ok N R 70 S R IR -2
TR, X 2 NMRAE Bl HEERK. 59 5Tk E
JIT FE 7 B R AN R] J 43 X6 T4 ot [ 22 S ) DL iR AS 4
HAooThks K2R . AR -2 5T, 5
Ab, TR REH R T EE E X L R AR I T S
TR et B BOR TTR .

NI TH-NMR 704 ae 77, B st 5
WA T RE RN T alk s, MHETE
A LR & 55 B TA- B (inductively coupled
plasma-mass spectrometry, ICP-MS) 2435l 52 2%
FVESHEP B SRS R, B 'H-NMR JIl5E
PR P &R S &, TR TR
[ AR BT B (il & B R A S D, 4R
WA 4. TH-NMR — k73 H7 A] 0 3 B SR T 90%

L 1D.¢ A

® Leon[2]

—

Peorrl 2], teorr[2]

-1.0 -0.5 0 0.5 1.0

Peor[1]; teon[1]
R2{1]=0.703 R%{2]=0.138

6 B
2

score contrib(Obs B1-average)

-2
RN SRS SR EE YR
PERENERERN TRFIEEEFRKELDENR G
B B KEGECE BEE B 4w S
mr =B i & B
Au =
w o
#
#

var ID (primary)
A-PCA ZUARIE; B-PCA LA Tk -
A-biplot of the PCA model; B-score contribution plot of the PCA model.
B4 13HREIHFRSTERESNER
Fig. 4 Multivariate data analysis results of 13 batches of

Astragalus Injection

F4 AREFRPEXRSESE P EEEER
Table 4 Proportion of various components in total solid of

Astragalus Injection

gy HE% | By HE% | g %
MK 3.67 | AL 053 | AL 0.20
BHERE 279 | BIFE 1.03 | 5T 4.80
LB 84.46 | BHEAK 141 | &t 98.88

DL IR e i, i BB BT R I R A 1
o TR B B B L 95%
2.7 HPLC 1 '"H-NMR tt35

N T %52 TH-NMR 77 (e, A
W R 1555 2% 7 Ar e, H sk i
T I DG T 3 BT E TR 43 7V 2 T R B R
HRBEFEITE, Fik, AR SR IRIE 1)
HPLC-UV-ELSD J7i£RPWorHT 1 5 HhiR S B IESR
HE MBS R EEE NS, 5 'H-NMR 1)
M ERAT IR, SR 5 s, 2 Forikm
E R RIATENA ST, E BB R T
4 LA 250051 0.998 9 A1 0.997 3, iX T 2 Fh
SIMTEZ AAFAE R R — 8, Xk — P iE st
T NMR 775 BI TR .
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#5 HPLC 71 'H-NMR 2 EUELER
Table 5 HPLC and 'H-NMR content determination results
B HEFH/(ugmL™)
HPLC 'H-NMR
43.102+0.265 43.65613.929
48.10740.306 48.744+0.709

BT VIV (ugmL™)
HPLC IH-NMR
140.955+0.637 141.852+1.647
130.139+1.612 129.982+4.831

206.51442.762 212.054+1.464  95.280%0.450 96.027+3.215

214.897+1.363 223.419+15.821 93.83810.122 95.689+3.846

220.8664.108 224.966+6.619 100.121%5.475 98.489+7.721

3 it
AHFFIFR T —F T "TH-NMR X 55 Sy 5

FRAR SRS B B g0 e % VAT AR B T R
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AR, ) B R o A 90%
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Mreb, JFAi IR A (1) 22 7 o AW FUIT K B TH-
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