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"H-NMR Fingerprint of Hengshan Astragalus membranaceus

ZHANG Hongchi, LIU Rui*, BA Defang, LI Hui, YANG Yang, ZHOU Feng

(School of Agriculture and Life Sciences, Shanxi Datong University, Applied Biotechnology Institute, Shanxi Datong
University, Datong 037009, China)

Abstract: Objective: To establish a hydrogen nuclear magnetic resonance (‘H-NMR) fingerprint of Hengshan Astragalus
membranaceus, and provide a basis for its quality control. Method: The chemical components were extracted by ultrasonic
assisted enzymatic method. Using deuterated chloroform as the extraction solvent, a standard pre-saturated pulse sequence
was used to suppress water peaks at 25 °C to establish 'H-NMR fingerprints of 10 batches of 4. membranaceus from
different sources. The signal attribution was assigned by the qualitative standard addition test, database comparison and
related literature comparison. The correlation coefficient method was used to calculate the similarity of 'H-NMR
fingerprints, and the repeatability, precision and stability were investigated. Principal component analysis based on SIMCA
was used to evaluate the quality of medicinal materials. Results: 24 compounds were detected and analyzed from Hengshan
A. membranaceus, including triterpene saponins, isoflavones, amino acids, organic acids, sugars and so on. The similarities
of fingerprints were higher than 0.9 with an average of 0.975. Compared with Mongolian Astragalus membranaceus and
Gansu Astragalus membranaceus, the content of isoflavones in Hengshan Astragalus membranaceus was higher than both.
PCA results showed that the cumulative contribution rate of the first three principal components was 89.8%, which was
basically consistent with the similarity evaluation results. Conclusion: The established 'H-NMR method had the advantages

of quickness and simplicity, which could provide reference for the quality control of Hengshan A. membranaceus.
Key words: Hengshan Astragalus membranaceus; hydrogen nuclear magnetic resonance; isoflavones; saponins;

fingerprint; principal component analysis
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PRI, S E ZH B LR i, 32 T il
PO RIETEERS, 5 R E . R e B S WA 5
AU RERZGWIWFFENESE, B B i) B 255808 53R
WIS WIS . ISR, BAUGE NMARIE RS,
EFXVRTT O LAS N AV RSO S A E S, £
R TE L B EE Y T A7 o A R AR T, T 2 IR Y
R i, FUWTTE LB R BT i 22 S5 . B TR A8
W AR 2.35% £7 R (High Performance Liquid Chromato-
graphy, HPLC) 7EVFAE H 258 14— PERN 25 SRy 2
ARSI RABURE R T B, (EL R T 2 A BT R
Sy MESTESREAR, JlT HPLC @7 i+e a0 =
T EE P 2584 BIAHRL T AN, ME LA 25 S T
ATV, PRI 2R B AL PP A0 25 S TP
W] e B R AG I Fh 2584 A 2E i o i s . AR
(Nuclear Magnetic Resonance, NMR) 7 AR H.A5 43 #7
TR T e HAE S AR A i e i 1O, i
T A S RSy, RXE G I EE R R . T
"H-NMR 8¢ W T KR 25 4 22 S5 M Fn sy —PE g VF
A1, S PR SR AR X T i O AR S E 1, SA R
PREA 5 v iy R A, SR Sl e, BRI X R
SR PR B9 245 FH R S3 TASCE R4 59 2 PE AT E
AT, RIS IZHEORATT E 2 hbRHER LR, HXTAE
BORAR, AT PGEAGIN KR 258 b A F2E AL &4, 1
T E NS I O iR
= A% 43 43 B ( Principal Component Analysis,
PCATERATEHRAC IR, BB RUELGEHE, ¥oraum)
HRAESR TR b, FEROMEZ WA R AR
AN EE A BB I, S BSR4 A BURT s AT LA
FAERSE PIEB I 2548, R A i AR TR
ALERE231 ST H-NMR 3 AR G TSR 2459 10 S Az
WEHARFELCENE, ST EE, A] AR ZRA P
SR R, FIRt g & PCA #iK, TS 38| G Fiitas

LRGBS, A RS AT R, 493 BOLIE
JE, AR BIEAR ST AT 25 A s i H Y o

ASBIFFER P 52 G I PR U L 2 pef by
53, 'TH-NMR EARDEH 1L 3 EE RS H-NMR 520
T, TFHEA T A ME RS EE RE M AR e A%, BT H
A2E ST FE STV . H iRl I T
— P T EALAERR TR L B A S PN T
1 #REAEE
1.1 MRIS{ER

10 LIS FEAEORIE LR 1, ZihPiR
) R A i k2 22 e s XU 452 2 147 Sy 1 i S
(Astragalus membranaceus); X¥ Lt 43T FH A H R 5
RIS WA TAFEZ X (LR 1); Pk
RN S ey [Ny a el =S E N BN 0 QLG T P w3
PR RS W (BT 53 50>98% ) s TEARAEZR
BRI WS X R, B ER SR A
B A R 7 (BT R 53 50>98% ) ; s A& 17 (CDCl,)

g EAEARRMCE R A E]; 2R 4EZEEF (3 U/mg)
FCCEE A IR A R A RREREF (30 U/mg) 1

W5 R R A BRA W HEAERE(10 U/mg) 1
P AR R A

Avance Il 500 MHz BUAZREIEHRIT IR FEE
& H]; THC-2B A e ias 35 7 KRB~
FEL A FR S F] s XFB-2600 ANV AL 5 E Ty
IR 2GR s RE-52AA EREZE &AL FiEF3E
EAAER) s AXTGL16M g 5 R OHL b
MR A E YRR R A F]
12 SSRHEE

1.2.1 fEILFE AR o HRE
1.2.1.1 BEERIFIRHI s UEFPRIET4E 20 . St

(B b 1: 1) 3% 0.625 g, b K8 1K, B,

1 I FEOREAARRR

Table 1  Source and age of Hengshan Astragalus membranaceus
iR FE RS b L (°) 2 (°) 4k (m) ZRHAR R SRAERT ]
Am-01 IR B LS BRI 39.46 113.66 1623 RERENIE: 2020.7
Am-02 ILPEER B E LS FAR AT 39.48 113.56 1845 REER NI 2020.7
Am-03 ILPEER BRI & 3 3 39.69 113.83 1728 TAEE L B R 2020.7
Am-04 WP BB ILS B LK 39.52 113.65 1689 SAFAE L3 T 2020.8
Am-05 PG IRE B £ /N 39.54 113.58 1910 SAFE LU B 2020.7
Am-06 TG ER B ARY S el 39.68 113.66 1270 SARHE 1L B 2020.8
Am-07 TG B RS £ IR AT 39.45 113.75 1782 PEREIT 2020.7
Am-08 TG B RS £ SR 39.48 113.77 1768 SAEfE 1L B R 2020.8
Am-09 PGV BT & R IS4 39.44 113.73 1691 TOARAE Ll 2 8 2020.7
Am-10 LIPSV B A S e kA 39.60 113.76 1856 REERITG 2020.8
S TE-01 (%) WS A X AR (P 1) 34 2020.8
Sl TE-02(%) NS IR IX S 22 4245 (1) 34 2020.8
Sl TE-03 (%) M A XAk (P 1) 34 2020.8
R E-01(3K) R BEVE B (=) 34 2020.8
R 023K ) R IRE (=) 34 2020.8
HR 03 (3K ) R TEE R (=) 34 2020.8
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FKEATH , 45 fHILEE RE'H-NMR $EE0 SRR 49 -

RERTF 25 mLERMES, #lak% 25 mg/mL & A i)
7, %5 o MERMFRBUBEILER 0.625 g, i/ 28 1K
JEEART 25 mLiA s, Hil 25 mg/mL YRR
5, #&5 o

1.2.1.2 ZEHHEAHE S 5IFREL 10 4 RAEH AR
AT R EE S 10 g T 250 mL = AR, JInA
52 AR RS 2 mL SR 2 mL B kG
W, N2 817K 46 mL, 75 pH ZWAR = 5.5,
fififi# 40 min, ¥R E 60 °C, i PEE# 80 r/min, i
R SE I8 SE , BSHN 50 mL JCK B s, 8% B 7 254
FEIFE Sy 200 W, BF[E] 45 min, 388 FH IR 4544, 5
PH—K, i 3E A& I U, 90 °C K% 30 s, Yl R4
Ja, R T

1.2.2 'H-NMR il

1.2.2.1 AT IHIE B IR 10 mg fHIL
HEEHEHY), I 2 mL SRAREET, A Z A 5 mL 1)
LA, B LA 5% 3 13000 r/min, B [H]
24 10 min, 15 FIE W, B 2L A0 0, T E
AL AT H-NMR 5347 .

1.2.2.2 'H-NMR MZESKMA  MERE N 25 °C, 'H-
NMR ] 52 55 4 5 & A - B3 500 MHz, 453 3K
64 X, 1% 5i N 12345.7 Hz, {1454 0.188 Hz, Ik
wialkE D1 oA 1.0 s, ZEIRBJA](RD) A 1.0 s, F-shit
ATHANL . FEL LI MRS IE . >R H noesypprld ki3
B il K, NERS TSP,

1.2.3 JrikeEggg

1.2.3.1 K& DL 3FEEINEE (%S Am-
O ) PRGNt sl it e W, Y BEAE AU 'H-NMR 5%
PETRIRE 5 RAZRE RS, F MetreNova 44k B %]
e, SR N RS ST ik, T 5 i = 1A]
B4 A o g Tl R S0 TR 09 AH 56 ZR 88, S BT A 3R 0
1.2.3.2 HEM LIS B3 HEILFE (GRS Am-01)
PO, P TEE PESCE, TERE N H-NMR 2544 T
VSR EAZREE 1S, FH MetreNova B2 40 B 1%, %
FH T B AZ B 53 AT 7 s, THA 5 Al 8dis = a1 1
RERS N TR AV A S RN E R VS S s w R M = S =R A
1.2.3.3 Faethscns B3 AEEILE (GRS Am-01)
PEBOR, A TR E TG, TR AR 25 CC(RP= TR
20, S BICE 0. 4. 8. 12, 24 h J&5, EEE MY 'H-
NMR 454 T 435 e A% w3, FH MetreNova 4
AbFRIEIRE, SRR BAZ RS AT ik, TR 5 43K
P[] AR X TR R S 3(BL (H) R AE DG R 28, 43P sc e
1.3 B

1.3.1 ZREEAE BT BIET MestreNova 8.0 43747
AbFRAG BN ARG FE SRS, X e bn . AL AL
FELR R TEAL T, L) 0.04 ppm A X S HE1 743 B

ARy, AL EIX A 0~8.5 ppm, 15 B ik g T Al 23 1R
Yy, XF HAEA T IH— AL R, 75 3145 L 24 R BT N 19
&SI AUE, ST FRAS S A . 7 Excel
R AR BRER SR 3 R T RS20 .

1.3.2 ERSHT  OB R ESR IR A TE L R
f B TH-NMR 45 5 A SIMCA-P 13.0 #{4- ik 47 3=
SRS, 2B PPN E LB B AR g o

2 BR5SH

21 FEFER

K 4 B S R 4y BERU O TR S R B G R4y
A4 0.998, 0.996, 0.995, 0.993 Fil 0.992, FH& FH %
FRIRT 0.99, UEHHANZSHE 2% e . A Mscga i AH
KRBOTH LR 53 0.997, 0.994, 0.995, 0.998
Fi1 0.996, P\ 5 IRAFHIC RFER KT 0.99, A LIFE iz
PO EHEEMER A, TR M A C R B A
25 A5 0.994 . 0.995. 0.996. 0.992 Fl 0.993, M
S RAHFE BZBER T 0.99, T LB INAEEIR AT
24 h NHEERSH SRR E o
2.2 [BIIFRE'H-NMR fHESSITE

FHTF'H-NMR $52C E ST BB SRR A
R, MEHEAARE G, PS04, 2543 Hofth
BSYBTIE, i RESCHRE (4REE, 755U A
—E pH JEFEIAOZE shEh ARSI pH7.5 HIBEIRSE
MR, FT A UG i 25 A A A R (I RS, DA
T REEAR R 43 A i T4, #2185 NMR 387 08 HE B P o
B 1 Sy iR AG o 1 B S "H-NMR 3% 5] (500 MHz,
CDCl,), SR “Inpmifi b 2 M7 Lo T 3 pE B 1.
I, 1. BEEF . PRIEE . TOWETT . B S
B . R w8 Ak 1Y 'H-NMR 5 %5 I3 )& .
X5 22 HMDB (www.hmdb.ca) 1 BMRB(www.
bmrb.wisc.edu) M AH I SCHR! 24727 47 AT Risf R g
AU . LA FEIR . BEEAE L4319 ' H-NMR {55 )3
J& o &5, NEIL B IS e T 24 Fib &4,
Hep 6 MR EENZILE Y. 7 DRI G (S5
VL 2)FNHA 11 DI 4) .

ST TR, KT H-NMR 3% & 508 3 4~
AT EEMIE o (F TR TR/ XK § 5.0~9.0) . 1T
A (BB IR § 2.0~5.0) . EIEMZ® (2
LAWK IR § 0.5~2.0), LA R 43510 3 A~ X IsiAZ g
BTG S EE

WA S 5 EARAE R BIARUE S 6 3.78(s),
6.86(d, 2.0), 6.96(2H, d, 7.2), 6.92(dd, 2.0, 8.8),
7.48(2H, d, 8.4); ST AL AHRLAIS 5 & 3.81(s),
7.26(s), 5.10(d, 7.2), 7.01(d, 8.5), 7.16(d, 1.5),
7.54(d, 8.5); 5 EE R HIAHLCAE S 6 3.78(s),
7.04(s), 6.84(d,2.4),7.94(d, 8.8); 5 E& F 21
FRLIE S 6 3.78(s), 6.94(s), 7.04(s), 5.05(d, 5.2),
6.84(d, 2.4),6.91(d, 2.4), 7.94(d, 8.8); 5 3-¥23kL-9,
10- W A LS B AR L S 5 8§ 3.70(s), 3.72(s),
5.54(s), 6.25(s), 6.46(dd, 8.0, 8.4), 6.96(d, 8.0),
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Fig.1 Characteristic 'H-NMR signal peak of Hengshan Astragalus membranaceus medicinal materials

7.28(d, 8.4); 5 9, 10- —H 4 L4 5E-3-O-B-D-Hj 4
BEEF ARS8 3.73(s), 3.74(s), 5.56(s), 4.85(d,
7.5),6.55(d,7.5),6.72(d,2.4),7.01(d, 8.5), 7.42(d,
8.5),

RIS ST T L R R RGOS T S R
T 1A S (B2 RS L A A 8. 240%55), A
5 85 0.93(s), 1.27(s), 1.30(s), 1.42(s), 1.60(s),
1.79(s), 1.97(s),2.03(s), 2.52(d, 8.0), 3.14(dd, 21.0,
11.5), 3.39(dd, 11.5, 4.5), 3.80(ddd, 8.5, 8.5,3.5),
4.82(d, 7.5),4.93(d, 7.5); SEERE T HLNGES
5 0.93(s), 1.27(s), 1.31(s), 1.41(s), 1.58(s), 1.80(s),
2.04(s), 2.51(d, 7.5), 3.39(dd, 11.0, 4.0), 3.76(ddd,
10.0, 9.0, 3.0), 3.88(dd, 8.0, 5.5), 4.77(d, 8.0),
4.97(dd, 14.2,7.2),4.90(d, 7.5); S5# =4 1T AH,
{55 8 1.01(s), 1.19(s), 1.30(s), 1.32(s), 1.44(s),
1.45(3s),1.96(s),2.55(d,7.5),3.12(dd, 21.4,11.0),
3.57(dd, 11.5, 4.5), 3.75(ddd, 9.0, 9.0, 3.5), 4.93(d,
6.5),5.04(dd, 14.0,7.0), 5.42(d, 7.5); 5 EHHAH
L1552 6 0.95(s), 1.30(s), 1.38(s), 1.42(s),
1.59(s), 2.06(s), 2.53(d, 9.0), 3.14(dd, 200, 10.5),
3.80(ddd, 8.5, 8.5,4.0),4.88(d, 6.5),4.92(d, 7.5); 5
SEEEETE TAHMIAOME S 8 0.93(s), 1.28(s), 1.31(s),
1.42(s), 1.59(s), 1.82(s), 1.96(s), 2.03(s), 2.53(d,
7.6), 3.14(dd, 21.0, 10.6), 3.78(ddd, 9.0, 9.0, 3.8),
3.89(dd, 9.2, 5.2), 4.80(d, 7.8), 4.94(d, 7.4),
4.99(dd, 14.8, 7.2); 5 5 ¥ EHF UMM EE 6
1.02(s), 1.11(s), 1.28(s), 1.30(s), 1.36(s), 1.48(s),
1.50(s), 2.00(s); 2.53(d, 7.6), 3.14(dd, 21.0, 10.6),
3.39(dd, 11.2, 4.4), 3.78(ddd, 9.0, 9.0, 3.8), 3.89(dd,

9.2,52),4.80(d, 7.8), 4.94(d, 7.4), 4.99(dd, 14.8,
7.2); S EEEAHLIME S § 1.03(s), 1.30(s),
1.33(s), 1.37(s), 1.45(s), 1.58(s), 1.89(s), 1.96(dd,
12.0,4.0),2.06(dd, 11.5,9.0),2.55(d, 7.5), 3.12(dd,
11.5,9.0), 3.66(dd, 11.5,4.5), 3.80(d, 9.5), 3.89(dd,
9.0,5.5),

LAEEMRIEN S S HARAMMINIES, B+ s
3.60(s); FHNAMRAARINIE S, 5 § 1.49(d, 7.2);
SHa A AL E S, 45 5§ 1.06(d, 6.6), 1.00(d,
72); SHEABRMHL A S, UF § 2.08(m),
2.36(m), 4.16(dd, 8.4, 6.6); SIREERAHLINIE S, £
$5 8 1.33(d, 6.6), 4.20(m); H5RABREARLIIIE =,
% & 2.85(dd, 7.8, 16.8), 2.95(dd, 4.2, 16.8),
4.01(dd, 7.8, 4.2); 53R AHLMIE S, (L 6
2.66(d, 3.0),2.68(d, 3.0); SAHGIARMIIIE S, £245 &
3.21(s); HRTAHLRIMAE 5, 45 & 5.89(dd, 4.2,
7.2),7.93(d, 7.8), 3.85(dd, 12.6, 3.6); SRR AHALIY
5%, 3% 8 6.03(d, 6.6), 8.23(s), 8.35(s); FEHAH
LSS, 45 8 4.03(t, 8.4), 4.18(d, 9.0), 5.40(d,
4.2),3.44(t,8.4),3.82(m), 3.53(dd, 9.9, 3.6), 3.70(t,
9.6),

2.3 [EFEEHSEB'H-NMR 8 B RFBIE S

F10 HEFE RS, 3 HES I s SR 3 HEH N &
TEAYH-NMR M5EH s S A MestReNova 4, il
ASPEASRAERR P L B B AR TR, LIAHSE RO
i, A FH AR E ) e HARAS 2 10 HbE LU 2 EEAN[H]
SR RTE S EIIE ) A B ROE 3 Hxd FE ]
3% R) o B AHT HAHE RS ("H-NMR A i 7~ A4H [F]
155, e A 1%, THRIE LA NI R G 5 25,
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3-32H-9,10- F A FE S bt

9,10-— H S H 208 b5e-3-O-p-D-Hii A i 41

K 2

X HAR2 A EA T HEE, 455 T 10 HEFE LS ECARY ' H-
NMR FFEFE SRS (WIE 3) o s 3% B B oA,
AR RIS ORI, 522840 k) L Hlv e
BB PY | URE | JHIRE) I QLPEEERE) 3 4>
AFEAE 477 BB AP Y, HTH-NMR 3% IS L

oH
SRR
AL e 9 L

Fig.2 Saponins and isoflavones in Hengshan Astragalus membranaceus

KeARENI RS ARG B e R X A AR TR, iE
B 3 ARV 37 (0 B SR A S RIS L RS
BEMRISE T o ABAET I XA —RE 2257, WiHE
{K371X.(8 7.0~7.7), S BB IE SIS0 AT —
FEZE S, TR FERO 5 S B W Ik iy 158 v 2 5
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3 fHIL#EE H-NMR 520 %
Fig.3 'H-NMR fingerprint of Hengshan Astragalus

membranaceus

TR, BERHE LU R S A e TS N
FHN ST, MERSHX (S 0.8~2.0), HILITERE, 52
R HAN S A E S DA ST — 21
225, RN . NRIVITRIE . DL AHR St
S —EZEN -

LA R R VE R, 78 Excel 144154
AT R L BAS[R)AE R 4 2 R A AR ARURE . FHARL
FEVFM s R ILZE 2. MRS PRI LI H, 10 it
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Fig.4 Analysis of contribution rate of the main components of
Hengshan Astragalus membranaceus
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Fig.5 Principal component factor correlation graph
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Fig.6  Principal component analysis score scatter plot and 3D
plot of Hengshan Astragalus membranaceus
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