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REH G LMK 16 DAL M AR, AR T EE-FAR(1:0.2, V) ARIGEA , RN A58k CH-NMR) A4 20 32 35 Kb ) 7
Fh AL B0 G LA T A B A R B M. AR AT M (PCA) Fo t K B Y2 — F 0910 52 i o £ 5%, FF A 2
WRAREY ., ZERANAFGEAM PRNENFE TR T OEFTEE RARE BELEANG OMILF RS, AW A
., AP 6 I H A G E R B AL AR A 8 & R Ae b K R4 69 'H-NMR 12 5 38 A 2 K 69 £ 7+ PCA T & R 27, T A A &
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0.001), A &B . Je 2B A EH B EIE(P<0.01 K P<0.001),mEA I3RS EFLEF AL FEL(P>005). &b Bt
AREHRE LA P RACT AL BRATAE W AN AR ERROFA TR FEN RN ZF, THANFIRES AT
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Comparison of Chemical Constituents Differences between Angelicae dahuricae with and without Sulphur-
fumigation and Selection of Chemical Markers Based on 'H-NMR Metabolomics

DONG Yun', TIAN Meigui', TANG Rongwei', TANG Ling', ZHAO Chengcheng’, ZHANG Yi’, FAN Gang’
(1. Dept. of Pharmacy, Dazhou Vocational College of TCM, Sichuan Dazhou 635000, China; 2. College of
Ethnic Medicine, Chengdu University of TCM, Chengdu 611137, China)

ABSTRACT OBJECTIVE: To study the differences in the overall chemical constituents of Angelicae dahuricae with and without
sulphur-fumigation, and to select chemical markers that can be used for identification. METHODS: Each 16 batches of 4.
dahuricae with and without sulphur-fumigation were selected as samples. Deuterated methanol-deuterium oxide (1:0.2, V/V) was
used as extraction solvent, and 'H-NMR metabolomics was used to detect the primary and secondary metabolites in A. dahuricae.
In addition, visual analysis, principal component analysis (PCA) and t-test were used to compare the component differences of A.
dahuricae by two kinds of pretreatment methods. RESULTS: A total of 19 chemical constituents such as coumarins, amino acids
and sugars were simultaneously detected and identified from two kinds of A. dahuricae. Visual analysis showed that the chemical
profiles of the two kinds of 4. dahuricae were similar, but their coumarins and carbohydrates were quite different in 'H-NMR
signal intensity. PCA analysis showed that all samples could be divided into two categories according to different treatment methods.
The results of #-test showed that the contents of oxypeucedanin, imperatorin, glucose and sucrose of A. dahuricae were decreased
significantly after sulphur fumigation (P<<0.01 or P<<0.001), while the contents of alanine and leucine were significantly increased
(P<<0.01 or P<<0.001). There was no statistical significance in the contents of other 13 kinds of components (P>0.05).
CONCLUSIONS: There are obvious differences in the 6 chemical compounds of oxypeucedanin, imperatorin, glucose, sucrose,
alanine and leucine in A. dahuricae with and without sulphur-fumigation, which can be used as chemical markers for the
identification of sulphur-fumigated 4. dahuricae in the market.

KEYWORDS A4ngelicae dahuricae; Sulphur-fumigation; 'H-NMR metabolomics; Chemical markers; Identification
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ca dahurica (Fisch. ex Hoffm.) Benth. et Hook. f.]&#T [
1 [Angelica dahurica (Fisch. ex Hoffm.) Benth. et Hook.
f. var. formosana (Boiss.) Shan et Yuan] 9 T4 AR , Hk
PRI, B R EOE AR B E R Rk
A TH IR S 2, T TR IR SR AR
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1 e
1.1 {us8

Varian Mercury Plus 400 MHz %! NMR ¥ (3£ [¥ Agi-
lent A F]) ; BP221S T Hi RV (bt SEZ R RL AU s
ABRZ ] ) s KQ-300B R A I I v i (B LUl 7 A A
BIRAWD
1.2 ZHR5RH

A ILUCEE T 32 (I 250, A4 16 b A FE i
2 b I 16 ETERRZGAE , 28 AR Hh s 24 R 2 RO I 242 Bt
3 W1 R AF 5% 5% % 0 35 T8 BHE W 111 [A. dahurica
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(Fisch. ex Hoffm.) Benth. et Hook. f.]f9 T 44 ; 5B Aif
B2 0 BB i (HE5-: 110827-201109, 4635 : 98.5% ) A

B2 B AL (L5 : 110739-200814, 41 i . 98.6% ) A< B
TEE TR AL (451 110768-200504, 43 : 98.5% ) 414 [
r R 2 A BTG s BRI 2R AL T 3R ]
32 Cnidilin TR PR AL 5 PR3 R AR A 41
MFTEZ R 4y B 1531 , 28 HPLC YL A6 I o4l 5 24 K T
98% ; H /K (D.O, £l & : 99.9% ) 4 A4 H % (CD,OD, 4li
F£:99.8% ) .3-( ZH BEAESL)-2,2, 3, 3-PUSi A N R M £
(TSP) #J1 [ 2% ¥ Sigma-Aldrich 23 ] ; B2 — S0 80 (5
#HRRAL TR ). 29ROk G B LR 1.

x1 AEHMKERER

Tab 1 Source of A. dahuricae

5 i il fhER
BZ-1 DI 75T R BT T A 2018-07-22 KEG
XLBZ-1 i
BZ2 M3 TR AT B R 240 2018-07-22 KER
XLBZ-2 B
BZ-3 DI TR AT A 3 4 2018-07-22 KEhi
XLBZ-3 i
BZ4 WA TR BRI 841 2018-07-21 FER
XLBZ-4 B
BZ-5 DA% TR MU 2018-07-21 KEG
XLBZ-S 1)
BZ+6 WU 767 TR e 2018-07-21 FER
XLBZ-6 B
BZ-1 DA% THATBRELIE 1040 2018-07-21 KEG
XLBZ-7 )
BZ$ WA E TR SR 2018-07-23 KER
XLBZ-8 it
BZ9 DI Tl L S FE AT 2018-07-20 FER
XLBZ9 )
BZ-10 DB TR S Bh 2018-07-20 KER
XLBZ-10 it
BZ-11 DU T S b 2018-07-20 KEG
XLBZ-11 i
BZ-12 WA BTN & S A 2018-07-20 FER
XLBZ-12 it
BZ-13 1 5 B B e e 2018-08-12 KEG
XLBZ-13 i
BZ-14 MR EERE LS 2018-08-12 FER
XLBZ-14 B
BZ-15 PP A 2018-08-12 KEG
XLBZ-15 i
BZ-16 DB T A b 2018-08-12 KER
XLBZ-16 B

2 HAEEER
2.1 HXRBENOHE

BRI EE 25RO K 0.2 g AEBFRE , B THEE
JHEHR, 43 AIA CD,OD i 1.0 mL 1 DO %5 0.2 mL
(PN % 0.4 mg/mL TSP F112.32 mg/mL B #ERE — 24 ,
PEA] B B (D)3 200 W, 5% : 40 kHz, ) HEH
30 min; BUH L 754, 1 0.45 pum B Lug R, BRZEIE
0.6 mL ZEHRAER 5 mm ARG H, #5147 'H-NMR I E
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2.2 'H-NMR 57 &4

L CD,OD Jy 4 % N 8l , 'H-NMR Il 5 4% 14 hy < W5
A% 400.12 MHz, M€ #RE (T)25 °C, 1% 5% (sw) 6 410.3
Hz, KAL) (at) 2.556 s, ki 4E3R B[] (d1) 2.0 s, SRR
YO (nt) 64, K 5 EE (pw)6 s , K PRV S FiLA A i e
J¥5 (Presat) il 5% F (1 7K W55
2.3 HIBEBRSGITSHT
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A B, AR5 DL ASCI AR =y 208 | BIAS 21 &b 2 6 7
B 5 Z AR (A S e T R, JE B F A R S
(3.26~3.34 ppm) S 5% B /K 1§ {5 5 (4.66~5.02 ppm) o
W doe 2R AT B B L 4, 3 A SIMCA 11.5 ¥k itk 47
PCA 43t E4h, K F GraphPad Prism 5.0 4 #1145
TH2E AT, A A B AR FH L X ¢ 4 35, P<<0.05 3RIR
RO RS
24 FHEFEE
241 SR EAESE BUR R TR AR A
W (5 . BZ-1) , 430 % 22 547 'H-NMR U E 59K, 4%
“2.37 T B Ak B vk A FR S A5 3 5 R (B AL
i, 32 ] Excel 2007 #RAF 143 5 2HEiR 22 [R] RO AHOC R 4K
25 54 312 0.995,0.993,0.997,0.995 F1 0.998, ¥ K T
0.99, R WA B R AT .
2.4.2 JyiEEEVEEEE WUE ORI 250 Git
5 BZ-D)RyAR 54y, F5 2.1 50 R ik AR A TR
T4 BIHEA T H-NMR I 2 A5 b 3, 4531 5 40 BB
4 , 32 Excel 2007 #4155 5 20 50040 22 (0] A AH G 3R
0,43 5124 0.994.0.995,0.996 ,0.998,0.995, ¥ 7 0.99 L
L RO A B E R
2.5 BIEEMEWUZERSH H-NMR& R EE

I—HE AR BT T 256 (i - BZ-1) B R i, %
“2.17I T kAR A L T 2.27 WA T i
A7 'H-NMRWIE o SR I ol it g Pk " il idh A 1 9 Ak
AR ) CRARRTA R BRAETEIZR R ERETHH R | Cnidi-
lin ISR MBTFAHINER DT NEE AR RS R MY
JEZ) B 'H-NMR {55 V& , BIZE A 0 v 7 b 43 3 m
AKX S 2 mg, A 2 min (A%, FUETT TH-NMR il
5E o if1d MestReNova 6.1.0 A4 ELXHIAGT B f il J 114
'H-NMR &3 22 5 i g i 28 b e (55 308 . tedh,
i L X SDBS St i £ 4 2 (http : //sdbs.db.aist.go.jp)
SR SCHR AT A B IR W 2R S A
H-NMR 558 . 255, R A 'H-NMR 2 Hr 8 AR, AT
T R B Y 19 Rk 2 B A3 (o 250 M R B- 7 26 M
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TR LA . FIIE H-NMR E 3RS0 A4 R 34 X3
F31X (3.1~0.0 ppm) T EALFEA AT R BT
F FRKETH R (Cnidilin, T /R A 2 eI A 20 B
ekl NER 5L 2R AU TR LA SR R BE I R P AN T
Hi 107 BRI 15345 5 H 71X (5.5~3.1 ppm) T84 HEME L a-
AN p- AN K37 X (9.5~5.5 ppm) T E A5 F1H)
AR AR R MR RS MM AREN
'H-NMR i WL 1,

400

2 2
1 a T ,1 " 1547 143 3”}‘ firss 300 J%(
th 34547 5 h} Aa 4 8 o|||l5  [200 Ny
= 9 ° 6 9 4 I s [ 100 o
s N o I} 4 4 =
0
85 83 81 79 77 75 73 71 69 67 65 63
{201 B . ppm
20 000
L.ES

15 000

10 10 R {:‘N

5.4 52 45 43 41 39 37 35 33 31
L2, ppm

30 28 26 24 22 2.0 1.8 1.6 1.4 1.2
FE2AF% , ppm

TE: LEALHTHIER s 2. WKATHI 2R 5 3.5 BRATHI R 5 4.Cnidilin; 5. 315
KK 6B THINER: 7.5 HDTNER; 8RR 9AMEIRER ; 10,48
Wi LLa-HA0E; 12.6- 8200, 13JH0R; 14.7 —R; 1582 ; 16.
BRI 175 18R 195558 ; 20. 4051 ; 21. /g i
FRZEIN Y5 22 ANIIANNE N FRZE Ly

Note: 1. oxypeucedanin; 2. imperatorin; 3. isoimperatorin; 4. cni-
dilin; 5. phellopterin; 6. bergapten; 7. isopimpinellin; 8. scopoletin; 9.
psoralen; 10. sucrose; 11. a-glucose; 12. f-glucose; 13. choline; 14.
succinic acid; 15. glutamine; 16. glutamic acid; 17. acetate; 18. ala-
nine; 19. leucine; 20. valine; 21. saturated fatty acids; 22.unsaturated
fatty acids

E1 BIEAHE H-NMR Ei&
Fig 1 'H NMR spectra of 4. dahuricae

2.6 EmMARETAER H-NMR EIELLE
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SE A B AR AR FEAT 1A H-NMR 35 . Gl B0
G, A B B R R FEARL 0T B4R MR A i e B AR
L, B 3 A e By B A 5 SR A BRI 22 57, R
B LR RER | o- 00 p- R S — BE R M 5E (R
(3.3~4.1 ppm) ({5 38 8 B S0 o T~ B A 6, TP 24
PR 15 2 5 B2 55 T FEAR T . BeAh, Sl K "H-NMR
P AR 37 X (6.2~8.5 ppm) , & Bl I I BE Bt 4401
A R INr (UAAL BT BRATII ) 1R 55 B
AT, R BA E R O SR — E 2
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Fig 2 Comparison of '"H-NMR spectra of A. dahuricae
with and without sulphur-fumigation
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Fig 3 PCA score plot of A. dahuricae with and with-
out sulphur-fumigation
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Fig 4 Comparison of contents of 6 differential com-
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