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Establishment of UPLC Fingerprint and Effects of Antioxidant Related to Its Spectrum Study of Angelica

dahurica cv. Qibaizhi

DUAN Tianhua, XU Rongrong, LI Rui, ZHANG Zezhao, JIANG Xiaoya, LIU Siqi, LIU Chennan, WANG Xin-
guo” , FENG Wei " (Hebei Traditional Chinese Medicine Formula Granule Engineering and Technology Innovate Center, Quality E-

valuation and Standardization Hebet Province Engineering Research Center of Traditional Chinese Medicine, School of Pharmaceutical

Sciences, Hebei University of Chinese Medicine, Shijiazhuang 050091, China)

ABSTRACT: OBJECTIVE To establish UPLC fingerprint of Angelica dahurica cv. Qibaizhi, identify the compounds of common
peaks by UPLC-Q-TOF-MS technology, determine antioxidant activity of each batch and study the relationship between effects of antiox-
idant and spectrum of Angelica dahurica cv. Qibaizhi. METHODS  The fingerprint of 28 batches of Angelica dahurica cv. Qibaizhi
was established by the Similarity Evaluation System of TCM Chromatographic Fingerprint (2012 edition) , and the common peaks were
identified and evaluated for similarity, and the common peaks were analyzed by UPLC-Q-TOF-MS. The free radical scavenging rate of
1, 1-diphenyl-2-trinitrophenylhydrazine (DPPH) was used as antioxidant index to determine its antioxidant activity. Grey correlation
degree and partial least squares regression were used to analyze the spectral effect relationship between chemical constituents and
antioxidant activities of Angelica dahurica cv. Qibaizhi. RESULTS The fingerprints of 28 batches of Radix Angelica were estab-
lished, the similarity was 0. 910 —0. 997. By cluster analysis, the different processing methods can be divided into two categories; sul-
fur fumigation and sulphur-free. When the square Euclidean distance is 10, the sulphur-free Angelica dahurica cv. Qibaizhi can be fur-
ther divided into two categories, which is consistent with the classification of commodity specifications. A total of 13 common peaks
were identified. The common peaks were identified by comparison of standards and UPLC-Q-TOF-MS analysis as quinic acid, dihydroo-
roselol, oxypeucedanin hydrate, byakangelicin, xanthotoxin, bergapten, isopimpinellin, oxypeucedanin, imperatorin, phellopterin,
cnidilin, isoimperatorin and falcarinolone. By scavenging DPPH free radicals, it was found that 28 batches of Angelica dahurica cv.
Qibaizhi had antioxidant capacity. The spectral analysis results showed that the antioxidant capacity was positively related to quinic

acid, bergapten, oxypeucedanin, phellopterin, isoimperatorin and falcarinolone. CONCLUSION In this study, a quality evaluation
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Bl ( H2021423066 ) 3 K2 A= B R0 H %5 Bl (202214432020 ,202314432017 )
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model of Angelica dahurica cv. Qibaizhi based on chemical composition and activity is established, which provides a reference for elu-

cidating the antioxidant active ingredients and quality control in Angelica dahurica cv. Qibaizhi.

KEY WORDS: Angelica dahurica cv. Qibaizhi; UPLC-Q-TOF-MS; fingerprint; antioxidant; spectrum-effect relationship
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R1 BUAELEHM I FEE R
Tab. 1

Information of 28 batches of Angelica dahurica cv. Qibaizhi

Sample No. Collection time Processing method Specification grades

Sample No.

Collection time Processing method Specification grades

S1 2020-11 sulphur-free selected first
S2 2020-11 sulphur-free selected third
S3 2020-11 sulphur-free selected first
S4 2020-11 sulphur-free selected first
S5 2020-11 sulphur-free selected first
S6 2020-11 sulphur-free selected second
S7 2020-11 sulphur-free selected first
S8 2020-11 sulphur-free selected first
S9 2021-11 sulphur-free selected third
S10 2021-11 sulphur-free selected third
S11 2021-11 sulphur-free selected third
S12 2021-11 sulphur-free selected third
S13 2021-11 sulphur-free selected second
S14 2021-11 sulphur-free selected third

S15 2020-11 sulfur fumigation unified goods
S16 2020-11 sulfur fumigation unified goods
S17 2020-11 sulphur-free selected second
S18 2020-11 sulphur-free unified goods
S19 2020-11 sulphur-free selected second
S20 2021-11 sulphur-free selected second
S21 2021-11 sulphur-free selected second
S22 2021-11 sulphur-free selected first
S23 2021-11 sulphur-free selected first
S24 2021-11 sulphur-free selected second
S25 2021-11 sulphur-free unified goods
S26 2021-11 sulphur-free unified goods
S27 2021-11 sulphur-free selected first
S28 2021-11 sulphur-free selected third

TEINET73R - Jo, S RS 4 - BE0T— 4 ph 0 58 it =4 it

Note ; processing method — sulphur-free, sulfur fumigation; specification grades — selected first, selected second, selected third, unified goods.

2.1.2  XPRESIEWCHISE AR FRBUK A A
HIEAER Y IEER BT N R R T R AT
BAER BRHTEER 7 BT 2000 Bl A 6, in Y i
it , Tl GBI R % 0 R
v i A R T S, M P P R, ) B R R 3 il
68.72, 26.71, 15.80. 5.18, 164.25, 129.41,
54.13 pg - mL ™" EIR A X R AL AT
2.1.3 s AR (i3 60 H
7#)2.0 g, KRR, B 50 mL #EIEM A, A 20 mL
TRFRAR B T0% 1 WY e, 3 o, 75 A0 3 (T %
250 W, 55i% 40 kHz)75 min, & 2 %0, TR &R
i, RT3 70% R BERh 2 0k 1 o, 4320,
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2 (RSD)H0.01% ~0.91% ,FHXT U AR RSD 43
Bk 0.65% . 2.17% . 0.84% . 1.44% . 0.93% .
1.01% .0.84% .0.58% .0.16% .0.31% . 1.45% .
1.26% ,B/NT 2. 17% R % B R AT
222 #wEMRE BSOS EHIERK, #%
“2. 137 WUR Jy P AT A A W 6y, 4%
“2. L1 IUR S S, L9 S0 (RRATEH )
2 R THEA A I (Y AR G OR B BT[] Y RSD
0.01% ~ 0.13% , #1 X} W% [ B f RSD 4% 51 K
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0.60% .2.53% .0.45% . 1.42% . 1.39% . 0.98% .
0.92% .0.54% .0.41% .1.01% .0.51% 3.00% , 3
/NT3.0% ,KUHZ T EE ER L.
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0.25% 2.66% ,¥1/NF 2.70% , 30 24 h AR &
IR TR E o
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XT HRFE BB | 38 11 22 ARG IE X Mark {835 0% 47
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P10 24 b8 JBT B 5 T 5K, R B ot AL S A
2 F o AL, B R . HebRE 13 M3 E
U, ULIEL 1, % BEAE SCEIE LI 2A TR A R R
W ILIE 2B,

HhE 227705 2024 4E 5 55 59 5 10 4



R2 28 MAL L GG AT NER
Tab.2 Similarity evaluation results of 28 batches of Angelica
dahurica cv. Qibaizhi

Sample No. Similarity Sample No. Similarity
S1 0.989 S15 0.913
S2 0. 994 S16 0.910
S3 0. 986 S17 0.993
sS4 0.978 S18 0.993
S5 0.990 S19 0.997
S6 0.997 S20 0.976
S7 0. 966 S21 0. 990
S8 0.988 S22 0.973
S9 0.995 S23 0.974
S10 0. 963 S24 0.997
S11 0.976 S25 0.969
S12 0.988 S26 0.985
S13 0.994 S27 0. 996
S14 0.988 S28 0. 986
8
()IO
2 34 5 67 13
Praseen, N, Vo —— - - e S28
B E L UEERCUEEES
0 10 20 30 40 50 60

7/ min
3 - KBAMETIIE 34 - 1 HIAF 56 - O T ES;7 - ST B8 - ik
BB 9 - WRHTHI S 512 - SRART I 2%
3 — oxypeucedanin hydrate; 4 — byakangelicin; 6 — bergapten; 7 — isopimpinellin;
8 — oxypeucedanin; 9 — imperatorin; 12 — isoimperatorin.
B 1 28 #AR | A & i A SO & i (UPLC) 45 20 i
Fig.1 UPLC fingerprints of 28 batches of Angelica dahurica
cv. Qibaizhi
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1/ min

8

©

3

12
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l o |
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1/ min

3 - K BRI 34 - 24HER 6 - Hh T NES;7 - S miT AR 8 - Afk
AT 459 - BRTTHA S 5 12 — SRRTTHI

3 ~ oxypeucedanin hydrate; 4 — byakangelicin; 6 — bergapten; 7  isopimpinellin;
8 — oxypeucedanin; 9 — imperatorin; 12 — isoimperatorin.

2 £ @i UPLC 3t M 45 503 (A) BOR & % B & UPLC
K (B)

Fig.2 UPLC chromatograms of control fingerprint of Angelica

dahurica cv. Qibaizhi (A) and mixed reference substances(B)
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S16 A —2, HAUHL IR Ky 73—, Hrp SIS
S16 Yo AR AR F1 1, SAHRUE 45 R/ — 5, 72 V-Ir
MRECIREES g 10 1), 28 4t 1 AF i 3R O = K2k, S15
1 S16 B h—2%,S1.,S3 ~S8,S13,517,S19 ~ S24 |
S27 TN s AR R N5 =25, Hrp 5
Ferpide 8 (SR ALHTHA 2R ) AT AR o 3 ﬁ“’iuﬁ*
35% L b, 5 =2 b 8(%1’%%@3%)9@@&5/\
A ISR 35% LLT, R B 8 (AL ETE R ) 1Y
WA TR AR o Bl 2 X6 A0 L ) Jo i e IRC TE , 28 At AR
FIE PSR B R B LI 3
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S13
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s21
S17
7
” $20
S22
$3
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[T

S14 —
S28
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S2
S9
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B3 28 #u4h g ARy RE D E
Fig. 3 Cluster analysis diagram of 28 batches of Angelica dahu-

rica cv. Qibaizhi
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TEM.500 °C ;DP; —80 V;CE.: —45 e¢V;Gas 1 \Gas 2,
Cur 435124 :0. 34 .0. 38 ,0. 24 MPa; H.4x & B} [a] 45 5
Hlml E B AR — 2

2.5.2 SAENE &2 137 s R
“2 11" IUR A AN <2.5. 17 R a3l 4k T
AR I 5 T L 3l 3 R ] Peak View
1.2 B XIC Manager” ZREBEAT Bcdha 7o AT , i 1L
FEX R B AR RS 3 00 FVRRAE B 7 8 7, %85 AR
6 S0 B 3 b oA e i g 4 S IR LR 3,

RI MEaERFENER

FI T B B 2E 0 A R S, g e 1) Jo i 4
A LA 8 CAAALETIAZR) ), 7 IE B R, HivfE
S FE TN m/z 287.09156 [ M + H ,ﬁ%ﬁaﬁ%ﬁﬁ:
NS R CsHO SR AE B B 5 &
287.09156[M + H — C, H, O] * % i &+, izﬂ*%%
CO, 1 CO, A= Jii 85 F m/z 159[ M + H - C;H O -
CO, ] *HMm/z131[M +H - C;H,0 — CO, - CO ", #
P28 Ty =R OGT Bt LX), HE T 8 S S AL T 2R
Ho g Fus st L 457

) m/z

Tab.3 Identification of common peaks of Angelica dahurica cv. Qibaizhi
Peak F 1 Molecular ~ Observe 8 Predicted MS/MS fragments Ref
£ clerences
No. oo peak mass(m/z)/ x10=%  compounds (m/z) elerences
1 CH1p06 [M-H] - 191.05597 -0.8 Quinic acid 173[M -H -H,0] ~;127[M -H - H,0 - CO, -2H] - [14]
2 CyHuO04 [M+H]* 247.0964 0.4 Dihydrooroselol 175[M +H - H,0 - C4;Hg] *;147[M + H - H,0 - C4Hg — CO] *;131[M + H - H,0 - [15]
CH, -C,yH, -2C0 ]+
30 CieHigOg [M+H]* 305.10221 0.8 Oxypeucedanin hydrate 203[ M +H - CsH;0,] * [15]
4D CpHgO; [M+H]* 33511246 —0.2 Byakangelicin 233[M +H - CsH g0, ] *;231[ M + H = CsH g0, —2H] * 215[ M + H - CsH g0, ~H,0] * [16]
5 CppHgOy [M+H]* 217.049 75 1 Xanthotoxin 161[M +H -CO - C,H,] *;145[M +H-CO -C,H, -0] * [15]
6" CpHgOy [M+H]* 217.04972 0.9 Bergapten 145[M +H - C,H, - CO,] * [15]
7Y CpHgOs [M+H]* 247.060027 0.7 Isopimpinellin 217[M +H-CO -2H] * [15]
8l CiHiuOs [M+H]* 287.09156 0.6 Oxypeucedanin 203[M +H - CsHgO] *;159[ M + H - CsHgO - CO,] *;131[M + H - CsHgO - CO, - CO] * [13,17]
9 CigH1yO4 [M+H]* 271.09679 1.1 Imperatorin 203[M +H - CsHg] *;185[M +H - CsHg - H,0] * [17]
10 CiHOs [M+H]* 301.1073 0.8 Phellopterin 233[M +H - CsHg ] *;217[M +H - CsHg —0] *;215[ M + H - CsHg ~H,0] * [15,17]
11 Ci7Hi0s [M+H] * 301.10741 1.2  Cnidilin 233[M +H - CsHg] *;217[M +H - CsHg - O] * [17]
12D CigHpO4 [M+H]* 271.096 74 0.9  Isoimperatorin 203[M +H -CsHg] * [15,17]
13 CpHuO [M+H]* 24317411 -1 Falcarinolone 171[M +H - CsHy] *5115[M + H - CsH;, - C3H,0] *;91[ M + H - CsH,, - C3H,0 - [18]
CHyJ*
T 1 X B A SR AL
Note ;! the chemical component identified by reference substance.
A
203.0357
59.049 4 147.043 8
_D
OH
o m/z 203
mz *_CO2
91.054 1 131.0489 | 159,043 8 "Ly
85.0649 | 119.048 7 : 0
| i i ‘ 175.038 4 202.0256 287.001 _O> 1& MO /
! 1 | | s

T T T T
60 80 100 120 140 160 180 200 220 240
m/z

B4 AR R (A) R AELR(B)

‘
280 OH
mz 131 m/z 159

Fig.4 MS spectra( A) and fragmentation pathways of oxypeucedanin(B)
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HRELE DPPH H i 3E35 BRI KT 50% , H. S15 A
S16 73 B WKLy S17 F1 S18 i T/ 2 i 45, ¥ £ 0L
RUIAR B2 S BT A AR

DPPH radical clearance rate/%
P
=]
1

Fig. 5 Resulis of DPPH scavenging rate of 28 batches of Angel-

ica dahurica cv. Qibaizhi. n=3,x £

2.7 REXRBEMN

S Li % R (0 IR 43 W 7 1 ok B B
PEHEAT JC RGP AE B, SR I RIME v , DA IR F
25 bF UPLC 45 50 336 A7 e e i BUORCHE O EL AT
FI, HL R AL MO 2 % 7 8, 3 BOR 6k B
AR(r) o

I r AT E TR L AR S B S PR
ETEZ IR o r MO, A2l S P AL
YRR SRR, S 2 W27 S IR

RIRFETF R4S R IR 4, ORI BESS R m] T, 41
FEDT AR 52 2B or S R, 25 08 B A3
AP B o AT A 308 P 11 2 T e JEE A o X1
o 8 S (A AL HTHI R ) MR Rk, TS 5 U
(AEAREE ) XHPUAAL T PR SRR/

R4 MaEAFAELFAME B RS XERE
Tab.4 Relevancy between each common peak and antioxidant

effect of Angelica dahurica cv. Qibaizhi
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1 0. 879 10 8 0. 968 1
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6 0.909 7 13 0.956 4
7 0. 861 11
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