© 1242« F8 B 2026528 $57% B4 Chinese Traditional and Herbal Drugs 2026 February Vol. 57 No. 4

LI SRR LC-MS/MS 5341 K 53 F XHE R AR A §R b ik

R, FIHF 23, BT AFES, 3 45 ek L”
1. BRPGHERZIRY: I FGIE O, BRI RPH 712046

2. dERREZ P, JER 100191

3. R TTAHMX TAEMBER AL, VM B¢ 850100

4. TEfETEZVARAR, v H+ 030600

5. I EEEST B EEAEBE, LPE KR 030006

W E: B OIS AT A B BT B R oy T B R R SR A SR P I BUR Y . iR B RO
% - TR AT A TR 0 0 2 HE RS HR  (high performance liquid chromatography-ion trap-time-of-flight high resolution mass
spectrometry, HPLC-IT-TOF-MS) %58 L ALiE SR P b i 5y, B 4 T b e R gk — 30 0 PR U e o ik AT 0 ik« 255R
MAACE SR LA H 40 MG, Hob 26 MEEEBRETREY. 8 METRWEY. 3 MEMBRN AW 3 A K
AN, A HAEYIITE S TR EE . B &9 55 A iiE A8 E (human serum albumin, HSA). Mas AH
K G EAMBLSZA X2 (Mas-related G protein-coupled receptor X2, MRGPRX2). Ras [RJJRFEF KA 7 A (Ras homolog gene
family member A) 558 HHHAT 0 T, Hi 5 HAS & HIEY 6 4, 5 MRGPRX2 &5 WEMH 9 >, RIMAALHE
W B FE N 6- R L BB RN EM MR BN A . &L B TH-FEH 50 T X A4 & it BUR
ik i, MATEESHR S 40 MEUED, W 6725 L B A A R &Y B eI BUR, A e S i
JR g ade S HL ULt Fe Rt | B S AR .

KRR ZLAETEST: D BUR: LC-MS/MS; 7t AMEHEE: Mas M8 G S EABSZAK X2 Ras [RIUE R SR
RA; 6-FREI BN 416

FESHES: R284.1 NHRFRERE: A NEHS: 0253 - 2670(2026)04 - 1242 - 09

DOI: 10.7501/j.issn.0253-2670.2026.04.005

Allergen screening using LC-MS/MS analysis and molecular docking technology
for Safflower Injection

ZHAO Yanru!, LEI Xinyu?*, DUAN Chenping*, QIN Xiujun®, SUN Ge®, CHEN Shizhong'-?

1. Collaborative Innovation Center for Industrialization of Chinese Medicinal Resources, Shaanxi University of Chinese Medicine,
Xianyang 712046, China

2. Peking University School of Pharmacy, Beijing 100191, China

3. Health Commission of Dazi District, Lhasa City, Lhasa 850100, China

4. Shanxi Deyuantang Pharmaceutical Co., Ltd., Jinzhong 030600, China

5. China Institute of Radiation Protection, Taiyuan 030006, China

Abstract: Objective Chemical composition analysis of Carthamus tinctorius injection and screening of allergenic components using
molecular docking technology. Methods High performance liquid chromatography-ion trap-time-of-flight high resolution mass
spectrometry (HPLC-IT-TOF-MS) was used to identify the chemical constituents of Safflower Injection, and molecular docking

technology was used to further screen potential allergens.Results A total of 40 compounds were identified from the Carthamus
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tinctorius injection, including 26 chalcone C-glycosides, eight flavonoids, three alkaloids, and three other types of compounds. All

compounds were identified in negative ion mode. These compounds were linked to human serum albumin (HSA), Mas-related G

protein-coupled receptor X2 (MRGPRX2) and Ras homolog gene family member A (RhoA), among which six compounds docked

with HAS and nine compounds docked with MRGPRX2. It was found that 6-hydroxykaempferol compounds and safflower quinone

compounds were the main allergic components in safflower injection. Conclusion A method for allergen screening combining liquid

chromatography-mass spectrometry and molecular docking was established. A total of 40 compounds were identified from Safflower

Injection, and 6-hydroxykaempferols and safflower quinones were identified as potential allergens. This study provides important

reference and data for allergen screening and sensitization mechanism research of Safflower Injection.

Key words: Safflower Injection; allergen; LC-MS/MS; molecular docking; human serum albumin; Mas-related G protein-coupled

receptor X2; Ras homolog gene family member A ; 6-hydroxykaempferol; safflower quinone
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% Chigh performance liquid chromatography-ion trap-
time-of-flight high resolution mass spectrometry, HPLC-
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TR BE BRI 2% A ESI-IT-TOF i i 3 41 1k »
LabSolutions LCMS #4t:. F£2 Rl Arium611 B8
afi KA CElg AFRPEAER AR A7), AUWI120D
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HEFEARAN 10 uLo JRB0HH A N 0.1%H BRZAKIE, it
A B NCHE, BHEETNL, BT WK 1.
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Table 1 Gradient elution conditions

t/min B A% BN B/%
0 99 1
12 98 2
60 94 6
75 92 8
150 80 20
180 60 40
200 0 100
210 5 95
220 5 95

232 FUEEM WIFHIE 17KV, E. AR
K FHAT 2, MS! FS B R RETERH m/z
200.00~1 100.00, &1 FAANFE] 30 ms; MS? BT i
T4 P K 36l m/z 100.00~900.00, 51 SRR 30
ms, CID it 70%; MS3 JRi%HEH KAELHE m/z
50.00~800.00, &1 2 AR A] 10 ms, CID BE& 50%.
2.4 HIRACIBMLEYERET
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MBI ER SciFinder $H 5 45 e HAL L5
2.5 FEFREE BEEMDRVIRBRANTRAL TR

16 B 0 J5 R0 268 0 B R B L HAE BE 1 HSA
(PDB No. 4Z69). MRGPRX2 (PDB No.7VV5).
RhoA (PDB No.1A2B), i#it PDB &) ¥k %
Chttp://www.resb.org) T # EREHMEE &Y
PDB 3(fF, XL LK IR TN Maestro FAFH,
WU AR SR AT A, *N SRR MEE, W
AR A IE A, MIBRES oKy T, BRJETE
OPLS3 7137 F it AT R /M.
2.6 BEILBEMD FRIIE
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BSH NG TR OLEE (n, ny, n)=(6.24,
11.24,-4.88), X[ & 111K <2nm; MRGPRX2 X}
WS HONN S T PO (1 ny, n)=(91.05,
94.5,76.48), MG UK <20nm; RhoA X2
BOARH L G T DA RR (1, 1y, 1) =(15.37, 28.24,
30.33), WG TIHEK<20 nm.
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WOHFE T FERBE AT, BRI HPLC
AL AL TR E A 1. VBRI R A
880 Mg, fRATHY 40 MEAW, Hr 26 NEHFKR
HRIAD. 8 NMEEMEY). 3 MEVIEA
WA 3 A HABSA AP A SR B I R] . HPLC-
MS® Edfs W3 2, MR E S I 2, J
W, RV SRR S SR TR

32 HFFiEER
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B
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B 1 4I7%F51% HPLC BiEE (254 nm, A) MRIELETFRE (1E2FER, B)
Fig. 1 HPLC fingerprint (254 nm, A) and total ion chromatogram (negative ion mode, B) of Safflower Injection
Fz2 dRFHRPHEYN HPLC-MS® ik FR4iE
Table 2 HPLC-MS" mass spectrometric characterization of compounds in Safflower Injection
B tmin 4 A i SRR ET
5l RIMI N T X — R
bl Sl o
1 15875  6-hydroxykaempferol-3-O-B-D-glucoside” CaaH2012 464.095 5 464.095 6° 299.048 6
2 16248 3-hydroxy-safflomin A [Fl7 Sk CoHz015 6281639 62816420 343.0680,325.054 5
3 19968  L-phenylalanine, N-(1-deoxy-D-glucitol-1-ylidene) CisHaNOy 3211318 321.173 0 308.1157,164.074 5, 147.049 6
4 0702 35 CRE-6-HEARHEEYS-C-CHERT CasHuOs6 626.184 7 6261485 5050798, 355.045 7, 297.047 2
5 BB O-AEYA-ZERTERS-CHEREH CaHaOn 436.1369 4360993  417.0817,315.051 1, 297.030 4, 245,045 5
6 26.847 3-hydroxy-2'-methyl safflomin A CasH34016 626.184 7 626.149 42 505.094 8, 435.093 2, 417.082 7
7 28137 3-hydroxy-safflomin A [F7) A CoHz0p 628.1639 62816412 5071195, 343.068 9, 325.055 6
8 28.585 3-hydroxy-safflor yellow A CarH30015 610.153 4 610.111 12 489.103 1,471,125 3, 339.053 2,
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9 28678  2-dihydro-3-hydroxy-safflor yellow A CoHxOw 6121690 6121696 491116 0,473.100 4, 311.048 0

10 32503 saffloquinoside D CoHzOw 6121690 6121698 491115 8, 473,109 0, 455.101 8, 341.065 2,
3230593

11 33665  3-hydroxy-saffloguinoside D CoHzOr 6281639  628.1659% 481115 1, 463.102 9, 361076 4, 343.067 8,
2230251

12 B9 REAEEORARSFWE CoHpOis 6121690 6121699  491.1168,473.109 9, 341.0730, 325.074 5

13 38782 3-allyl-5-O-arahinose-safflor yellow A CxHuOw 6381847  638.1590°  505.097 1, 461.114 2, 341.055 6, 271.062 9,
2430557

14 41660  4-O-p-glucopyranosyl-cis-coumaric acid CisHisOs 3261002 326.1005°  325.0955,163.0413,119.050 4

15 42818 3-hydroxy-3"(2-amino) vinylalcohol safflor yellow A CaHzNOi 5231326 5231315  505.100 1, 461.108 1, 341056 4, 315.052 2,
297.0403,271.059 7

16 43192 3BEREAEBERA CoHzOr 6281639 6281658 5071195, 343.068 9, 325.055 6

17 3267 RELEEOEEEN-6-0 HERERREF CxHu0z 7882011 788.2019°  611.1624,491.1171,323.000 0

18 44557 BAIEGREAE-6-0 M CxHuOn 7742219 7742236 653.174 2, 487.123 7, 445113 8, 325.071 0,
283.063 7

19 48810 REAMEEREENE-6-0 WEMBRTR FH ik CaHaOz 7882011 788201%% 6111624 4911171
20 50062  3-(1-(57-dimethylquinolin-6-yl)prop-vinylalcohol)safflor CxHauNOis 6611795 6611787%  505.097 4,461.108 1
yellow-5"-C-glucuronide

21 53205  dihydrocinnacasside CisHao0g 3281158 3281158  165.0589,121.0714

22 57723 3hydroxy- safflomin A [F15 Kk CaHzOn 6281639 628.1641*  507.195,303.0752

B 8152 AEAREGEEEE-6-0 HEET S RO CxHuOn 7742219 T742236°  491.1176,473.100 4, 325.069 2

24 BLEE3  GER CisH150s 3540951 3540963  191.0585,173.0476, 134.0422

B 6050 3BE-BEATEOEAFSFWE CaHzOn 6281639 628.1641°  437.108 4,419.096 7, 299.057 5, 179.002 4
26 64295  WUERR-4-O-R AR CisHe0s 3261002 3261003  163.0422,119.054 4

2 6660 ME-3-HER-34- A HEE CasHis0s 4380951 4381156° 2990494, 269.048 8, 179.001 2, 153.017 3
8 671902 6 F-35,7-0- = HA R CaHuoOz3 8041960 804.1953*  641.1349,479.0815,461.0675,317.032 1
29 218 REABEAEA CaHz016 6121690 6121703 4911168, 455.098 3, 323,056 9, 283.060 0
30 78332 6-BEIIER-36-0- A E--0- A A BRI CasHa0z 802.1804 8021809  625.1418,463.0873,301.0352, 271.019 1
31 80.312  6-hydroxykaempferol-3,6,7-tri-O-glucoside™ CxHu02 7882011 7882009  625.1400,463.087 0,301,035 5, 255.025 4
2 808 KAEEET CioHz0s 386.1941 386.1916"  385.1880,223.1336,205.1238, 153.095 4
B 817 6-REINERM-30-EHF-T-0-H A RBR T CxHz02 786.1855 7861838  301.0354,463.087 0, 609.145 5

3 8843 AFEBEAUEBEA CoHz015 5061741 596.1742%  385.0947,355.082 7

B 9448 Ak CoxHuOr 4801268 4801282  317.069.0,299.0525, 274,049 4, 168.008 3
36 97.282  deglucosyl hydroxysaflor yellow A CaHz011 450.1162 4501149 350073 5, 329.068 0, 301.070 0, 223.025 1,

195030 3,167.040 6
3 B3R 6-REILER-6-0-6-L WA H f)-7-0-(6-LBAREfE)-  CaHecOn 8742379 8742017*  829.209 8, 667.151 6 ,625.143 1, 463.094 7,

3-0- M E Y 301,032 6
3B 112038 6-FRFILER-3-EEE-6-H A CaHaoOz1 7722062 772.2058*  609.146 8, 463.089 9, 301.035 0
39 128990 BUKAAEHEZ B RME CaHsO5  1044.2747 104427528 863.208 9, 593.150 5,449.107 3
40 136768 MUKAJEREZR B RIGK CHs:O  1044.2747 1044.2748*  863.209 2,593.152 1, 449.109 5

L AR BT A s a[M—H], b-[M+COOT, ¢-[M+HCOOT .
“after comparison with corresponding reference standards; a-[M—H]", b-{]M+COO ], c-(M+HCOO 7] .
WA —ME ARSI R 2, HEE  B2AWREGUR. AR 3 PaliEH, (e 1~
BV AGFRAFIARLIURN, T EMEE 6 KNG KT NEIIR, KWENS
HERESRAN, TRRAEPUR, NSRBI,  HSA KEiaae s T T2y, 58U R 1EH
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Fig. 2 Structural analysis of selected compounds isolated from Safflower Injection

®3 AEESHRTHAYS HSA SHEER LR
Table 3 Docking results and binding sites of compounds in Safflower Injection with HSA

E: g 2achey=) M ecation
F5 EMBRR s (kcal mol ) AR LA iy o
1 6-%3E1L 2 ) -6-0-(6- 2. B & kH)-7- -14.001 -77.576  Glul53, GIn196, Arg218, Arg257,
O-(6- LB H: 41 4 4)-3-O-H] & B 1F Glu292
2 6-FHINAE-3,6-0- M & HE-7-0-%  —13.649 -59.308  Glu153, GIn196, Arg218, Arg257, Lys199  Lys199
B R L Ser287, Glu292
3 6-FREEEm-3- A6 A -12.792 -49.993  Tyr148, Glu153, GIn196, Lys199,
Cys245, Arg257, Ala291
4 6-FRIEIIZEW-3,6,7-0- = A HEF -12.485 —44.134  Glul153, Arg218, Hid242, Arg257,
Hid288, Glu292
5 saffloquinoside D -12.202 —64.767  Glul53, GIn196, Hid242, Arg257, Lys199 Arg257
Hid2s8
KA -9.031 —45.038  Glul53, Lys199, Arg257, Ser287
7 AR -7.900 -34.038  Arg2s7 Arg257

Mg, XEFNXENEWRGR T 5NEGFRA  MARKREY) £ FEEEMEY, NEdfh
R SE A Arg257 A, 38 A IS A5 P SR R U, 1T LR T AR OR 4 B 2 1 1) 52 A4
teln: 6-F22E 1L 25 3-6-0-(6- LB A HE)-7-0-(6- 4.8 (In G & FARIZ AR, (i 4 i Bt ks, Rl 2 i -
B ER3-O- M A M 6-2EILEMm-3,6-0-— HASBERENR, 5 RBOUTBIIR N, &8N
A RE-7-O- PRI T S SR T HS A A MREBUR. WK 4 paflLEH, EW 1~9 1)
Arg257 #b, IBF Glul53. GInl96. Arg218. Glu292 X} #54 HWK T RHPEZG C48/80, X B
LA MRGPRX2 256 R 13558 T BAPEZ, 5l fux
322 AEFESEFHAY)S MRGPRX2 4 NAMEAHSHER. XEEAXILMUCENR TS
ROAAEES T 40 MMEL-EYH MRGPRX2 & C48/80 A MIFIZE AL i Aspl184 BY Leu247 4, ik
150 F 0 32 45 R R A LR 4. A HAB R S5 A5 . Eetn: 6-F83E 11 2513-3,6,7-0-=

C48/80 (N-FHIENHAMR O S A&k M GINEE N 6-F2 Hu i 32-3,6,7-O- =il & BE H 554k
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F4 dEFFHEPUEDS MRGPRX2 IHEERFINLS
Table 4 Docking results and binding sites of compounds in Safflower Injection with MRGPRX2
o X MEL G HFME  n-Cation naifiE
e e B eamory PR e em e
1 6-FAHINER-3,6,7-0-=H & -12.780 -84.760  Cys168, Gly169, Trp243
Aspl84, Leu247,
Ser253
2 6-FREM R F-3,6,7-0- =R A T -12.327 -76.276  Cys168, Gly169,
Aspl84, Leu247,
Ser253, Asp254
3 6-FAhilIZm-3,6-0- i & fE-7-0- -10.879 -67.452  Ser103, Leu164,
i R Cys168, Gly169
Trp243, Leu247
4 -TERBANHEOEA -10.827 —63.371  Cysl68, Aspl84
Trp243, Leu247
5 kgt EB -9.570 -51.057  Leu22, Phel01, Trp248
Aspl84, Leu247,
Ser253, Asp254
6 REAEHEORA -9.148 -65.646  Cys168, Leu247,
Lys251
7 IREAREERA -8.850 -63.623  Leu22, Cysl68, Trp243
Aspl84
8  saffloquinoside D -8.649 -55.931 Cys168, Asp184, Leu247
Leu247, Lys251
9 6-FRARILIAEM-3-O-H H -8.537 -70.566  Cys168, Asp184, Trp248
Leu247, Ser253
10 C48/80" -7.593 -97.063  Aspl84,Leu247  Glul64, Asp184, Trp243,  Phel70
Asp254 Trp248
BV T AL GAL Aspl84 B Leu247 b, FH S5-I H @R -WACBEEREE (GSP), KMHY
Cys168. Glyl69. Ser253 4541 £ RhoA HIZ5 & RE 98 TRAMEZ . 6-F2dE 1L 25 -3,6,7-

323 AGESTETEDS RhoA X4 40
TSR 40 MEEYS RhoA B A5 FriHess
B RSB P A LR S

RhoA tH &t B silgumitk « —, 7ESCHk
A H RhoA Ht AT 20T S5 ik . 7E A 70,
CLACTESHE T 40 A EL o A 6-F2 0k 1L 25 19-3,6,7-
Z-O-HE M S RhoA X130 T FHMEXT R 24

AN E=

SEA

—-O-FEPEFH 5 RhoA W45 &AL AL GSP 2>, (H
GG R, REBERSI RS
4 e

AWK HPLC-IT-TOF X240 4¢ 5 h ik
LRI HEAT T T, W T 40 MEEY, Hip
26 NEHEBERNEY), 8 MEEFIMEY, 3
AEPIIRA SN 3 AN HAWRI G . BB S

x5 AESHRTULEYS RhoA SRR
Table 5 Docking results and binding sites of compounds in Safflower Injection with RhoA
W SR ERE EMFME n-Cation - AE

2= TRLUEA S ’ ST
F5 Ay B M5 (keal mol) SUBEAR HAE e Jrages jragee

1 6-F2 1L & 3-3,6,7-0- = -17.736 —62.92  Vall4, Asp87, Asp120, Lys118

HEIFETY Thr127
2 GSP —15.146 —119.96  Alal5, Cys16, Glyl7, Lys18 Lys118 Phe30

Thrl9, Cys20, Thr37,
Gly62, Asp120,
Alal6l, Lys162
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E W 40 MEEW N S S B E HSA.
MRGPRX2. RhoA HHT7F X452, Hrh, 4 hliik
W 6-FR I 1L 25y -6-0-(6- 2 T 76 %) 9% )-7-0-(6- 2. 183
TR EHE-3-0-H B WL L 6-F 311 Z5)-3,6-0- 4
EIWE-T-O- R R WEREBRTY  6- 238 1L 2519325 i -6-
BIAFETTSE 6 5 HSA 454551 7 ELBH T 25 WA
ISERIRIIAL B s TRk 6-F8 3k 1L 25/)-3,6,7-=-O-
IR 6-FR MY 2-3,6,7-—-O-FI & FE T« 6-
FRHE L 229 -3,6-O- —Hi E FE-7-O- i G FERERR 1 6-
PR AW -3-0-F EFEHSE 9 5 MRGPRX2 45
B350 7 ELBH T 245 C48/C80 R [ Ak A4 LA K i ik
1 15 RhoA 45636 M1 ELFHM: 245 GSP stk &4
(6-F2FE 1L 253-3,6,7-—-O- A FEH) . 75 DL L4518
KN, 6- LM R EYINIX 3 M A
BORIMEEEIETE, NG TIOE, JEHR B E
BT A RIS SR KA, AR E 2 A EE SRR )
EYEICY i
RBFR FHGEHFAREEFGF R
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