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Simultaneous Determination of 22 Coumarins in Cosmetics by HPLC and Verification by Mass
Spectrometry

WANG Hongmei, ZHANG Yanhui, LI Linlin(Xiamen Institute for Food and Drug Control, Xiamen 361012, China)

ABSTRACT: OBJECTIVE To establish a method for the simultaneous determination of 22 coumarins in cosmetics by HPLC
and verification by LC-MS/MS. METHODS Agilent Eclipse XDB-Phenyl chromatographic column(150 mmx4.6 mm, 3.5 pm)
was used for gradient elution at a flow rate of 1.0 mL-min~! with acetonitrile-0.1% phosphoric acid as the mobile phases. The
column temperature was set at 35 °C. The wavelengths of detection were 227, 310 nm. The results of HPLC were used for
qualitative screening, the standard curve method was used for quantification, and the results of LC-MS/MS were used for
verification. RESULTS The linear ranges of the 22 coumarins were 0.1-10 mg-L!, and the correlation coefficients were >0.999 3.
The detection limits were 0.1-1.5 mg-kg™!. The average recoveriese were 91.4%—114.8% with RSDs of 0.1%—4.8% at low, medium
and high spiked levels. CONCLUSION The method is simple, accurate and suitable for the detection of 22 coumarins in creams,
lotions, powdery sample and essential oil cosmetics.
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Waters €2695 1= R (154X . 2998PDA 4l
(3 Waters 24 7)) ; QTRAP4500 Tk FHAL (36
ABSCIEX); Milli-Q i 4fi /K 4b # 2 4 (Millipore) ;
3K15 A E5 0HL(Sigma); IKA MS3 basic IR i
REMAIKA); TJ14r2Z— XS105DU 7K
(Mettler 23 F]).
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Tab. 1

k% R ZORBAX Eclipse XDB-
Phenyl {4i%HFE(150 mm»4.6 mm, 3.5 pm), i

Twenty-two reference substance information of
coumarin compounds

T2 R#|EEHLH. £F R, EREARH
Tab. 2 Name, manufacturer, batch number and expiration
date of 12 batches of the samples

iy 2 £ Fx e Eiin3 AR
1 PR ke i AICZS 2024-03-08
2 FELK AEWIEIMSE  Jtst 2TK003B  2023-11-21
3 EILI WAETE F#E 70651CCX 2023-12-23
4 ghZs HYRSBUEIRE TR 2019.0115 34
5 amE R Wit IR2049INT  2023-12-05
6 G WL #REr FXL290621A 2024-06-28
T OKFIZE BUERK +HH: DLO6 2025-01-12
8 KFIZE AIRFK fagk 2018.11.23  34F
9 UK SEPAURK ifF 01318229A  2023-03-27
10 ¥ BELHEEH JE# 9295D 2021-10-21
11 B2 2% 00 H4< SASIIB 2026-01-22
12 K% ke ol Wi TR2049INT  2023-12-05

i k& P 3 it 4t /%
1 8t EIRR KA Q4140010 98.4
2 KAFEMARTHE  FRSMEAF 9028 99.5
3 AMEE PESHEN 8435 99.9
4 THERFEER LRE)H] V8950010 98.7
5 CAESE PN Y 1240020 99.8
6 7T-HRFTE AccuStandard 26713 100.0
7 6-HEFEE rREASZEE 520003-201301  100.0

K 2 5 B
8 HEfEE hEE R 110739-201416 99.9

9 RahEpsE hEE G, 110738-201313  100.0
10 REAFER TRC /3] 5-KHI-39-2 96.0
11 g-H&EHAMTIER  LiAH N4320010 100.0
12 sHEEAMEIEZE hER RS 520036-201401 99.2
13 7-2%3L-4-H3%  CATO A #] 0525-RC-0017 99.2

HFOE

14 LTI &R PESHEA 9482 99.5

15 PiabS skl hEA RS 520052-201401 99.6
K B R FE B

16 =Mk dhEf G 520034-201401 99.2
K T e

17 s —SAWE hER RS 520053-201401 99.4
18 EEmE TR Toronto 73 7] 2-QL-97-1 99.95
19 BRRTIHE hER 2G5 110826-201214 99.5
20 4,6- " JE-8-4% CATO 4] 0625-RC-0047 94.8

TREGTH
21 RRKRTIHZE rhE 2G5 110827-201812 99.6
K B 5 BE
22 REFEGE Dr.Ehrenstorfer 148124 99.0
GmbH
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35°C, Wik 1.0 mL-min', PEFEE 20 uL, LIZJG
(A)-0.1% W 12 % WL (B) M Uik 2 AR, B Uk
(0~16 min, 25%A; 16~25min, 25%— 60%A ;
25~35min, 60%A; 35~38 min, 60%—90%A ;
38~39 min, 90%—25%A). Frlli K 227, 310 nm,
fie Bk g SRR IE , SR ER, K405
BIRCRRAE, A BRI =13, X E
UL 1,

2.1.2 JHiESMF  ZORBAX Eclipse XDB-Phenyl
gL (150 mmx4.6 mm, 3.5 pm); FishAHN 0.1%
HIR(A)-ZIECE 0.1%HR)(B); BRI -
0~20 min, 90%—10%A , 20~21 min, 10%—90%A ;
P : 0.5mL-min'; AR: 40 °C; #EAEE S uL;
B RIS E FIRESL ) AL, R
F WS B FIREEIS): 5500 V; BN
PIRE: 500 °C; WiZ<: A, 40 psi; AT
A, 20 psi; HEMAASA . AR, 40 psi; AfFfES:
AR, Medium; ADHE: 10V, HABFERE T
SRR 3,
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1 22 HEZHFMAEMREERAEKK 310 nm(A)Fn
227 nm(B) T # HPLC H

1-8- AT SR s 2K GAMTER; 3-HMHR; 4-7-HEEF
TE; -CAREER; T-HEFEER; T-6-HREFEE,; 8- K
i 9-AMEIRER; 10-REAFLER; 11-8-H AL BIER; 12-5-
HAFAMTIER s 13-7-28E-4-WEFLT R, 14-5LATHE,; 15-
T E RS R 16-=H YA 17-HNE IR A TR 18- RY
i 19-BKATHR ; 20-4,6- —HIHE-8-FF THEE R 21-FBATHE;
2-HETR.

Fig. 1 HPLC chromatogram of a mixture of 22 coumarins
at 310 nm(A) and 227 nm(B)

1-8-hydroxypsoralen; 2—oxypeucedaninhydrate; 3—byakangelicin; 4-7-
methoxycoumarin;  5—dihydrocoumarin;  6—7-methylcoumarin;  7-6-
methylcoumarin; 8—psoralen; 9—isopsoralen; 10—hexahydrocoumarin; 11-8-
methoxypsoralen; 12—5-methoxypsoralen; 13—7-ethoxy-4- methylcoumarin;
14—oxypeucedanin; 15-neobavaisoflavone; 16—trioxsalen; 17-bavachin;
18—acenocoumarol; 19—imperatorin; 20—4,6-dimethyl-8-tert-butylcoumarin;
21—isoimperatorin; 22—pyranocoumarin.
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2.3.1  JrERERMECR M ER R S
L “2.2.17 TR RO RS AR 1.0 mL, ¥
T 20mL &, MW EmBERZZE, 75, /i
PRV AN HET A28 VR o T 5 0 Rt 25 V0
P AR R, BC B BT Mk B 43512 0.1, 0.2, 0.3,
1.0, 2.0, 3.0, 5.0, 10.0 mg-L~" RFIEA IR
VSR . BRI 20 pL, % “2.17 WK Rk S
HERE, DIETHAR Y HAALAR, BTk X(mg- L)
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Tab.3 LC-MS/MS parameters of 22 coumarins

ZFE BB T(mliz)  TET(mlz) EWHRIEN REERE/V
1 203.2 175.0, “147.0 110, 100 41, 32
2 305.1  *203.1, 147.1 115, 115 30, 54
3 335.1 317.0, "233.0 110, 110 12, 20
4 177.0 1332, 121.1 75, 80 25, 30
5 149.0 "107.1, 65.0 72, 110 23, 34
6 161.0 *115.1, 105.1 80, 82 27, 30
7 161.0 1151, 105.1 80, 82 27, 30
8 186.9 "131.2, 115.0 90, 90 37, 30
9 186.9  *1312, 77.1 90, 100 35, 54
10 1532 *125.1, 810 80, 75 15, 31
11 216.9 202.1, “174.0 107, 110 29, 39
12 217.1 2021, 1740 107, 10130, 39 30, 39
13 204.9 *177.0, 105.0 90, 90 27, 38
14 287.1 "203.1, 147.1 103, 100 24, 47
15 3231 *266.9, 2550 100, 95 30, 30
16 228.9 "142.0, 173.0 130, 130 35, 31
17 325.2 *149.2, 269.0 105, 125 32, 24
18 354.1 162.9, *296.1 90, 90 27, 28
19 271.1 "203.0, 147.1 105, 102 19, 46
20 231.0 "215.1, 201.1 110, 110 42, 42
21 271.1 "203.0, 147.1 98, 98 19, 43
22 3232 "251.2, 173.0 85, 88 44, 43

TE: AT

Note: * meant quantitative ions.

B KRR WAk 4, 45RERM], KA WIAEE
2H01>0.999 3, Lt AR

232 AEENCE R BIPEES E 3 A B
AN R A TR 5 X B A A v, ) 8 R it v T
I 2, 25, 80 mg-kg™ UMK, L w34
AKE IR TS, B KE-EA Tl 6
22 M G Z I G YR T ISR ES R Lk 5,
233 BRI EFPES A B
B A 6T B B A W, A RE T R Y A
25 mg-kg ™" 1) HROKSEINAE [ SO T, SFA T R A 6 4
22 SRR AP RSD ¥1<3%, Z5REW
B EE M R

234 FUEMEIE  HUE A5 TR A 0 IR A A
W, 75 “2.17 WM aksf, 70, 4, 8, 24h
HERE 20 L, 0 SRIGETERY, -4153 0 RSD #1<3%,
ZEREN, 22 FEHE G RIBAXAIARAE 24h N
BRI E o
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T4 RHAFTIEERMAYNEHER. HEFE, EX
Tab. 4 Linear ranges, regression equations, coefficients of
correlation and concentration of detection of 22 coumarins

gy BEEW mgm gy MREEEE
mg-mL™! mg-kg™!
1 0.1~10 Y=30 674X+1 463 0.999 5 0.3
2 0.2~10 Y=27 865X+2 407 0.999 5 0.2
3 0.1~10 Y=18 132X+1 354 0.999 5 0.3
4 0.1~10 Y=38 086.X+1 888 0.999 6 0.3
5 0.4~10 Y=15 442X-576 0.999 7 1.0
6 0.1~10 Y=30 826X+751 0.999 4 0.3
7 0.1~10 Y=15 858X+497 0.999 4 0.4
8 0.1~10 Y=29 069X+1 119 0.999 5 0.3
9 0.1~10 Y=30439X+1 062 0.999 5 0.3
10 0.3~10 Y=7 590X-615 0.999 5 1.5
11 0.1~10 Y=31 905X+548 0.999 6 0.3
12 0.1~10 Y=41 153Xx+1 281 0.999 6 0.2
13 0.1~10 Y=40 705X+1 977 0.999 5 0.1
14 0.2~10 Y=13 320X+1 574 0.999 6 0.3
15 0.1~10 Y=17 356X+1 088 0.999 6 0.1
16 0.1~10 Y=24 826X+1 622 0.999 5 0.1
17 0.1~10 Y=10267X+672 0.999 5 0.2
18 0.1~10 Y=28 937Xx+1 828 0.999 5 0.1
19 0.1~10 Y=23 348X+1 402 0.999 5 0.1
20 0.2~10 Y=8 974X+554 0.999 6 0.5
21 0.1~10 Y=28 110X+1 646 0.999 6 0.3
22 0.1~10 Y=15 143X+1 253 ggggg 0.3

=5 2MEEFRMAWH wAEE K EF RSD(n=6)

Tab. 5 Results of recovery test and RSD of 22
coumarins(n=6) %
st P iR RSD
i H [ {iS ik i
1 99.5 101.3 108.4 1.1 0.3 0.1
2 100.3 100.3 108.6 0.9 1.2 0.5
3 93.0 100.0 108.7 32 0.8 0.1
4 99.9 100.8 108.3 0.9 0.6 0.3
5 96.6 91.4 97.5 0.8 2.2 0.7
6 92.4 100.4 107.6 2.0 0.6 0.3
7 107.7 99.9 107.6 2.0 0.6 0.3
8 107.0 99.8 107.7 0.7 0.3 0.6
9 103.4 100.6 108.2 3.0 0.4 0.3
10 94.0 91.4 99.4 33 3.1 0.6
11 114.8 100.6 108.6 1.3 0.8 0.5
12 107.6 101.2 108.7 3.1 0.6 0.3
13 102.2 100.8 108.2 2.3 0.5 0.7
14 102.2 101.9 108.8 0.8 0.3 0.2
15 107.1 104.2 109.1 4.8 2.0 0.6
16 104.0 101.8 108.5 2.3 2.3 0.5
17 105.0 103.2 108.5 0.8 1.6 0.4
18 103.3 102.8 108.4 0.7 1.0 0.8
19 102.5 101.6 108.7 0.5 0.3 0.9
20 99.7 101.3 108.2 0.3 0.5 0.3
21 102.6 101.5 108.7 0.6 0.2 0.3
22 101.3 101.9 108.7 1.2 0.4 0.2
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1 mg-kg™' B AHIHMAES, # “2.1.27 TR
AT TR TIE o QSR b (o I 1) £ R s ]
FIEIIME RS ] S AR PR i — 3K, Pt
F14) M T 5 - X P R X = B L 5 A X2 0 A VA TR
V1R B - AR 2 B2 L 4 O 225 A 8 1 B 235 R T
AHXT B B L) dee oK fe 22 2 e v L, DT A
JE AR i FPAEAE X L I S 1 o R 6

®6 2L2MHELFRULAWETIMEAILR RS

Tab. 6 Results of positive confirmation of 22 coumarins
Sty AREANE/min AR EEELE 1 ARG SRR L 2 FRVEARX R 2E /%

1 16.73 25 20 +25
2 11.32 28 26 +25
3 11.64 20 23 +25
4 12.41 38 42 +25
5 12.53 36 40 +25
6 13.10 57 56 +20
7 13.07 57 56 +20
8 13.31 64 55 +20
9 13.07 42 37 +25
10 12.50 21 24 +25
11 13.52 100 98 +20
12 14.17 51 59 +20
13 14.65 21 21 +25
14 15.26 37 34 +25
15 14.85 87 84 +20
16 16.10 98 98 +20
17 15.38 52 59 +20
18 15.97 94 96 +20
19 17.47 34 41 +25
20 17.51 25 19 +25
21 16.73 18 17 +30
22 18.38 22 20 +25

TE: MXTEEELL 1 22 ARG X BAER AR ERELE 2 9 A
PERER o

Note: Relative abundance ratio 1 refered to 22 mixed standard solutions;
relative abundance ratio 2 refered to self-made positive samples.
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(150 mmx4.6 mm, 3.5 pum) . CAPCELL PAK Cigs MG
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4.6mm , 5um) fil XBridge™ phenyl(150 mmx
4.6 mm, 5 um) 4 25354, HA ZORBAX Eclipse
XDB-Phenyl(150 mmx4.6 mm, 3.5 pum){i%k: G
22 FhiE G RBRU B AR IAEL R, HUCR
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3.4 PEPURIFR R
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B YAEP BEh A B R, 45 RE, D
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