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Determination of 22 organic ultraviolet absorbers in human
serum by ultra performance liquid chromatography-
tandem mass spectrometry
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Abstract: In this study, a method for the simultaneous determination of 22 organic ultraviolet
absorbers (OUVs) in human serum was established by combining protein precipitation technology
(PPT), efficiency lipid removal technology (ELR) and ultra performance liquid chromatography-
tandem mass spectrometry (UPLC-MS/MS). The OUVs include five benzophenone compounds, five
benzotriazole compounds, two cinnamate ester compounds and their three metabolites, two sa-
licylate compounds, two camphor derivative compounds, one triazine compound, one dibenzo-

ylmethane compound and one amino aminobenzoic acid derivative compound. Chromatography was
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performed using an Acquity BEH C,; column (100 mmx2.1 mm, 1.7 um), gradient elution was
carried out using methanol-water and methanol-0.1% ammonia water as the mobile phases. Com-
pounds were detected in both positive and negative electrospray ionization (ESI'/ESI") modes using
multiple reaction monitoring (MRM ), and quantified using stable-isotope internal standards. The
experimental results showed that the 22 target compounds exhibited good linear relationships within
their respective linear ranges, with the correlation coefficients (7)>0.999 3. The method detection
limits (MDLs) ranged from 0.02 to 0.48 ng/mL, and the method quantification limits (MQLs) ranged
from 0.02 to 1.60 ng/mL. At the three spiked levels of low, medium and high, the spiked recoveries
of the 22 target analytes ranged from 79.9% to 136.1%, the intra-day precisions were from 1.5% to
25.4%, and the inter-day precisions were from 0.6% to 23.5%. After correction by the stable-isotope
internal standard method, the matrix effects of the 22 target analytes in fetal bovine serum were
83.0%-119.9%. The developed method was successfully used to detect 22 OUVs in 110 human serum
samples. With the exception of 3-benzylidene camphor (3-BC), 2-(2H-benzotriazol-2-yl)-4-methyl-
6- (2-propenyl) phenol (UV-9) , 4-methylbenzylidene camphor (4-MBC) , 2, 2’ -dihydroxy-4-me-
thoxybenzophenone (BP-8), and 2,4-dihydroxybenzophenone (BP-1), which were not detected,
the remaining 17 substances were detected with overall detection rates of 0.9%-65.5% and the detection
levels were <MQL-11.7 ng/mL. The developed analytical method is simple, convenient, highly
sensitive, and is expected to become an effective tool for quantifying 22 OUVs in human serum.

Key words: ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/
MS) ; organic ultraviolet absorbents (OUVs) ; serum; protein precipitation technology (PPT) ;

efficiency lipid removal technology (ELR); human biomonitoring
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99.4%) . H % A H: W £ 2 IR (EHMC, 4fi Jif
100%) F1 2-(2H-2 3 = 23 ) -4-F Fe-6-(2- TN Js
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UV-P-D, (4 & 97%) . AVO-"CD, ( 4fi i 98%) . UV-
328-D,, (4 97%) .UV-326-D,( 4l J&F 98%) & BP-1-
D..BP-2-D,. BP-3-"C, . BP-8-D, fil 4-OHBP-D, ( 4fi
JE¥1>97%) ¥ T % KX TRC A7l .
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A) ; EMR-Lipid % g 2 B it (50 mg) 1 F 55 & Agil-
ient 2~ F] ; Phree I 25 B& # (30 mg) W F 3£
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T E Waters 24 Al o
1.2 A RE

22 Fft OUVs i & b Ak 25 VORI & I A5 4 45
WA IC =% SCEk[24 ] 22 B OUVs 1R G b i
F W TR MR BE O 1 000 ng/mL, IR A N AR K A TR
() J5 B 1 B2 o 1 000 ng/mL, Hivh BP-3-D, 4 i & i
JE 4 4 000 ng/mL. 5255 JF 4h 1, 8 IR A N AR i A
W BE 20 A%, il £ BT 5V B2 Ol 50 ng/mL IR A
PR TAER (Hoh BP-3-D, A9 > 200 ng/mL) .
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£ 8 Z 5 R B (0.0.1.0.25.0.5.1.2.5.5. 10,
25.50 ng/mL) (IR A b TAEE W . i A b e
YIRAET 4 °C kA b, LAB A HRa e v fng asob:
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Hh [ 9 g T B 42 ) O R BT 5 (B A OG5 2 4
JIT A8 B 2 O 23 B AL oE (HiE TR SCF5 : No. 201904) .
1.4 fFmETAE

B 50 L fiff R 25 2 3 0 0008 R A i A B HMR-
Lipid #§ g 2 Br A H , A 50 wL 50 ng/mL iR &
PIbR TAER (M BP-3-D, (iR B 8 200 ng/mL),
PR A 200 pL & A BUTIEE R LN, E 5~10
min. Ffif5 30 0 R g 60 5 R Ve, 7E i
UE I FE K R 71 (3 Pa) B i K& 7 Pa, LI
s Ho g i . HE LREAE, 4hem
HMR-Lipid % fg 2 B AR HH & 200 pL &0 , If 3
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50 L A ¥, 47 UPLC-MS/MS 4347 .
1.5 H#EH
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4354 : Acquity BEH C 4% (100 mmx2.1 mm,
1.7 pm) s J 20 AH 1: A FH 4K, B AH S B T
F il BP 2% (BP-1,BP-2,BP-3,BP-8 fil 4-OHBP)
OUVs Fl AVO; i 8l AH 2: A 41K 0.1% 2 /K , B 41Ny
HEE, AR Ay 16 Fh OUVs; HEIRAR IR 140 °C;
HEFE L 05 pLo BB VR AR Y : 0~5.0 min, 30% B~
60% Bj; 5.0~5.1 min, 60% B~80% Bj; 5.1~22.0 min,
80% B~100% B;22.0~22.1 min, 100% B~70% B;22.1~
25.0 min,70% B~30% B,
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B PR 5 B (ESD R, IE U T,
Z [ N W I (MRM) A2 = 5 lf 4 < A BN
JE :2.46 kV; B TR - 150 °C; R FIRE 500 °C.
22 i OUVs K 15 R iNAs B TR TS S 80 W3R 1.
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PRI, R AT 2 3k % £ 3R TR 0 (PP) B J5 1 #E 47
X AL R FE AL AT 25 U PEAG B0 PR A T2 M
BT/ A N I 0 N 3 G M S 1 |
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S i WNIE R 7 Vi 7/
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2.1 HHEBIEZGHRL
2.1.1 b AL

A WF 58 LA Acquity BEH C,, o 3% #: 1F Jy 43 Bt
B H BT HEE K (rpod ) CHE-0.1% S20K (Bt )
HE-0.19% H R /K (R P ) 3 o i sh A& 3= 56 H A Ak
B I TE R R (E A R, SEIR A R, K
#4> OUVs 7£ H E-0.1% S /K I sh ALK & b i) i
Wiy S5 (B 31K %) f% 5 5 HoHp , EHS Al HMS A {H 76 B i
-0.1% 2 7K i 2 A e i e 1 A 55, HL 6 3 0 P A
B o AR WK B AR & b, AVO R BP 26
OUVs 1 {0 1% W P 3¢ W 45 A4, LAt 7] %) mg 7 {7 s )
BT AR SR R T RZE R, B, AT
A TE RN 22 F H bR G, AS B SR B -OK R
AR (FP ) K BP 26 OUVs A1 AVO, I EE-0.1%
K (BaLE ) i sh A A T H 4y 16 #h OUVs.,
212 BEAENTEE

AL TS WU B M R R T, B Acquity
UPLC HSS T,(100 mmx2.1 mm, 1.8 pm) , Acquity
BEH C, (100 mmx2.1 mm, 1.7 uwm) fl Acquity
BEH Phenyl(100 mmx2.1 mm, 1.7 wm)3 F & 3 45
XF 22 F OUVs [0 B 208 o 25 R Wos , 5 HAb W
T ¢ 35 A AH LG, C KEXT 22 B OUVs 1 43 B Ak B o
fE. R4 EHS 76 T, A b mi B B s = T Co L5
22 F OUVs 7E T, A b 9 1 if [ 35 K, H CDAA
16 T, 8 BJLF A g [AAE L, 5% 1] Phenyl 41
HEAT 4 B I, CDAA . EHMC 1 4-MCA (1% M} i % 5
W, WL, ARSI ¥ £ Acquity BEH C A % X
22 B H AR WT W R AT 3 B . A SR O U B A RN £ 3
o4& 1 F , 22 B OUVs ) MRM {4 3% & 40
B 1R



- 624 - 1,

it

543 &

®1 227 0OUVs R 157 NiRI RIS

Table 1 MS parameters of the 22 organic ultraviolet absorbers (OUVs) and 15 internal standards

Compound Piierze;:::: Pa:;r;zi)o n i](?z;lfl:ytz) CV/V  CEs/eV Internal standard
4’ -Methoxyacetophenone (4'-MAP) 5.57 151.1 42,97, 93.9 18 12, 20 EHMC-D,
2,2',4,4' -Tetrahydroxybenzophenone (BP-2) 5.59 245.0 91.0, 135.0° -10 -28, -16 BP-2-D,
4-Hydroxybenzophenone (4-OHBP) 6.67 196.9 91.9%, 120.1 -10 -26, -24 4-OHBP-D,
2,2’-Dihydroxy-4-methoxybenzophenone (BP-8) 6.72 243.9 93.1%, 123.5 20 -22,-16 BP-8-D,
2,4-Dihydroxybenzophenone (BP-1) 6.89 212.9 91.0, 135.0° -16 -24, -20 BP-1-D,
Oxybenzone (BP-3) 7.42 227.1 167.0, 211.2° -8 -34,-16 BP-3-D,
3-Benzylidene camphor (3-BC) 8.29 241.2 91.0", 157.1 10 32, 16 4-MBC-D4
2-(2-Hydroxy-5-methylphenyl)benzotriazole (UV-P) 8.65 226.1 107.0, 120.0° 12 20, 18 UV-P-D,
4-Methylbenzylidene camphor (4-MBC) 9.07 259.1 97.1, 105.0° 28 18, 26 4-MBC-D,
Diethylaminohydroxybenzoylhexyl benzoate (DHHB) 9.57 398.3 148.97, 2332 30 18, 10 0c-"c,
Octocrylene (OC) 10.77 362.5 232.3%, 250.1 20 20, 20 0c-"c,
2-Cyano-3,3-diphenylpropenoic acid (CDAA) 10.78 250.0  201.0, 207.0° 20 25,15 0C-"C,
Avobenzone (AVO) 11.75 3109 134.9,161.2° 20 20, 20 AVO-"CD
Ethylhexyl methoxycinnamate (EHMC) 11.76 290.9 160.8°, 179.1 16 12, 12 EHMC-D,
4-Methoxycinnamic acid (4-MCA) 11.77 178.9 132.9°, 117.9 18 18, 24 EHMC-D,
Ethylhexyl salicylate (EHS) 11.96 249.0 93.0, 249.0° -15 -5, -22 EHS-D,
Homosalate (HMS) 12.04 261.0 93.0, 137.0° -18 -18,-18 HMS-D,
2-(2H-Benzotriazol-2-yl)-4-methyl-6-(2-propenyl)phenol (UV-9) 12.06 266.3 119.0°, 147.0 15 18, 16 EHS-D,
z;ije’ —(Ig‘;i_r;)z);y)—S "-(1-1-3-3-tetramethylbutyl) phenyl) benzotri- 12.46 1242 57.0. 212.1° 4 26. 22 UV—329—1306
2-(5-Chlor-2H-benzotriazol-2-yD-6-1,1-dimethylethyD-4-methyl- .
phenol (UV-326) 13.04 316.1 57.0, 106.9 50 24,24 UV-326-D,
2-(2H-Benzotriazol-2-yl)-4, 6-ditertpentylphenol (UV-328) 13.26 352.2 71.1, 282.3° 22 25, 21 UV-328-D,,
ihi:?f)[j;z:tx:;:glggia %h ydroxyphenyl]-6-(4-methoxy- |, 6283 136.0°, 404.1 14 54,42 EHMC-D,
BP-2-D, 5.56 249.1 110.9 -16 -4 /
4-OHBP-D, 6.66 200.9 95.8 =30 -6 /
BP-8-D, 6.71 246.1 125.9 -20 -18 /
BP-1-D; 6.89 218.1 134.9 =20 -36 /
BP-3-D, 7.42 230.0 166.9 -16 44 /
UV-P-D, 8.63 229.0 81.9 2 26 /
4-MBC-D, 9.02 259.1 98.1 26 18 /
0C-"C, 10.71 364.9 252.9 40 18 /
EHMC-D, 11.76 293.9 181.9 14 8 /
AVO-"CD 11.79 315.1 161.0 6 24 /
EHS-D, 11.95 252.9 140.9 -20 -18 /
HMS-D, 12.03 264.9 140.9 -16 -18 /
UV-329-YC, 12.44 330.2 56.9 56 24 /
UV-326-D, 13.01 319.0 263.0 4 18 /
UV-328-D, 13.22 364.3 289.3 2 24 /

CV: cone voltage; CEs: collision energies; * quantitative ion; /: no value.
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Fig.1 MRM chromatograms for the mixed standard solu-

tion of the 22 OUVs (50 ng/mL)

1. 4’-MAP; 2. BP-2; 3. 4-OHBP; 4. BP-8; 5. BP-1; 6. BP-3;
7.3-BC; 8. UV-P; 9. 4-MBC; 10. DHHB; 11. OC; 12. CDAA; 13.
AVO; 14. EHMC; 15. 4-MCA; 16. EHS; 17. HMS; 18. UV-9; 19.
UV-329; 20. UV-326; 21. UV-328; 22. BEMT.

2.2 HIAIRE AL
221 WAEFTANEE

A5 4 ) L % T HMR-Lipid # g 25 B #t
(10 mg) . ISOLUTE® PLD+ % [ U V€ & 5 I #x
(40 mg) . ISOLUTE® SLE-+ [# M 3 4 # i A B AR
(400 pL) .EMR-Lipid # i§ 23 B # (50 mg) #l Phree
Mg 2 BR AR (30 mg) & 5 F i b 2 07 X6 1 v #F 5

AR 1 R BRACR o FE AR K SF A 10 ng/mL B,
PLH A5 A6 G 0 2 0k 81 i 58 (e BROSCR (25 )7 3t
B RIERR, %5 S P b By X 22 A OUVs 1Y
AL E R SR 2 Fron . A5 SR
SLE+ [ AH 57 £ 0 A HUA A1 Phree B8 I8 25 BR AU,
KB4y B AR A P 1 46 563 LSRR A T 50%. R
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Table 2 Linear equations, linear ranges, correlation coefficients (r), method detection limits (MDLs), and method quan-

tification limits (MQLs) of the 22 OUVs

Compound Linear equation Linear range/(ng/mL) r MDL/(ng/mL) MQL/(ng/mL)
EHS Y=0.9996X+0.0653 0.33-50 0.9996 0.10 0.33
HMS Y=0.0413X+0.0291 0.17-50 0.9997 0.08 0.17

EHMC Y=0.0279X+0.0012 0.17-50 0.9999 0.09 0.17
4'-MAP Y=0.1410X+0.0509 0.49-50 0.9998 0.15 0.49
4-MCA Y=0.0492X+0.0059 0.12-50 0.9997 0.10 0.12
AVO Y=0.1362X+0.0243 0.05-50 0.9999 0.02 0.05
oC Y=0.0351X+0.0003 0.37-50 0.9997 0.20 0.37
CDAA Y=0.0001X+0.0003 1.60-50 0.9997 0.48 1.60
4-MBC Y=0.3431X+0.1090 0.26-50 0.9999 0.08 0.26
3-BC Y=0.4006X+0.0419 0.09-50 0.9996 0.03 0.09
UV-P Y=0.1367X+0.0364 0.27-50 0.9999 0.12 0.27
UVvV-9 Y=1.5741X+0.2905 0.01-50 0.9993 0.06 0.19
UV-326 Y=0.0154X+0.0095 0.25-50 0.9998 0.10 0.25
UV-328 Y=0.4156X+0.2289 0.15-50 0.9996 0.04 0.15
UVv-329 Y=0.2146X+0.1733 0.23-50 0.9995 0.07 0.23
BP-1 Y=0.0482X+0.0128 0.12-50 0.9999 0.08 0.12
BP-2 Y=0.0992X+0.0121 0.02-50 0.9999 0.02 0.02
BP-3 Y=1.2280X+0.2927 0.09-50 0.9999 0.03 0.09
BP-8 Y=0.0041X+0.0121 0.15-50 0.9999 0.13 0.15
4-OHBP Y=0.0535X+0.1349 0.30-50 0.9999 0.09 0.30
BEMT Y=0.0492X+0.0384 0.32-50 0.9996 0.14 0.32
DHHB Y=0.8267X+0.5613 0.11-50 0.9996 0.03 0.11

Y: peak area ratio of target compound to the corresponding internal standard ; X: mass concentration, ng/mL.
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Table 3 Determination results of the 22 OUVs in human serum

Minimum/ Maximum/ Percentile levels /(ng/mL)
Compound N DR/%

(ng/mL) (ng/mL) 5th 50th 95th
4’'-MAP 17 15.5 <MQL <MQL <MQL <MQL <MQL
4-MCA 31 28.2 <MQL 1.2 <MQL <MQL 0.4

UV-P 72 65.5 <MQL 9.4 <MQL 0.2 3.0
CDAA 9 8.2 <MQL 11.7 <MQL <MQL 2.7
EHMC 6 5.5 <MQL 0.9 <MQL <MQL 0.2
UV-326 27 24.6 <MQL 8.7 <MQL <MQL <MQL
UV-329 7 6.4 <MQL 1.4 <MQL <MQL 0.5
UV-328 1 0.9 <MQL <MQL <MQL <MQL <MQL

ocC 12 10.9 <MQL 9.8 <MQL <MQL 2.6

DHHB 16 14.6 <MQL 0.1 <MQL <MQL <MQL
BEMT 3 2.7 <MQL 0.6 <MQL <MQL <MQL

EHS 49 44.6 <MQL 5.8 <MQL <MQL 4.3

HMS 10 9.1 <MQL 0.6 <MQL <MQL <MQL

AVO 29 26.4 <MQL 2.7 <MQL <MQL <MQL

4-OHBP 1 0.9 <MQL <MQL <MQL <MQL <MQL

BP-3 12 10.9 <MQL 0.3 <MQL <MQL <MQL

BP-8 0 0 / / / / /

BP-2 1 0.9 <MQL <MQL <MQL <MQL <MQL
4-MBC 0 0 / / / / /

UvV-9 0 0 / / / / /

BP-1 0 0 / / / / /

3-BC 0 0 / / / / /
N: number of positive samples; DR: detection rate.
R4 AAESAHBFEHLE
Table 4 Comparison between this method and the literature methods
Pretreatment Numbers of Sample Solvent Analytical method MDL/(ng/mL) Ref.
compounds volume/mL volume/mL

LLE 7 1 5 LC-MS/MS - [16]

PPT 6 0.1 0.1 LC-MS/MS 0.08-0.27 [21]
DLLME 4 1 1 UHPLC - [27]
- 3 0.15 0.45 LC-MS/MS 1.1-6.5 [28]
DLLME 1 1 2.7 GC-AEI-MS/MS 0.1 [20]
PPT 5 0.15 0.5 HPLC-MS/MS 0.1-0.4 [22]
PPT+ELR 22 0.05 0.4 UPLC-MS/MS 0.02-0.48 this study

PPT: protein precipitation technology; ELR: efficiency lipid removal technology; -: not mentioned; AEI: advanced electron ionization.
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