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Rapid Screening of Lucidin-DNA Adducts Based on LC-MS/MS

YANG Jing'?, WANG Shenxing”’, WANG Dan'*, WU Chunyong’, HUANG Qing’* , YUAN Yaozuo’* (1. School
of Pharmacy, Narnjing University of Chinese Medicine, Nanjing 210023, China; 2. Jiangsu Institute for Food and Drug Conirol, Nan-
Jjing 210019, China; 3. School of Pharmacy, China Pharmaceutical University, Nanjing 211198, China)

ABSTRACT: OBJECTIVE To develop a generalized “discovery-confirmation” strategy for DNA adducts based on liquid chroma-
tography-triple quadrupole mass spectrometry ( LC-QQQ-MS) and liquid chromatography-high resolution mass spectrometry ( LC-
HRMS) , study the direct and metabolic reactivity of the potentially genotoxic substance lucidin (Luc) with three 2’-deoxynucleosides
in Rubia cordifolia L. , and screen and confirm possible Luc-specific DNA adducts. METHODS Three 2'-deoxynucleosides with the
same fragmentation pathways with DNA adducts in mass spectrometry were used to develop and optimize a non-targeted screening meth-
od for unknown DNA adducts in QQQ-MS neutral loss and pseudo-neutral loss scanning modes, as well as a confirmatory method for ad-
duct targeting in HRMS data-dependent scanning mode. Luc was incubated with 2’-deoxynucleoside under phase T metabolically activa-
ted and inactivated conditions, respectively, and the resulting specific DNA adducts were screened and then structurally verified by
characteristic MS spectra of fragmentations. RESULTS The optimized pseudo-neutral loss scanning is sensitive to the detection of de-
oxyribonucleoside deglycosylation at the pg + mL™" level. Six Luc-DNA adducts, containing two 2'-deoxyeytidine (dC) adducts, two
2'-deoxyadenosine (dA) adducts, and two 2’-deoxyguanosine (dG) adducts, were identified and confirmed in vitro incubation model
of Luc and 2'-deoxynucleoside, and their structures were characterized. Luc-DNA adduct production increased with increasing Luc ex-
posure and exposure time, and there were significant dose-response and time-response relationships, and the binding did not require
metabolic activation to occur. CONCLUSION  The established discovery-confirmation strategy for DNA adducts is highly sensitive
and accurate. It can provide structural information of the adducts at the molecular level. This is suitable for the assessment of DNA
damage caused by the presence of Luc and provides strong data support for the study and re-evaluation of its toxicity mechanism. It also
offers an important methodological reference for the rapid screening of potential genotoxic components in Chinese herbal medicines.
KEY WORDS: DNA adduct; genetic toxicity; Rubia cordifolia L. ; lucidin; screening
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Fig. 1 Structure of alizarin-type anthraquinone
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Fig.2 The fragmentation pathways of DNA adducts analyzed by

mass spectrometry
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2 ZWAFHE
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BRFRRE AN, BIFS Lue 25 TAEH
2.2 Luc 5 EHTHEST

AR U 4 0 B R R SRR 250 pL, Ay
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WHENETS 1 min,37 °C 250 r » min ' #iEHE 5 min, i
A NADPH J5 ( 244 1 mmol - L™1) JR 8, F
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49 310 kPa, fiff#<( CAD) 24 Medium, fEHPEZERH
R R IE B IR R . X T IEH T, 4
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Qe - .. 00 00
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A - neutral loss scanning in QQQ-MS for discovery; B — pseudo-neutral loss scanning in QQQ-MS for discovery; C — data-dependent scanning in HRMS for confirmation.

B3 DNA jm& 4ty i 4 3 5k e
Fig.3 MS scan strategy of DNA adducts
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{0 19. 53 pg + mL ™' (S/N =3.6) , @7 H Y
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Tab.1 Comparison of sensitivity of 2’-deoxynucleosides in dif-

ferent scanning modes

Sensitivity
Fold
Compound Neutral loss Pseudo-neutral
change
scanning loss scanning/pg + mL ~!

dc 1.25 ng - mL~! 19.53 64
dA 156.25 pg - mL ! 1.22 128
dG 1.25 ng - mL~! 9.77 128

T £ dC - BT s dA - BEAURTE 5 dG - R4S T

Note: dC —2'-Deoxycytidine; dA —2'-Deoxyadenosine; dG —2'-Deoxyguanosine.
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R A, dC L dA (dG 7R g mig & ™
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WE) m/z 136. 061 9 (IRIEERS) Fil m/z 152. 056 8 ( 2
W) ,3 181 DA MOt SRR ) v AR B T A B 1Y
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(Luc-DNA) #y EIC &
Fig.4 FEIC spectra of the sample incubated with Luc and 2'-de-

oxynucleoside (Luc-DNA) in the pseudo-neutral loss scanning mode
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e 1 e 6 (14 4A) 7 IE B 540N i HE > T
B[ M+H] "k m/z 480. 140 8 #1480. 140 0,3
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dR] ", 7053 CoH N, Os, g REE 702 1 235
AT IR B 8 1] 1 — 20 R ST o e e
B 3L (m/z 112.050 9 ) FI Luc B MR £ 4%
(m/z253.048 8) ; — R R/ T REIRZEL/NT
5x10°, Fi#H %2~ Luc-dC 1 Fl Luc-dC 2 &4,

Luc-dC adduct 1/2
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253.048 8
253.0496
l H 5 MA\ blls ” 1
T T T T T 1 T T T T T 1
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mz
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136.0619 |
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1360620, o E>
L | ” L
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o N
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A~ Luc-dC 1/2 &4 %5E ;B - Luc-dA 1/2 AR ;C - Lue-dGL/2 IAW%E .
A —identification of Luc-dC addduct 1/2; B - identification of Luc-dA addduct 1/2; C - identification of Luc-dG addduct 1/2.

B S Luc-DNA fm& 4y i = 28 B R 4 i
Fig.5 MS/MS spectra and identification of Luc-DNA adducts
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1 m/z 520.146 8 F1 520. 146 3, i} & H 4 F =0
Cos Hy NSOy s 35 1Y 32 25 R0 B B8 T 3 AL (IR
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153 SR ™ AT S AR A Rt — B
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3.5.1  Luc 5 S00% 1Y SO Y i 49 3 J3E A 1k
T AACIHS SRR 2 b, AR BEE Lue 55 5 S8R i
H 1.5 h J5,6 it Luc-DNA Jill& ¥ 7 A ST RORE 14
SEE R AR, HC1E 1A CYP B SR
EE AR T B , A0 R S Lue WRE W] 2
B T WL A AR G R (181 6) o AT
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F2 Luc-DNA jmaipwy xR

Tab. 2 Identification of Luc-DNA adduct
Compound Formula tg/min  m/z( Calculated) m/z( Observed) §/ x10~° m/z(MS/MS fragments )
Luc-dC 1 adduct CoyH,N3Og 31.84 480. 140 1 480. 140 8 1.46 364.0928 [M +H-116] *,253.048 8 [ X +H] *,112.050 9 [Base +H] *

Luc-dC 2 adduct CoyHyN30g 33.96 480.140 1 480.140 0
Luc-dA 1 adduct CysHy N5O; 32.34 504. 151 4 504. 151 8
Luc-dA 2 adduct CysHyN5O; 36. 68 504. 151 4 504.151 6
Luc-dG 1 adduct CasH, NsOg 31.9 520.146 3 520. 146 8
Luc-dG 2 adduct CopsHy NsOg 33.74 520. 146 3 520. 146 3

+

0.79  388.104 1 [M+H-116] +,253.049 2 [ X + H] *,136.061 9 [ Base + H
-0.13 388104 3 [M+H-116] +,253.049 6 [ X + H] *,136.062 0 [ Base + H] *
0.10  404.099 1 [M+H-116] *, 253.049 6 [X +H] *,152.056 8 [ Base + H] *
0.00  404.0993 [M+H-116] *, 253.049 5 [X +H] *,152.056 8 [ Base + H] *

[ ]

-0.21  364.0930 [M+H-116] +,253.049 6 [X +H] *,112.051 0 [ Base + H] *
[ ]
[

Il Mectabolic inactivation [ JMetabolic activation

3.0x10°+ Luc-dC 1 adduct 1.5x10°+ Luc-dC 2 adduct
)
g 2.0%10° g 1.0x10° D
= s
=
3 v B )
£ 1.0x10° & 0.5%10° 1)
1) D)
0 - 0 -
5 10 25 5 10 25
¢/ pmol-L"! ¢/ pmol-L"!
6x107 4 Luc-dA 1 adduct 6x107 Luc-dA 2 adduct
1) 1
< 4x107 < 4x107
2 1
< s 1)
= 1) ]
g 207 D & 2107 )
1) )
0- 0-
5 10 25 5 10 25
¢/ pmol-L"! ¢/ pmol-L"!
1.5%10° 7 Luc-dG 1 adduct 3x1077 Luc-dG 2 adduct
1)
5 1.0x10° ) s 2x1071
5 S 1)
3 n % |
& 0.5%10° 1) & 1x1074 )
1
1) )
0 - 0-
5 10 25 5 10 25
¢/ pmol-L"! ¢/ pmol-L"!

55 pmol - L~ 'Luc WA AL, VP <0.01,

1P <0.01, compared with 5 wmol - L~ lucidin group.

6 I HARA KB R T Luc-DNA Ju & 4y £ & 89 J& 4 ik
JEARBME. n=3,x%s

Fig. 6 Substrate concentration dependence of Luc-DNA adduct

generation in phase | metabolism. n =3 ,x £
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dG 1.dC 1T mEWNIATE 1.5 h 5, & &l TRE sr
ZE R AR IE AL T, AN R & B e IS
LA A A s DA SR R R A E
TG4, 6T Luc-dA 2 .dG 2 F1 dC 2 &, HAE0.5 h
B RHR ETT a5 A2 52, 4T dA 1.dG 1.dC 1 i
YL INEYERAE 0.5 h SEIF IR T8 TR, A
A1 HEAREEOSE 5 IE Y S =D R EE (%) o
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i) UEHRIE AU S P < 100%  A3(1)

—s— Metabolic inactivation ~— *— Metabolic activation ~—+— Detoxification
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Fig. 7

Incubation time dependence of Luc-DNA adduct genera-

tion and in phase | metabolism. n=3,x s
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B, FORE B T DU S P 8 0 45 5 SR AR 1 ) 4 A
3, RERE KGR LT DNA AP T 50 , i B B 1
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