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ABSTRACT

Aflatoxin By, a known human carcinogen, is the member of aflatoxin subfamily that is most frequently found in con-
taminated foods. Epidemiological studies have suggested that aflatoxins may be associated with human liver cancer and
acute hepatitis. Recently it was reported that the traditional medical herbs sold in domestic markets are contaminated
with aflatoxins. Long-term administration of these contaminated medicines could result in adverse health effects. There-
fore, it is important to evaluate the levels of exposure to aflatoxin in people who ingest traditional herbal medicines.
Blood samples were collected, before and after the herbal medicine intake, from 151 subjects who visited the hospital.
The metabolite of aflatoxin B, in blood, aflatoxin B;-albumin (aflatoxin B,-lysine), is reportedly an appropriate internal
exposure indicator, and its levels in the collected bloods were therefore analyzed using a liquid chromatography-mass
spectrometry. The analytical method of aflatoxin B,-lysine in blood was firstly optimized in Korea and the levels were
detected below quantification limits (2 pg/mg albumin) in this study population. Consequently, the exposure levels of
aflatoxin B, by ingestion of herbal medicines were low but it is important to monitor routinely due to the possibility

of risk on the aflatoxin exposure.
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AFB©] AUN=Z WFIE™, cytochrome P-450 system
of oJste] 7hel|A] 923 thAbEE” Reactive AFB,;-8,9-
epoxide”’t DNAS} 2§35l AFB,-guanine adducts
FABEE AFB, =29 83 AETH At 2
UL, BHAER FAY79] A o] Hashr] o
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adducts F3s7 Hrh. SEHPSE AFBS FoIgh
A3} AFB,-protein & 7Fg B2 Zl°o] AFB;-albumin
o]em™ AFB,©| albumin®] lysineol] Sol&o = A3}
3l ®t}. AFB;-albumin &3] vlglste] F4=H
U3 72719] AFB,-DNA adduct 3= J2AS 1S
o}t ggbd 9 5 AFB,-albumin® 3273712 DNA
adducts RYUER & F Sle & AEEAE A2
T A}k E3 Al A% AFB;-albumin?} AFB,-
DNA adduct®] A4 ¥ = sEHFY] 2z}
AT Aol gl F albumin® WE)7F <F
20 o]4o|ERE, AFB,-albuminE AFB 2 =& =
EEE T F e T2 AEEE E 5 9
31, DNA adduct®] 45 A& Bt 4S8 wofu
© A& Ay S AR8SHoR SEAIYE albumin
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Fig. 1. Chemical structure of AFB,-lysine adduct.
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AFB, albumin #4S 9|3 EFEZQ AFB,-lysine
(AFB,-lysyt IFEFEA d,-AFB,-lyse Hl=22
2] (Centers for Disease Control and Prevention)ll
A ATt AFB,-lys?t d-AFB-lys®] 5%+ ztzt
423 pg/ml, 50 ng/mPla = Z}7F 98%, 97%0]
ATh EEFL 25% HERES o83l YO R &
A AREEISIEE 53 LOMS EAlE oHEYE
g, veke, 22K Aldrich, >99.0%)S ARE-3AA,
EE FE8vs HPLCE SHAIe 2 747} Sigma
Abl A FRJste] ARESRTE ARl AM8-E AFB, &
A4 immunoaffinity column(IAC) NeoColumn for
AFLATOXIN(Narrow Bore, Neogen Europe Ltd.)<
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¥ohE FRIRE 750wE Wol AT F A4lR
gt T F3t FedL oMAEL 100 wE kst
albuming A AT &% albumin® phosphate
buffered saline(PBS) 0.5 m/ll =], = 28 HE
ote] EoJ7I==E albumin®] FEZE PBSE 1:500.%
gXsled 23U TE Human serum albuming ¥FE
A& &to PBS 0.5m/ol =9 0.0625, 0.125, 0.25,
0.5 mgmiZt HEg ZAEIHL 48 Al &9
10 W= 96 well plateol] 3} Biorad protein assay
HAAF 200 wE 7rete] sEX WASIT 2
595 nmm= FFEE st GAE w5 HEd
2] albumin¥-g AXFSIATE A E|AA ] FIe AT
A2 E ¢l RE A1F9] albumin %2 PBS 0.5m/
o 3mge| EFEEE 3t} PBSO &3 pronase
300 WE 7¥eted 37°CelA 16A17F Bt WEEAI7| AL,
immunoaffinity column(IAC)S °]&3ld IAY F&
(Solid phase extraction, SPE) 3t} PBSE &4
A &slstal ARE BT F PBSE 1 m/ o)
st MA 3T MEE-S o83l SPEIA AEE &
Z3%t ¥ Speed-Vacg ©]&3l] ZAXAIA. ©] AlE=
80 el 25% WEhES o|g3te] Algsfste] YT
St & njo|el] Ho} LO/MSE A3t

4. A\ 22N

Agilen?F2] 1200 series A TZrFET)|3Z Applied
Biosystems(MDS Sciex, Concord, ON, Canada) A}2] API
4000 AHFHZE717F A3 49 liquid chromatography-
mass spectrometry(LC/MS)E AME-31312H, LC/MSH
22 LC/MS-ESI positive modeZ 42313 th. Z=n}
B 28E $lsk] HPLCOIA AME3E o152
72t 1% Eg4ke] X S/ o HEVEZHNY
o, 71%7] S ARSste] B4 EAT HeElER
< 25, ojme] f&2 £ 025 melTt. ©]
/4ol 8z Table 13} 2l A 8592 Agilent
A}e] 1200 high performance autosampler SL-2 A
0Ws FYaA3, ZHS Tosoh TSKgel ODS-
80Ts(reverse phase column [.D. 2.0 mm, length 150

mm, particle size 5-microny ARSI oM, Y 2%

>

Table 2. Conditions of mass spectrometry

Table 1. Mobile solvent conditions at LC/MS

Time Flow Rate Eluent A Eluent B
(W/min) (%) (%)
Initial 250 90.0 10.0
0.5 250 80.0 20.0
1.0 250 75.0 25.0
4.0 250 75.0 25.0
5.0 250 20.0 80.0
6.0 250 20.0 80.0
6.5 250 90.0 10.0
10.0 250 90.0 10.0

= 35°CE frAlsisinh

5 AFB,-lys9] #4]& AZPEA7E ALE31690
v, o]&3 AF ESl(electrospray ionization)2]
positive modeE A3l EAELS o3} 3%
™, o] &3} &2 oA 5500 VE FAISIAITE A
4171¢] parameteres A9 AEE HYoE {AS)
7] 918k curtain gas 15 Mpsi, GS1 60 Mpsi, GS2
60 Mpsi, detector temperature 6000CE ©]-§-3}%12m
AFB,-lys®] EP(entrance potential)x= 9.0, d,-AFB;-
lysine®] EP(entrance potentiali= 10.0 22 X3}
o} AR 719 2427 Table 291 7t

L. 2z 3 o0&

L A7 e

A7 S AokEeh) 584 1517, AokEeh) 7
582 o4 o2 AorEgA= B8y 58 ¥ 2F
ol B APEstA N AF eI, B8 A
Fol NEEe BF FUJoR ITh A EehE&
e AA 151882 Fd AEHlES A 51.7%
(78%), AR} 483%(738) 0.2 §HoF B8 A} E§ &
o] YU Ale] S AFHst A B4 AE F
= 58 A 1514, B8 ¥ 1517, vEE o=
Z 39670\t thRFo R Aok njEe 2= HA 94
Hoz T AEHES IR 574%(549), AR
42.5%(4078 )01t B39l 45 204~3947F 57.7%=
7P BT oAe 404~59417F 47.9%F 7 Bk
o} G, oA} B 40M~594)01 A 71 Ho] B ¥E}

of

Compound Parent ion Daughter ion DP(V) CE(V) CXP(V)
p Q1 Mass (amu) Q3 Mass (amu) (Declustering Potential) (Collision Energy) (Cell Exit Energy)
AFB;-lys 457 394 65 33 11
328 65 33 11
d,-AFB;-lys(ISTD) 461 398 65 33 11
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Table 3. Study subject characteristics
1) Age and gender distribution of subjects who ingested herbal
medicines

Age Gender Total
(vears) Male (%)  Female (%) (%)
20~39 45 (57.7) 20 (27.4) 65 (43.0)
40~59 23 (29.5) 35 (47.9) 58 (38.5)
over 60 10 (12.8) 18 (24.7) 28 (18.5)

Total 78 (100.0) 73 (100.0) 151 (100.0)

2) Age and gender distribution of controls

8 - %Y - 4G5 - AL - 2

i
Ho

= A2 23 ti(Table 3).

2. 8 = Aflatoxin-lys £ 2|H|0[M

AFB,-lys®] B#4 H7F Al ARS8 AEE
human serum(Sigma, MO, USA)IA F&3} albumin
3mg2 0.5 m/ PBSO| =20 A|REEA, low quality
control(5 pg/mg albumin, 15 pg/m/), middle quality
control(10 pg/mg albumin, 30 pg/m/), high quality control
(20 pg/mg albumin, 60 pg/ml) AlFE F@#AE] A
EEES M Arkske WReE Azt

1) LC/MSE ©]&-3t AFB,-lys product ion®] 3%
AFB-lyse [M+H]" o] 2 EEALZ 312 mz=457
< Z+=th. MRM(multiple reaction monitoring) 2]
2 AFB-lys®] ol F 7HE 2 =5 Yy
AAAN 5] Wl Ed T} FHEEE mz=3940]2S AE

.
as7.al)
~u

Age Gender Total
(years) Male (%)  Female (%) (%)
20~39 9 (22.5) 24 (44.4) 33 (35.1)
40~59 28 (70.0) 28 (51.9) 56 (59.6)
over 60 3 (7.5) 2 (3.7) 5 (5.3)

Total 40 (100.0) 54 (100.0) 94 (100.0)

i
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Fig. 3. Fragmentation pathway of AFB,-lys, J Label Compd Rapiopharm 2004; 47: 807-815).
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Fig. 4. Extracted ion (m/z 394 for AFB,-lys) chromatograms of 25% Methanol (a), blank (b), zero blank (c), positive control sample
(2pg AFBI-lys/mg albumin) (d) and serum from the study subject (e).

slATHFig. 2, Fig. 3). WEEFES d,-AFB-lysC&
A [MHH]' o] 28 REAZE 313 miz=461S Zhou,
oluff Feko| L pir=3980] 20 2 BITh.

2) AR ] A=A AF

25% WER blank(human serumel WHEFEo] 3
7FEA] & AlR), zero blank(human serumell W33
TFol Htd AR), AHSHAQpz AFB-lys'mg

Table 4. Validation test from blank serum spiked with AFB;-lys
at different levels

LQC MQC HQC
5 pgmg 10 pg/mg 20 pg/mg
albumin albumin albumin
Accuracy(CV), % 101.4(7.6)  97.0(5.0)  103.6(1.5)
Precision (CV), % 104.0(10.4) 100.0(4.5) 103.0(1.9)
Recovery (CV), %  97.6(9.3) 96.7(9.7) 77.7(15.0)

albumin) 2] %<1 positive control Al §E LC/
MSZ E493} extracted ion chromatograms H] w5}

2 W WEREFN == AFB-lyso] 131 24
StaLAb sk= AFB-lys] w5 AJZtolA WelEEo]

RS FRIEATHFig. 4(a)-(d)).

Y F AFB-lys 24 Hg= 7} A3 Het 97.0%~
103.6%2] 522 eI, coefficient of variation
(CVYe 1.5%~7.6%2] BT 2A gl 2H3sh=
A7) ekt BUE w3k HAE 100.0%~104.0%
9] o Z YERIAL, coefficient of variation(CV)
1.9%~10.4% AR E2A] S3k] 238 A ¢
o1&t e B 77.7%97.6%2] FEOFE 1}
ERL, coefficient of variation(CV)y 9.3%~15.0%2]
M EEA ENERS FES 4E7] ey 25
AZE7] Whgo] TS RIS THTable 4). 4
2 y=0.0118x-0.065°]12™ 7~ 0.99°1°&
sh= o2 YEFHTHTable 5, Fig. 5).

2ol o A
rx loop

O

Table S. Calibration curves for AFB,-lys from six different spiked serum samples

Regression line

Calibration range Retention time

Analyte

Slope, a Intercept, b

7 (pg/mg albumin) (min)

AFB,-lys 0.0118 -0.065

0.9990 2.0~80.0 4.81

Journal of Environmental Health Sciences, Vol. 36(2)
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® Untitled 4 (4570 /394 0): "Linear” Regression ("No" weighting): y = 00118 x + 0 D6S (r= 09930)

20 60 100 140 180 220 260 300 340 380 420 460
Analte Cone. /I8 Cone.

Fig. 5. Calibration curve for quantification of AFB;-lys on LC/
MS/MS.

3. AF-lysine?| MA|X|ESEZAM| HEH HS

olZEEEAl B9 tiAlel BHEEN e, wlel 2
2], AR 7 A7l mEW, d== AFBY =&
=% e AFB]-albumin FFo] Al FAF
slch. #3lol| oJebH ;== AFB, APl sk &
29 2 Fgo) At %‘?:_'?& AoZ AFHIA. w
A AF-lysS] AR EEEZA ] g§d-E A3
A3, AF 1kgd oFEeEhE4 B, 1 mgs A=Al &
7 W FALR Bojstar 2447 o]F HAS afd st
dHS FEknh 2Es @ YREEES H7t
Bg FoIs #=e] & F AFB,-albumin

IJE
o

o gt
#
=

(a)

Bppd

Intensity, cps
8 8 8 8
8 8 8

8
8

- B8 - AEY - PRS- FAE - 294

(lysine)—o— LC/MS/MSZE #4138 Aij= Flg 63} 7t}
Y F A=9] AFB-lysS 5.14 min®] W& AI7HS 7]—

FHom, WHEFEQ d,-AF-lys 5.00 mlnA -
AR 7HR

4. LC/MS/MSE 0|28} AFB,-lys2| QX 2LIE{E

U olZEEAl JIAREUER ATellX= ELISAS
HPLC 5°] WHOo=® AFB9| 45 #43s3len,
ELISAHO 2E Hi 61%9 HAEES BYPor}
HPLCE 24 749 RE A BoX EASHAT?

AFB,2 AAl U AFB,-8,9-epoxide~] AFB,-8,9-
dihyrodiolS A4 & % AFB,-protein adductZ <A
shH, 7 F tiF3<?0 AFB,-albumin adduct= EH)
o] WR7I7F 30~609 & Wlwd g7I7ke] =& 54
she ol 8¢ AR BEL ). e 2 AtellX
= 2ay)7te] 1490 219 AHEol Aok Eal
AFB¢] =F4EE RUE ] I8t AFB,-lyse]
Ho} Fgsl AxEZoletal AdE ATt 5%91011*15—
giFto] AFB-lyse AEEZR sl ol ZHEAE 9l
AEUEHE A3yt BuEs Qe v FdlMe
ZFSE Aol

£ Aol E Ao vEg
oF Ha o]

}] aﬂon }\]E 94;(4 /\g

A8 1514, *@“ He 3 Ag 1518

o}
< o]83l0 2 pg/mg albumin®] FHFIAE Hole &
a9 Aeuol] wheh A LOMSE AFB,-lys

(b)

Intensity, cps
g B 8 8 ¥ &

8
=
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//iv\

Time, min

500

o . Fe 30 22 34 3 3

R
Time, min

Fig. 6. Extracted ion chromatograms of AFB,-lys (a) and d4-AF-lys (b).

Table 6. The results of AFBI-lys in human serum

Parameter Controls Before ingestion After ingestion
n 94 151 151
2 pg/mg albumin<n<80 pg/mg albumin 0 0 0
Detection rate (%) 0% 0% 0 %

Journal of Environmental Health Sciences, Vol. 36(2)
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A A, B8 d, 58 F, 88 Hd A
= HTHTable 6). Q1A Eoll
X1¢] AFB,-lys®] Z2vtETHS Fig 49(e)e} 24t
Turner 5°] F=¢1 10485 FOZ HPLCHO R
g3 F AFB,-albumin(AFB-lys)&dS =43 A3}
AFB,-lys®] 3t 29.3 pg/mg albumin(d), 26.9 pg/mg
albumin(e)Z ZAE= o™, B Jolly o] o}zg7} 7}
el 16258S o2 8 = AFB,;-albumin adducts
radioimmunoassay] .2 £ A3 BE Al FolA]
AFB,-albumin®] HEEH3 H+ 0.89 pmol/mg
albumin®|ITh o}Za)7} 7He]olelS tjAako 2 1389
o] A9} 1657 FolE U E AbEe) gote] P
ANE = AFB;-albumin adduct levels =43+ Az}
2kl 8 3 AFB-albumin adduct FEE Hd 404
pg/mg(4.8 pg/mg-260.8 pg/mg), AlNE 2] AFB,-albumin
adduct =+ Hg 10.1 pg/mg(5.0 pg/mg-189.6 pg/
mg), -°}2] AFB,-albumin adduct ¥%=+ i 8.7
pg/mg(5.0 pg/mg-30.2 pg/mg)o-2 ZAZESJT}'0
HAEA] LIS e E 3t ol Z e84l UAR
HEHATE S3] AlgH e, ox dus d=<
A9 FYAFAAM ol FHEA SHo] HH uE 9lo
o, olazg|7le] it B fHoks 45 5 F2lolA
olZEHEAlS o¢o] w2 o= HIH HEyf flof <l
AN FANA S ol EEAY HESEI 2 AT A%
o vl =A HuwE Zoz Algdng H=2 % 5
(2009)"e W 75 F<A VA 4767 F ol EEE
2 B 4% A3, 17904 1.74 ngg®] =2 A
), BAS B3t ofZEHEL9] o EL vwig-

C
o i
ha*s
o

el AF F Ht ol EEE
ng/g® = HIFHAI® 2006
e F I/, AR, TR, 7RAE F 719 19
gt RUEY Z3 ol ZEEA1 Bo] 0.04-4.45 ng/gl
2 AZTEo] AUHoR Hu 2Fe] 2d=sF w2 A
o2 Uepth? meba ol EeEAlY A=ES A
#elslr] YsiMe &l tist AAst vt A3
oo} shZT.

ol AFE E3 IFYolHe ASFOE AFB-
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A+ds, A el 5
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fr
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71 g AR Y Al Bo% 7E ARE FH
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Zof oisk A x
AFB;-albumin(AFB,-lysyS BUEHsl= EA9ES A
Agt skt

3 5 AFB-lys £45 93

Z AAsIer, 8% AFB9 =

o
AFBlyse] A4S A3 tandem mass HHC.
= AR et Holdk ABEANS A eIsr
SyE PAEoR A4, A, AU4, Sold
Fo| weldolie Faslel 518 eApAgel A3t
2 g NS Susd.

& 396719 FeNAEONM AFB-lyse EAE A
BE ARCIM AFA olst= AEHfle, Yok
oz QI =l A7 ofEEEAle] =3
TR S @ A0k e ofEEkEAl v
o2 AHAQ eF A A TS dod =7t
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