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Analysis of [3H]-Benzo(a)pyrene Metabolites by HPLC with
Radioactive Flow Detection
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Abstract— A modified method was investigated for the determination of benzo(a)pyrene metabolites
generated by the rat liver microsomes based on the HPLC technique with radicactive flow detection. By
adding [3H]-dexamethasone to the B(a)P metabolites mixture metabolized by the microsome, the poor
yield of solvent extaction of B(a)P metabolites was compensated.
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3-monohydroxy, 4,5-diol, 7,8-diol, 9,10-diol,
6-dione, 3,6-dione ¥ 6,12-dione - NCIoA] T
3l ARE3t%Tt, B(a)P, NADPH, vitamin E
1l dexamethasone & Sigma AllA 7-9)381a,
scintillation cocktail (Flo-Scint II®) & o &
Radiomatic Alell 4] 413led AH&-315ith, HPLC
4 89l= Pierce At A F& AH83l, 7IEl A<
L BT 545 ARl

2171 ¥ HH=2—Shimadzu HPLC system,
% 2dl¢] LC-6A pump, Rheodyne Injector,
SPD-6AV UV-VIS spectrophotometric detec-
tor, SCL-6A system controller 2} C-R4AD
chromatopac data processor & A-&-3lgich, 23
2 Shimpack CLC ODS (6.0 mm i.d.X15cm
long)& AH&35l9th, = Radiomatic Flow-one/
beta Model A-250 radiation detector (500 z! flow
cell) 7} Epson LQ-850 printer & A-&-3}4ch,

Zol|A] Bajxl 7 AHe] UV-VIS detector &
£33 % radiation flow detector & %35t
A7AsAet, o] 5 42 0.8m!/min, Scintil-
lation cocktail §82] <42 2.4m//min & 3}%
3, update time - 2sec & 3t B(a)P oAt
+ % dexamethasone 2] retention time-& UV
254nmolA ZE¥¢ B(a)P HAE 3EFE 9
dexamethasone ¥FE9] retention time &2 3t
qslAct. 27k B(a)P tiAHe9] CTS 32 alw
peak ¢ CTS #toll4] microsomal proteinS 23|
%2 control 9] ek A|7ile] CTS 3 #l 3o
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3 FEASACNA ] 25 AE 1Y oF 23gH
mouse & AHESISlEh, AR AMRAIALE (57) 9
mouse & AR (ZebA  22.1%, =A% 35
%, =A% 5.0%, 34 8.0%, 24 0.6%, 2l 0.4
%)% AHgstgieh, gEA 282 91 00AM el A
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4 5-diol, 7,8-diol, 9,10-diol, 1,6-dione, 3,6-dione #
6,12-dione 77t 2mg# dexamethasone 20 mg
< Z7 200 ¢l methanolol] £ 38} 51 o =,
Shimpack CLC ODS column & AAe 2 dla,
UV 254nmol A R &35, % 2mi/min$
90%, 80%, 70%, 60% methanol 3}oll41<] reten-
tion time S =A%} capacity factor, selec-
tivity factor & Al4IGAth, 24 355 % &
3relS 2 A5 methanol- E2) o2 7}A] gra-
dient elution & A|&3}e] F-2]7} 7P k5 o)F
Ae] 2718 ARSI,

B(a)P CHAIF2—21mg<2 microsomal pro-
tein- 3.2 umol MgCl,7} ¥ 0.05M phos-
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NADPH ¥ 7}519 1.0m! 7} 51=% sigich, [*H]
-B(a)P 348N 20 ul (6.8 uCi 3d)E 715hod b
-2 Al&kstgicl, o] & 37ColA AeshaA 40+
7} incubation 31gitt, d-SollA B7A]2] acetone
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B(a)P tHAlE2el FZ&—[*H]-Dexamethasone
(1 uCi/ul) 2ulE [PH]-B(a)P 9} Z& uyoz
A ste] AL7FaZ Zwsl acetone 200 wl ol
L35 3, o] F 204 5 219 wFeAIF Tl P
t}, 1.0mM vitamine E-§ -3 ethylacetate 2.
0m/E 7}sled B(a)P dAES FE38I9H, 7

fo2-¢ Balske Y2 2% 1.0mM vitamin E

£ 43} acetone-ethylacetate(l: 2, v/v) &
10ml 2 23] %% ubgsle #7183 st
I 54 MgSO,E ¥4 § Adrkez S 7n
AZ}, °1% 1.0mM vitamin E£ %3 meth-
anol-tetrahydrofurane (1: 1, v/v) &N 50 ulol
L33 F 1 F 20wl T HPLC ol 43kt
[*H]-Dexamethasone 2t [*H]-B(a)P 2| Z%
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Table I —Retention behaviors of B(a)P metabolites-Effect of the methanol concentration.

. *90% *80% *70% *60%
B(a)P Metabolites k a k a k o L "
9,10-diol 0.204 0.514 1.248 3.487
Dexamethasone 0.204 1.000 0.518 1.008 1.294 1.037 3.727 1.069
4,5-diol 0.526 2.578 1.414 2.730 4.113 3.179 12.596 3.380
7,8-diol 0.705 1.340 1.839 1.301 4.954 1.204 15.708 1.247
1,6-dione 1.287 1.826 2.793 1.519 6.489 1.310 18.372 1.170
3,6-dione 1.371 1.065 2.992 1.071 7.326 1.129 20.297 1.105
6,12-dione 1.747 1.274 3.941 1.317 9.333 1.274 27.7174 1.368
3-monochydroxy 2.025 1.159 6.453 1.637 23.618 2.531 152,191 5.597
(k: capacity factor, a: separation factor, *: concentration of methanol)
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Fig. 1 —Chromatogram of B(a)P metabolites generated
by liver microsomes and dexamethasone. Liver
microsomes were incubated with [3H]}-
dexamethasone were extracted and separated by
HPLC. The CTS of the metabolites and dex-
amethasone were monitored by a radiation flow
detector. (1): 9,10-diol (2): Dexamethasone (3):
4,5-diol (4): 7,8-diol (5): 1,6-dione (6): 3,6-dione
(7):6,12-dione (8): 3-monohydroxy (9): B(a)P.

Mol =4 —B(a)P HAHe} 2+& HPLC #4224
ol 4] [3H]-Dexamethasone -%-94-% 0.01~0.2 £Ci/

[ FxH9lo4, [PH]-B(a)P 8L 0.025~05
,uCl/,ul T 20ul® Fsed

peak o CTS%E 24l s=ske] 4aiss
Fahgich,
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y=517485%~7762 (r=0.9986).

Za g o3

909%, 80%, 70%, 60% methanol o4 Z+ B(a)
P A3} dexamethasone €] capacity factor
9} separation factor & &A3FcH(Table 1).
Elution order = 9,10-diol, dexamethasone, 4,
5-diol, 7,8-diol, 1,6-dione, 3,6-dione, 6,12-dione,
3-monohydroxy & <°]3le™ solvent strength
7} 7}&3be)| o}lel capacity factor 2 selectivity
7} 718k e}, 9,10-diol 3 dexamethasone &
60% methanol #|4]¢] separation factor 7} 1.069
2 veht 285 984+ solvent strength 5 v
U2 davl A5 4 5 AU
B(a)P 9A-E3t dexamethasone @] E3HE9
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Fig. 3— Calibration curve of [3H]-Dexamethasone. The
best straight line is defined by the eq., y=30834x
(r=0.9993).

s34l #2538 40% methanol (pump A) =}
100% methanol (pump B)& gradient elution &
AAE G, Total flow rate & 0.8m!/min & 3}
3 A pumpE 1587} 100% elutionstr = & B
pump & 5527k 50%%, 70 &7 100%=. 3}
I 105872 100%% %8 multiple linear
gradient 27X EFEEE 3 Fojg &
Rk, o] 2A3lNA # 7k microsomal protein
of o3& oiake B(a)P WiAER A71RE dex-
amethasone &} E¥EE H23kn radioactive
flow detector £ 71&3 A¥4<l chromatogram
£ Fig. 13 7t}

449 Ze Aggs F4% A9 o 34Ae 9o

271 ol$- AA 9,10-diol, 4,5-diol, 7,8-diol, 1,6
-dione, 3,6-dione, 3-monohydroxy ¢ 7#-¢- 27
69.4+675, 26.1+26.2, 8.3+9.2, 189+139, 111x
9.7, 109.2+108.1 (CTS+S.D./mg protein/40 min)
2 vebgth, =3 oiabige] B¢ § FEAA|
2252 47 993k 713t [*H]-dexamethasone &
165.5+162.3(CTS=S.D)2A 2 T FEFEo|
°oF 26. 9%1 o EeFslgict,

2255 A3 8 ZIFEAEA HAEA
o2 [3H]—B(a)P9Jr A 7} 3 [*H]-dexameth-
asone ¢ 5ol w& CTS e FA43ddd A4
0.025~0.5 £Ci/ul 9+ 0.01~0.20 £Ci/ul &1 5=
Yol A ArBA47}0.9986 7 0.9993 o7 akF 3 A

AAe JePRE,

7} 8% 343 chromatogram A2 [3H]-B
(a)P 9] CTS#% Z Algel 713 *H]-B(a)P ¢t
THE A8 FE TARANA FAs AL
CTS %3 %A 5% chromatogram 4% B(a)
P diA2-5¢] CTS %&— gabsisich, o] #g o4
7}4 microsomal protein 1mg % CTS #e2 3
Absle] 3]4-8-8 ¥A3I3ich(Table 119 vy 1),
““?}, 22 o 2 713l [3H]-dexamethasone

71Z0 2 3488 B39t (Table 119 vy
HI).

[*H]-B(a)P & 7|Eo2 ¥AZ FEL [*H]
-dexamethasone & 7|Fo2 2A3 }EF 2
9 HxE »FEd o]+  chromatogram 4-2
[CH]-B(a)P 9] CTS#2 4%7} dirkea ¢
(*H]-B(a)Peoll 71313t Aol7] wiFolel Atg=le,

Table II— Comparison of the values of B(a)P metabolites according to the conversion methods

: Mean

9,10-diol 4,5diol 7,8diot 1,6-dione 3,6-dione 30H ot

Method* Values** R.SD*** Values RSD. Values RSD. Values RSD. Values RSD. Values RSD.RSD.
CTsS+SD) (%) (CTS+SD) (%) (CTS+SD) (%) (CTS+SD) (%) (CTS+SD) (%) (CTS+SD) (%) (%)

Method T 6941675 9713 2611262 1004 83192 1108 189:+139 735 11.1+97 874 109211081 990 9470

Method I 2623+379 144

14794364 246 862+305 - 354 13391445 332 9211202 317 467.1+678

145 2563

Method I  259.0+12.6 49 9754246 262 27.7+35 126 855+179 209 441195 215 40621868 214 1775

*Method I; Without conversion (the raw datas from the chromatograms of B(a)P metabolites generated by liver microsomes. Method
11; Conversion of the raw datas with the [BH]-B(a)P values from the each chromatogram. Method III; Conversion of the
raw data with the value of [3H]-dexamethasone add to the each sample.

** Mean of 4 determinations (CTS + S.D./mg protein/40 min)

*** Relative standard deviation (%)

**** Mean of relative standard deviations of values of 6 B(a)P metabolites calculated by each method (%).
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linear gradient elution &2 k33l Hjgd 4
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"z} 17.75% 2 vebstor] 2559 HAE 24
BAT 4 g,
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