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Dual-sensitive Probe 2-(12-Oxobenzo[b]acridin-5(12H)-yl)ethyl
4-Toluenesulfonate for Bile Acids: Fluorescence Detection and
APCI-MS Identification
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Abstract On a reversed-phased Hypersil C;s column, 10 bile acid derivatives were separated using
2-(12-oxobenzo[b]acridin-5(12H)-yl)ethyl 4-toluenesulfonate (BAETS) as pre-column derivatization reagent
by high-performance liquid chromatography with fluorescence detection and mass spectrum identification in
conjunction with a gradient elution. Optimum derivatization, giving the corresponding sensitively fluores-
cent derivatives, was obtained by the reacting of bile acids with BAETS at 95 “C for 30 min in the presence
of basic catalyst potassium carbonate in dimethylsulfoxide solvent. The optimum excitation and emission
wavelengths were at Aex/len =272 nm/505 nm. The percent ionization J values in aqueous acetonitrile and
aqueous methanol were in the range of 0%~88.83% and 0%~89.15% respectively. The identification of
bile acid derivatives was obtained on the basis of an atmosphere-pressure chemical ionization source at posi-
tive model detection. Correlation coefficients are >0.9995, and detection limits at signal-to-noise of 3 are
0.76~1.62 ng/mL for the labeled bile acids.
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Al). F-7000 %<0 43 )66 B vk (H A& Hitachi 24 w).
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3-20HE-2-ZE R 3-N-AHE-2-25 R AN R FE Y g ]
Iy % SCHR[16], [17]1RI[ 1814 k.

5-2-F8 L HE)-12(5H)- A5 - [b]-1Y BE il (HBA) & 1.

1] 500 mL =#UHF, WIIMAZLIFTIERT 7.5 g, 300
mL DMF, Ji# KOH, 7.2 g TRIRIE. 2088, Wyt
WA B, FRERRI R N A e R R, RGN
600 mL VK/K 1, JIZIHERE 30 min, 1LBE, BT REAAH
T 48 h, H OIHFE LMK, 13 5-(2-F2 L35)-12(5H)-
ZIF-[P]-NYER 5.1 g, 773K, 56.8%. 4 i(m.p.): 241.5~
2422 °C; IR(KBr [k F): 3320.98(vo—), 3023.15(varn),
1605.94(Ph-C=0), 1571.62, 1488.63, 1449.10, 1383.14,
1293.15, 757.07, 658.65 cm '. LC-APCI-MS m/z:
289.8(1F & T4 :K); MS/MS mi/z: 245.7( T4t i
BRI T). 6T MEH(Found), C 78.89%, H
5.22%, N 4.85%; 12 {f (Calculated), C 78.87%, H
5.23%, N 4.84%.

R IE[BINY B J -5- £, 3655 H R Al B2 55 (BAETS): 1
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Figure 1 Derivatization scheme of 2-(12-oxobenzo[b]acridin-
5(12H)-yl)ethyl 4-toluenesulfonate with bile acids
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Figure 3 Isomerization mechanism of benzo[b]acridin-12(5H)-
one in aqueous acetonitrile
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Figure 4 The fluorescent spectra of BAETS-GCDCA at different temperatures with DMSO as co-solvent
Conditions: Wavelength(Ex/Em)=278/486 nm; Scan speed, 1200 nm/min; Ex slit, 5.0 nm; Em slit, 5.0 nm; PMT Voltage, 400 V



No. 7 APHEHESE : RETT PR (0 USSR B 2T (D] MY I - 5- £, B ) FH R T IR M-+ -+ 657
R AFIRELRTHBAECT BAETS-GCDCA 99088 fireh 4643 T4 i IR (1045 R (6=0.666 +0.3550, 7
BER Ry B T ff =0.9942, ¢: KBS HL 0%~80%). HIRE FLAT A
Table 1 Fluorescence intensity of BAETS-GCDCA in the

presence of varying amount of water and corresponding calcu-
lated percent ionization J values

Solvent acetonitrile methanol

H,0%/ Emission/ Relative ?er.cenF Emission/Relative ?er.cenF

V/V) nm intensity fonization nm intensity fonization

/% /%

100 517 159 88.83 517 148 89.15
90 513 812 42.98 516 373 72.65
80 511 997 30.00 515 790 42.08
70 510 1078  24.30 513 936 31.38
60 507 1117 21.56 510 1005  26.32
50 505 1157 18.75 510 1090  20.09
40 503 1208  15.17 508 1148 15.84
30 503 1257 11.73 508 1186  13.05
20 500 1317 7.51 506 1266 7.18
10 495 1354 4.92 506 1323 3.01
0 481 1424 0 506 1364 0

The concentration of BAETS-GCDCA in aqueous acetonitrile or methanol is
kept at 4.0 X 1077 mol/L; F\y was measured in 100% acetonitrile or methanol. &
values were calculated according to the Eq. 8 in each corresponding F value

obtained (with pure acetonitrile or methanol, the percent ionization d=0).
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FAESLHU R YT R, (& /DR KoCOs A5 S AT IR
B B ARLL S BRI PO R S, HATAE ROV E
YD, B IEFE KoCOs MR N ATA S N R AR 771,
FExF H A 10 mg 2 120 mg JE4T T %52, 45 RE U
TEAE 60 mg AT AE 7 36 5z g (B 6 ).
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Figure 5 Effect of different catalyst and solvent on yields of derivatization

Catalysis: 1. sodium acetate; 2. potassium citrate; 3. potassium carbonate; 4. potassium carbonate; 5. potassium oxalate. Solvent: 1. tetrahydrofuran; 2. ethyl acetate;

3. acetone; 4. pyridine; 5. methyl sulfoxide; 6. N,N-dimethylformamide; 7. acetonitrile; 8. chloroform; 9. dichloromethane
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DMF 45t 90% 1M AE. RIS 2 DMSO fE %
J IR AT A R 2 I R R T e B, 95
C, FTHE RV 45 min 5 PIE S IR E, T
45 5 BT AR R A FE 40 b T 5 W 07 A P . AT A
i 15 f%, fTAEE R R, TR A G TR
K, S EATERAIA ST 5.
23 BIZSBERFILEE

TERPRACA A b, 0 Ri AR R T AR A
J&, FPBEEEVEAE 40 min P SZBL T 5e e B, (4
W B W 6. FIHT IR TG A A AT R S AR LR K,
LA BE i 450 IH 8 (UDCA) A 491 14 B i WL I 7 (A: MS, B:
MS/MS), 41 5>— 2 5itHE W4k 2.
24 ZMEYVAFE. RERMEDME

BERERAE 32.2 fmol~66 pmol [ Py, 44 I T R
RSEBRHEAE AT Lotk E, FTSIEE R . A1
RAKREL R WA 2. S ARV RRATAE 1 S AR C &
KT 0.9995, Zuka i BRAE 0.76~1.62 ng/mL [
(fEM b4z SIN=3 15, ik mg). % 66 pmol
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Figure 6 (A) Chromatogram of standard bile acid derivatives; (B) Chromatography of vacant standards

Peak: C1: formic acid; C2: acetic acid; GCA: glycocholic acid; GUDCA: glycoursodeoxycholic acid; GCDCA: glycochenodeoxycholic acid; GDCA: glycodeoxy-
cholic acid; CA: cholic acid; UDCA:. ursodeoxycholic acid; GLCA: glycolithocholic acid; CDCA: chenodeoxycholic acid; DCA: deoxycholic acid; LCA: lithocholic
acid; BAETS: 2-(12-oxobenzo[b]acridin-5(12H)-yl)ethyl 4-toluensulfonate; BAE-OH: 5-(2-hydroxyethyl)benzo[b]acridin-12(5H)-one
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Figure 7 The APCI-MS/MS spectra of ursodeoxycholic acid derivative: (a) MS spectra; (b) MS/MS spectra
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Figure 8 (A) Chromatogram of bile acids from bile in chook; (B) chromatography of vacant derivative reagent

chromatographic conditions and peaks as Figure 5

22 MHAHRRATEIERDR R SRR R BRI B A

Table 2 Linear regression equations, correlation coefficients, detection limits and MS data of bile acid derivatives

Bile acid Reeression equation Correlation coeffi- Fluorescence limit/ MS
derivatives g q cient (ngemL ") M-+H)"
GCA Y=5.353360+0.62498X 0.9997 1.05 737.1
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Bilf? ac.id Regression equation Qonelation coefti- Fluoresciflznce limit/ MS X
derivatives cient (ngemL ") (M+H)
GUDCA Y=5.695050+0.38702X 0.9996 1.62 721.2
GCDCA Y=6.459390+0.64391.X 0.9997 0.94 721.1
GDCA Y=6.901160+0.65208X 0.9998 1.06 721.1
CA Y=12.66525+1.03158X 0.9997 1.01 680.1
UDCA Y=11.16978+1.04587X 0.9997 0.76 664.1
GLCA Y=17.447360+0.57393X 0.9996 1.17 705.1
CDCA Y=11.56747+1.17620X 0.9999 0.85 664.1
DCA ¥Y=10.75858+1.01393X 0.9995 0.82 664.1
LCA Y=13.52024+1.37546X 0.9995 0.68 648.1
X: Injected amount/pmol, Y: peak area.

R 3 GV ER B B AR
Table 3 Content and recoveries of bile acids from bile in chook
Bile acid Bile sarrjrl)le/ ID? Recoveries Bile acid Bile sarr}ll)le/ D Recoveries
(ug'mL ) (ng'mL )
GCA 1.25 Yes 97.9 UDCA 0.09 102.5
GUDCA 3.10 Yes 98.4 GLCA 0.08 98.7
GCDCA 5.09 Yes 100.2 CDCA 0.52 Yes 100.6
GDCA “ 101.6 IDCA 0.12 101.3
CA 0.10 99.7 LCA 1.52 Yes 100.5
TS AR SRR AT 5 B "D 14 IR A T L T
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