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ABSTRACT. Cholesterol supersaturation in bile, which causes gallstone formation, is the result of low bile
acid secretion or high cholesterol secretion. The quantitative analysis of cholesterol, bile acids and sterols which
are precursors of cholesterol have been used to examine the changes in bile component. We described a simple,
sensitive and reproducible method for simultaneous determination of cholesterol, five bile acids and seven sterols
in human bile juices and gallstones by capillary column gas chromatography-mass spectrometry (GC/MS). Clin-
ical samples were hydrolyzed by alcoholic KOH, extracted twice (pH 14 and 1) and derivatized to trimethylsilyl
{TMS) ether with MSTFA/NH.I (N-methyl-N-trimethylsilyltrifluaroacetamide/ammonium iodide) mixture in order
to be detected on the GC/MS. The good quality control data were obtained through within-a-day and day-to-day
test (RSD values were 1.72-13.79%, 0.68-14.10%, respectively) and the recovery range of them was 73.56-96.
95%. Using this method, biliary and gallstone compositions in the patients with intrahepatic stones wete analyzed.
The amounts and its relative distribution of cholesteral, bile acids and sterols showed different pattern in bile
juices and gallstones.
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prosterol, cholesterol, cholestanol, desmosterol, lathos-

terol, campesterol, lanosterol, sitosterole] @ H34r
lithocholic acid(LCA), deoxycholic acid(DCA), cheno-
deoxycholic acid(CDCA), cholic acid(CA), urscdeo-

Table 1. Characteristic jons and relative retention times
of TMS-derivatized cholesterol, bile acids and non-
cholesterol sterols for detection by GC/MS

Characteristic Relative

Compounds ion Retention
(m/z) time*
Coprosterol 445, 370, 355 1.310
Cholesterol 458, 368, 329 1,222
Cholestanol 460, 445, 215 1.322
Desmosterol 456, 441, 343 1.34%
Lathosterol 458, 443, 255 1.375
Campesterol 472, 382, 343 1441
Lanosterol 498, 483, 393 1.544
Sitosterol 486, 396, 357 1.563
Lithocholic acid 520, 505, 430 1.445
Deoxycholic acid 593, 428, 255 1.521
Chenodeoxycholic acid 428, 413, 255 1.556
Cholic acid 682, 517, 253 1.562

Ursodeoxycholic acid 593, 518, 428 1.604

*50-Cholestane was used as internal standard (retention
time: 19.461). Quantitative ions are underlined.
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Fig. 1. Mass spectra of TMS-derivatized chalesterol, bile acids and sterols.
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Fig. 1. Continued.

Table 2. Precision. accuracy and recovery data for determination of cholesteral and noncholesterol sterals in human

gallstones
Compounds Within-a-day (n=3) Day-to-day (n=3)
Recovery™*
Added Amount (%) Mean +SD RSD Mean < SD RSD
{(ng/mg) — (%) - (%)
Cholesterol 96.95
0.00 144.70£15.57 10.76 136.87+10.64 7.77
10.00 153.27+19.66 12.82 14570+ 16.24 11.14
50.00 21297£26.79 12.58 21878+ 21.78 9.96
160.00 235.03128.57 12.15 2509311475 588
Coprosterol 87.21
0.00 0.71£0.01 211 0.70+0.03 3.61
0.10 085+0.42 2.28 0.78+0.05 6.82
0.50 1.13+0.10 892 1.28£0.06 4.91
1.00 1.80+8.03 1.72 1.77+0.02 1.09
Cholestanol 84.35
0.00 192+0.21 10.94 1.89+0.18 9.52
0.10 2.03+0.18 8.90 1.98+0.11 5.56
0.50 2.51£035 13.79 2541036 14.10
1.00 3.23+0.34 14353 3.1810.23 723
Desmosterol 7931
0.00 0.54+0.02 4.15 0.54+4.05 9.79
0.10 0.70+£0.04 5.19 0.68£0.05 8.53
0.50 1.24£0.15 12.4% 130£0.14 10.65
1.00 1.75£0.10 5.4 1.76+0.11 6.27
Lathosterol 87.27
0.00 2.76+0.19 6.88 251+0.17 6.77
0.10 2.91+£40.19 6.69 2981026 8.91
0.50 332+0.17 5.04 3.38+0.28 8.26
1.00 4.28+10.31 7.25 4.03+£046 11.41
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Table 2. Continued

Compounds Recovery* Within-a-day (n=3) Day-to-day (n=3)
Add(e;i g},:;) unt (%) Mean+SD F({;? Mean £ SD TS??
Campestero) &8.37
00 1.99+40.10 5.02 2.21+0.09 4.07
0.10 2.14+0.11 S5.26 241+0.20 8.11
0.50 262027 10.31 2,70x0.22 8.15
1.00 3.42+0.24 7.14 3.64+0.15 401
Lanosterol 73.67
(.00 0.91+0.04 4.40 0.87+0.01 142
0.10 1.07+0.08 7.48 0.96+0.08 8.01
0.50 1.52+£0.09 6.16 1.48£0.10 6.60
1.00 2.11x0.16 7.75 2.15+£0.02 1.02
Sitosterol 87.07
0.00 1.01+0.07 6.49 {.93+0.01 0.68
0.10 1.23+0.11 9.35 1.11+0.03 312
0.50 1.76+0.11 5.99 1.75£06.09 5.02
1.00 2.31+0.23 9.00 2.40+0.02 0.75

*Recovery is average value for the three different amounts added.

Table 3. Precision. accuracy and recovery data for determination of bile acids in haman gallstones

A;::I::p:l;:lds t Recovery® Within-a-day (n=3)RSD Day-to-day (n=3) —
e oun

(ngimg) (%) Mean=+SD ) Mean +SD %)
Lithocholic acid 81.84

0.00 0.70+0.07 10.01 0.58+0.03 5.21

1.00 1.78+0.15 8.66 1.88+0.10 5.36

5.00 7.07+0.82 11.60 7.30+0.58 7.94

10.06 11.51+0.69 598 12.02+0.20 1.69
Deoxycholic acid 73.56

0.00 1.53+0.11 7.50 1.60+0.05 3.09

1.00 3.00+£0.14 4.56 3.14+06.08 2.46

S.00 7.63+0.46 5.18 7.731£0.64 8.28

10.00 12.30%£0.51 4.16 12.72+0.32 253
Chenodeoxycholic acid 76.80

0.00 12.01+£0.57 4.76 12.17£0.16 1.32

.00 1323+1.30 9.85 13.07+£0.31 237

5.00 17.41+1.40 8.07 18.27+1.04 571

10.00 25.47+0.76 2.97 25.10+1.68 6.69
Cholic acid 76.89

0.00 551+0.27 493 542+0.14 2.56

1.00 6.95+0.50 7.18 7.04+0.48 6.81

5.00 10.86+0.68 6.28 10.83+£1.02 9.40

10.00 16.69+1.36 8.12 16.30+1.52 9.34
Ursodeoxycholic acid 75.27

0.00 0.99+0.04 4.51 0.86+0.07 807

1.00 1.97+0.09 4.60 2.08£0.15 7.37

500 6.941+0.51 7.32 7.14+0.17 2.39

10.06 12.23+1.12 912 12.41+0.46 3N

*Recovery is average value for the three different amounts added.
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Fig. 2. SIM chromatogram of TMS-derivatized cho-
lesteral, bile acids and sterols.
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Table 4. Concentration of cholesterol, noncholesterol sterols and bile acids in bile juices from 33 patients

Current Method' ™ New Methad
Compounds

Range Mean Range Mean
Cholesterol 33.10-323.24 136.30 44.14-235.64 125.38
Coprosterol 0.00-0.01 0.01 0.00-0.01 0.0
Cholestanol (.06-1.45 Q.58 0.11-1.63 0.51
Desmosterol 0.01-0.02 0.01 0.01-6.05 0.02
Lathosterol 0.01-1.43 1.09 0.04-3.34 0.95
Campesterol 0.03-1.61 0.79 0.05-1.87 .59
Lanosterol 0.01-1.83 0.89 0.02-2.12 0.82
Sitosterol 0.05-2.35 1.16 0.05-4.05 .93
Lithocholic acid (.00-16.01 10.03 0.00-25.32 7.38
Deoxycholic acid 0.00-42.36 21.37 0.00-47.01 15.63
Chenodeoxycholic acid 33.45-99.59 57.32 16.36-71.45 52.89
Cholic aicd 4.06-545.16 48.95 17.01-69.99 36.28
Ursodeoxycholic aicd 0.00-57.18 14.77 3.11-49.70 19.56

unit: 100X pginl.

Table 5. Concentration of cholesterol, noncholesterol sterols and bile acids in gallstones from 33 patients

Current Method'™" New Method
Compounds

Range Mean Range Mean
Cholesterol 241.04-2922.10 1496.77 342.23-2217.01 1479.30
Coprostern] 0.02-0.08 0.04 0.02-0.07 0.04
Cholestanol 1.78-15.44 9.89 1.53-29.03 7.98
Desmaosterol 0.16-0.33 022 .15-0.33 .23
Lathosterol (.25-485.4 13.27 1.24-78.66 13.94
Campesterol 1.67-11.42 376 0.94-8.91 421
Lanosterol 0.29-5.67 1.85 0.43-4.59 1.83
Sitosterol 0.85-7.59 2.97 0.49-6.47 3.01
Lithochotic acid 0.00-123.41 25.11 15.83-68.32 19.09
Deoxycholic acid 1.01-56.22 40.89 10.48-64.77 31.56
Chenodeoxycholic acid 7.34-400.15 83.07 36.64-156.30 70.09
Cholic aicd 1.34-350.66 60.42 26.47-108.12 44.67
Ursodeoxycholic aicd (.21-20.02 10.09 0.78-23.33 14.71

unit: 100 % mg/100 mg of stone.

o}, A HEA FEE 2R AR RSl ¥ 2
£ ZHAHET w2 FEFA T2 FA el
1.80 mg/100 mg of stone, L&) 7 HFNA 1.32 pg/
ula) Wbl Eo| A 27 14.79 mg/100 mg of
stone, 1.25 pgiuL2 & X &7¢el 328 ae]E
ehich(Fig. 3). wiebd =AM dEe] B8 29
2HE 48.05%, 2GE4} 50.48%, E2 8 Bo] 147%
24 294 w2 2 E TR T E
Al viepd v, g e ZHlAEH g S35
Fxol vl Y53 & FHETU2HE, FHE
A}, Z6|80) Z+2} 87.50%, 10.65%, 1.85%)2 ot

ehije] 5} Zo] & Bylow Za2HES £
3 A ER EH2HEY v g2 G5 9
oll A 2+7} 97.04, 97.93%2 W] <=3Fsict.
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terole] oFE TWFo|x & 3t& Below o e
2 ©&oll4= plant sterol Sl campesterols}  si-
tosterole}] =4 Yebd vk, Aol 4 cholestanol
o] B EA eb} Aol F Hoir}. gk 2HEE2
Y FEE wEEY FHAM LF Edrh 29
U 28 dAAREANN EH2EHE & FET 2
€9 & =2 vl A sxe 3dgE 24
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