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Table 1. Diagnostic ratios for differential diagnosis of inborn errors of steroidogenesis and steroid metabolism (ref. 19,

— i)

Enzyme defect (Gene)

Diagnostic ratio

21-Hydroxylase deficiency (CYP2IA2)

115-Hydroxylase deficiency (CYPIIBI)
175-Hydroxylase deficiency (CYPI7AI)
3p-Hydroxylase deficiency (HSB3B2)

P450 oxidoreductase deficiency (POR)

Apparent mineral corticoid excess (HSDI1I1B2)

Apparent cortisone reductase defficiency (ACRD) (H6PDH)

5a-Reductase deficiency (SRD5A2)

170HP /(THE + THF + 5¢THF)
PT/(THE + THF + 5¢THF)
PTONE/(THE + THF +5¢THF)

THS/(THE + THF + 5aTHF)

(THA +5¢THA + THB +5¢THB) / (THE + THF + 5¢THF)
(THA +50¢THA + THB +5aTHB) /(A + Et)

DHEA/(THE + THF + 5aTHF)
5PT/(THE + THF +5¢THF)

(170HP+PT)/(A+Et)

(170HP +PT)/(THE + THF + 50 THF)

PD/(THE + THF + 5¢THF)

5PD/(THE + THF +5¢THF)

(THA +5aTHA + THB +5¢THB) / (THE + THF + 5¢ THF)

F/E

(THF +5aTHF) /THE
Cortols/cortolones
(F+E)/(THE + THF +5¢THF)
THE/(THF + 5¢THF)
Cortolones/cortols

Et/A
THB/5aTHB
THF/5¢THF

178-Hydroxysteroid dehydrogenase deficiency (HSDI17B3) (A +Et)/(THE + THF +5aTHF)

Abbreviations: A: androsterone, Et: etiocholanolone, DHEA: dehydroepiandrosterone, F: cortisol, E: cortisone, 5PT: pregnenetriol (A?),
5PD: pregnenediol (A5), PT: pregnanetriol, PD: pregnanediol, PTONE: pregananetriolone, 170HP: 17a-hydroxyprogesterone, THA:
tetrahydro-A, THB: tetrahydro-B, 5aTHA: allotetrahydro-A, 5aTHB: allotetrahydro-B, THE: tetrahydro-E, THF: tetrahydro-F, 5a THF:
allotetrahydro-F, THS: terahydro-S
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Fig. 1. Biosynthetic and Metabolic Pathway of Estrogens and Related Enzymes

i aromatase (CYPI19A), ii: 174-HSD-2; 175-HSD-14, iii: 174-HSD-1; 175-HSD-7; 175-HSD-12; AKR1C3, iv: CYPs 1A1; 1A2: 3A4, v: CYPs
1A1; 1A2; 1B1; 3A4, vi: CYPs 1A1; 2C8; 3A4; 3A5; 3A7, vii: CYPs 1A1; 2C8; 3A4; 3A5; 3A7, viii: catechol-O-methyltransferase (COMT).
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Fig. 2. Proposed Derivatization of Estrogens for HPLC-MS

F

El: estrone, E2: estradiol, NMP: N-methylpyridinium, GT: Girard-T, MNA: N-methylnicotinyl, MPPZ:1-(2 4-dinitrophenyl)-4-
dimethylpiperadinium, Dansyl: 5- (dimethylamino) naphthalene-1-sulfonyl, PS: 2-pyridine-sulfonyl, PA: picolinyl, PFB: pentafluorobenzyl

0] 0]
A
PA, MNBA,DAP,TEA | N
in THF
HO
PA, MNBA,DAP, TEA E‘ /(jigig
in THF
HO

Fig. 3. Derivatization of Estrone and Estradiol with Picolinic Acid

PA: picolinic acid, MNBA: 2-methyl-6-nitrobenzoic anhydride, DAP: 4-dimethylaminopyridine, TEA: triethylamine, THEF: tetrahydrofuran
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Fig. 4. Biosynthetic and Metabolic Pathway of Androgens and Related Enzymes

i CYP17A1, ii: 174-HSD-3, iii:SRD5A, iv: CYP11B1, v: AKRIC, AKRI1D, vi: SRD5A, AKRIC, vii: SRD5A, AKRIC, viii: AKR1D, 35-HSD-
1, AKRIC, ix: 3f-HSD-2SRD5A, AKRIC, x: 36-HSD-2, xi: CYP21A2, xii: CYP17A1, xiii: AKRIC, AKRI1D, xiv: SRD5A, AKRI1C, xv: AKRI1C,
xvi: CYP2C11, xvii: CYP3A1, CYP3A2, CYP2BI, xviii: CYP2A1, xix: CYP2A2, xx: CYP2C11.
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Fig. 5. Proposed Derivatization of Androgens for HPLC-MS

T: testosterone, DHT: dihydrotestosterone, NMP: N-methylpyridinium, HMP: 2-hydradino-N-methylpyridyl, MAPZ: 4-(4-dimethyl-1-
piperadinium)-3-nitrophenyl-carbamate, GP: Girard-P, HOX: hydroxime, HP: 2-hydradinopyridyl, PDC: pyridine-2,3-dicarboxyl, PA: picolinyl,
EtOX-Ac: O-ethyloxime-acetyl
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Table 2. Positive ESI-SRM and HPLC data of the picolinyl derivative of each hydroxyl steroid.?

SRM condition

Steroids Derivatives tg (min)©
transition (m/z) CE (V) Pattern®

Estrone 3-Pi 376 — 78 (157) 43 B 25.2
Estradiol 3,17-diPi 483 — 370 (264) 17 A 314
Estriol 3,16,17-triPi 604 — 481 26 A 249
2-Hydroxyesrone 2,3-diPi 497 — 374 32 A *
4-Hydroxyestrone 3.4-diPi 497 — 374 32 A *
2-Hydroxyestradiol 2,3,17-triPi 604 — 481 30 A *
4-Hydroxyestradiol 34,17-triPi 604 — 481 30 A *
Androstenedione non-derivatizede 289 — 108 25 H *
Testosterone 17-Pi 394 — 271 (253) 20 A 26.7
Dihydrotestosterone 17-Pi 396 — 255 (203) 20 G 329
Dehydroepiandrosterone 3-Pi 394 — 271 (175) 20 A 309
5-Androstenediol 3,17-diPi 501 — 255 23 F *
Androsterone 3-Pi 396 — 124 19 C 31.6
Epiandrosterone 3-Pi 396 — 124 19 C *
Etiocholanolone 3-Pi 396 — 124 19 C 31.8
Epietiocholanolone 3-Pi 396 — 124 19 C *
Progesterone non-derivatized 315 — 109 20 H *
17a-OH-progesterone non-derivatized 331 — 108 25 H *
Pregnenolone 3-Pi 422 — 299 (281) 10 A 386
17a-OH-pregnenolone 3-Pi 438 — 315 (297) 10 A 29.9
Cortisol 21-Pi 468 — 450 (309) 21 D 138
6f-Hydroxycortisol 6,21-diPi 589 — 466 21 A 109
Cortisone 21-Pi 466 — 78 (265) 52 B 146
Corttexolone 21-Pi 452 — 434 (293) 25 D 178
Corticosterone 21-Pi 452 — 434 (192) 25 D 19.3
Dehydrocorticosterone 21-Pi 450 = 78 (96) 52 B 169
Deoxycorticosterone 21-Pi 436 — 78 (191) 52 B 235
Aldosterone 18-Et-21-Pi 494 — 448 15 E 20.2
TetrahydroA 3,21-diPi 559 — 436 38 A 273
TetrahydroB 3,21-diPi 561 — 438 41 A 279
TetrahydroE 3,21-diPi 575 — 452 25 A 244
TetrahydroF 3,21-diPi 577 — 124 35 C 23.6
Allo-tetrahydroF 3,21-diPi 577 — 124 35 C 218
Cortolone 3,20,21-triP1 682 — 559 20 A 24.8
B-Cortolone 3,20,21-triPi 682 — 559 20 A 26.6
Cortol 3,20,21-triPi 684 — 279 30 X 251
B-Cortol 3,20,21- triPi 684 — 279 30 X 238

Abbreviations: ESI, electrospray ionization; SRM, selected reaction monitoring; CE, collision energy; tR, retention time; Pi, picolinate; tg,

retention time.

2Some data in this table have been obtained in our previous papers [55, 56, 58, 70].

b Patterns of precursor to product ions. A: [M+H]*—[M + H-picolinic acid] *; B: [M+H]*—[CsH,N]*; C: [M+H]*— [picolinic acid +
H]*: D: IM+H]*—=[M+H-H,0]": E: IM+H]*—=[M+H-EtOH]*: F: [M+H]*—[M +H-2picolinic acid]*; G: [M+H]*—[M +H-
picolinic acid-H,O1*; H: [M+H]*—[C;H;,0 or C;HyO] *; X: not identified.

¢Reversed phase Cadenza CD-C18 (250 mm %3 mm ID. 3um) was employed. Initially, the mobile phase was comprised of CHsCN-
water (35:65, v/v) containing 0.1% acetic acid, and then programmed in a linear manner to CHsCN containing 0.1% acetic acid over 40
min. The final mobil phase was kept constant for 15 min. The flow rate was 400 4L, and the column was maintained at 40C.
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Table 3. Positive ESI-SRM and HPLC data of the picolinyl derivative of each sterol2 (ref. 69, —#ReZZ)
SRM condition
Steroids Derivatives RRTc
Transition (m/z) CE (V) Pattern®
24S-Hydroxy-4-cholesten-3-one 24-Pi 528 — 146 24 A 0.30
25-Hydroxy-4-cholesten-3-one 25-Pi 528 — 146 24 A 0.37
27-Hydroxy-4-cholesten-3-one 27-Pi 528 — 146 24 A 042
7a-Hydroxy-4-cholesten-3-one 7-Pi 528 — 146 24 A 0.33
7p-Hydroxy-4-cholesten-3-one 7-Pi 528 — 146 24 A 0.36
5a-Cholesta8(9),14,24-trien-3f-ol 3-Pi 551 — 510 12 B 0.71
Cholesta-5,7,24-trien-3f-ol 3-Pi 551 — 510 12 B 0.79
Cholesta-5,8,24-trien-34-ol 3-Pi 551 — 510 12 B 0.78
5a-Cholesta-7,24-dien-3-ol 3-Pi 553 — 512 12 B 0.87
Zymosterol 3-Pi 553 — 512 12 B 0.86
Desmsterol 3-Pi 553 — 512 12 B 0.88
5a-Cholesta-8 (9),14-dien-3p-ol 3-Pi 553 — 512 12 B 0.87
5a-Cholesta-6,8(9)-dien-33-ol 3-Pi 553 — 512 12 B 083
7-Dehydrocholesterol 3-Pi 553 — 512 12 B 092
8-Dehydrocholesterol 3-Pi 553 — 512 12 B 091
Lathosterol 3-Pi 555 — 514 15 B 0.98
8-Lathosterol 3-Pi 555 — 514 15 B 0.98
Cholesterol 3-Pi 555 — 514 15 B 1.00
Coprostanol 3-Pi 557 — 516 14 B 091
Cholestanol 3-Pi 557 — 516 14 B 1.04
4-Methyl-5a-cholesta-8 (9),24-dien-34-ol 3-Pi 567 — 526 12 B 0.89
4-Methyl-5a-cholesta-8 (9),14-dien-35-ol 3-Pi 567 — 526 12 B 092
24S,25-Epoxycholesterol 3-Pi 569 — 528 12 B 0.53
7-Ketocholesterol 3-Pi 569 — 528 12 B 048
4-Methyl-5a-cholest-8 (9)-en-35-ol 3-Pi 569 — 528 12 B 1.01
Campesterol 3-Pi 569 — 528 12 B 1.03
20a-Hydroxycholesterol 20-Pi 571 — 530 14 B 043
56.65-Epoxycholestanol 3-Pi 571 — 530 14 B 0.64
5a,6a-Epoxycholestanol 3-Pi 571 — 530 14 B 0.68
4,4"-Dimethyl-5a-cholesta-8 (9),14,24-trien-34-ol 3-Pi 579 — 538 14 B 0.78
4 4 -Dimethyl-5a-cholesta-8 (9),24-dien-34-ol 3-Pi 581 — 540 14 B 093
4.4 -Dimethyl-5a-cholesta-8 (9),14-dien-35-ol 3-Pi 581 — 540 14 B 0.99
4.4’-Dimethyl-5a-cholest-8 (9) -en-3f-ol 3-Pi 583 — 542 14 B 1.04
Sitosterol 3-Pi 583 — 542 14 B 1.07
Sitostanol 3-Pi 585 — 544 14 B 1.11
Lanosterol 3-Pi 595 — 554 12 B 0.90
Dihydrolanosterol 3-Pi 597 — 556 15 B 101
27-Hydroxy-7-dehydrocholesterol 27-Pi 633 — 510 22 C 0.62
7B-Hydroxycholesterol 3,7-diPi 635 — 146 22 A 053
7a-Hydroxycholesterol 3,7-diPi 635 — 146 22 A 0.51
6-Hydroxycholesterol 3,6-diPi 635 — 146 22 A 0.63
4f-Hydroxycholesterol 3,4-diPi 635 — 146 22 A 0.76
22R-Hydroxycholesterol 3,22-diPi 635 — 512 22 C 0.55
22S-Hydroxycholesterol 3,22-diPi 635 — 512 22 C 048
24R-Hydroxycholesterol 3,24-diPi 635 — 512 22 C 0.56
24S-Hydroxycholesterol 3,24-diPi 635 — 512 22 C 0.57
25-Hydroxycholesterol 3,25-diPi 635 — 512 22 C 0.66
27-Hydroxycholesterol 3,27-diPi 635 — 512 22 C 0.71
56-Cholestane-3a,7a-diol 3,7-diPi 637 — 514 22 C 0.49
7a,27-Dihydroxy-4-cholesten-3-one 7,27-diP1 649 — 146 28 A 017
7a,12a-Dihydroxy-4-cholesten-3-one 7.27-diP1 649 — 146 28 A 0.14
Cholestane-34,7a,12a-triol 3,7,12-triPi 653 — 146 28 A 0.50
7a,27-Dihydroxycholesterol 3,7.27-triPi 756 — 510 20 D 0.31
56-Cholestane-3a,7a,12a-triol 3,712-triPi 758 — 635 28 C 0.24
56-Cholestane-3a,7a,12a,25-tetrol 3,7,12,25-tetraPi 879 — 756 20 C 012

Abbreviations: ESI, electrospray ionization; SRM, selected reaction monitoring; RRT, relative retention time; CE, collision energy; Pi,

picolinate.

2Some data in this table have been obtained in our previous papers [67, 68, 69].
b Patterns of precursor to product ions. A: [M+ Nal*—[picolinic acid+Nal]*; B: [M+Na+CH;CN]+*—[M + Nal* ; C: [M+Nal]*—
[M + Na-picolinic acid]*; D: [M + Na] *—[M + Na-2picolinic acid]*.
¢RRT are expressed relative to the retention time of cholesterol 3f-picolinate. Polar endcapped C18 column, Hypersil GOLD a@Q (150
mm X 2.1 mm LD, 3 um) was employed. Initially, the mobile phase was comprised of CH;CN-MeOH-water (40:40:20, v/v/v) containing
0.1% acetic acid, and then programmed in a linear manner to CH;CN-MeOH (50:50, v/v) containing 0.1% acetic acid over 40 min. The
final mobil phase was kept constant for 2 min. The flow rate was 300 4L, and the column was maintained at 40C.
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Fig. 10. Representative selected reaction monitoring chromatograms obtained from authentic oxysterols (A), 1 mg protein
of the microsomal fraction from a normal rat liver (B), and 5 uL of sera from a nomal volunteer (C) and a patient with

cerebrotendenous xanthomatosis (D). 6
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