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Terminal hair

Vellus hair

A A

Figure 1. The process of hair loss.

In baldness, long, thick and
pigmented hair becomes progressively short, fine, and
unpigmented hair.
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Figure 2. The Norwood’s classification of androgenetic alopecia shows

the varing degrees of baldness.
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2. Targeted metabolic profiling
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Figure 3. Biosynthesis and metabolism of androgen steroids.
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2. Global metabolic profiling
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Figure 5. Metabolic profiling of androgen in different hair region.
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1 24 7171 2 ZA
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Table 1. GC/MS operating conditions for TMS-ether derivatives of

androgens.

Parameters Conditions
Column Ultra-1 (100% methylpolysiloxane, 25 m x

0.2 mm ILD. x 0.33 um film thickness)

Carrier gas He at 0.8 ml/min
Inlet pressure 16 psi
Split ratio 10:1
Injection port temp. 280 C
Detector temp. 300 C

Oven temp. program

# Rate (C/min) Temp. (C) Time (min)
1 230 2
2 4 240 5

3 15 300




Table 2. GC/MS operating conditions for TMS-ether derivatives of

cholesterol.

Parameters Conditions

Column Ultra-1 (100% methylpolysiloxane, 13 m X
0.2 mm ID. x 0.33 /m film thickness)

Carrier gas He at 0.9 ml/min

Inlet pressure 121 pka

Split ratio 10:1

Injection port temp. 260 C

Detector temp. 280 C

Oven temp. program

# Rate (C/min) Temp. (TC) Time (min)
1 210 1.0
2 4 230 1.0

3 10 315 0.0




Table 3. GC/MS operating conditions for TMS-ether derivatives of

global metabolic profiling.

Parameters Conditions

Column Ultra-1 (100% methylpolysiloxane, 25 m x

0.2 mm ID. x 0.33 /m film thickness)

Carrier gas He at 0.8 ml/min
Inlet pressure 121 pka

Split ratio 50:1

Injection port temp. 250 C

Detector temp. 300 C

Oven temp. program
# Rate (‘C/min) Temp. (C) Time (min)
1 80 2

2 10 300 3
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Figure 6. The diagram of androgens pretreatment from human hair and

plasma.
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Figure 7. The diagram of cholesterol pretreatment from human hair.
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Figure 8. The diagram of pretreatment from human hair for global

metabolic profiling.
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Figure 9. The diagram of pretreatment from human plasma for global

metabolic profiling.
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Figure 10 . Mass spectra of trimethylsilyl derivatives of androgen.
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Figure 10. Continued.



Table 4. Characteristic ions and relative retention times of TMS-ether

derivatized steroids for detection by GC/MS.

Steroids Characteristic lons (m/2)* R.R.T.(min)"
Dehydroepiandrosterone (DHEA) 432, 417, 327 0.895
Pregnenolone (PREG) 445, 460, 355 1.151
Testosterone (T) 432, 417, 360 0.996
Dihydrotestosterone (DHT) 434, 419, 405 0.956
d2-Testosterone (1.S) 434, 417, 147 1.000

? Quantitative ions are underlined.

> Retention time relative to those of d>—-Testosterone as I.S.
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Figure 11. Total ion chromatogram of (A) standard mixture (B) androgen
from human hair. 1; DHEA, 2; DHT, 3; T. 4; PREG, and

d>—-testosterone (I1.S.).
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Table 5. The levels (ng/g) and relative ratios of androgens in vertex

scalp hair of MPB before- and after- finasteride administration.

Before—- finasteride

After— finasteride

administration administration t—-test
Steroids (=21) (n=21) (b value)
meantSD meantSD
DHEA 1.66+0.60 1.52£0.35 NS
PREG 7.68%5.46 6.45+4.63 NS
T 10.96+2.66 12.24+£4.19 NS
DHT 0.73£0.40 0.47£0.24 p < 0.05
DHT/T ratio 0.07£0.03 0.04£0.02 p < 0.005

a

n: number of subjects

P NS: no significant; statistical significance was determined by the

student t-test.



Table 6. The levels (ng/g) and relative ratios of androgens in occipital

scalp hair of MPB before- and after- finasteride administration.

Before- finasteride After— finasteride
administration administration t—test
Steroids (n°=21) (n=21) (b value)
meantSD meantSD

DHEA 1.39£0.40 1.45£0.47 NS
PREG 4.51%£6.43 4.20£4.95 NS
T 9.62£2.94 11.42£3.68 NS
DHT 0.58+0.38 0.43%0.29 NS
DHT/T ratio 0.06%£0.03 0.04£0.03 NS

a

n: number of subjects

P NS: no significant; statistical significance was determined by the

student t-test.



Table 7. The levels (ng/g) and relative ratios of androgens in plasma of

MPB before- and after- finasteride administration.

Before- finasteride After- finasteride
administration administration t—test
Steroids (n*=11) (n=11) (p value)
mean®SD mean®SD
DHEA 15.57£6.45 12.09+4.98 NS
PREG 3.25%2.15 1.93+1.58 NS
T 4.43+1.06 5.3611.84 NS
DHT 1.24%0.39 0.56%0.33 p < 0.001
DHT/T ratio 0.28%0.06 0.11£0.06 p < 0.001

a

n: number of subjects
" NS: no significant; statistical significance was determined by the

student t-test.
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Figure 12. DHT/T ratio in (a) vertex and (b) occipital hair before- and

after— finasteride administration. The DHT/T ratio indicates
the activity of 5a-reductase typell. The DHT/T ratio after—
finasteride administration was lower than before— finasteride
administration in vertex scalp hair with MPB (p < 0.005).
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Figure 14. Total ion chromatograms of hair global metabolic profiling in
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administration (¢) after— finasteride administration.
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Figure 16. Principal component analysis of hair global metabolic profiling.
(A) extraction with acidic condition (pH=2-3) (B) extraction with

basic condition (pH=9-10).
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T
Hr
ﬂo
R
Nr
B

(100, 200, 500, 1000,

554

weh 6742

N
PA

AT

)

2000, 5000 pg/g)e A4

ol

[¢)

H, o5& GC/MS=E 4]

—

XV
a!
NE
A

d 2 H E 9

==
=

AR 2 A

tol

3 5
B9t (appendix).

Al

=
o
=

[e]

=

8] 7] %4

5ol

al

]

H

o - =
TEEE

g]

Aol A

. &
a4

A

ox
—_
o

oo

il
A
i
Nfo

ol

S

) 3}

j
a

[e]

-

FA
3] & (recovery)s Tt om, 1 Ay 92 % o]dold

o

=

=

A ¢
ol

%j_
Ll o

23

1

¢l
pul

100, 1000, 2000 pg/ml

==
T =

S

ol

}

s
A 39 th. Inter-day

&

ST ==
I

} (standard deviation ; SD)¢ A tf

S 2dHE9 FAAA

=
AU E

LHERW AT

=

=

2 3}

X
1%+ Table 8 ¥ %t}

)=
=

S

(relative standard deviation; RSD)Z €
(CV %)= 10 %o

9} intra-day 4]

7.02 %

g

s

’

s
a

o

vze]

,ﬂl
oy
-
o



Table 8. Intra- and inter—-day assay for cholesterol.

Intra-day (n=9) Inter-day (n=9)
Added
Recovery

Amount (%) Found cvP accuracy Found CV accuracy

(ng/g) (mean+SDY) (%) (%)  (meanSD) (%) (%)

92.00

100.00 96.69+3.31 3.44 3.34 97.09+6.76 7.02 1.56
1000.00 945.32+11.79 1.24 5.51 952.06+10.79  1.70 5.19
2000.00 2027.86£5.70  0.28 1.38 2023.80+5.65  0.38 1.30

* Standard deviation

> Coefficient of variation
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ABSTRACT

Targeted and global metabolic profiling
in plasma and scalp hair of patients with male—pattern
baldness before— and after— finasteride dosage

by gas chromatography/mass spectrometry

Hye Kyung Ryu
Department of Chemistry
Graduate school of

Sungshin Women's University

Male pattern baldness (MPB) is heritable and strongly androgen dependent.
Finasteride, one of the most popular drugs for MPB treatment, works as
competitive inhibitor of 5a-reductase II. In this study, we tested before
and after MPB patients was treated with finasteride. We also investigated
the change of targeted and global metabolic profiling. For the sample
preparation, plasma and hair were hydrolyzed and then extracted with
liquid-liquid extraction or solid-phase extraction. The dried residues were
derivatized with a mixture of MSTFA/NH4/DTE or MSTFA/TMCS/TMSI.
As the results, the accuracy and CV 2% was showed 10-20 % or so. The

correlation coefficient (R®) on calibaration curve was up to 0.99. Therefore



the linearity showed. We found the most proper condition and processed
for androgens, global metabolic profiling and cholesterol. In targeted
approach results, the ratio of DHT/T, as an indicator of the activity of 5a
-reductase II, was significantly decreased in vertex hair and plasma after
finasteride treatment. Global metabolic profiling makes it possible to find
unknown metabolites could establish a different non-targeted metabolic
profiling between before and after finasteride treatment with MPB in hair
and plasma from PCA and DA results. Also, we found an unknown
metabolite "MPL-MPB-Hair-M;---” and cholesterol from matching mass
spectrum using identified mass to charge (m/z) in difference factor
spectrum pattern. Based on these result, we detected cholesterol which was
significantly decreased in vertex and occipital hair after the finasteride

treatment.
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Calibration curves of measurement of targeted metabolic profiling.
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