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Abstract

Androgenic alopecia, characterized by hair loss, has
been correlated with high androgen levels, especially
dihydrotestosterone. Finasteride treatment inhibits 5-
alpha reductase and blocks dihydrotestosterone
production. Further, dihydrotestosterone inhibits hair
cell proliferation. Polyamines are closely associated
with proliferation. We aimed to identify differences

in polyamine levels in plasma and urine samples

from patients with androgenic alopecia receiving
finasteride treatment for three years. Liquid
chromatography-tandem mass spectrometry was used
to quantify polyamines. Plasma samples were
derivatized with dansyl chloride; urine samples were
derivatized with isobutyl chloroformate. Patient
plasma and urinary polyamine concentrations were
followed up annually. There were significantly higher
plasma levels of spermidine (P value, 0.01) and N-

acetyl spermine (P value, 0.03) between baseline and
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baseline after one year (total two year) of finasteride

treatment. After two years of treatment at baseline
(total three years of treatment), plasma levels of 1,3-
diaminopropane (P value, 0.005) and N-acetyl
spermidine (P value, 0.01) were significantly higher
than one year of treatment at baseline (total two years
of treatment). However, there were no significant
differences observed in urine samples. Our findings
suggest that treatment with finasteride alters plasma
polyamine concentrations but not urine polyamine
concentrations. Different aspects in polyamine
metabolites were detected between the urine and
plasma samples following finasteride treatment. Our
approach can be used to recognize the therapeutic

effects of finasteride through polyamine metabolism.

Keywords: Androgenic alopecia; Finasteride;

Polyamine; Plasma; Urine

Introduction

Hair loss occurs as the hair growth cycle rate
gradually shortens, and the hair follicles gradually
become smaller [1]. Androgenic alopecia (AGA) is
the most common cause of hair loss and is caused by
an increase in dihydrotestosterone (DHT), a male sex
hormone. The mechanism of AGA involves high
levels of DHT, which is synthesized from
testosterone (T) catalyzed by Sa-reductase type Il
enzyme. Androgens are important in regulating hair
growth. Therefore, substantial research has been
performed investigating the relationship between
AGA patients and androgens in laboratory studies.
We determined that DHT and the DHT/T ratio were
elevated in plasma samples of balding patients [2].
Further, we confirmed that the ratio of testosterone to
epitestosterone was significantly higher in balding
people [3]. We also confirmed that there were
different amounts of androgen levels between

patients with baldness of Caucasian and Koreans [4].

Finasteride is one of the most commonly used
medications for treating AGA. Finasteride influences
the hair-growth cycle and increases the length,
diameter [5], and weight [6] of existing hair. In
addition, in AGA patients, treated with finasteride 1
mg/day, decreased the progression of hair loss and
increased hair growth in clinical trials over two years
[7]. As a competitive inhibitor of the enzyme Sa-
reductase type Il, finasteride decreased DHT levels in
serum samples [8]. Thus, we investigated androgen
profiles in AGA patients who had been treated with
finasteride for five months and confirmed the
decreased DHT/T ratio in human plasma samples [9].
In addition, we conducted steroid profiling to
compare normal controls and patients with AGA who
had been treated with finasteride for a year in human

urine samples [10].

We suggest that other metabolites, such as
polyamines, are potentially correlated with AGA.
Polyamines are associated with cell proliferation.
Thus, polyamines are potential indicators of
malignant growth. Unbalanced polyamine
metabolism could lead to several pathological
conditions, such as cancer and inflammation [11].
However, another disease correlated with polyamine
is hair loss. As hair follicles are highly proliferative,
polyamines would be correlated with hair growth.
Thus, we performed polyamine profiling in human
hair samples among AGA patients, alopecia areata
patients, and normal controls [12]. In addition, we
analyzed the polyamine profile of AGA patients
distributed across the human scalp (vertex and

occipital) [13].

There is evidence of a correlation between androgens
and polyamines. DHT levels correlate with the
proliferation in hair cells, which inhibits hair cell
proliferation [14] and induces the apoptosis signaling

pathway [15]. In addition, we previously confirmed
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the presence of androgen and polyamine

concentrations in urine samples of alopecia areata
patients. We detected the ratio of
dehydroepiandrosterone to spermine was
significantly lower than in controls [16]. However, to
the best of our knowledge, no studies have provided
evidence of the precise change in polyamine
expression with finasteride treatment. Finasteride
treats hair loss by inhibiting the production of DHT,
which inhibits hair cell proliferation. Therefore, we
hypothesize that treatment with finasteride will
inhibit DHT and hair cell proliferation will occur.
This can be observed with changes in polyamine
concentrations related to cell proliferation. We
believe that polyamine levels and finasteride
treatment may be correlated. Thus, we also
hypothesize that polyamine levels will be higher
because of hair loss treatment using finasteride.
Through this preliminary study, we want to confirm
whether polyamine metabolism was correlated with

finasteride treatment.

Materials and methods

Chemicals

N-Acetyl putrescine (N-PUT), N-acetyl cadaverine
(N-CAD), N-acetyl spermidine (N-SPD), N-acetyl
spermine (N-SPM), 1,3-diaminopropane (DAP),
cadaverine (CAD), putrescine (PUT), spermidine
(SPD), spermine (SPM), 1,6-diaminohexane (DAH)
(used as an internal standard), formic acid (ACS
reagent), sodium carbonate, sodium bicarbonate,
isobutyl chloroformate and dansyl chloride were
purchased from Sigma-Aldrich. High-performance
liguid chromatography-grade acetonitrile (ACN),
methanol, pentane, and diethyl ether were acquired
from Burdick and Jackson (Muskegon, MI, USA).
Distilled water was prepared using a Milli-Q

purification system (Millipore, Billerica, MA, USA).

Sample information and ethics statement
Plasma and urine samples were obtained from 20
patients (aged 19-56 years, mean =* standard
deviation (SD) (31.3 + 10.4). Our experiment was
conducted in patients who had taken finasteride every
day for at least one year (baseline), and continued
finasteride treatment for a total of three years. Plasma
and urine samples were collected annually for
measurements. We collected three groups, baseline
(one year treatment), after one year of baseline (total
two years treatment) and after two years of baseline
(total three years treatment). Patients received 1 mg
of finasteride daily. Exclusion criteria included the
presence of hormone-related diseases other than male
pattern baldness (MPB) or severe inflammatory
disease and a history of past treatment with 5a-
reductase inhibitors. The inclusion criteria enabled
the selection of MPB patients who were 18 years of
age and older and did not meet the exclusion criteria.
Quantitative profiling of polyamines was performed
for 60 human plasma and urine samples separately.
Early morning urine and plasma samples were
collected, and urine samples were normalized with
creatinine. Human plasma and urine samples were
collected from the Department of Dermatology at
Kyung Hee University Hospital at Gangdong and
plasma stored at -80°C; urine was stored at -20°C
until analysis. Written informed consent was obtained
from all patients and the study was approved by
institutional review board (IRB No. 2015-11-022).

Sample preparation

For plasma samples analysis, we added 1 mL of ACN
for protein precipitaion to 200 pL of each plasma
sample, followed by the addition of an internal
standard (1 pg/mL x 20 pL). After protein
precipitation, samples were centrifuged at 1200 x g
for 5 min. The supernatants were transferred to a new
10 mL tube, and 100 pL dansyl chloride (4 mg/mL in

acetone) and 100 pL of sodium bicarbonate buffer
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(0.1 M) were added. The mixture was incubated at

60°C for 10 min. The mixture was then evaporated
under a gentle nitrogen stream. The residue was
reconstituted with 100 pL of methanol, and a 10 pL
aliquot was injected into the HPLC-MS/MS system.
The derivatized procedure used to analyze plasma has

been previously described [17].

For urine samples analysis, urine samples (200 pL)
were extracted for 10 min with 1 mL pentane, and the
organic phase was discarded by centrifugation (1300
g for 5 min). After addition of 20 uL 1,6-
diaminohexane (1 pg/mL), samples were adjusted to
pH 9.0 by the addition of 70 pL sodium-carbonate
buffer (0.1 M, pH 9.0). Amine carbamoylation was
performed by adding 20 pL isobutyl chloroformate,
followed by incubation at 35°C for 15 min. After
cooling, the solution was extracted twice with 2 mL
diethyl ether, and the organic layer was combined
and then evaporated under N,. The residue was
reconstituted in 100 pL methanol, and a 10 pL
aliquot was injected into the LC-MS/MS system. The
method used to analyze urine has been previously
described [18].

High-performance liquid chromatography-
tandem mass spectrometry (HPLC-MS/MS)

Chromatography was performed with a Shiseido
nanospace SI-2 HPLC system (Osaka Soda, Osaka,
Japan) coupled with an LTQ XL ion trap MS
(Thermo Fisher Scientific, Waltham, MA, USA). A
gradient eluent (A, 0.1% formic acid in 5% ACN; B,
0.1% formic acid in 95% ACN) was used with a
Hypersil GOLD C18 column (150 x 2.1 mm inside
diameter, 3 pum). For plasma analysis, the gradient
elution system was controlled as follows: time = 0
min, 12% B; time = 0-17 min, 12 to 88% B (hold for
8 min); time = 25-28 min, 88 to 12% B for flow rate
200 pL. The gradient was finally returned to the

initial condition (12% B) and was held for 7 min

before running the next sample. For urine analysis,
gradient elution was controlled as follows: time = 0
min, 50% B; time = 0—12 min, 50 to 95% B (hold for
5 min); and time = 17-18 min, 95 to 50% B. The
gradient was returned to the initial condition (50% B)
and was held there for 10 min before running the next
sample at 100 pL/min. Details of MS detection as
follows: Column temperature, 40°C; lonization
mode, Electrospray ionization; Capillary voltage,
26V; Capillary temperature, 350°C; Spray voltage,
5.2 kV; Sheath gas flow rate, 20 arb.

Statistical testing

Polyamines concentrations were obtained from
calibration curves. The ion peak area of the
metabolite was normalized by dividing its value by
the internal standard. Polyamine levels were
expressed as the mean £ SD. Comparisons between
baseline, 1-year after baseline (total two years
treatment), and 2-years after baseline (total three
years treatment) were performed using Mann-
Whitney U test. The threshold of significance was set
to P < 0.05. The receiver operating characteristic
(ROC) curves were drawn by MedCalc software
(MedCalc, Ostend, Belgium) to identify candidate
biomarkers. The threshold of candidate biomarker

was set to an area under the curve (AUC) > 0.7.

Results

Quantification of polyamines in plasma and
urine samples of androgenic alopecia patients
treated with finasteride

Between baseline and one year after baseline (total
two years of treatment), the levels of SPD and N-
SPM were significantly higher (SPD: mean 83.9
ng/mL, range 17.53-210.03 ng/mL, P = 0.001; N-
SPM: mean 61.91 ng/mL, range 5.02-124.18 ng/mL,
P = 0.03) than the baseline (SPD: mean 50.12 ng/mL,
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range 16.77-94.27 ng/mL; N-SPM: mean 20.79

ng/mL, range 4.92-96.4 ng/mL). The levels of DAP
and N-SPD were significantly higher after two years
of baseline (total three years of treatment) (DAP:
mean 9.28 ng/mL, range 1.32-21.95 ng/mL, P =
0.005; N-SPD: mean 29.53 ng/mL, range 3.89-80.69

ng/mL, P = 0.01) when compared to one year after
baseline (total two years treatment) (DAP: mean 4.39
ng/mL, range 0.7-18.49 ng/mL; N-SPD: mean 15.17
ng/mL, range 4.82-40.69 ng/mL) (Table 1). However,
there were no significant

in urine samples,

differences during finasteride treatment (Table 2).

Table 1: Concentration of polyamines in plasma samples obtained from patients with androgenic alopecia treated

with finasteride (ng/mL)

p value
Baseline Baseline+1 yr Baseline+2 yr
Mean £ SD Mean + SD Mean + SD bvs. btl|b vs. | b+l yr vs
Median, range Median, range Median, range yr b+2yr | b+2yr
32.6+11.11 38.58+19.62
39.78+14.24
N-PUT 31.97,13.28- 30.85,14.54- 0.08 0.25 0.83
40.03,14.8-63.84

62.62 74.58
7.92+6.97 7.06+5.47 9.449.16

N-CAD 0.67 0.57 0.34
5.15,1.81-24.86 | 5.44,0.7-18.49 6.62,0.45-37.27
4.73+2.47 4.39+2.97 9.28+5.9

DAP 0.7 0.01 0.005
4.1,1.82-11.84 3.98,0.87-12.29 9.14,1.32-21.95
9.0445.71 8.47+4.16 13.25+16.62

PUT 0.72 0.3 0.23
7.77,0.65-23.94 | 7.54,3.11-18.99 7.69,2.61-59.84
20.86+23.98 22.57+14.68 89.39+133.16

CAD 0.84 0.12 0.13
7.19,2.61-91.78 | 18.8,6.36-49.94 35.5,5.89-416.21
14.81+6.9 15.17+9.09 29.53+21.57

N-SPD 0.89 0.008 0.01
12.04,8.72-37.93 | 12.98,4.82-40.69 | 26.06,3.89-80.69
50.12+22.4 83.9+48 93.27+51.54

SPD 48.76,16.77- 73.92,17.53- 84.39,4.31- 0.01 0.002 0.56
94.27 210.03 237.48

31.93+21.57

20.79+26.25 61.91+49.1

N-SPM 23.97,16.19- 0.03 0.42 0.23
10.36,4.92-96.4 | 46.87,5.02-124.18

69.81

160.82+181.2 224.11+144.13 263.85+176.5

SPM 0.38 0.23 0.56
104.68,18.55- 200.69,52.72- 251.76,69.83-
588.55 588.5 603.55

N-PUT, N-acetyl putrescine; N-CAD, N-acetyl cadaverine; DAP, 1,3-diaminopropane; PUT, Putrescine; CAD,
Cadaverine; N-SPD, N-acetyl spermidine; SPD, Spermidine; N-SPM, N-acetyl spermine; SPM, Spermine; b,

baseline; baseline, patients with androgenic alopecia treated with finasteride for 1 year daily
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Table 2: Concentration of polyamines in urine samples obtained from patients with androgenic alopecia treated with

finasteride (ng/mg creatinine)

) _ ) p value
Baseline Baseline+1 yr Baseline+2 yr
Mean + SD Mean + SD Mean + SD b vs. | bvs. b+2 | b+lyr  vs.
Median, range Median, range Median, range b+1 yr yr b+2 yr
258.3+338.77 280.4+346.54 337.724241.32
N-PUT 117.79,29.53- 179.59,14.47- 323.03,19.31- 0.85 0.43 0.57
1245.89 1455.58 901.79
15.43+17.92 20.62+40.79 15.47+29.57
CAD 0.64 0.99 0.68
8.4,1.77-63.09 6.35,0.97-166.86 | 6.11,1.19-115.86
3.11+4.2 2.21+3.13 1.78+1.71
N-SPM 0.49 0.25 0.64
1.68,0.3-17.62 0.67,0.1-10.95 0.96,0.13-5.46
20.04+26.24
16.63+11.7 19.25+16.2
PUT 11.53,2.56- 0.59 0.62 0.91
12.18,1.91-39.05 | 11.35,3.26-51.48
111.15
55.65+46.8 59.06+100.84
35.43+26.09
SPD 37.12,6.35- 34.44,4.26- 0.9 0.11 0.35
30.98,4.05-81.31
166.81 450.09
11.95+9.02 11.1248.75 12.78+11.1
DAP 0.77 0.8 0.61
9.12,2.56-39.92 | 7.12,0.78-28.51 | 8.29,3.23-42.99
246.44+152.73 178.31+£132.32 178.42+208.26
N-SPD 210.51,9.94- 153.45,8.11- 127.47,5.44- 0.19 0.32 0.99
450.68 466.1 885.68
108.02+92.15 73.19+65.04
56.63+59.26
N-CAD 69.92,1.81- 41.46,12.64- 0.05 0.2 0.42
29.34,0.7-188.45
310.72 248.03
189.05+152.79 154.55+223.24 76.78+55.96
SPM 0.6 0.02 0.16
145.97,39.65- 81.15,12.92- 76.81,8.63-
592.36 992.65 213.12

N-PUT, N-acetyl putrescine; N-CAD, N-acetyl cadaverine; DAP, 1,3-diaminopropane; PUT, Putrescine; CAD,
Cadaverine; N-SPD, N-acetyl spermidine; SPD, Spermidine; N-SPM, N-acetyl spermine; SPM, Spermine; b,

baseline; baseline, patients with androgenic alopecia treated with finasteride for 1 year daily.

Receiver  operating characteristic  curve and multivariate analyses, thus ensuring the

analysis reliability of potential candidate markers tested for

The results of receiver operating characteristic (ROC) independent validation. The area under the curve

curve analysis were based on the result of univariate (AUC) values of plasma samples for all metabolites
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with significantly different concentration levels were

greater than 0.7. On comparing baseline and one year
after baseline (total two years of treatment), the AUC
of SPD was 0.724 and N-SPM was 0.795. Between

(a) oo
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P -0007
° P | [ [l
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o 2 20 @ 80 100
100-Spocifcity

(©)

Samstwty

AUC = 0.728
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1
] 2 40 & &0 100
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one year after baseline (total two years of treatment)
and two years after baseline (total three years of
treatment), the AUC of DAP was 0.7 and N-SPD was
0.710 (Figure 1).

(b)

Sanssvy

AUC = 0.795
P=0012
L]
N TP B | 1 1
[ 20 40 60 a0 100
100-Specicly

(d)

Sartwty

AUC=0.710
P=0016
o 1 1 1 L 1
[ 20 20 &0 a0 100
100-Specifcy

Figure 1: Univariate receiver operating characteristic (ROC) curve analyses for predicting usefulness of a marker’s

performance in plasma and urine samples from patients with androgenic alopecia treated for three years. Samples

were collected annually. The area under the ROC curve (AUC) is a measure of how well a parameter can be

distinguished between treatment periods. Each point of the ROC curve represents a sensitivity/specificity pair

corresponding to a particular decision threshold. On comparing baseline and one year after baseline (total two years

of treatment), (a) spermidine and (b) N-acetyl spermine. On comparing one year after baseline (total two years of

treatment) and two years after baseline (total three years of treatment), (c) 1,3-diaminopropane and (d) N-acetyl

spermidine

Discussion
In this preliminary study, we quantitatively assessed
polyamine profiles in plasma and urine samples of

patients with AGA treated with finasteride for three

years. In principle, quantification by LC-MS/MS
using stable internal standards (1,6-diaminohexane)
is the optimal method of quantitative analysis. Using

the present method with aqueous extracts of plasma
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and urine, excellent separation of nine polyamines

was achieved with no significantly interfering
background peaks. We observed nine polyamines in
plasma and urine sample, and confirmed significantly
different concentrations of some metabolites in

plasma samples, but not urine samples.

Since there are many studies evaluating androgen
levels with finasteride, we chose to study other
metabolites, such as polyamines that are known to be
involved in cell proliferation and differentiation.
Evidence for the correlation between polyamines and
patients with AGA is provided from our previous
studies [12, 13], and in the present study, our aim was
to evaluate the relationship between finasteride
treatment and polyamines. Our results show that the
plasma polyamine concentrations are altered by
treatment with finasteride; however, there were no
significant differences between urine samples. This is
first study to investigate the correlation between

finasteride treatment and polyamines.

DHT inhibits hair cell proliferation [14]. Thereby, we
hypothesized that the concentration of polyamines
associated with cell proliferation will be increased
during treatment. As we expected, most plasma
polyamines concentrations were higher after three
years of treatment when compared to baseline (one
year of treatment). In plasma samples, among the
polyamines with higher concentrations, significant
increases were observed in SPD and N-SPM levels at
baseline and the one-year follow-up (two years of
treatment). SPD is a well-known metabolite
associated with the promotion of hair growth (anagen
phase) in human scalp hair follicle and human hair
follicle epithelial stem cells [19]. In a previous study,
we confirmed SPD levels were lower in AGA
patients than normal controls [12]. The results from
this study verify that the levels of SPD gradually

increase in patients treated with finasteride. We

observed N-acetyl polyamines levels, e.g., N-PUT,
N-SPD and N-SPM, to be significantly higher in the
vertex region, where hair loss predominantly occurs,
than the occipital region in both males and females
[13]. Higher

acetyltransferase activity was related with hair loss

spermidine/spermine-N1-

[20]. Further detailed analysis between N-acetyl
polyamines and finasteride should be done in the

future.

We also observed significantly higher DAP and N-
SPD levels at one-year follow-up (two years of
treatment) and two-years follow-up (three years of
treatment). Previous studies suggest that DAP could
be considered a marker of effective anti-cancer
treatment of squamous cell carcinoma of the lung
[21]. DAP is derived from S-adenosyl-L-methionine
by  S-adenosylmethionine  decarboxylase and
contributes to the formation of SPD and SPM. The
increased levels of DAP by finasteride treatment
could be interpreted as indicating that the interactions
of spermidine and spermine with DNA analogues
may change during the treatment of hair loss [21].
However, no studies have been conducted on the
relationship with the treatment of hair loss and DAP.
In addition, the values of N-SPD at the one- and two-
year follow-up increased significantly. Acetylation
leads to reduced interactions of polyamines with
different negatively charged compounds, such as
DNA and RNA [21]. Increased N-SPD levels may be
one of the mechanisms by which the intracellular
concentration of polyamines becomes dysregulated,
which may affect the treatment outcomes with
finasteride. Both DAP and N-SPD are both catabolic
byproducts of SPD. SPD has been correlated with
anagen phase promotion and hair follicle growth
[19]. In addition, SPD is an important anagen
prolongator [22] and it stimulates human hair growth
[23]. Extra supply of spermidine prolongs life span

[24]. Therefore, one may speculate that androgens
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stimulate ornithine decarboxylase MRNA expression,

and increased the level of the main polyamine, thus,
the concentrations of DAP and N-SPD change as by-
products of spermidine, one of the main polyamines,
via metabolism in the body. Checking polyamine
levels in plasma showed a tendency for higher
concentrations of polyamines with the longer
treatment periods. Therefore, it is important to
quantify SPD, N-SPM, DAP and N-SPD levels to
confirm the therapeutic effects of finasteride
treatment. Further study into the role of SPD, N-
SPM, DAP and N-SPD are needed.

However, in urine samples, we had no significant
differences during treatment. We found that the
polyamine metabolites during finasteride treatment
were different in urine and plasma. It is not possible
to confirm why the polyamine concentrations in urine
and plasma were different, but it suggests that further
studies on the concentration of polyamines in urine

and plasma during finasteride treatment are needed.

When treating with finasteride, it is important to
check the concentration of polyamines in various
biological samples. Although it is difficult to
determine the clinical significance of polyamine
levels in this study, as the comparisons described
herein involved only 20 patients. Because this study
was extended from its original one-year duration to
two years, the sample size available for analysis
decreased with time. Nonetheless, we can indirectly
confirm that there is an association between
polyamines and finasteride. In the future, it may be
necessary to ensure that our experiments are
clinically meaningful through various races and

extended populations.

Conclusion
In the present study, we confirmed that there is a

correlation between finasteride treatment and

polyamine concentrations in plasma and urine. We
suggest that increasing levels of plasma polyamines
may alter during treat AGA. In addition, aspect of
polyamines in urine and plasma were different. We
suggest that the therapeutic effect of finasteride may
be confirmed by the concentration of polyamine
metabolites. These results provide insight in the
finasteride-associated modifications of polyamine
metabolism, which may help understand the
treatment of AGA. However, further research is
needed from larger scale studies to determine clinical

relevance.
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